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1.1 Overview
The Space Telescope Imaging Spectrograph (STIS) is a versatile imaging spectrograph, originally
installed in 1997 during  servicing mission 2.  STIS provides spatially resolved spectroscopy fromHST
1150 to 10,300 Å at low to medium spectral resolution, high spatial resolution echelle spectroscopy
in the ultraviolet (UV), solar-blind imaging in the UV, time tagging of photons in the UV for high time
resolution, direct and coronagraphic imaging in the optical, and very high signal-to-noise ratio
spectra in the NUV/optical/NIR.   Its capabilities are thus complementary to  those of the Cosmic
Origins Spectrograph (COS).

After several years of successful operation, observations with STIS were suspended in August 2004,
when a power supply in the Side-2 electronics failed.  Nearly five years later, STIS was successfully
repaired during the fourth  servicing mission (SM4) in May 2009 and resumed science operationsHST
with all channels. Following the repair, most aspects of instrument operations and performance were
very similar to what they had been prior to the 2004 failure. There were, however, some important
changes at that point, and the behavior of the instrument has continued to evolve.  Some of those
changes will be outlined in , and additional details will be given elsewhere in this Chapter 2 Handbook
as appropriate. 

This  provides instrument-specific information needed to propose for STIS observationsHandbook
(Phase I), design accepted programs (Phase II), and understand STIS in detail. 

This chapter explains the layout of the  and describes how to use the   at STScIHandbook Help Desk
and the STScI  to get help and further information. Instrument and operating updates willSTIS website 
be posted on the  .STIS website
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1.2 Introduction to the Handbook
1.2.1 Document Conventions
1.2.2 Examples Used in this Handbook

The  is the basic reference manual for the Space Telescope ImagingSTIS Instrument Handbook 
Spectrograph (STIS); it describes the instrument’s properties, performance, operations, and
calibration. The  is maintained by the STIS team at STScI. Wherever possible, the mostHandbook
recent operational data have been incorporated into this revised edition. 
We have designed the document to serve three purposes:

To provide instrument-specific information for preparing Phase I STIS observing proposals.
To provide instrument-specific information to support the design of Phase II proposals for
accepted STIS programs.
To provide technical information about the performance and operation of the instrument that
can help in the understanding of problems and in the interpretation of data acquired with STIS. 

This  is not meant to serve as a manual for the reduction and analysis of data taken withHandbook
STIS. The  (also available from the  or the  STIS Data Handbook  STIS website  DocumentationHST

) describes how to work with STIS data.website

1.2.1  Document Conventions
This document follows the usual STScI convention in which terms, words, and phrases which are to be
entered by the user in a literal way on an  proposal are shown in a typewriter font (e.g., HST STIS/CCD

). Names of software packages or commands (e.g.,  ) are given in boldface. , SHADOW calstis

Wavelengths in this  and in STIS data products are always measured in vacuum conditions.Handbook
Wavelength units in this  are in Angstroms (Å).Handbook

1.2.2  Examples Used in this Handbook
The  uses six observational examples to illustrate various scenarios such as calculation ofHandbook
exposure times, estimation of overheads, etc. throughout the text. The examples are:

Long-slit optical spectroscopy of the nearby galaxy NGC 4406 (M86). 
Long-slit optical and UV spectroscopy and optical imaging of NGC 6543, the Cat's Eye planetary
nebula. 
First-order low-resolution spectroscopy covering STIS' full wavelength range from 1150 Å in the
UV to 10,300 Å in the near-infrared (NIR) of the solar analog star P041-C, in the continuous
viewing zone (CVZ). 
Echelle spectroscopy of the O-type star Sk-69°215 in the Large Magellanic Cloud (LMC), a
target in the CVZ. 
Deep optical imaging of a random field. 
Time-resolved UV spectroscopy of the flare star AU Mic. 

In addition, we use stellar spectra throughout the  to illustrate signal-to-noise ratioHandbook
calculations and derive limiting magnitudes.   shows the normalized spectra of O, A, G, andFigure 1.1
M stars from an observed catalog of stars (for details, see Buser, 1978, A&A, 62, 411) which are used
in the  examples. Handbook
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Many of the performance characteristics of STIS change over time. These changes include gradual
decreases in optical throughput, increases in detector dark currents, and decreasing charge transfer
efficiencies. Most of the figures and tables illustrating throughputs, signal-to-noise calculations, bright
object limits, and limiting magnitudes had been recalculated for the Cycle 17 version of this Handbook
based on the best available performance estimates for Cycle 17. Except where otherwise noted these
tables and figures have   been updated for the additional changes expected for Cycle 33. In mostnot
cases the differences will be modest. For more up-to-date performance estimates, it is suggested
that users consult  and the STIS s (Exposure Timethe  section of the STIS web pagesPerformance ETC
Calculators; available at ).   The sensitivities and other instrument parametershttp://etc.stsci.edu/
adopted for use with the Cycle 33 s are our best estimates for April 2025 (i.e., mid-Cycle 32).ETC

The software tools used to process, inspect, and analyze STIS data have also evolved over time.  In
particular, the  routines originally used for analyses of STIS (and other ) data are noIRAF/STSDAS HST
longer supported by STScI, and they have been largely replaced by python-based tools performing
the same (or very similar) functions (see, e.g., the  package).   While most of the softwarestistools
references in this  now are to the newer python-based tools/routines, a few references stillHandbook
remain to some of the  routines, particularly where no exact replacement has beenIRAF/STSDAS
established. 

Spectra of O5V, A0V, G0V, and M0V Stars.Figure 1.1:  11

https://www.stsci.edu/hst/instrumentation/stis/performance
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Spectra of O5V, A0V, G0V, and M0V Stars.Figure 1.1: 

These spectra are used throughout the handbook and are normalized at 5550 Å. Note the dramatic
differences in the UV properties.
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1.3 Handbook Layout
To guide you through STIS' capabilities and help optimize your scientific use of the instrument we
have divided this  into four parts:Handbook

Part  - IntroductionI
Part  - User's GuideII
Part  - Supporting MaterialIII
Part  - CalibrationIV

Figure 1.2 provides a road map of this . Handbook
  
The Supporting Material and Calibration sections contain technical information which supports the
material found in the ; readers are referred to the information at appropriate points inUser's Guide
the .User's Guide

Handbook Roadmap.Figure 1.2: 13



Handbook Roadmap.Figure 1.2: 

The chapters in this Handbook are as follows:

Part : IntroductionI
, Chapter 1 Introduction, includes information about getting help and where to find

additional information about STIS.
, Chapter 2 Special Considerations for Cycle 33, describes special policy considerations for14



, Chapter 2 Special Considerations for Cycle 33, describes special policy considerations for
using STIS during Cycle 33. A comparison is provided between STIS and COS capabilities.

Part : User's GuideII
, Chapter 3 STIS Capabilities, Design, Operations, and Observations, provides an overview

of STIS' full capabilities and provides discussion to guide the reader through the technical
details to consider in choosing the optimum STIS configuration and the number of orbits
to request.

, Chapter 4 Spectroscopy, provides a detailed, grating-by-grating description of STIS'
spectroscopic capabilities, including spectral resolutions, throughputs, and descriptions of
the slits and apertures.

, Chapter 5 Imaging, provides a detailed, filter-by-filter description of STIS' imaging
capabilities.

, Chapter 6 Exposure Time Calculations, describes how to perform signal-to-noise and
exposure time calculations, either by using pencil and paper, or by using the software
tools provided on the .STIS website

, Chapter 7 Feasibility and Detector Performance, provides a description of the three
detectors and their physical characteristics, capabilities, and limitations, including
saturation, linearity, and bright object limits.

, Chapter 8 Target Acquisition, describes how to select the optimum target acquisition
sequence needed to place the target in the desired science aperture.

, Chapter 9 Overheads and Orbit-Time Determination, provides information needed to
convert a series of planned science exposures to an estimated number of orbits,
including spacecraft and STIS overheads. This chapter applies principally to the planning
of Phase I proposals.

, Chapter 10 Summary and Checklist, presents a summary and a checklist to assure that
there are no major omissions in Phase I and Phase II proposals.

Part : Supporting MaterialIII
, Chapter 11 Data Taking, describes data-taking with STIS, including the instrument

operating modes ( ), the use of subarrays and binning, and the variousACCUM, TIME-TAG
types of "associated" observations and contemporaneous calibrations , (WAVECALS

, , ). This chapter also discusses dithering and how to orientCCDFLATS CR-SPLIT PATTERNS
the long slits.

, Chapter 12 Special Uses of STIS, provides information on special science uses of STIS,
including slitless spectroscopy, long-slit echelle spectroscopy, time-resolved spectroscopy
and imaging, observations of very bright targets, techniques for obtaining higher signal-
to-noise and spectral sampling, observations of planetary objects, parallel observing,
coronagraphic spectroscopy and imaging, and spatial scanning with the CCD.

, Chapter 13 Spectroscopic Reference Material, contains the detailed plots of sensitivities,
line spread functions, aperture throughputs, and the tables of bright object limits referred
to in .Chapter 4

, Chapter 14 Imaging Reference Material, contains the detailed plots of sensitivities, point
spread functions, aperture throughputs, and the tables of bright object limits referred to
in .Chapter 5

Part : CalibrationIV
, Chapter 15 Overview of Pipeline Calibration, briefly describes the processing of STIS data

by the STScI pipeline and the products that are sent to observers.
, Chapter 16 Accuracies, summarizes the accuracies for STIS data calibrated by the STScI

pipeline.
, Chapter 17 Calibration Status and Plans, provides an overview of the current state of

STIS calibration and development plans for the immediate future.
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����7KH�+HOS�'HVN�DW�676F,
676F,�KDV�D� �ZKRVH�VWDII�� WRJHWKHU�ZLWK�DIILOLDWHG�UHVSRQGHUV�IURP�WKH�YDULRXV� LQVWUXPHQW+HOS�'HVN
WHDPV��FDQ�TXLFNO\�SURYLGH�DQVZHUV�RQ�DQ\�+67�UHODWHG�WRSLF��LQFOXGLQJ�TXHVWLRQV�UHJDUGLQJ�67,6�DQG
WKH�SURSRVDO�SURFHVV�

,I�\RX�KDYH�TXHVWLRQV�DERXW�WKH�SKDVH�,,�LPSOHPHQWDWLRQ�RI�\RXU�DSSURYHG�67,6�SURJUDP��XVXDOO\�LW�LV
EHVW�WR�UHDFK�RXW�WR�\RXU�&RQWDFW�6FLHQWLVW��&6���,I�\RX�GR�QRW�KDYH�D�&6��\RX�PD\�VHQG�D�UHTXHVW�WR
WKH�+HOS�'HVN�DVNLQJ�IRU�RQH�WR�EH�DVVLJQHG�WR�\RXU�SURJUDP��,I�\RXU�SURJUDP�KDV�DOUHDG\�H[HFXWHG�
LI�\RX�DUH�ZRUNLQJ�ZLWK�DUFKLYDO�GDWD��RU�LI�\RX�DUH�XQVXUH�DERXW�ZKHWKHU�RU�QRW�\RX�KDYH�D�&6��\RX
VKRXOG�GLUHFW�DOO�LQTXLULHV�WR�WKH�+HOS�'HVN��DW� �KWWSV���KVWKHOS�VWVFL�HGX

7KH�+HOS�'HVN�VWDII�KDYH�DFFHVV�WR�DOO�RI�WKH�UHVRXUFHV�DYDLODEOH�DW�WKH�,QVWLWXWH��DQG�WKH\�PDLQWDLQ�D
GDWDEDVH� RI� SUHYLRXV� LQTXLULHV� VR� WKDW� IUHTXHQWO\� DVNHG� TXHVWLRQV� FDQ� EH� TXLFNO\� DQVZHUHG�� �7KH
DQVZHUV�WR�PDQ\�IUHTXHQWO\�DVNHG�TXHVWLRQV�FDQ�DOVR�EH�IRXQG�LQ�WKH�NQRZOHGJH�EDVH�RQ�WKH�KHOS

���7KH�+HOS�'HVN�VWDII�FDQ�DOVR�SURYLGH�KDUG�FRSLHV�RI�676F,�GRFXPHQWDWLRQ��LQFOXGLQJ�GHVN�ZHEVLWH
DQG � �WKRXJK� WKLV� VHUYLFH� PD\� EH� XQDYDLODEOH,QVWUXPHQW� 6FLHQFH� 5HSRUWV� � ,QVWUXPHQW� +DQGERRNV

GXULQJ�WKH�SDQGHPLF���,Q�DQ\�FDVH��HOHFWURQLF�FRSLHV�RI�GRFXPHQWV�DUH�DYDLODEOH�YLD�WKH�:HE�

4XHVWLRQV�VHQW�WR�WKH�+HOS�'HVN�ZLOO�UHFHLYH�DW�OHDVW�D�SUHOLPLQDU\�UHVSRQVH�ZLWKLQ�WZR�ZRUNLQJ�GD\V�
7KH�+HOS�'HVN�VWDII�ZLOO�GR� WKHLU�EHVW� WR� IXOO\�DQVZHU� WKH�TXHVWLRQ��EXW� LI� WKH�VWDII�RQ�GXW\�FDQQRW
SURYLGH� DQ� DQVZHU�� WKH\�ZLOO� FRQWDFW� WKH� DSSURSULDWH� H[SHUW�V�� DW� 676F,� WR� REWDLQ� DQG� GHOLYHU� WKH
DQVZHU�b�%\�VHQGLQJ�\RXU�UHTXHVW�WR�WKH�+HOS�'HVN��\RX�DUH�JXDUDQWHHG�WKDW�\RX�ZLOO�REWDLQ�D�WLPHO\
DQG�DSSURSULDWH�UHVSRQVH��
b
7R�FRQWDFW�WKH�+67�+HOS�'HVN�DW�676F,��ZH�HQFRXUDJH�XVHUV�WR�DFFHVV�WKH�QHZ�ZHE�SRUWDO��ZKHUH�RQH
FDQ� ERWK� DFFHVV� WKH� NQRZOHGJH� EDVH� DQG� VXEPLW� TXHVWLRQV� GLUHFWO\� WR� WKH� DSSURSULDWH� WHDP� RI
H[SHUWV�

:HEVLWH��KWWSV���KVWKHOS�VWVFL�HGX
(�PDLO��KHOS#VWVFL�HGX
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����7KH�67,6�:HE�3DJHV�DQG�6XSSRUW�,QIRUPDWLRQ
7KH�67,6�WHDP�DW�676F,�PDLQWDLQV�ZHESDJHV��VHH� ��DV�SDUW�RI�676F,
V�:HE�VHUYLFH��7KH�85/)LJXUH����
IRU�WKH�WRS�OHYHO�676F,�67,6�ZHEVLWH�LVb �KWWSV���ZZZ�VWVFL�HGX�KVW�LQVWUXPHQWDWLRQ�VWLV

7KH� 67,6� ZHESDJHV� LQFOXGH� XS�WR�GDWH� LQIRUPDWLRQ� DERXW� 67,6� RSHUDWLRQV� DQG� SHUIRUPDQFH�� 7KH
VHFWLRQ� �KDV�O67,6�,QVWUXPHQW�5HVRXUFHV LQNV�WR�WKLV�LQIRUPDWLRQ��ZKLFK�FDQ�EH�IRXQG�EHORZ�WKH�JUHHQ�
EOXH�ER[�ZLWK�67,6�+DQGERRNV�DQG�'RFXPHQWDWLRQ�RQ�WKH�67,6�WRS�OHYHO�ZHEVLWH���RUJDQL]HG�LQWR�WKH

�PDLQ�QDYLJDWLRQDO�FDWHJRULHV�OLVWHG�EHORZ

�,QVWUXPHQW�'HVLJQ �$�KLJK�OHYHO�VXPPDU\�RI�WKH�EDVLF�GHVLJQ�DQG�RSHUDWLRQ�RI�67,6�� LQFOXGLQJ
VXPPDU\�LQIRUPDWLRQ�RQ�WKH� �� �� ��DQG� �DYDLODEOH�IRU�XVH�GHWHFWRUV JUDWLQJV DSHUWXUHV ILOWHUV

�3HUIRUPDQFH �0RUH�GHWDLOHG�LQIRUPDWLRQ�RQ�DFWXDO�RQ�RUELW�SHUIRUPDQFH�RI�67,6��6XE�FDWHJRULHV
DUH� �� �� �� �� �� ��LPDJH�TXDOLW\ VHQVLWLYLW\ VSHFWUDO�UHVROXWLRQ WKURXJKSXW EDFNJURXQG DFFXUDF\ PRQLWRULQJ
�� ��DQG� �FDOLEUDWLRQ�PRQLWRUV DQRPDOLHV

�3URSRVLQJ �7KLQJV�\RX�QHHG�WR�NQRZ�LQ�RUGHU�WR�VXFFHVVIXOO\�FRQVWUXFW�DQG�VXEPLW� �DQG�3KDVH�,
� SURSRVDOV� IRU� 67,6� REVHUYDWLRQV�� DQG� KRZ� WR� PRQLWRU� WKH� VWDWXV� RI� \RXU� REVHUYLQJ3KDVH� ,,

SURJUDP�
�2EVHUYLQJ�6WUDWHJLHV �'LVFXVVLRQV�RI� �� ��DQG�RWKHU�DVSHFWVWDUJHW�DFTXLVLWLRQV SXVKLQJ�WKH�OLPLWV

RI�WKH�GHVLJQ�RI� �DQG� �REVHUYDWLRQV�ZLWK�67,6�LPDJLQJ VSHFWURVFRSLF
�'DWD�$QDO\VLV�	�6RIWZDUH�7RROV b5HVRXUFHV�GHVFULELQJ�67,6�GDWD�FKDUDFWHULVWLFV�DQG�DQDO\VLV�

LQFOXGLQJ� WKH� 67,6� 'DWD� +DQGERRN�� � IRU� SODQQLQJ� 67,6� REVHUYDWLRQV� DQG6RIWZDUH� WRROV
FDOLEUDWLQJ�GDWD��H�J���WKH�([SRVXUH�7LPH�&DOFXODWRUV�� ��� ��DQG�WKH�(7& VWLVWRROV 7DUJHW�$FTXLVLWLRQ

��7$6�6LPXODWRU ��
&DOLEUDWLRQ��,QIRUPDWLRQ�RQ�67,6�FDOLEUDWLRQ�SODQV�DQG�FORVH�RXW�UHSRUWV�IRU�DOO�&\FOHV�

�'RFXPHQWDWLRQ �(OHFWURQLF�YHUVLRQV�RI�WKH� �DQG� �DV�ZHOO�DV�GHWDLOHG,QVWUXPHQW 'DWD�+DQGERRNV
WHFKQLFDO� LQIRUPDWLRQ� FRQFHUQLQJ� WKH� GHYHORSPHQW�� SHUIRUPDQFH�� WHVWLQJ�� RSHUDWLRQ�� DQG
FDOLEUDWLRQ�RI�67,6�DV�GRFXPHQWHG� LQ�D�VHULHV�RI� �,65V��DQG�67,6� ,QVWUXPHQW�6FLHQFH�5HSRUWV�

��67$1V���7KHVH�UHSRUWV�FDQ�EH�GRZQORDGHG�GLUHFWO\�IURP�WKH�ZHEVLWH�676F,�$QDO\VLV�1HZVOHWWHUV
)OX[�5HFDOLEUDWLRQ��6RPH�LQIRUPDWLRQ�UHJDUGLQJ�WKH�UH�FDOLEUDWLRQ�RI�67,6�IOX[HV��LQ�UHVSRQVH�WR
QHZ�VWHOODU�DWPRVSKHULF�PRGHOV�IRU�WKH�SULPDU\�FDOLEUDWLRQ�VWDQGDUG�VWDUV�

1RWH��WKH�PHQX�WDEV�LQ�WKH�SXUSOH�ER[�QHDU�WKH�WRS�RI�WKH�SDJH��H�J��+67�+RPH��$ERXW��3URSRVLQJ�
DUH�IRU�WKH�PDLQ�+67�ZHESDJHV�DQG�DUH�QRW�67,6�VSHFLILF�OLQNV�

$GGLWLRQDO�LQIRUPDWLRQ�DERXW�JHWWLQJ�KHOS�ZLWK�67,6�TXHVWLRQV�RU�GDWD�LV�DYDLODEOH�YLD�WKH� �+HOS�'HVN
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����1RQ�SURSULHWDU\�67,6�'DWD
'XULQJ�UHJXODU�67,6�RSHUDWLRQV��WKH�PDMRULW\�RI�H[LVWLQJ�67,6�GDWD�LV�QRQ�SURSULHWDU\�DQG�DYDLODEOH�IRU
UHWULHYDO�IURP�WKH� �'DWD�$UFKLYH��7KH�GDWD�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��GDWD�WDNHQ�XQGHU�WKH�+67

�DQG�/RQJ�WHUP�*2�3URJUDPV��2EVHUYDWLRQV� WDNHQ�DV�SDUW� RI� RXU� FDOLEUDWLRQ7UHDVXU\�*2�3URJUDPV
SURJUDPV�DUH�QRPLQDOO\�QRQ�SURSULHWDU\�DV�VRRQ�DV�WKH\�DUH�LQ�WKH�DUFKLYH��$GGLWLRQDOO\��*72�DQG�*2
REVHUYDWLRQV�QRUPDOO\�EHFRPH�DYDLODEOH�ZKHQ� WKHLU�SURSULHWDU\�SHULRGV�H[SLUH�� )RU�PRVW�SURJUDPV
WKLV�RFFXUV�VL[�PRQWKV�DIWHU�WKH�GDWD�DUH�DUFKLYHG��DOWKRXJK�IRU�VHOHFWHG�SURJUDPV�D�VKRUWHU�SHULRG
PD\�DSSO\��<RX�FDQ�XVH� �RU�WKH� �WR�VHDUFK�IRU�VXFK�GDWDWKH�0$67�SRUWDO �$UFKLYH�:HE�LQWHUIDFH+67
GLUHFWO\��$Q\�VXFK�GDWD�PD\�EH�IUHHO\�DFTXLUHG��DV�GHVFULEHG�LQ�WKH� ��IRU�WHFKQLFDO67,6�'DWD�+DQGERRN
RU�VFLHQWLILF�XVH��([DPSOHV�RI�QRQ�SURSULHWDU\�67,6�VFLHQFH�GDWD�DUH�VKRZQ�DV� LOOXVWUDWLYH�H[DPSOHV
WKURXJKRXW�WKLV� �+DQGERRN

$OO�67,6�GDWD�FROOHFWHG�SULRU� WR� WKH�6LGH��� IDLOXUH�KDYH�EHHQ� UHSURFHVVHG� LQ� WKH�VDPH�ZD\� WKDW�DOO
RWKHU� GDWD� DUH�SURFHVVHG�� )RUPHUO\�� WKRVH�GDWD�ZHUH� UHSURFHVVHG�XVLQJ�D�PRGLILHG� YHUVLRQ�RI� WKH
LQJHVW� SLSHOLQH� DQG� VWRUHG� LQ� WKH� 2Q�7KH�)O\� 5HSURFHVVLQJ� V\VWHP� �27)5��� ZKLFK� KDV� VLQFH� EHHQ
UHSODFHG�E\�WKH� �2QOLQH�&DFKH��$OO�67,6�GDWD�FROOHFWHG�SULRU�WR�WKH�6LGH���IDLOXUH�DUH�DYDLODEOH�WR+67
WKH�FRPPXQLW\�RQ�WKH� �2QOLQH�&DFKH��DORQJVLGH�DOO�RWKHU�GDWD��)RU�JHQHUDO�LQIRUPDWLRQ�UHJDUGLQJ+67
REWDLQLQJ� �GDWD��VHH�WKH�RYHUYLHZ�LQ�WKH� �b�1RWH�WKDW�WKH�ILOHV�LQ�WKH�DUFKLYH+67 +67�'DWD�+DQGERRN
ZLOO�EH�UHSURFHVVHG�DXWRPDWLFDOO\�ZKHQ�WKH�VRIWZDUH�RU�UHIHUHQFH�ILOHV�DUH�XSGDWHG��)RU�LQIRUPDWLRQ
RQ�WKH�DSSURSULDWH�UHIHUHQFH�ILOHV��VHH� �KWWSV���DUFKLYH�VWVFL�HGX�KVW�KHOS�EHVWUHIBKHOS�KWPO

$V�SDUW�RI�WKH�RULJLQDO�67,6�UH�FDOLEUDWLRQ�DQG�UH�LQJHVW�IRU�WKH�27)5��VFLHQFH�H[SRVXUHV�WKDW�ODFNHG
DVVRFLDWHG� DXWR�ZDYHFDOV� EXW� WKDW� GLG� KDYH� *2� ZDYHFDOV� ZHUH� LGHQWLILHG�b � )RU� WKRVH� FDVHV�� WKH
VFLHQFH�GDWD�DQG�*2�ODPS�H[SRVXUHV�ZHUH�FRPELQHG�LQWR�DVVRFLDWLRQV�WKDW�WUHDW�WKH�*2�ZDYHFDOV�LQ
WKH� VDPH�ZD\� DV� DXWR�ZDYHFDOV�� $V� D� VLGH� HIIHFW� RI� WKH� DVVRFLDWLRQ� RI� *2�ZDYHFDOV�� WKH� VFLHQFH
H[SRVXUHV�LQYROYHG�KDYH�QHZ�GDWDVHW�QDPHV��DQG�WKH�ODPS�H[SRVXUHV�QRZ�XVHG�DV�ZDYHFDOV�ZLOO�QR
ORQJHU�DSSHDU�LQ�WKH�DUFKLYH�FDWDORJ�DV�LQGHSHQGHQW�GDWDVHWV�

67,6�GDWD�WDNHQ�DIWHU�WKH������UHSDLU�DUH�SURFHVVHG�WKURXJK�WKH�SLSHOLQH�VRRQ�DIWHU�WKH�REVHUYDWLRQV
DUH�FRPSOHWHG��XVLQJ�WKH�PRVW�XS�WR�GDWH�YHUVLRQV�RI�WKH�VRIWZDUH�DQG�UHIHUHQFH�ILOHV��*2�ZDYHFDOV
DUH� DVVRFLDWHG� ZLWK� WKH� FRUUHVSRQGLQJ� VFLHQFH� H[SRVXUHV� LQ� WKH� VDPH� PDQQHU� DV� DXWR�ZDYHFDO
H[SRVXUHV�ZHUH�SULRU�WR�WKH�6LGH���IDLOXUH��DQG�GR�QRW�DSSHDU�LQ�WKH�DUFKLYH�FDWDORJ�DV�LQGHSHQGHQW
GDWDVHWV�
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&KDSWHU����6SHFLDO�&RQVLGHUDWLRQV�IRU�&\FOH���
&KDSWHU�&RQWHQWV

����,PSDFWV�RI�5HGXFHG�*\UR�0RGH�RQ�3ODQQLQJ�2EVHUYDWLRQV
����67,6�3HUIRUPDQFH�&KDQJHV�3UH��DQG�3RVW�60�
����1HZ�&DSDELOLWLHV�IRU�&\FOH���
����8VH�RI�$YDLODEOH�EXW�8QVXSSRUWHG�&DSDELOLWLHV
����&KRRVLQJ�%HWZHHQ�&26�DQG�67,6
����6FKHGXOLQJ�(IILFLHQF\�DQG�9LVLW�2UELW�/LPLWV
����0$0$�6FKHGXOLQJ�3ROLFLHV
����3ULPH�DQG�3DUDOOHO�2EVHUYLQJ��0$0$�%ULJKW�2EMHFW�&RQVWUDLQWV
����67,6�6QDSVKRW�3URJUDP�3ROLFLHV
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���� ,PSDFWV� RI� 5HGXFHG� *\UR� 0RGH� RQ� 3ODQQLQJ
2EVHUYDWLRQV
'XULQJ�&\FOH�����+67�EHJDQ�RSHUDWLQJ�LQ�UHGXFHG�J\UR�PRGH��5*0��IROORZLQJ�PRQWKV�RI�UHSHDWHG�
REVHUYDWRU\�VDILQJV�GXH�WR�WKH�SHUIRUPDQFH�RI�*\UR����7KXV�IDU��WKH�VFLHQWLILF�SHUIRUPDQFH�RI�67,6�
KDV�QRW�FKDQJHG��KRZHYHU��REVHUYHUV�VKRXOG�EH�DZDUH�WKDW�WKHLU�VFLHQFH�SURJUDPV�PD\�UHTXLUH�PRUH�
RUELWDO�UHVRXUFHV�WKDQ�ZKHQ�+67�ZDV�RSHUDWLQJ�LQ���J\UR�PRGH��$�GHWDLOHG�GLVFXVVLRQ�RI�WKH�LPSDFWV�
RI�5*0�LV�DYDLODEOH�LQb� �7KH�+67�5*0�3ULPHU

2EVHUYHUV�VKRXOG�FRQVXOW�6HFWLRQV �bDQG IRU�DQ�RYHUYLHZ�RI�QHZ�OLPLWV�DQG�H[LVWLQJ�SROLFLHV�IRU�b�� �����
VSOLWWLQJ�REVHUYDWLRQV�RI�WKH�VDPH�WDUJHW�LQWR�VHSDUDWH�YLVLWV��DV�WKLV�LV�QHHGHG�IRU�DQ�DFFXUDWH�
DFFRXQWLQJ�RI�RYHUKHDGV�� ��ZKHQ�GHWHUPLQLQJ�KRZ�PDQ\�RUELWV�DUH�UHTXLUHG��$OO�6HFWLRQ����
VFKHGXOLQJ��WLPLQJ��DQG�RULHQWDWLRQ�UHTXLUHPHQWV��ERWK�UHODWLYH�DQG�DEVROXWH��FDQ�UHGXFH�WKH�
VFKHGXODELOLW\�RI�DQ�REVHUYDWLRQ��DQG�WKH\�PXVW�EH�LGHQWLILHG�DQG�MXVWLILHG�LQ�WKH��6SHFLDO�
5HTXLUHPHQWV��VHFWLRQ�RI�WKH� �3KDVH�,

&RURQDJUDSKLF�REVHUYDWLRQV�� ��DUH�H[SHFWHG�WR�EH�SDUWLFXODUO\�LPSDFWHG�EHFDXVH�6HFWLRQ������
VWUDWHJLHV�IRU�PD[LPL]LQJ�DFKLHYDEOH�FRQWUDVW��DV�GLVFXVVHG�E\ ��LQYROYH�WLJKW�b'HEHV�HW�DO������
25,(17�FRQVWUDLQWV�IRU�EURDG�D]LPXWKDO�FRYHUDJH�DQG�OLQNHG�YLVLWV�IRU�PLQLPL]LQJ�36)�YDULDWLRQV��7KHb

�VXJJHVWHG�WZR�PLWLJDWLRQV�IRU�LPSURYHG�VFKHGXODELOLW\�LQ�5*0�-XO\������67$1

���,QFUHDVH�WKH�D]LPXWKDO�FRYHUDJH�LQ�D�VLQJOH�RUELW�YLVLW�E\�FKRRVLQJ�WZR�GLIIHUHQW�DSHUWXUH�SRVLWLRQV�
WKDW�DUH�RUWKRJRQDO�WR�RQH�DQRWKHU��H�J���%$5����:('*($����RU�%$5����%$5���ZLWK�WKH�DYDLODEOH�
EXW�XQVXSSRUWHG�326�7$5*V�WR�WKH�ORZHU�OHIW�DQG�ORZHU�ULJKW�FRUQHUV�� ��'HEHV�HW�DO�����

���5HGXFH�WKH�QXPEHU�RI�VFLHQFH�WDUJHW�YLVLWV�OLQNHG�WR�D�VLQJOH�36)�UHIHUHQFH��b(�J���LQVWHDG�RI�
UHTXLULQJ�VHYHUDO�REVHUYDWLRQV�RI�D�VFLHQFH�WDUJHW�DW�GLIIHUHQW�UROO�DQJOHV�WR�H[HFXWH�LQ�EDFN�WR�EDFN�
RUELWV�WRJHWKHU�ZLWK�RQH�36)�VWDU�REVHUYDWLRQ��SDLU�HDFK�VFLHQFH�WDUJHW�YLVLW�ZLWK�LWV�RZQ�36)�
UHIHUHQFH�YLVLW�b
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����67,6�3HUIRUPDQFH�&KDQJHV�3UH��DQG�3RVW�60�
,Q�0D\�������WKH�6SDFH�7HOHVFRSH�,PDJLQJ�6SHFWURJUDSK��67,6��VZLWFKHG�RYHU�IURP�XVLQJ�6LGH���WR�
6LGH���HOHFWURQLFV�ZKHQ�D�VKRUW�FLUFXLW�EOHZ�D�IXVH��NQRFNLQJ�RXW�WKH�6LGH���HOHFWURQLFV��67,6�RSHUDWHG�
RQ�6LGH���HOHFWURQLFV�XQWLO�LW�FHDVHG�VFLHQFH�RSHUDWLRQV�RQ���b$XJXVW�������GXH�WR�WKH�IDLOXUH�RI�D�
SRZHU�VXSSO\�ZLWKLQ�WKH�6LGH���HOHFWURQLFV�

,Q�0D\�������GXULQJ�WKH�IRXUWK�VSDFHZDON�RI�WKH 6HUYLFLQJ�0LVVLRQ�����60����WKH�67,6�6LGH���b+67b
FLUFXLW�ERDUG�FRQWDLQLQJ�WKH�IDLOHG�ORZ�YROWDJH�SRZHU�VXSSO\�ZDV�UHSODFHG��7KLV�UHSDLU�IXOO\�UHVWRUHG�
WKH�67,6�LQVWUXPHQW�WR�RSHUDWLRQ�ZLWK�FDSDELOLWLHV�VLPLODU�WR�WKRVH�LW�KDG�EHIRUH�WKH�6LGH���IDLOXUH� ,Q�b
WKH�DSSURSULDWH�VHFWLRQV�RI�WKLV ��WKH�SHUIRUPDQFH�FKDQJHV�VLQFH������LQ�GHWHFWRU�GDUN�b+DQGERRN
FXUUHQWV��WKURXJKSXWV��DQG�FKDUJH�WUDQVIHU�HIILFLHQF\��&7(��ZLOO�EH�GLVFXVVHG�

0DQ\�ILJXUHV�DQG�WDEOHV�ZHUH�RULJLQDOO\�XSGDWHG�IRU�WKH�&\FOH���b�ILUVW�SRVW�60���YHUVLRQ�RI�WKLV�
KDQGERRN��XVLQJ�RXU�EHVW�HVWLPDWHV�RI�LQVWUXPHQW�SHUIRUPDQFH�IRU�&\FOH�����,Q�PDQ\�FDVHV��WKRVH�
ILJXUHV�DQG�WDEOHV�KDYH�QRW�EHHQ�UHYLVHG�WR�WDNH�LQWR�DFFRXQW�WKH�PRGHVW�FKDQJHV�H[SHFWHG�EHWZHHQ�
WKRVH�SURMHFWHG�YDOXHV�DQG�WKH�HVWLPDWHG &\FOH��� SHUIRUPDQFH��)RU�PRUH�XS�WR�GDWH�SHUIRUPDQFH�b b
YDOXHV��XVHUV�VKRXOG FRQVXOW�WKH VHFWLRQ�RI�WKH�67,6�ZHE�SDJHV�DQG�WKH �b b3HUIRUPDQFHb b67,6b(7&V

7KH�VHQVLWLYLWLHV�DQG�RWKHU�LQVWUXPHQW�SDUDPHWHUV�DGRSWHG�IRU�XVH�ZLWK�WKH�&\FOH��� (7&V�KDYH�EHHQ�b
XSGDWHG�ZLWK�RXU�EHVW�HVWLPDWHV�IRU�$SULO������

67,6�ZLOO�EH�DPRQJ�WKH�LQVWUXPHQWV�DYDLODEOH�IRU�LQFOXVLRQ�LQ�&\FOH����3KDVH�,�SURSRVDOV� 3OHDVH�b
FRQVXOW�WKH DQG�WKH�&\FOH����3URSRVDO�$QQRXQFHPHQW�ZHESDJHV��DYDLODEOH�b&\FOH���b&DOO�IRU�3URSRVDOVb
WKURXJK�WKH ZHE�SDJH��IRU�DQ\�XSGDWHV�RQ�LQVWUXPHQW�VWDWXV�b3URSRVLQJ�2YHUYLHZb

������6XPPDU\�RI�67,6�3HUIRUPDQFH�&KDQJHV�6LQFH�����
7KH�SHUIRUPDQFH�RI�67,6�DIWHU� LWV� UHSDLU�GXULQJ�60�� LV� VLPLODU� LQ�PRVW� UHVSHFWV� WR� LWV�SHUIRUPDQFH
SULRU� WR� WKH������ IDLOXUH��EXW� WKHUH�DUH� VRPH� LPSRUWDQW�GLIIHUHQFHV��:KLOH�PRVW�RI� WKH�FKDQJHV� LQ
SHUIRUPDQFH� UHSUHVHQW� WKH� FRQWLQXDWLRQ� RI� SUHYLRXV� WUHQGV� �DQG� ZHUH� DQWLFLSDWHG��� VRPH� RI� WKH
FKDQJHV��H�J���LQ�WKH�EHKDYLRU�RI�WKH� �GDUN�FXUUHQW��ZHUH�QRW�H[SHFWHG��$OO�RI�WKHVH�FKDQJHVNUV-MAMA
QHHG�WR�EH� WDNHQ� LQWR�DFFRXQW�ZKHQ�SODQQLQJ�QHZ�67,6�REVHUYDWLRQV�b �'HWDLOHG�GHVFULSWLRQV�RI� WKH
GLIIHUHQFHV�DUH�JLYHQ�LQ�WKH�DSSURSULDWH�VHFWLRQV�RI�WKLV� ��EXW�IRU�WKH�FRQYHQLHQFH�RI�XVHUV+DQGERRN
IDPLOLDU�ZLWK� WKH� SUHYLRXV� SHUIRUPDQFH� RI� 67,6�ZH� OLVW� WKH�PRVW� LPSRUWDQW� RI� WKH� FKDQJHV� EHORZ�
OLQNHG�WR�WKH�DSSURSULDWH�VHFWLRQV�RI�WKH� �+DQGERRN

��������&KDQJHV�LQ�&&'�5HDG�1RLVH
��������&&'�'DUN�&XUUHQW

��������&KDUJH�7UDQVIHU�(IILFLHQF\
��5HODWLYH�6HQVLWLYLW\�YV��7LPH�IRU�)LUVW�2UGHU�&&'�/�0RGHV�)LJXUH���� *���/% *���/ *���/�� ��DQG�

�������
���������VHH�)LJXUH�������'DUN�&XUUHQW�DIWHU�60�NUV-MAMA

)RU� WKH�PRVW�XS�WR�GDWH�YDOXHV�RI�VRPH�RI� WKH�PRUH� IUHTXHQWO\�PRQLWRUHG�TXDQWLWLHV��XVHUV�VKRXOG
FRQVXOW� WKH� � VHFWLRQ� RI� WKH� 67,6� ZHE� SDJHV�� 7KH� b DUH� UHJXODUO\� XSGDWHG� WR3HUIRUPDQFH 67,6 (7&V�
UHIOHFW�WKH�FXUUHQW�DQWLFLSDWHG�GHWHFWRU�FKDUDFWHULVWLFV�
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����1HZ�&DSDELOLWLHV�IRU�&\FOH���
7KHUH�DUH�QR�QHZ�FDSDELOLWLHV�IRU�&\FOH����
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����8VH�RI�$YDLODEOH�EXW�8QVXSSRUWHG�&DSDELOLWLHV
7KH� VHW� RI� FRUH� LQVWUXPHQWDO� PRGHV�FDSDELOLWLHV� RI� 67,6� GHVFULEHG� LQ� WKLV� � WKDW� ZLOO� EH+DQGERRN
VXSSRUWHG�IRU� �HQDEOHV�DQ�HQRUPRXV�UDQJH�RI�VFLHQWLILF�DSSOLFDWLRQV�b&\FOH���

7KHUH� DUH�� KRZHYHU�� DGGLWLRQDO� �$YDLODEOH�EXW�8QVXSSRUWHG�� FDSDELOLWLHV� �H�J��� DGGLWLRQDO� VOLWV� DQG
GDWD�WDNLQJ�IRUPDWV��WKDW�DUH�QRW�GHVFULEHG�LQ�WKLV� �DQG�WKDW�DUH�QRW�VXSSRUWHG�IRU�+DQGERRN &\FOH���
�b � ,I� \RX� ILQG� WKDW� \RXU� VFLHQFH� EH� SHUIRUPHG ZLWK� WKH� VXSSRUWHG�PRGHV� DQG� SDUDPHWHUVFDQQRW� �
GHVFULEHG�LQ�WKLV� ��\RX�PD\�ZLVK�WR�FRQVLGHU�XVH�RI�DQ�XQVXSSRUWHG�PRGH��ZKLFK�PD\�EH+DQGERRN
DSSURYHG�IRU�XVH�XSRQ�FRQVXOWDWLRQ�ZLWK�D�67,6� ,QVWUXPHQW�6FLHQWLVW�b �$�JHQHUDO�GHVFULSWLRQ�RI�67,6
DYDLODEOH�EXW�XQVXSSRUWHG� HFKHOOH�� ILUVW�RUGHU� JUDWLQJ�� DQG� � FDSDELOLWLHV� LV� JLYHQ� LQ�NUV_PRISM

�b � &RPSOHWH� OLVWV� RI� WKH� VXSSRUWHG� DQG� DYDLODEOH�EXW�XQVXSSRUWHG� FRPELQDWLRQV� RI$SSHQGL[� $
DSHUWXUH��RSWLFDO�HOHPHQW��ZDYHOHQJWK��DQG�GHWHFWRU�� IRU�HDFK�W\SH�RI�REVHUYDWLRQ�� �� ��ACQ ACQ/PEAK

�� �� DUH� JLYHQ� LQ� WKH� YDULRXV� VXEVHFWLRQV� RI� � LQ� WKH�ACCUM TIME-TAG VHFWLRQ� � 3KDVH� ,,� 3URSRVDO
�,QVWUXFWLRQV

7KH� XVH� RI� XQVXSSRUWHG�PRGHV� FRPHV� DW� D� SULFH�� DQG� WKH\� VKRXOG� EH� XVHG� RQO\� LI� WKH� WHFKQLFDO
UHTXLUHPHQW�DQG�VFLHQWLILF�MXVWLILFDWLRQ�DUH�SDUWLFXODUO\�FRPSHOOLQJ��3URSRVHUV�VKRXOG�EH�DZDUH�RI�WKH
IROORZLQJ�FDYHDWV�UHJDUGLQJ�XQVXSSRUWHG�PRGHV�

676F,�DGRSWV�D�SROLF\�RI�VKDUHG�ULVN�ZLWK�WKH�REVHUYHU�IRU�WKH�XVH�RI�XQVXSSRUWHG�FDSDELOLWLHV�
5HTXHVWV�WR�UHSHDW�IDLOHG�REVHUYDWLRQV�WDNHQ�ZLWK�XQVXSSRUWHG�FDSDELOLWLHV�ZLOO�QRW�EH�KRQRUHG
LI�WKH�IDLOXUH�LV�UHODWHG�WR�WKH�XVH�RI�WKH�XQVXSSRUWHG�FDSDELOLW\�
8VHU�VXSSRUW� IURP�676F,� IRU�REVHUYDWLRQ�SODQQLQJ��DV�ZHOO�DV�GDWD�UHGXFWLRQ�DQG�DQDO\VLV�� IRU
XQVXSSRUWHG�FDSDELOLWLHV�ZLOO�EH� OLPLWHG�DQG�SURYLGHG�DW�D� ORZ�SULRULW\��8VHUV�WDNLQJ�GDWD�ZLWK
XQVXSSRUWHG�FDSDELOLWLHV�VKRXOG�EH�SUHSDUHG�WR�VKRXOGHU�WKH�LQFUHDVHG�EXUGHQ�RI�WKH�SODQQLQJ�
FDOLEUDWLRQ��UHGXFWLRQ��DQG�DQDO\VLV�
:KLOH� HQDEOLQJ� �DYDLODEOH�EXW�XQVXSSRUWHG�� PRGHV� LQ� WKH� 3KDVH� ,,� $37� PDNHV� DOO� RI� WKHVH
RSWLRQV�DYDLODEOH� LQ�$37�� REVHUYHUV�PXVW� UHPHPEHU� WKDW� WKH\�DUH�DOORZHG� WR�XVH�RQO\� WKRVH
SDUWLFXODU� �DYDLODEOH�EXW�XQVXSSRUWHG�� FDSDELOLWLHV� IRU� ZKLFK� WKH\� KDYH� EHHQ� VSHFLILFDOO\
JUDQWHG�SHUPLVVLRQ�
6RPH�RI�WKH�RSWLRQV�WKDW�DUH�DFFHVVLEOH�DV��DYDLODEOH��LQ�WKH�$37�VRIWZDUH�PD\�QRQHWKHOHVV�EH
SURKLELWHG� IRU� D� YDULHW\� RI� WHFKQLFDO� RU� SROLF\� UHDVRQV�� DQG� WKHLU� SUHVHQFH� LQ� $37� GRHV� QRW
QHFHVVDULO\� PHDQ� WKDW� SHUPLVVLRQ� ZLOO� EH� JUDQWHG� WR� XVH� WKHP�� UHJDUGOHVV� RI� DQ\� VFLHQWLILF
MXVWLILFDWLRQ� WKDW� PD\� EH� VXSSOLHG�� 2EVHUYHUV� VKRXOG� VSHFLILFDOO\� QRWH� DQ\� UHVWULFWLRQV� RQ
DOORZHG�REVHUYDWLRQDO�PRGHV�WKDW�DUH�OLVWHG�LQ�WKH� �&\FOH���b&DOO�IRU�3URSRVDOV
&DOLEUDWLRQV� IRU� XQVXSSRUWHG� FDSDELOLWLHV� ZLOO� QRW� EH� SURYLGHG� E\� 676F,�� (LWKHU� XVHUV� PXVW
GHWHUPLQH� WKDW� WKH\� FDQ� FUHDWH� FDOLEUDWLRQ� ILOHV� IURP� GDWD� LQ� WKH� � $UFKLYH� RU� WKH\�PXVW+67
REWDLQ�FDOLEUDWLRQV�DV�SDUW�RI�WKHLU�REVHUYDWLRQV��7KH�676F,�SLSHOLQH�ZLOO�QRW�FDOLEUDWH�GDWD�WDNHQ
LQ� XQVXSSRUWHG� PRGHV� EXW� ZLOO� GHOLYHU� XQFDOLEUDWHG� ),76� ILOHV� �RU� LQ� VRPH� FDVHV� SDUWLDOO\
FDOLEUDWHG�),76�ILOHV��WR�WKH�REVHUYHU�DQG�WKH� �$UFKLYH�+67

&\FOH� ��� 3KDVH� ,� SURSRVDOV� WKDW� LQFOXGH� XVH� RI� XQVXSSRUWHG� 67,6� FDSDELOLWLHV� PXVW� LQFOXGH� WKH
IROORZLQJ�

-XVWLILFDWLRQ�RI�ZK\�WKH�VFLHQFH�FDQQRW�EH�GRQH�ZLWK�D�VXSSRUWHG�FRQILJXUDWLRQ�
$�UHTXHVW�IRU�DQ\�REVHUYLQJ�WLPH�QHHGHG�WR�SHUIRUP�FDOLEUDWLRQV�
-XVWLILFDWLRQ�IRU�WKH�DGGHG�ULVN�RI�XVLQJ�DQ�XQVXSSRUWHG�PRGH�LQ�WHUPV�RI�WKH�VFLHQWLILF�SD\EDFN�
'HPRQVWUDWLRQ� WKDW� WKH� REVHUYHUV� DUH� DEOH� WR� EHDU� WKH� LQFUHDVHG� EXUGHQ� RI� FDOLEUDWLRQ�
UHGXFWLRQ��DQG�DQDO\VLV�RI�WKHLU�GDWD�
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'XULQJ� WKH� 3KDVH� ,,� SURSRVDO� VXEPLVVLRQ�SURFHVV�� 676F,�PXVW� DOVR� IRUPDOO\� DSSURYH� WKH�XVH� RI� DQ
DYDLODEOH�EXW�XQVXSSRUWHG� PRGH�� 7KLV� DOORZV� 676F,� WR� HYDOXDWH� WKH� UHTXHVW� DQG� HQVXUHV� WKDW� QR
SUREOHPV� DVVRFLDWHG� ZLWK� WKH� UHTXHVW� KDYH� FRPH� WR� OLJKW� VLQFH� WKH� VXEPLVVLRQ� RI� WKH� 3KDVH� ,
SURSRVDO��:H�UHTXLUH�WKH�3,�WR�VXPPDUL]H�WKH�DERYH�IRXU�SRLQWV�LQ�D�EULHI�HPDLO�PHVVDJH�UHTXHVWLQJ
DSSURYDO�IRU�XVH�RI�DQ�DYDLODEOH�EXW�XQVXSSRUWHG�PRGH�

7KH� LQFUHDVHG�EXUGHQ�RI�FDOLEUDWLQJ�GDWD� WDNHQ�XVLQJ�DYDLODEOH�EXW�XQVXSSRUWHG�PRGHV�DOVR�PDNHV
WKH�XVH�RI�VXFK�GDWD�IRU�DUFKLYDO�UHVHDUFK�VLJQLILFDQWO\�PRUH�GLIILFXOW��$V�D�UHVXOW��UHTXHVWV�IRU�XVH�RI
XQVXSSRUWHG�PRGHV�ZKLFK�GR�QRW�DGHTXDWHO\�DGGUHVV�WKH�DERYH�IRXU�SRLQWV��RU�ZKLFK�ZLOO� UHVXOW� LQ
RQO\�PDUJLQDO�LPSURYHPHQWV�LQ�WKH�TXDOLW\�RI�WKH�GDWD�REWDLQHG��PD\�EH�GHQLHG�E\�676F,��HYHQ�LI�WKH
UHTXHVW�ZDV�SURSHUO\�LQFOXGHG�LQ�WKH�3KDVH�,�SURSRVDO�
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����&KRRVLQJ�%HWZHHQ�&26�DQG�67,6
:LWK� WKH� LQVWDOODWLRQ� RI� &26� DQG� WKH� UHSDLU� RI� 67,6�� � KDV� WZR� VSHFWURJUDSKV� ZLWK� VLJQLILFDQW+67
RYHUODS� LQ� VSHFWUDO� UDQJH� DQG� UHVROYLQJ� SRZHU�� (DFK� KDV� XQLTXH� FDSDELOLWLHV�� DQG� WKH� GHFLVLRQ� RI
ZKLFK�WR�XVH�ZLOO�EH�GULYHQ�E\�WKH�VFLHQFH�JRDOV�RI�WKH�SURJUDP�DQG�WKH�QDWXUH�RI�WKH�WDUJHW�WR�EH
REVHUYHG�

������6HQVLWLYLW\�DQG�:DYHOHQJWK�&RYHUDJH
7KH� �ZDV� WR� LPSURYH� WKH�VHQVLWLYLW\�RI� � WR�SRLQW�VRXUFHV� LQ� WKH� IDU�SULPDU\�GHVLJQ�JRDO�RI�&26 +67
XOWUDYLROHW��)89��IURP�DERXW������WR�����b���� ,Q�WKLV�ZDYHOHQJWK�UDQJH��WKH�WKURXJKSXW�RI�WKH�&26
)89�FKDQQHO�H[FHHGV�WKDW�RI�WKH�67,6� �E\�IDFWRUV�RI����WR�����DQG�WKH�FRPELQDWLRQ�RI�WKHFUV-MAMA
VSHFWURVFRSLF�UHVROYLQJ�SRZHU��a��������DQG�ZDYHOHQJWK�FRYHUDJH������WR����b��SHU�VHWWLQJ��RI�WKH
PHGLXP�UHVROXWLRQ� &26� )89� PRGHV� UHVXOWV� LQ� D� GLVFRYHU\� VSDFH� �WKURXJKSXW� WLPHV� ZDYHOHQJWK
FRYHUDJH�� IRU� REVHUYDWLRQV� RI� IDLQW� )89� SRLQW� VRXUFHV� WKDW� LV� DW� OHDVW� ��b WLPHV� JUHDWHU� IRU� PRVW
WDUJHWV�WKDQ�WKDW�RI�67,6�PRGHV�ZLWK�FRPSDUDEOH�UHVROXWLRQ��DQG�LV�DV�PXFK�DV���bWLPHV�JUHDWHU�IRU
IDLQW�� EDFNJURXQG�OLPLWHG� SRLQW� VRXUFHV�� &26� DOVR� KDV� WKH� XQLTXH� FDSDELOLW\� WR� REVHUYH� GRZQ� WR
ZDYHOHQJWKV�DV�VKRUW�DV����b��

,Q� WKH� 189� �DSSUR[LPDWHO\� ��������� ���� &26� DQG� 67,6� KDYH� FRPSOHPHQWDU\� FDSDELOLWLHV�� 7R
DFFRPPRGDWH� WKH�189�GHWHFWRU� IRUPDW�� WKH�&26�189� VSHFWUXP� LV� VSOLW� LQWR� WKUHH� QRQ�FRQWLJXRXV
VWULSHV��HDFK�RI�ZKLFK�FRYHUV�D�UHODWLYHO\�VPDOO�UDQJH�LQ�ZDYHOHQJWK��2EWDLQLQJ�D�IXOO�189�VSHFWUXP�RI
DQ�REMHFW�UHTXLUHV�VHYHUDO�VHW�XSV�DQG�H[SRVXUHV����RU�PRUH�IRU�WKH�PHGLXP�UHVROXWLRQ�JUDWLQJV�DQG
��IRU�*���/���:KHQ�EURDG�189�ZDYHOHQJWK�FRYHUDJH�LV�QHHGHG��WKHUH�ZLOO�EH�FLUFXPVWDQFHV�LQ�ZKLFK
REWDLQLQJ�D�VLQJOH�67,6�VSHFWUXP�LV�PRUH�HIILFLHQW�WKDQ�WDNLQJ�VHSDUDWH�&26�VSHFWUD�

+LVWRULFDOO\��WKH�GDUN�UDWH�RI�WKH�&26�189�GHWHFWRU�ZDV�VXEVWDQWLDOO\�ORZHU�WKDQ�WKDW�RI�67,6��PDNLQJ
LW� VXSHULRU� IRU� IDLQW� VRXUFHV�� HYHQ�ZKHQ�PRUH�H[SRVXUHV�ZHUH� UHTXLUHG� WR�DFKLHYH� IXOO�ZDYHOHQJWK
FRYHUDJH��+RZHYHU�� WKH�GDUN� UDWH�RI� WKH�&26�DQG�67,6�189�GHWHFWRUV�KDYH� UHFHQWO\�FRQYHUJHG� WR
VLPLODU� UDWHV�� 7KH�&26�JOREDO�PHDQ�GDUN� UDWH�KDV� OHYHOHG�RII� VLQFH� LWV� ODXQFK� WR�D� YDOXH�RI� DERXW
������ FRXQWV�V�SL[HO� >OLQN@�� 0HDQZKLOH�� WKH� PHDQ� GDUN� UDWH� RI� WKH� 67,6� 189�0$0$� UHDFKHG� D
PLQLPXP�QHDU��������FRXQWV�SL[HO�V�DURXQG�������LQFUHDVHG�WR�D�PD[LPXP�RI�DERXW�������FRXQWV�SL[
�V� DURXQG� ������ DQG� LV� FXUUHQWO\� GHFUHDVLQJ� ZLWK� UHFHQW� YDOXHV� EDFN� DURXQG� ������� FRXQWV�SL[�V�
ZKLFK� LV� WKH� FXUUHQW� YDOXH� XVHG� E\� LQ� (7&� FDOFXODWLRQV� >OLQN@�� 2EVHUYHUV� DUH� DGYLVHG� WR� SHUIRUP
GHWDLOHG�FDOFXODWLRQV�XVLQJ�ERWK�WKH�&26�DQG�67,6�(7&V�WR�FRQVLGHU�FDUHIXOO\�WKH�UHODWLYH�LQVWUXPHQW
RYHUKHDGV�WR�GHWHUPLQH�ZKLFK�FRPELQDWLRQ�RI�LQVWUXPHQWV�DQG�PRGHV�LV�EHVW�IRU�WKHLU�VFLHQFH�

������6SDWLDO�DQG�6SHFWUDO�5HVROXWLRQ
)RU�REVHUYDWLRQV�RI�H[WHQGHG�VRXUFHV��WKH�VSDWLDO�UHVROXWLRQ�RIIHUHG�E\�67,6�PXVW�EH�ZHLJKHG�DJDLQVW
WKH� VXSHULRU� VHQVLWLYLW\� RI� &26�� 2QH� RI� WKH� SULPDU\� GHVLJQ� JRDOV� RI� 67,6�ZDV� WR� SURYLGH� VSDWLDOO\
UHVROYHG�VSHFWUD�LQ�WKH�XOWUDYLROHW��89���RSWLFDO��DQG�1,5��7KH�67,6�ORQJ�VOLWV��ZKHQ�XVHG�ZLWK�WKH�ILUVW�
RUGHU�JUDWLQJV��DOORZ�VSDWLDOO\�UHVROYHG�REVHUYDWLRQV�WKDW�H[SORLW� WKH� LQWULQVLFDOO\�KLJK�UHVROXWLRQ�RI�

�RYHU�WKH�IXOO�ZLGWK�RI�WKH�GHWHFWRUV��DSSUR[LPDWHO\������DUFVHFRQGV�SHU���SL[HO�VSDWLDO�UHVROXWLRQ+67
HOHPHQW�RYHU�D�OHQJWK�RI���bDUFVHFRQGV�ZLWK�WKH� �DQG� ��DQG�a����DUFVHFRQGV�SHU���NUV- FUV-MAMAs
SL[HO�VSDWLDO�UHVROXWLRQ�HOHPHQW�RYHU�D�OHQJWK�RI���bDUFVHFRQGV�ZLWK�WKH�&&'��
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&26�ZDV�RSWLPL]HG�IRU�SRLQW�VRXUFH�REVHUYDWLRQV��:KLOH�&26�KDV�UHODWLYHO\�ODUJH�HQWUDQFH�DSHUWXUHV
����bDUFVHFRQGV�GLDPHWHU��� IOX[�IURP�UHJLRQV�PRUH�WKDQ����bDUFVHFRQGV�IURP�WKH�DSHUWXUH�FHQWHU� LV
VLJQLILFDQWO\� YLJQHWWHG�� 7KHVH� ODUJH� DSHUWXUHV� DOVR� PHDQ� WKDW� REMHFWV� H[WHQGHG� LQ� WKH� GLVSHUVLRQ
GLUHFWLRQ�ZLOO�\LHOG�VSHFWUD�ZLWK� ORZHU�VSHFWUDO� UHVROXWLRQ�� ,Q�DGGLWLRQ�� WKH�RSWLFDO�GHVLJQ�RI� WKH�)89
FKDQQHO� OLPLWV� WKH� DFKLHYDEOH� VSDWLDO� UHVROXWLRQ�� VKRZLQJ� ):+0� LQ� WKH� VSDWLDO� GLUHFWLRQ� WKDW� YDU\
EHWZHHQ�a����� DUFVHFRQGV� DQG�a���� DUFVHFRQGV� GHSHQGLQJ� RQ� JUDWLQJ� DQG�ZDYHOHQJWK�� 7KH�&26
189�FKDQQHO�XVHV�D�GLIIHUHQW�RSWLFDO�GHVLJQ�DQG�KDV�D�VSDWLDO� UHVROXWLRQ�FRPSDUDEOH�WR�WKDW�RI� WKH
67,6� ILUVW�RUGHU� 189� PRGHV� �a����� DUFVHFRQGV��� ZLWK� VRPHZKDW� EHWWHU� VDPSOLQJ�� KRZHYHU�� IRU
VRXUFHV�H[WHQGLQJ�PRUH�WKDQ��bDUFVHFRQG�LQ�WKH�VSDWLDO�GLUHFWLRQ��WKH�YDULRXV�189�VSHFWUDO�VHJPHQWV
ZLOO�EHJLQ�WR�RYHUODS�

7KH� OLQH�VSUHDG� IXQFWLRQV� �/6)V�� RI� ERWK� LQVWUXPHQWV� H[KLELW� QRQ�*DXVVLDQ� ZLQJV� GXH� WR� PLG�
IUHTXHQF\� ]RQDO� �SROLVKLQJ�� HUURUV� LQ� WKH� 2SWLFDO� 7HOHVFRSH� $VVHPEO\� �27$��� 8VLQJ� 67,6�� RQH� FDQ
PLQLPL]H� WKHLU� HIIHFWV� WKURXJK� WKH� XVH� RI� QDUURZ� DSHUWXUHV�� 2Q� &26�� QDUURZ� DSHUWXUHV� DUH� QRW
DYDLODEOH�� 7KH�EURDG�ZLQJV� RI� WKH�&26� /6)�� HVSHFLDOO\� LQ� WKH� VKRUW�ZDYHOHQJWKV� RI� )89�EDQG�� FDQ
DIIHFW�WKH�GHWHFWDELOLW\�RI�IDLQW��QDUURZ�IHDWXUHV�DQG�EOHQG�FORVHO\�VSDFHG�OLQHV��6WXGLHV�WKDW�UHTXLUH
DFFXUDWH�NQRZOHGJH�RI�WKH�OLQH�SURILOH�ZLOO�UHTXLUH�IXOO�FRQVLGHUDWLRQ�RI�WKH�&26�/6)��7KH�QRQ�*DXVVLDQ
ZLQJV�RI�WKH�&26�/6)�VKRXOG�KDYH�RQO\�PRGHVW�LPSDFW�RQ�VFLHQFH�SURJUDPV�WDUJHWLQJ�EURDG�OLQHV�DQG
FRQWLQXXP�VRXUFHV�

7KH�67,6�KLJK�GLVSHUVLRQ�HFKHOOH�PRGHV�(���+�DQG�(���+�KDYH� UHVROYLQJ�SRZHUV�RI�a�������� �RU
HYHQ� ab��������ZLWK�WKH� �DSHUWXUH�DQG�VSHFLDOL]HG�GDWD�UHGXFWLRQ��VHH� ��5b ���b�b���� 6HFWLRQ�����
VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�EHVW�&26�UHVROXWLRQ��$OVR��67,6�FDQ�REWDLQ�VSHFWUD�LQ�WKH�RSWLFDO�DQG�1,5
DW�ZDYHOHQJWKV�XS�WR�����������ZKLOH�WKH�PD[LPXP�ZDYHOHQJWK�REVHUYDEOH�E\�&26�LV�DERXW��������

������%ULJKWQHVV�/LPLWV�DQG�7,0(�7$*�0RGH
%RWK�&26�GHWHFWRUV�DQG�WKH�67,6�0$0$�GHWHFWRUV�DUH�SURKLELWHG�IURP�REVHUYLQJ�REMHFWV�WKDW�H[FHHG
VSHFLILF�EULJKWQHVV�OHYHOV��VHH�6HFWLRQV� �� ��DQG� �LQ�WKLV�KDQGERRN��DQG� �LQ�WKH���� ���� ���� &KDSWHU���

���6RPH�EULJKWQHVV�OLPLWV�KDYH�EHHQ�HVWDEOLVKHG�IRU�WKH�KHDOWK�DQG�VDIHW\�RI�WKH�LQVWUXPHQW�&26�,+%
ZKLOH� RWKHUV� DUH� SUDFWLFDO� OLPLWV� WKDW� DUH� VHW� WR� HQVXUH� JRRG� GDWD� TXDOLW\�� %HFDXVH� 67,6� LV� OHVV
VHQVLWLYH�WKDQ�&26��WKH�EULJKWQHVV�OLPLWV�IRU�67,6�WHQG�WR�EH�VLJQLILFDQWO\� OHVV�VWULQJHQW�� ,Q�WKH�189
UDQJH�� WKH�67,6�*���/%�DQG�*���0%�JUDWLQJV� FDQ�DOVR�EH�XVHG�ZLWK� WKH�67,6�&&'��ZKLFK�KDV�QR
EULJKW�REMHFW�OLPLWDWLRQV��67,6�DOVR�KDV�D�QXPEHU�RI�VPDOO�DQG�QHXWUDO�GHQVLW\�DSHUWXUHV�WKDW�FDQ�EH
XVHG�ZLWK� WKH�0$0$�GHWHFWRUV� WR�DWWHQXDWH� WKH� OLJKW�RI�D� WRR�EULJKW�REMHFW��&26�KDV�RQO\�D�VLQJOH
QHXWUDO�GHQVLW\� ILOWHU� WKDW� DWWHQXDWHV� E\� D� IDFWRU� RI� DERXW� ���� EXW� DOVR� GHJUDGHV� WKH� VSHFWUDO
UHVROXWLRQ�E\�D�IDFWRU�RI���WR����,Q�PRVW�FDVHV��VRPH�FRPELQDWLRQ�RI�67,6�JUDWLQJV�DQG�DSHUWXUHV�ZLOO
EH�D�EHWWHU�FKRLFH�IRU�REVHUYLQJ�D�89�EULJKW�REMHFW�WKDQ�&26�ZLWK�LWV�QHXWUDO�GHQVLW\�DSHUWXUH��8VHUV
DUH�DGYLVHG�WR�FRPSDUH�UHVXOWV�IURP�WKH�&26�DQG�67,6�(7&V�WR�GHFLGH�RQ�DQ�DSSURSULDWH�VWUDWHJ\�IRU
WKHLU�WDUJHW�

%RWK�67,6�DQG�&26�FDQ�SHUIRUP�REVHUYDWLRQV�LQ� �PRGH��ZKHUHE\�WKH�WLPH�RI�HDFK�SKRWRQ
VTIME-TAG
DUULYDO� LV� UHFRUGHG�� 67,6� LV� FDSDEOH� RI� D� PXFK� ILQHU� WLPH� UHVROXWLRQ� ����� PLFURVHFRQGV� YV�
��bPLOOLVHFRQGV�IRU�&26���DOWKRXJK�IHZ�SURJUDPV�UHTXLUH�VXFK�D�KLJK�VDPSOLQJ�UDWH��'XH�WR�LWV�ORZHU
VHQVLWLYLW\��67,6�PD\�EH�DEOH�WR�REVHUYH�D�WDUJHW� LQ� �PRGH�WKDW� LV�WRR�EULJKW�IRU�TIME-TAG TIME-TAG
REVHUYDWLRQV� ZLWK� &26�� 2Q� WKH� RWKHU� KDQG�� � GDWD� DFTXLUHG� ZLWK� WKH� &26� )89� GHWHFWRUTIME-TAG
LQFOXGHV� LQIRUPDWLRQ� RQ� WKH� SXOVH�KHLJKW� GLVWULEXWLRQ��ZKLOH� � GDWD� REWDLQHG�ZLWK� WKH� 67,6TIME-TAG
0$0$V�DQG� WKH�&26� �GR�QRW��3XOVH�KHLJKW� LQIRUPDWLRQ�FDQ�EH�YDOXDEOH� LQ� LGHQWLI\LQJ�DQGNUV-MAMA
UHMHFWLQJ�EDFNJURXQG�FRXQWV�LQ�WKH�VSHFWUD�RI�IDLQW�VRXUFHV�
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������2WKHU�3RVVLEOH�&RQVLGHUDWLRQV
2EVHUYHUV� VKRXOG� DOVR� QRWH� WKDW� PDQ\� &26� 189� PRGHV� DUH� RQO\� VSDUVHO\� XVHG�� DQG� WKH
FRUUHVSRQGLQJ�67,6�189�PRGHV�DUH�OLNHO\�WR�KDYH�PRUH�H[WHQVLYH�FDOLEUDWLRQ�

$QRWKHU� FRQVLGHUDWLRQ� IRU� &26� )89� XVDJH� LV� OLIHWLPH� LPSDFW�� )RU� WKH� &26� )89� GHWHFWRUV�
DSSUR[LPDWHO\��������FRXQWV�FDQ�IDOO�RQ�D�SL[HO�EHIRUH�WKH�UHGXFHG�JDLQ�DW� WKDW� ORFDWLRQ�UHVXOWV� LQ
VLJQLILFDQW�IOX[�ORVV��,Q�VRPH�FDVHV��67,6�PD\�EH�WKH�SUHIHUUHG�LQVWUXPHQW�IRU�UHODWLYHO\�EULJKW�VRXUFHV
VLPSO\� WR� SUHVHUYH� WKH� OLIHWLPH� RI� WKH� &26� GHWHFWRUV�b 7KH� &26� )89� DOVR� VXIIHUV� IURP� JDLQ� VDJ�
UHTXLULQJ�SHULRGLF�FKDQJHV�LQ�ZKHUH�RQ�WKH�GHWHFWRU�VSHFWUD�DUH�SODFHG��WKH�/LIHWLPH�3RVLWLRQV���8VHUV
VKRXOG�FRQVXOW�ZLWK�WKH� �IRU�WKH�ODWHVW�SROLFLHV�DQG�XS�WR�GDWH�LQIRUPDWLRQ�RQ�WKH&26�'RFXPHQWDWLRQ
FDOLEUDWLRQ�RI�WKH�YDULRXV�/LIHWLPH�3RVLWLRQV�b
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����6FKHGXOLQJ�(IILFLHQF\�DQG�9LVLW�2UELW�/LPLWV
�������5HGXFHG�*\UR�0RGH
,Q�������+67�ZDV�SODFHG�LQ�UHGXFHG�J\UR�PRGH��ZKLFK�XVHV�RQO\�RQH�J\URVFRSH�LQ�LWV�DWWLWXGH�
GHWHUPLQDWLRQ�DOJRULWKP��:KLOH�VFLHQFH�REVHUYDWLRQV�DUH�JHQHUDOO\�XQDIIHFWHG��WKH�PDMRU�LPSDFW�LV�RQ�
VFKHGXODELOLW\�GXH�PRVWO\�WR�WKH�UHGXFHG�ILHOG�RI�UHJDUG�DQG�D�UHGXFWLRQ�LQ�REVHUYDWLRQDO�HIILFLHQF\�>

��,Q�VXPPDU\��ZH�H[SHFW�WKH�IROORZLQJ�FRQVLGHUDWLRQV�WR�DIIHFW�SURSRVHUV�LQ�&\FOH����DQG�EH\RQG�OLQN@

,W� LV� H[SHFWHG� WKDW� RUELWV� ORQJHU� WKDQ� �� FRQWLJXRXV� RUELWV� ZLOO� EH� SURKLELWLYHO\� GLIILFXOW� WR
VFKHGXOH�DQG�VR�REVHUYHUV�DUH�UHFRPPHQGHG�WR�VSOLW�YLVLWV� LQWR�VPDOO�JURXSV�RI�RUELWV�ZKHUH
SRVVLEOH�
6LPLODUO\�� VWULFW� RULHQW� DQG� WLPLQJ� FRQVWUDLQWV� PD\� PDNH� YLVLWV� LPSRVVLEOH� WR� VFKHGXOH� VR
REVHUYHUV�DUH�UHFRPPHQGHG�WR�GHVLJQ�WKHLU�SURJUDPV�ZLWK�DV�PXFK�IOH[LELOLW\�DV�SRVVLEOH�b
6LQFH�WDUJHW�DFTXLVLWLRQ�WDNHV�D�IHZ�PLQXWHV�ORQJHU�FRPSDUHG�WR�SUHYLRXV�SURJUDPV��XVHUV�ZLOO
KDYH�OHVV�DYDLODEOH�REVHUYLQJ�WLPH�SHU�RUELW�LQ�&\FOH����JRLQJ�IRUZDUG�
0RYLQJ�WDUJHW�DQG�VSDWLDO�VFDQ�UDWHV�DUH�QRZ�OLPLWHG�WR�OHVV�WKDQ���DUFVHF�SHU�VHFRQG�
7KH�6RODU�$YRLGDQFH�=RQH� LQFUHDVHV� LQ�VL]H�VXFK�WKDW�WKH�WHOHVFRSH�PD\�QRZ�SRLQW�QR�FORVHU
WKDQ�a���GHJUHHV�IURP�WKH�6XQ��ZKLFK�PD\�OLPLW�REVHUYDWLRQV�RI�FHUWDLQ�6RODU�6\VWHP�REMHFWV
�H�J���FRPHWV��
6HH�WKH�+67�5*0�3ULPHU�IRU�PRUH�LQIRUPDWLRQ�� b7KH�+XEEOH�6SDFH�7HOHVFRSH�3ULPHU�IRU�&\FOH���

������1RQ�5*0�5HODWHG�&RQVWUDLQWV
)RU�WKH�0$0$�GHWHFWRUV��WKH���FRQWLJXRXV�RUELW�OLPLWbLV�GXH�WR�WKH�QXPEHU�RI�6RXWK�$WODQWLF�$QRPDO\�
�6$$��IUHH�FRQWLJXRXV�RUELWV��,W�LV�SRVVLEOH�WR�KDYH���RI�WKHVH�RUELWV��KRZHYHU�WKH\�DUH�UDUH��$Q\WKLQJ�
ORQJHU�ZLOO�QHYHU�EH�VFKHGXODEOH��,I�D���RUELW�FRQVWUDLQW�LV�FRPELQHG�ZLWK�DQ\�SKDVH��WLPLQJ�DQG�RU�
RULHQW�FRQVWUDLQW�UHVWULFWLRQV�WKHQ�WKH�YLVLW�ZLOO�OLNHO\�EH�XQVFKHGXODEOH��67,6�0$0$�YLVLWV�ZLWK���RUELWV�
UHTXLUH�D�FRPSHOOLQJ�VFLHQFH�MXVWLILFDWLRQ�DQG�SURSRVHUV�PXVW�WDNH�LQWR�DFFRXQW�WKH�DGGLWLRQDO�
OLPLWDWLRQV�WKDW�WKHVH�ORQJHU�YLVLWV�SODFH�RQ�REVHUYDWLRQV�DQG�VFKHGXODELOLW\��6HH�6HFWLRQ�����IRU�PRUH�
LQIRUPDWLRQ�UHJDUGLQJ�0$0$�VFKHGXOLQJ�FRQVWUDLQWV�

67,6�&&'�REVHUYDWLRQV�DUH�SRVVLEOH�WR�VFKHGXOH�LQ�6$$�LPSDFWHG�RUELWV��7KHUHIRUH��WKHUH�LV�VOLJKWO\�
PRUH�IOH[LELOLW\�ZLWK�WKRVH�REVHUYDWLRQV�EHLQJ�ORQJHU�WKDQ���RUELWV�ZLWK�SURSHU�VFLHQFH�MXVWLILFDWLRQ��
6FKHGXOLQJ�ORQJHU�RUELW�YLVLWV�FDQ�EH�FKDOOHQJLQJ��SDUWLFXODUO\�ZKHQ�FRXSOHG�ZLWK�SKDVH��WLPH�DQG�RU�
RULHQW�FRQVWUDLQWV��9LVLWV�ZLWK���RU�PRUH�FRQWLJXRXV�RUELWV�FDQ�KDYH�YHU\�IHZ�VFKHGXOLQJ�RSSRUWXQLWLHV�
SHU�F\FOH��EHWZHHQ�]HUR�DQG�WKUHH���HVSHFLDOO\�LQ�5*0��VHH�DERYH��b

������3ODQQLQJ�IRU�6PDOOHU�9LVLWV
2EVHUYHUV�ZLWK�SURJUDPV�XVLQJ�PRUH�WKDQ��bRUELWV�SHU�WDUJHW�VKRXOG�WDNH�QRWH�RI�WKH�IROORZLQJ�DGYLFH�
ZKHQ�VSOLWWLQJ�WKHLU�REVHUYDWLRQV�LQWR�PXOWLSOH�YLVLWV�

7DUJHW� DFTXLVLWLRQ� VHTXHQFHV�ZLOO� QHHG� WR� EH� UHSHDWHG� DW� WKH� VWDUW� RI� HDFK� YLVLW�ZKHQ�XVLQJ
VPDOO�HQWUDQFH�DSHUWXUHV�ZLWK�67,6��,PDJLQJ�DQG�VOLWOHVV�VSHFWURVFRS\�GR�QRW�QRUPDOO\�UHTXLUH�D
WDUJHW�DFTXLVLWLRQ��8VHUV�VKRXOG�WKHUHIRUH�DFFRXQW�IRU�DGGLWLRQDO�RYHUKHDGV�GXH�WR�WKH�LQFUHDVH
LQ�QHFHVVDU\�WDUJHW�DFTXLVLWLRQV�
7KHUH�H[LVWV�WKH�SRWHQWLDO�IRU�VRPH�LPDJH�URWDWLRQ�EHWZHHQ�YLVLWV�XQOHVV�WKHbSAMEbORIENTbASb
�ILUVW�YLVLWV��!�VSHFLDO�UHTXLUHPHQW�LV�XVHG��:KHQ LV�XVHG��WKH�DFFXUDF\�LV�DbSAMEbORIENTbASb
IHZ�PLOOLDUFVHFRQGV�

8VHUV� DUH� VWURQJO\� HQFRXUDJHG� WR� VWUXFWXUH� REVHUYDWLRQV� RI� ���� RUELWV� GXUDWLRQ� HDFK�� XQOHVV31
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8VHUV� DUH� VWURQJO\� HQFRXUDJHG� WR� VWUXFWXUH� REVHUYDWLRQV� RI� ���� RUELWV� GXUDWLRQ� HDFK�� XQOHVV
ORQJHU�YLVLWV�DUH�H[SOLFLWO\�UHTXLUHG�WR�UHDFK�WKH�VWDWHG�VFLHQFH�JRDOV�
0RYLQJ�WDUJHWV�DQG�VSDWLDO�VFDQQLQJ�b$V�RI�&\FOH�����OLPLWDWLRQV�GXH�WR�WKH�J\UR�FRQILJXUDWLRQ�RIb

DQG� LWV� SRLQWLQJ� FRQWURO� V\VWHP� UHVWULFW� YLVLWV� RQ�PRYLQJ� WDUJHWV� WR� QR�PRUH� WKDQ� WZR+67b
FRQWLJXRXV�RUELWV��)RU�VLPLODU�UHDVRQV��IRU�VSDWLDO�VFDQQLQJ�SURJUDPV��HDFK�YLVLELOLW\�SHULRG�PXVW
KDYH�DW�OHDVW���PLQXWHV�RI�WLPH�XQGHU�)*6�FRQWURO��L�H�����PLQXWHV�ZLWKRXW�VFDQQLQJ��

,Q�VWUXFWXULQJ�WKHLU�SURJUDPV��REVHUYHUV�VKRXOG�FDUHIXOO\�FRQVLGHUbWKH�SRVLWLRQDO�DFFXUDFLHV WKDW�ZLOO�b
EHbUHTXLUHG��$FTXLVLWLRQV�RI�SRLQW�VRXUFH�WDUJHWV�DUH�JHQHUDOO\�DFFXUDWH�WR�a���PLOOLDUFVHFRQGV��VHHb

�6HFWLRQ���� ��DQG�VRPHZKDW�JUHDWHU�DFFXUDF\�FDQ�EH�DFKLHYHG�E\�XVLQJ�D�SHDNXSbLQ�D�VPDOO�DSHUWXUH �b
��VHH�DOVR�WKH�VXPPDU\�LQ �6HFWLRQ���� b7DEOH����� ��:LWKLQ�D�JLYHQ�YLVLW�b+67 SRLQWLQJ�LV�JHQHUDOO\�YHU\�b

VWDEOH��a�bPLOOLDUFVHFRQGV�UPV���DQG�VPDOO�DQJOH�PDQHXYHUV�FDQ�EH�VLPLODUO\�DFFXUDWHb� �6HFWLRQ������ �
b)RU�PRVW�VLQJOH��QRQ�YDULDEOH�SRLQW�VRXUFH�WDUJHWV��D�ORQJ�VHULHV�RI�H[SRVXUHV�FRXOG��LQ�SULQFLSOH��EH�
REWDLQHG�HLWKHU�LQ�D�VLQJOH�ORQJ��EXW�GLIILFXOW�WR�VFKHGXOH��YLVLW�RU�LQ�WZR�RU�PRUH�VKRUWHU�YLVLWV��ZLWK�
VRPHZKDW�VKRUWHU�WRWDO�H[SRVXUH�WLPH�EXW�JUHDWHUbVFKHGXODELOLW\�b,I�WKHUH�DUH VHYHUDO�GLIIHUHQWb ��
FORVHO\�VSDFHG WDUJHWVb bWR�EH�REVHUYHG��UHTXLULQJbVOLJKW�PRYHPHQWV�RIbWKH�WHOHVFRSH EXW�XVLQJ�WKH�b
VDPH�JXLGH�VWDUV���DQG�LIbYHU\�SUHFLVHbRIIVHWVb�IHZ�PLOOLDUFVHFRQG�DFFXUDF\��EHWZHHQ�WKH�GLIIHUHQW�
WDUJHWV DUH�UHTXLUHGb ��WKHQbLW�PLJKW�EHbGHVLUDEOHbWR�REVHUYH�DOO�WKH�WDUJHWV�LQ�D�VLQJOH�ORQJ�YLVLW��b,I�VXFK�
SUHFLVH�RIIVHWV�DUH�QRW�UHTXLUHG��KRZHYHU��WKHQbWKHbREVHUYDWLRQV FRXOG�EHb bREWDLQHG�LQ VHSDUDWHb bVKRUWHU
bYLVLWV �H�J��b bZLWK�RQH�WDUJHW�SHU�YLVLW�� ,Q�FDVHV�ZKHUH�D�WDUJHW�DFTXLVLWLRQ�LV�SHUIRUPHG�IRU�VOLW�b
VSHFWURVFRS\��RQH�VKRXOG�IROORZ�WKH�VDPHbSURFHGXUH IRU�WKH�WDUJHW�DFTXLVLWLRQ�LQ�WKH�Vb XEVHTXHQWbYLVLWV
DV�LQ�WKH�ILUVW�b

9LVLWV�FDQ�EH�VFKHGXOHG�FORVH�LQ�WLPH�E\�VSHFLI\LQJ�WKH YLVLW�UHTXLUHPHQW��7LPLQJ�bGROUPbWITHINb
FRQVWUDLQWV�RI�WKLV�W\SH��KRZHYHU��VKRXOG�EH�XVHG�RQO\�LI�UHTXLUHG�E\�WKH�VFLHQFH��VLQFH�
RYHUFRQVWUDLQLQJ�YLVLWV�DIIHFWV�WKH�DELOLW\�WR�VFKHGXOH�HIILFLHQWO\��$OO�WLPLQJ��RULHQWDWLRQ��DQG�
VFKHGXOLQJ�UHTXLUHPHQWV�PXVW�EH�LGHQWLILHG�DQG�MXVWLILHG�LQ�WKH�3KDVH�,�SURSRVDO�
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����0$0$�6FKHGXOLQJ�3ROLFLHV
6LQFH�WKH�0$0$��VHH� ��FRQWURO�HOHFWURQLFV�ZHUH� IRXQG�RQ�RUELW� WR�EH�VXEMHFW� WR�UHVHWV6HFWLRQ������
GXH�WR�FRVPLF�UD\� LPSDFWV��WKH�0$0$V�DUH�RSHUDWHG�RQO\�GXULQJ�WKH�FRQWLJXRXV�RUELWV�RI�HDFK�GD\
WKDW�DUH�IUHH�RI�WKH�6RXWK�$WODQWLF�$QRPDO\��6$$���:H�WKHUHIRUH�OLPLW�WKH�GXUDWLRQ�RI�DQ\�VLQJOH�0$0$
YLVLW� �L�H���D�VLQJOH�FRQWLQXRXV�REVHUYDWLRQ�VHULHV��WR�ILYH�RUELWV��$GGLWLRQDOO\��WR�IDFLOLWDWH�VFKHGXOLQJ
DQG� PD[LPL]H� WKH� RUELWV� DYDLODEOH� IRU� 0$0$� REVHUYDWLRQV�� LQ� FHUWDLQ� FLUFXPVWDQFHVb ZH� UHTXLUH
REVHUYHUV�WR�VSOLW�WKHLU�&&'�DQG�0$0$�H[SRVXUHV�LQWR�VHSDUDWH�YLVLWV��6SHFLILFDOO\��IRU�67,6�SURJUDPV
FRQWDLQLQJ�ERWK�&&'�DQG�0$0$�VFLHQWLILF��QRW�WDUJHW�DFTXLVLWLRQ��H[SRVXUHV��LQ�ZKLFK�WKHUH�DUH�PRUH
WKDQ����PLQXWHV�RI�REVHUYLQJ�WLPH�XVLQJ�WKH�&&'�LQ�D�VLQJOH�YLVLW� �LQFOXVLYH�RI�RYHUKHDGV���DQG�IRU
ZKLFK�WKDW�YLVLW�UHTXLUHV�PRUH�WKDQ�D�VLQJOH�RUELW��WKH�H[SRVXUHV� �EH�VSOLW�LQWR�YLVLWV�WKDW�VHSDUDWHPXVW
WKH�&&'�IURP�WKH�0$0$�H[SRVXUHV��+HQFH��WKLV�SROLF\�DOORZV�PXOWL�RUELW�PL[HG�YLVLWV�ZLWK����PLQXWHV
RU�OHVV�RI�WRWDO�&&'�VFLHQWLILF�WLPH��RU�VLQJOH�RUELW�PL[HG�YLVLWV�UHJDUGOHVV�RI�WKH�&&'�0$0$�UDWLR��)RU
SURJUDPV� WKDW� � &&'� DQG� 0$0$� VFLHQWLILF� H[SRVXUHV� LQ� WKH� VDPH� YLVLW� �H�J��� YDULDELOLW\UHTXLUH
PRQLWRULQJ�SURJUDPV���H[FHSWLRQV�FDQ�EH�PDGH�LI�D�ZHOO�MXVWLILHG�H[SODQDWLRQ�LV�JLYHQ�LQ�WKH�6SHFLDO
5HTXLUHPHQWV�VHFWLRQ�RI�WKH�3KDVH�,�SURSRVDO�
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���� 3ULPH� DQG� 3DUDOOHO� 2EVHUYLQJ�� 0$0$� %ULJKW�2EMHFW
&RQVWUDLQWV
7KH�67,6�0$0$�GHWHFWRUV�DUH�VXEMHFW�WR�GDPDJH�DW�KLJK�LOOXPLQDWLRQ�UDWHV��DV�H[SODLQHG� LQ�JUHDWHU
GHWDLO� LQ� ��7R�SURWHFW�WKH� LQVWUXPHQW��ZH�KDYH�HVWDEOLVKHG� OLPLWV�RQ�WKH�PD[LPXP�FRXQW6HFWLRQ����
UDWH� DW� ZKLFK� WKH� GHWHFWRUV� PD\� EH� LOOXPLQDWHG�� 7KHVH� FRXQW�UDWH� OLPLWV� WUDQVODWH� LQWR� D� VHW� RI
FRQILJXUDWLRQ�GHSHQGHQW�� EULJKW�REMHFW� VFUHHQLQJ� PDJQLWXGHV�� 7KH� VSHFWURVFRSLF� EULJKW�REMHFW
VFUHHQLQJ�PDJQLWXGHV�DUH�VXPPDUL]HG�LQ� ��DQG�WKH�LPDJLQJ�FRXQWHUSDUWV�LQ� �7DEOH������ 7DEOH������

676F,�ZLOO�SHUIRUP�VFUHHQLQJ�RI�DOO�0$0$�H[SRVXUHV�SULRU� WR�VFKHGXOLQJ��7DUJHWV�QRW�HVWDEOLVKHG�DV
VDIH�IRU�WKH�FRQILJXUDWLRQ�LQ�ZKLFK�WKH\�DUH�EHLQJ�REVHUYHG�ZLOO�QRW�EH�VFKHGXOHG��2EVHUYDWLRQV�WKDW
SDVV� VFUHHQLQJ� EXW� DUH� ORVW� RQ� RUELW� GXH� WR� D� EULJKW�REMHFW� YLRODWLRQ� ZLOO� QRW� EH� UHVFKHGXOHG�
2EVHUYHUV�DUH� UHVSRQVLEOH� IRU�DVVXULQJ� WKDW� WKHLU�REVHUYDWLRQV�GR�QRW�YLRODWH� WKH�0$0$�FRXQW�UDWH
OLPLWV�� $� GHWDLOHG� GHVFULSWLRQ� RI� WKH�0$0$� EULJKW�REMHFW� OLPLWV� DQG� WKH� REVHUYHUV
� UHVSRQVLELOLW\� LV
SUHVHQWHG�LQb �DQG�LQ� �6HFWLRQ���� 67,6�,65��������

2EVHUYHUV�VKRXOG�QRWH�WKDW�WKH� �JOREDO�FRXQW�UDWH�FDOFXODWLRQV�IRU�67,6�HFKHOOH�PRGHV�LQFOXGH�D(7&
FRUUHFWLRQ�IDFWRU�WKDW�WDNHV�LQWR�DFFRXQW�WKH�VXEVWDQWLDO�DPRXQW�RI�VFDWWHUHG�OLJKW�WKDW�IDOOV�RXWVLGH
WKH�VSHFWUDO�H[WUDFWLRQ�UHJLRQ�EXW�ZKLFK�VWLOO�IDOOV�RQ�WKH�GHWHFWRU��,Q�&\FOH�����WKLV�IDFWRU�ZDV�XSGDWHG
LQ�WKH� �EDVHG�RQ�QHZ�PHDVXUHPHQWV��DQG�IRU�PDQ\�FHQWUDO�ZDYHOHQJWK�VHWWLQJV�WKLV�UHVXOWHG�LQ�D(7&
VXEVWDQWLDO�LQFUHDVH�LQ�WKH�SUHGLFWHG�JOREDO�FRXQW�UDWH��2EVHUYHUV�DUH�DGYLVHG�WR�UHGR�DOO�FDOFXODWLRQV
ZLWK�WKH�PRVW�UHFHQW�YHUVLRQ�RI�WKH� WR�YHULI\�WKDW�WKH�SURSRVHG�REVHUYDWLRQ�LV�IHDVLEOH��$GGLWLRQDO(7&�
GHWDLOV�PD\� EH�PDGH� DYDLODEOH� RQ� WKH� � RU� YLD�67,6� ZHEVLWH 6SDFH� 7HOHVFRSH� $QDO\VLV� 1HZVOHWWHUV
�67$1V��

7R�DVVXUH�WKDW�676F,�FDQ�DGHTXDWHO\�VFUHHQ�REVHUYDWLRQV��VSHFLDO�FRQVWUDLQWV�DUH�LPSRVHG�RQ�SDUDOOHO
REVHUYLQJ�ZLWK�WKH�0$0$V�

1R�SXUH�SDUDOOHOV�DUH�DOORZHG�XVLQJ�67,6�
&RRUGLQDWHG�SDUDOOHOV�DUH�QRW�DOORZHG�ZLWK�0$0$�LPDJLQJ�PRGHV�RU�ZLWK�WKH�189�0$0$�35,60�
&RRUGLQDWHG� SDUDOOHOV� DUH� DOORZHG� IRU� RWKHU� �QRQ�35,60�� VSHFWURVFRSLF�PRGHV� XVHG� ZLWK� WKH
0$0$�GHWHFWRUV�RQO\�LI�DQ�H[DFW�VSDFHFUDIW�RULHQWDWLRQ�� �� LV�UHTXHVWHG�DQG�WKH�5$�DQGORIENT
'HF�RI�WKH�SDUDOOHO�ILHOG�GHWHUPLQHG��1RWH�WKDW�WKH�VSHFLILFDWLRQ�RI�DQ�H[DFW�RULHQW�XVXDOO\�OLPLWV
WKH�VFKHGXOLQJ�RI�REVHUYDWLRQV�WR�D�a���ZHHN�SHULRG�HDFK�\HDU��7KH�REVHUYHU� LV�UHVSRQVLEOH
IRU�DVVXULQJ�WKDW�REVHUYDWLRQV�GR�QRW�YLRODWH�WKH�0$0$�FRXQW�UDWH� OLPLWV�ERWK�IRU�FRRUGLQDWHG
SDUDOOHO�0$0$�REVHUYDWLRQV�DQG�IRU�SULPHV�
&RRUGLQDWHG�SDUDOOHOV�ZLWK�67,6�&&'�PRGHV�PD\�EH�SHUIRUPHG�ZLWKRXW�DQ\�UHTXLUHG�UHVWULFWLRQV
RQ�WKH�DOORZHG�UDQJH�RI�RULHQWDWLRQV�

7DUJHWV� WKDW�DUH�RQH�PDJQLWXGH�RU�PRUH� IDLQWHU� WKDQ� WKH�PDJQLWXGH� OLPLWV� LQ� WKH�VFUHHQLQJ� WDEOHV
JHQHUDOO\� SDVV� VFUHHQLQJ�� )RU� D� WDUJHW� WKDW� PD\� H[FHHG� D� VFUHHQLQJ� OLPLW� DIWHU� FRUUHFWLRQ� IRU
H[WLQFWLRQ� DQG� VOLW� ORVVHV�� REVHUYHUV�PXVW� SURYLGH�89�RU� RSWLFDO� GDWD� DGHTXDWH� WR� HVWDEOLVK� VDIHW\
DFFRUGLQJ� WR� WKH� JXLGHOLQHV� GHWDLOHG� LQ� �� ,I� VXFK� GDWD� DUH� QRW� DYDLODEOH�� WKH\�PXVW� EH6HFWLRQ� ���
REWDLQHG� LQ� D� VDIH� � FRQILJXUDWLRQ� �VHH� � IRU�PRUH�GHWDLOV�� RU� IURP�DQRWKHU� VRXUFH�� LI+67 6HFWLRQ����
REWDLQHG�ZLWK� ��WKH�UHTXLUHG�RUELWV�PXVW�EH�UHTXHVWHG�LQ�3KDVH�,�+67

1RUPDO� 0$0$� EULJKW� REMHFW� OLPLWV� DSSO\� WR� DOO� REMHFWV� WKDW� PD\� EH� ZLWKLQ� �b DUFVHFRQGV� RI� WKH
HQWUDQFH�DSHUWXUH��,Q�DGGLWLRQ��WKHUH�DUH�VSHFLDO�OLPLWV�WKDW�DSSO\�WR�DQ\�H[WUHPHO\�EULJKW�REMHFW�WKDW
PD\�EH�ZLWKLQ�����bDUFVHFRQGV�RI�WKH�DSHUWXUH��)XOO�GHWDLOV�DUH�JLYHQ�LQ� �6HFWLRQ������

34

https://hst-docs.stsci.edu/display/STISIHB/13.8+MAMA+Spectroscopic+Bright+Object+Limits#id-13.8MAMASpectroscopicBrightObjectLimits-Table13.45
https://hst-docs.stsci.edu/display/DRAFTSTISIHB/.14.8+MAMA+Imaging+Bright+Object+Limits+vCycle31#id-.14.8MAMAImagingBrightObjectLimits-Table14.40
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200001.pdf
http://www.stsci.edu/hst/instrumentation/stis
http://www.stsci.edu/hst/instrumentation/stis/documentation/stsci-analysis-newsletter-stan
https://hst-docs.stsci.edu/display/STISIHB/7.7+MAMA+Bright+Object+Limits#id-7.7MAMABrightObjectLimits-Section7.7.4


3OHDVH� DOVR� QRWH� WKDW� WKRVH� SURSRVLQJ�0$0$� WDUJHW�RI�RSSRUWXQLW\� REVHUYDWLRQV� VKRXOG� SURYLGH� DQ
H[SODQDWLRQ�LQ�WKH�3KDVH�,�SURSRVDO�RI�KRZ�WKH�VDIHW\�RI�WKH�SURSRVHG�REVHUYDWLRQV�RI�WKH�WDUJHW�ZLOO
EH�HQVXUHG�
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����67,6�6QDSVKRW�3URJUDP�3ROLFLHV
67,6�0$0$�LPDJLQJ�PRGHV�DQG�WKH�67,6b �35,60�ZLOO�QRW�EH�DOORZHG�LQ�VQDSVKRW�SURJUDPV�NUV-MAMA
2WKHU� VSHFWURVFRSLF�67,6�0$0$�VQDSVKRWV�DUH�DOORZHG��EXW� WKH� FRPELQHG� WRWDO� RI�67,6�0$0$�DQG
&26� VQDSVKRW� WDUJHWV� DFFHSWHG�ZLOO� EH� UHVWULFWHG�� 6HH� WKH� � IRU� IXUWKHU&\FOH� ��� &DOO� IRU� 3URSRVDOV
GHWDLOV�� 7KH�SURKLELWLRQ�RQ�0$0$� LPDJLQJ�DQG�35,60�VQDSVKRW� WDUJHWV�ZDV� LQVWLWXWHG�EHFDXVH� WKH
ODERU�LQWHQVLYH� ILHOG� EULJKW�REMHFW� FKHFNLQJ� UHTXLUHPHQWV�� ZKHQ� FRPELQHG� ZLWK� WKH� ORZ�H[HFXWLRQ
SUREDELOLW\�IRU�67,6�0$0$�VQDSVKRWV��UHVXOWV�LQ�D�YHU\�LQHIILFLHQW�XVH�RI�UHVRXUFHV��/LNHZLVH��PRYLQJ
WDUJHWV�DUH�QRW�SHUPLWWHG�IRU�67,6�0$0$�VQDSVKRW�YLVLWV��9DULDEOH�67,6�0$0$�VQDSVKRW�WDUJHWV�PXVW
KDYH�ZHOO�GHILQHG�PD[LPXP�89�IOX[HV��ZKLFK�ZLOO�EH�XVHG�IRU�WKH�EULJKW�REMHFW�FKHFNLQJ��7KHUH�DUH
QR�UHVWULFWLRQV�RQ�WKH�QXPEHUV�RU�YDULDELOLW\�RI�SURSRVHG�67,6�&&'�VQDSVKRW�WDUJHWV��DV�WKH\�GR�QRW
UHTXLUH�EULJKW�REMHFW�FKHFNLQJ�DQG�KDYH�D�VLJQLILFDQWO\�KLJKHU�H[SHFWHG�FRPSOHWLRQ�UDWH��7KXV��XVH�RI
WKH� 67,6� &&'� *���/%� RU� *���0%� JUDWLQJV� LV� HQFRXUDJHG� DV� DQ� DOWHUQDWLYH� WR� WKH� � IRUNUV-MAMA
VQDSVKRW�SURJUDPV�

,Q� DGGLWLRQ�� 67,6� 0$0$� VQDSVKRW� SURSRVDOV� VKRXOG� EH� OLPLWHG� WR� RQH� RU� D� IHZ� VWUDLJKWIRUZDUG
FRQILJXUDWLRQV��6SHFLILFDOO\��XVH�RI�WKH� �ILOWHUV�ZLOO�QRW�EH�DOORZHG�LQ�0$0$�VQDSVKRW�SURSRVDOV�F25NDQ
8VH�RI�WKH� �HFKHOOH�DSHUWXUH� LV�UHFRPPHQGHG��DQG�QRZ�VXSSRUWHG��IRU�ILUVW�RUGHU�SURJUDPV0.2X0.2
WKDW� KDYH� QR� VFLHQWLILF� QHHG� IRU� D� ORQJ� VOLW�� LQ� RUGHU� WR� H[SHGLWH� WKH� ILHOG� EULJKW�REMHFW� VFUHHQLQJ
SURFHVV�� %HFDXVH� RI� WKH� OLPLWHG� UHVRXUFHV� DYDLODEOH� IRU� EULJKW�REMHFW� FKHFNLQJ�� FRPELQHG�ZLWK� WKH
UHODWLYHO\�ORZ�H[SHFWHG�FRPSOHWLRQ�UDWH��H[FHVVLYHO\�FRPSOH[�67,6�0$0$�VQDSVKRW�WDUJHWV��ILHOGV��RU
LQVWUXPHQWDO� FRQILJXUDWLRQV�PD\�QRW� EH� LPSOHPHQWHG� LQ� 3KDVH� ,,�� ,I� LQ� GRXEW� RQ� WKLV� LVVXH�� SOHDVH
FRQVXOW�ZLWK�D�PHPEHU�RI�WKH�67,6�7HDP�YLD�WKH� �+HOS�'HVN
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&KDSWHU� ��� 67,6� &DSDELOLWLHV�� 'HVLJQ�� 2SHUDWLRQV�� DQG
2EVHUYDWLRQV
&KDSWHU�&RQWHQWV

����,QVWUXPHQW�&DSDELOLWLHV
����,QVWUXPHQW�'HVLJQ
����%DVLF�,QVWUXPHQW�2SHUDWLRQV
����'HVLJQLQJ�67,6�2EVHUYDWLRQV
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����,QVWUXPHQW�&DSDELOLWLHV
67,6�XVHV� WZR�GLPHQVLRQDO�GHWHFWRUV�RSHUDWLQJ� IURP� WKH�XOWUDYLROHW� �89�� WR� WKH�QHDU�LQIUDUHG� �1,5��
)LUVW�RUGHU�JUDWLQJV�FRYHU�WKH�IXOO�VSHFWUDO�UDQJH�DQG�DUH�GHVLJQHG�IRU�VSDWLDOO\�UHVROYHG�VSHFWURVFRS\
XVLQJ�D�ORQJ�VOLW��7KH�HFKHOOH�JUDWLQJV��DYDLODEOH�RQO\�LQ�WKH�89��DUH�GHVLJQHG�WR�PD[LPL]H�WKH�VSHFWUDO
FRYHUDJH� LQ�VLQJOH�REVHUYDWLRQV�RI�SRLQW�VRXUFHV��7KH�67,6�)OLJKW�6RIWZDUH�VXSSRUWV�RQERDUG�WDUJHW
DFTXLVLWLRQV�DQG�SHDNXSV�WR�SODFH�WDUJHWV�RQ�VOLWV��7KH�67,6�RSWLFV�DQG�GHWHFWRUV�KDYH�EHHQ�GHVLJQHG
WR�H[SORLW� 
V�KLJK�VSDWLDO�UHVROXWLRQ�+67

67,6�FDQ�EH�XVHG�WR�REWDLQ�

(FKHOOH�VSHFWURVFRS\�DW�PHGLXP�WR�KLJK�VSHFWUDO�UHVROXWLRQ��5bab������������� ���FRYHULQJ�D�

EURDG�VLPXOWDQHRXV�VSHFWUDO�UDQJH�� bab����RU����b���UHVSHFWLYHO\��EHWZHHQ���������b��̪͐
6SDWLDOO\�UHVROYHG��ORQJ�VOLW��RU�VOLWOHVV��VSHFWURVFRS\�IURP�WKH�89�WR�WKH�1,5������������b���DW
ORZ�WR�PHGLXP�VSHFWUDO�UHVROXWLRQ��5bab�����������LQ�ILUVW�RUGHU�

,Q�DGGLWLRQ�WR�WKHVH�WZR�SULPH�FDSDELOLWLHV��67,6�DOVR�SURYLGHV�

,PDJLQJ�FDSDELOLW\�XVLQJ�WKH�VRODU�EOLQG� �GHWHFWRU����������b����WKH�VRODU�LQVHQVLWLYH�FUV-MAMA
� GHWHFWRU� ���������b ���� DQG� WKH� RSWLFDO� &&'� �����������b ���� WKURXJK� D� VPDOONUV-MAMA

FRPSOHPHQW�RI�QDUURZ�EDQG�DQG�EURDG�EDQG�ILOWHUV�
6OLWOHVV�VSHFWURVFRS\��5�a���������EHWZHHQ���������b��
+LJK� WLPH�UHVROXWLRQ� �  b ���� PLFURVHFRQGV�� LPDJLQJ� DQG� VSHFWURVFRS\� EHWZHHQ� ����̪͙b
����b �� DQG� PRGHUDWH�WLPH�UHVROXWLRQ� � ab ��b VHFRQGV�� &&'� LPDJLQJ� DQG� VSHFWURVFRS\̪͙b
EHWZHHQ�����������b��
&RURQDJUDSKLF�LPDJLQJ�EHWZHHQ�����������b��DQG�EDU�RFFXOWHG�VSHFWURVFRS\�RYHU�WKH�HQWLUH
VSHFWUDO�UDQJH������������b���
6SDWLDOO\�VFDQQHG�VSHFWUD�ZLWK�WKH�67,6�&&'����������������

7DEOH�����DQG� �SURYLGH�D�IXOO�OLVW�RI�JUDWLQJV�IRU�VSHFWURVFRS\�DQG�ILOWHUV�IRU�LPDJLQJ�7DEOH����

67,6� LV� D� YHUVDWLOH� LQVWUXPHQW� WKDW� FDQ�EH� XVHG� IRU� D� EURDG� UDQJH� RI� VFLHQWLILF� SURJUDPV�� 7KH����
DUFVHFRQG�ORQJ�VOLW�DQG�KLJK�TXDQWXP�HIILFLHQF\�LQ�WKH�RSWLFDO��SURYLGHG�E\�WKH�&&'��HQDEOHV�VSDWLDOO\
UHVROYHG�VSHFWURVFRS\�RI�H[WHQGHG�DQG�RU�GLIIXVH�DVWURQRPLFDO�VRXUFHV��7KLV�LV�SDUWLFXODUO\�LPSRUWDQW
IRU�VWXGLHV�RI�WKH�G\QDPLFV�RI�JDODFWLF�QXFOHL��WKH�NLQHPDWLFV�RI�DFWLYH�JDOD[LHV��DQG�WKH�SURSHUWLHV�RI

b 7KH� ZLGH� ZDYHOHQJWK� FRYHUDJH� RI� 67,6� IDFLOLWDWHV� OLQH�UDWLR� VWXGLHV�� IRUGLIIXVH� JDODFWLF� QHEXODH�
LQVWDQFH��WKH�ORZ�UHVROXWLRQ�ILUVW�RUGHU�JUDWLQJV�VSDQ�WKH�UDQJH��������������LQ�MXVW�IRXU�H[SRVXUHV�
6OLWOHVV� VSHFWURVFRS\� SURYLGHV� HPLVVLRQ�OLQH� LPDJHV� RI� DVWURQRPLFDO� REMHFWV�� DQG� FRURQDJUDSKLF
LPDJLQJ� DQG� VSHFWURVFRS\� FDQ� UHYHDO� WKH� QDWXUH� RI� H[WHQGHG� JDVHRXV� UHJLRQV� VXUURXQGLQJ� EULJKW
FRQWLQXXP� VRXUFHV�b � 6SDWLDO� VFDQQLQJ� FDQ� \LHOG� YHU\� KLJK�6�1� UDWLR� VSHFWUD� DQG� YHU\� UHSURGXFLEOH
IOX[HV��LQ�EURDG�RU�QDUURZ�EDQGV��IRU�WLPH�VHULHV�VWXGLHV��H�J���RI�H[RSODQHWV�DQG�WKHLU�DWPRVSKHUHV��

�,Q�WKH�SDVW��LW�ZDV�SRVVLEOH�WR�DFKLHYH�5bab��������ZLWK�WKH����b�b�����DSHUWXUH��KRZHYHU��UHFHQWO\�

ZH�KDYH�VHHQ�WKDW�WKH�VPDOOHVW�DSHUWXUHV�DUH�QHJDWLYHO\�LPSDFWHG�E\�GHJUDGLQJ�IRFXV��7KH�PD[LPXP
UHVROXWLRQ� DFKLHYDEOH� E\� WKHVH� VPDOO� DSHUWXUHV� FRXOG� EH� DIIHFWHG� �VHH� 67,6� ,65� �������� IRU�PRUH
LQIRUPDWLRQ�DERXW� WKH�GHJUDGLQJ� IRFXV�DQG� � IRU�PRUH� LQIRUPDWLRQ�DERXW� LPSURYLQJ� WKH6HFWLRQ�����
VDPSOLQJ�RI�WKH�OLQH�VSUHDG�IXQFWLRQ��
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����,QVWUXPHQW�'HVLJQ
������'HWHFWRUV
������67,6�3K\VLFDO�&RQILJXUDWLRQ

,Q� WKLV�VHFWLRQ��D�KLJK�OHYHO�VXPPDU\�RI� WKH�EDVLF�GHVLJQ�RI�67,6� LV�SURYLGHG��FRQFHQWUDWLQJ�RQ� WKH
LQIRUPDWLRQ�PRVW� UHOHYDQW� WR� �REVHUYLQJ�SURSRVDOV��6XEVHTXHQW�FKDSWHUV�SURYLGH�PRUH�GHWDLOHG+67
LQIRUPDWLRQ�

������'HWHFWRUV
67,6� XVHV� WKUHH� ODUJH�IRUPDW� �����b ����� SL[HO�� GHWHFWRUV� �VHH� � IRU�PRUH� GHWDLOV��� DV�b &KDSWHU� �
IROORZV�

$�6FLHQWLILF�,PDJH�7HFKQRORJLHV��6,7H��&&'��FDOOHG�WKH� ��ZLWK�a�����DUFVHFRQG�VTXDUH�STIS CCD
SL[HOV��FRYHULQJ�D�QRPLQDO���b ���DUFVHFRQG�VTXDUH�ILHOG�RI�YLHZ��)29���RSHUDWLQJ�IURP������b
WR�������b��
$�&V 7H�0XOWL�$QRGH�0LFURFKDQQHO�$UUD\��0$0$��GHWHFWRU��FDOOHG�WKH� ��ZLWK�a��� �STIS NUV-MAMA

����DUFVHFRQG� VTXDUH� SL[HOV�� DQG� D� QRPLQDO� ��b ��� DUFVHFRQG� VTXDUH� ILHOG� RI� YLHZ� �)29���b
RSHUDWLQJ�LQ�WKH�189�IURP������WR�����b��
$�VRODU�EOLQG�&V,�0$0$��WKH� ��ZLWK�a������DUFVHFRQG�oSL[HOV��DQG�D�QRPLQDO���b�STIS FUV-MAMA �b
���DUFVHFRQG�VTXDUH�)29��RSHUDWLQJ�LQ�WKH�)89�IURP������WR�����b��

7KH�&&'

7KH�&&'�SURYLGHV�KLJK�TXDQWXP�HIILFLHQF\�DQG�JRRG�G\QDPLF�UDQJH�LQ�WKH�189�WKURXJK�1,5��7KH�&&'
SURGXFHV�D�WLPH�LQWHJUDWHG�LPDJH�LQ�WKH� �GDWD�WDNLQJ�PRGH��$V�ZLWK�DOO�&&'V��WKHUH�LV�QRLVH��ACCUM

��DQG�WLPH�� ��DVVRFLDWHG�ZLWK�UHDGLQJ�RXW�WKH�GHWHFWRU��7LPH�UHVROYHG�ZRUN�ZLWKUHDG�QRLVH UHDG�WLPH
WKLV� GHWHFWRU� LV� GRQH� E\� WDNLQJ� D� VHULHV� RIb VKRUW� H[SRVXUHV�� 7KH� PLQLPXP� H[SRVXUH� WLPH� LV
���b VHFRQG��DQG� WKH�PLQLPXP� WLPH�EHWZHHQ�VXFFHVVLYH� LGHQWLFDO�H[SRVXUHV� LV���b VHFRQGV� IRU� IXOO�
IUDPH��EXW�FDQ�EH�UHGXFHG�WR���bVHFRQGV�IRU�VXEDUUD\�UHDGRXWV��&&'�GHWHFWRUV�DUH�FDSDEOH�RI�KLJK
G\QDPLF� UDQJH�REVHUYDWLRQV��7KH�G\QDPLF� UDQJH� IRU�D�VLQJOH�H[SRVXUH�XOWLPDWHO\� LV� OLPLWHG�E\� WKH
GHSWK� RI� WKH� &&'� IXOO� ZHOO� ��������� HOHFWURQV��� ZKLFK� GHWHUPLQHV� WKH� WRWDO� DPRXQW� RI� FKDUJH� �RU
FRXQWV�� WKDW�FDQ�DFFXPXODWH� LQ�DQ\�RQH�SL[HO�GXULQJ�DQ\�RQH�H[SRVXUH�ZLWKRXW�FDXVLQJ�VDWXUDWLRQ�
)RU� �� LW� LV� IXUWKHU� OLPLWHG� �WR��������HOHFWURQV��E\�VDWXUDWLRQ� LQ� WKH�JDLQ�DPSOLILHU��)RU�PRUHGAIN=1
LQIRUPDWLRQ�DERXW�WKH�&&'�VDWXUDWLRQ��VHH� �RU� �6HFWLRQ������ 67,6�,65����������&&'�6DWXUDWLRQ�(IIHFWV
&RVPLF� UD\V� ZLOO� DOVR� DIIHFW� DOO� &&'� H[SRVXUHV�� &&'� REVHUYDWLRQV� VKRXOG� EH� EURNHQ� LQWR�PXOWLSOH
H[SRVXUHV��FDOOHG� V��RI�QR�PRUH�WKDQ������VHFRQGV�HDFK��ZKHQHYHU�SRVVLEOH�� WR�DOORZ�IRUCR-SPLIT
WKH�UHPRYDO�RI�FRVPLF�UD\V�LQ�SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ��GXULQJ�3KDVH�,,�\RX�FDQ�VSHFLI\�WKH�

�RSWLRQDO�SDUDPHWHU�WR�GR�WKLV��VHH� ��CR-SPLIT &KDSWHU���
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7KH�0$0$V

7KH� WZR�0$0$V�DUH� GHWHFWRUV�ZKLFK�SURYLGH� WZR�GLPHQVLRQDO�89� FDSDELOLW\�� 7KH\�SKRWRQ�FRXQWLQJ
FDQ�EH�RSHUDWHG�HLWKHU�LQ� �PRGH��WR�SURGXFH�D�WLPH�LQWHJUDWHG�LPDJH��RU�LQ� �PRGH�WRACCUM TIME-TAG
SURGXFH�DQ�HYHQW�VWUHDP�ZLWK�KLJK������PLFURVHFRQGV��WLPH�UHVROXWLRQ��,Q� �PRGH��SKRWRQV�DUHACCUM
DFFXPXODWHG�LQWR�D������ ����������ELW�SHU�HOHPHQW�RYHUVDPSOHG�DUUD\��7KH�GDWD�FDQ�EH�OHIW�LQ�WKDW�
RYHU�VDPSOHG��RU�KLJKUHV��IRUPDW��ZKLFK�LV�WKH�GHIDXOW�IRU�VFLHQWLILF�H[SRVXUHV��RU�WKH\�FDQ�EH�ELQQHG
WR� SURGXFH� D� ����� � ����� QDWLYH�IRUPDW� LPDJH�b � 'RSSOHU� FRUUHFWLRQ� IRU� WKH� VSDFHFUDIW�PRWLRQ� LV�
DSSOLHG�DXWRPDWLFDOO\�RQERDUG�IRU�GDWD�WDNHQ�LQ�WKH�KLJKHU�VSHFWUDO�UHVROXWLRQ� �PRGHV�ACCUM

%HFDXVH�WKH�67,6�0$0$�GHWHFWRUV�FDQ�EH�GDPDJHG�E\�KLJK�OHYHOV�RI�LOOXPLQDWLRQ��WKHLU�XVH�LV�VXEMHFW
WR�ERWK�ORFDO �DQG JOREDO� �EULJKWQHVV�OLPLWV��'XH�WR��LQGLYLGXDO�SL[HO� � �WRWDO�LOOXPLQDWLRQ�RQ�WKH�GHWHFWRU�
WKH�FKDUDFWHULVWLFV�RI�WKH�GHWHFWRUV�DQG�WKH�DVVRFLDWHG�HOHFWURQLFV��WKH�JOREDO�FRXQW�UDWH�DOVR�H[KLELWV
D�VOLJKW� �EXW�FRUUHFWDEOH��QRQ�OLQHDULW\�b �$W�YHU\�KLJK�JOREDO� LOOXPLQDWLRQ� UDWHV� � ��������FRXQWV�V��
KRZHYHU�� WKH� FRXQWLQJ� EHFRPHV� LQFRPSOHWH� LQ� D�ZD\� WKDW� LV� QRW� FRUUHFWDEOH� $W� VRPHZKDW� KLJKHU�
LOOXPLQDWLRQ� UDWHV�� WKH� 0$0$� GHWHFWRUV� DUH� VXEMHFW� WR� GDPDJH�� :H� KDYH� WKHUHIRUH� GHILQHG
FRQVHUYDWLYH� DEVROXWH� ORFDO� DQG� JOREDO� FRXQW�UDWH� OLPLWV��ZKLFK� WUDQVODWH� WR� D� VHW� RI� FRQILJXUDWLRQ�
GHSHQGHQW� EULJKW�REMHFW� VFUHHQLQJ� OLPLWV� IRU� REVHUYDWLRQV� ZLWK� WKH� 67,6� 0$0$� GHWHFWRUV�� 6RXUFHV
ZKLFK� YLRODWH� WKH� DEVROXWH� FRXQW�UDWH� OLPLWV� LQ� D� JLYHQ� FRQILJXUDWLRQ� FDQQRW� EH� REVHUYHG� LQ� WKDW

��DV�GLVFXVVHG�LQ� ��VHH�DOVR�67,6�,65V� �� ��DQG� �b�1RWHFRQILJXUDWLRQ 6HFWLRQ���� ������� ������� �������
WKDW�DGGLWLRQDO�VFUHHQLQJ�OLPLWV�KDYH�EHHQ�DGRSWHG�IRU�0�GZDUIV��DV�WKLV�FODVV�RI�REMHFWV�FDQ�H[KLELW
ODUJH�DQG�XQSUHGLFWDEOH�IODUHV��'HWDLOV�UHJDUGLQJ�WKRVH�VFUHHQLQJ�OLPLWV�DQG�WKH�SURFHGXUH�WR�IROORZ
IRU�FOHDULQJ�REVHUYDWLRQV�RI�0�GZDUIV�FDQ�EH�IRXQG�LQ� �67,6�,65��������

(DUO\� FRQFHUQV� DERXW� WKH� VLJQDO�WR�QRLVH� DWWDLQDEOH� ZLWK� WKH� 0$0$V� KDYH� EHHQ� DOOHYLDWHG� E\
H[SHULHQFH�LQ�RUELW��9DOXHV�RI������SHU�VSHFWUDO�UHVROXWLRQ�HOHPHQW�LQ�H[WUDFWHG�VSHFWUD�DUH�URXWLQHO\
REWDLQHG� IRU� SRLQW� VRXUFHV� ZLWK� VXIILFLHQW� FRXQWLQJ� VWDWLVWLFV� ZKHQ� LQWHJUDWHG� RYHU� WKH� H[WUDFWLRQ
DSHUWXUH��+LJKHU�VLJQDO�WR�QRLVH�YDOXHV�RI��������FDQ�EH�REWDLQHG�E\�VWHSSLQJ�WKH�WDUJHW�DORQJ�WKH
VOLW� LQ� WKH� ILUVW�RUGHU�PRGHV��RU�E\�XVH�RI� VSHFLDO�PXOWLSOH�VOLWV�ZLWK� WKH�HFKHOOHV� �VHH� ��&KDSWHU���
&XUUHQW�LQIRUPDWLRQ�LQGLFDWHV�WKDW�WKH�IODW�ILHOGV�DUH�VWDEOH�WR ����6HH�DOVR� ��s� 6HFWLRQ�����

+LJKUHV

7KH�0$0$�GHWHFWRUV� KDYH�����b b �����SK\VLFDO� RU� VR�FDOOHG�QDWLYH�IRUPDW�SL[HOV��+RZHYHU�� HDFK�
FRXQW� LV� GHWHFWHG�E\�PXOWLSOH� HOHFWURGHV�� VR� WKH� FKDUJH�GLVWULEXWLRQ� DPRQJ� WKH� HOHFWURGHV� FDQ�EH
XVHG� WR�FHQWURLG� WKH� LQFLGHQW� FKDUJH�FORXG� WR� VXESL[HO� UHVROXWLRQ��7KH�JDLQ�RI� WKH�KLJKUHV�����b�
b�����PRGH�LV�D�a������LQFUHDVH�LQ�UHVROXWLRQ�DW�WKH�SULFH�RI�WKH�LQFUHDVHG�IL[HG�SDWWHUQ�QRLVH�GXH
WR� SRRUO\� FKDUDFWHUL]HG� FKDUJH� SDUWLWLRQ� DPRQJ� WKH� HOHFWURGHV�� 7KH� KLJKUHV� IODW� ILHOGV� KDYH�PXFK
PRUH�VWUXFWXUH�WKDQ�WKH�����b b�����IODWV��ZLWK�DGMDFHQW�FROXPQV�DQG�URZV�GLIIHULQJ�E\�a����LQ�DQ�
RII�RQ�SDWWHUQ�ZKRVH�YDULDELOLW\�LV�DSSUHFLDEO\�KLJKHU�WKDQ�IRU�����b b�����IRUPDW�LPDJHV��7KLV�HIIHFW�
DQG�WKH�LQKHUHQWO\�ORZHU�VLJQDO�WR�QRLVH�UDWLR�LQ�WKH�IXOO�UHVROXWLRQ�IODW�ILHOG�LPDJHV��QRPLQDOO\�a���WR
�b SHU� KLJKUHV� SL[HO�� VXJJHVW� WKDW� LW�PD\� EH� GLIILFXOW� WR� URXWLQHO\� UHDOL]H� WKH� EHQHILW� LQ� UHVROXWLRQ�
+RZHYHU��ZH�QRWH� WKDW�GDWD� WDNHQ� LQ�KLJKUHV�PRGH�FDQ�DOZD\V�EH�ELQQHG� WR�����b b�����RQ� WKH�
JURXQG� LQ� SRVW�REVHUYDWLRQ� GDWD� SURFHVVLQJ�� DQG� VLQFH� WKH� H[WUD� RYHUKHDGV� LQ� KLJKUHV� PRGH� DUH
W\SLFDOO\�TXLWH� VPDOO�� KLJKUHV� LV� WKH�GHIDXOW� GDWD�WDNLQJ�PRGH� IRU� WKH�0$0$��7KH�SLSHOLQH�ELQV� WKH
GDWD� WR� ����b � ����� IRUPDW� GXULQJ� FDOLEUDWLRQ�� VR� WKDW� WKH� SLSHOLQH� RXWSXW� FDOLEUDWHG� LPDJHV� DUH�
QDWLYH�IRUPDW��VHH�WKH� � IRU�PRUH�GHWDLOV���:H�QRWH��KRZHYHU�� WKDW�D�PHWKRG�RI67,6�'DWD�+DQGERRN
FRUUHFWLQJ�WKH�LQFUHDVHG�IL[HG�SDWWHUQ�QRLVH�LQ�KLJKUHV�PRGH�KDV�EHHQ�GHYLVHG��VHH�-HQNLQV�	�7ULSS

��������$S-6����������
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������67,6�3K\VLFDO�&RQILJXUDWLRQ
7KH�67,6� RSWLFDO� GHVLJQ� LQFOXGHV� FRUUHFWLYH� RSWLFV� WR� FRPSHQVDWH� IRU� V� VSKHULFDO� DEHUUDWLRQ�� D+67

WHOHVFRSH� IRFDO� SODQH� VOLW�ZKHHO� DVVHPEO\�� FROOLPDWLQJ�RSWLFV�� D�JUDWLQJ� VHOHFWLRQ�PHFKDQLVP�� IL[HG
RSWLFV��DQG�FDPHUD�IRFDO�SODQH�GHWHFWRUV��$Q�LQGHSHQGHQW�FDOLEUDWLRQ�ODPS�DVVHPEO\�LOOXPLQDWHV�WKH
IRFDO�SODQH�ZLWK�D�UDQJH�RI�FRQWLQXXP�DQG�HPLVVLRQ�OLQH�ODPSV��$�VLPSOLILHG�VFKHPDWLF�VKRZLQJ�PDMRU
PHFKDQLVPV�DQG�GHWHFWRUV��DQG�D�PHGLXP�UHVROXWLRQ�HFKHOOH�PRGH�OLJKW�SDWK�LV�VKRZQ�LQ� �)LJXUH����

6LPSOLILHG�67,6�2SWLFDO�'HVLJQ�)LJXUH������ 41



6LPSOLILHG�67,6�2SWLFDO�'HVLJQ�)LJXUH������

6OLW�DQG�*UDWLQJ�:KHHOV

7KH� �FRQWDLQV�DSHUWXUHV�DQG�VOLWV�IRU�VSHFWURVFRS\�DQG�WKH�FOHDU��ILOWHUHG��DQG�FRURQDJUDSKLFVOLW�ZKHHO
DSHUWXUHV� IRU� LPDJLQJ�� 6OLW�ZKHHO� SRVLWLRQLQJ� LV� UHSHDWDEOH� WR� YHU\� KLJK� SUHFLVLRQ�� ���� DQG� ���s s
PLOOLDUFVHFRQGV�LQ�WKH�VSDWLDO�DQG�VSHFWUDO�GLUHFWLRQV��UHVSHFWLYHO\�

7KH� ��RU�VR�FDOOHG�0RGH�6HOHFWLRQ�0HFKDQLVP��060���FRQWDLQV�WKH�ILUVW�RUGHU�JUDWLQJV�JUDWLQJ�ZKHHO
WKH�FURVV�GLVSHUVHU�JUDWLQJV�XVHG�ZLWK�WKH�HFKHOOHV��WKH�SULVP��DQG�WKH�PLUURUV�XVHG�IRU�LPDJLQJ��7KH
060� LV� D� QXWDWLQJ� ZKHHO� ZKLFK� FDQ� RULHQW� RSWLFDO� HOHPHQWV� LQ� WKUHH� GLPHQVLRQV�� ,W� SHUPLWV� WKH
VHOHFWLRQ� RI� RQH� RI� LWV� ��b RSWLFDO� HOHPHQWV� DV�ZHOO� DV� DGMXVWPHQW� RI� WKH� WLS� DQG� WLOW� DQJOHV� RI� WKH
VHOHFWHG�JUDWLQJ�RU�PLUURU��$V�GHVFULEHG�LQ� �EHORZ��WKH�JUDWLQJ�ZKHHO�H[KLELWV�QRQ�5RXWLQH�:DYHFDOV
UHSHDWDELOLW\� ZKLFK� LV� FRUUHFWHG� IRU� LQ� SRVW�REVHUYDWLRQ� GDWD� SURFHVVLQJ� XVLQJ� FRQWHPSRUDQHRXVO\
REWDLQHG�FRPSDULVRQ�ODPS�H[SRVXUHV�

)RU�VRPH�JUDWLQJV��RQO\�D�SRUWLRQ�RI�WKH�VSHFWUDO�UDQJH�RI�WKH�JUDWLQJ�IDOOV�RQ�WKH�GHWHFWRU�LQ�DQ\�RQH
H[SRVXUH�� 7KHVH� JUDWLQJV� FDQ� EH� VFDQQHG� �WLOWHG� E\� WKH� 060�� VR� WKDW� GLIIHUHQW� VHJPHQWV� RI� WKH
VSHFWUDO�IRUPDW�DUH�PRYHG�RQWR�WKH�GHWHFWRU�IRU�GLIIHUHQW�H[SRVXUHV��)RU�WKHVH�JUDWLQJV�D�VHW�RI�SUH�
VSHFLILHG�FHQWUDO�ZDYHOHQJWKV�� FRUUHVSRQGLQJ� WR� VSHFLILF�060�SRVLWLRQV�� L�H���JUDWLQJ� WLOWV��KDV�EHHQ
GHILQHG��VHH� ��&KDSWHU��
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&DOLEUDWLRQ�/DPS�6\VWHPV

67,6�KDV�WZR�LQGHSHQGHQW�FDOLEUDWLRQ�VXEV\VWHPV��WKH�+ROH�LQ�WKH�0LUURU��+,70��V\VWHP�DQG�WKH�,QVHUW
0HFKDQLVP� �,0�� V\VWHP�� 7KH� +,70� V\VWHP� FRQWDLQV� WZR� 3W�&U�1H� OLQH� ODPSV� XVHG� WR� REWDLQ
ZDYHOHQJWK�FDOLEUDWLRQ�H[SRVXUHV�DQG�WR�LOOXPLQDWH�WKH�VOLW�GXULQJ�WDUJHW�DFTXLVLWLRQV��/LJKW�IURP�WKH
+,70� ODPSV� LV�SURMHFWHG� WKURXJK�D�KROH� LQ� WKH�VHFRQG�FRUUHFWLRQ�PLUURU� �&0���� ,Q�VRPH�YHU\�HDUO\
67,6�GDWD��WKH�67,6�H[WHUQDO�VKXWWHU�ZDV�OHIW�RSHQ�GXULQJ�WKH�+,70�ZDYHFDO�H[SRVXUH�DQG�WKH�VSHFWUD
RI� WKH� ODPS� DQG� WKH� VN\� ZHUH� UHFRUGHG� VLPXOWDQHRXVO\�� +RZHYHU�� WKLV� LV� QR� ORQJHU� DQ� DYDLODEOH
RSWLRQ��1RZ�WKH�H[WHUQDO�VKXWWHU� LV�DOZD\V�FORVHG�GXULQJ�WKH�+,70� ODPS�H[SRVXUHV��7KH� ,0�V\VWHP
FRQWDLQV�IODW�ILHOGLQJ�ODPSV��D�WXQJVWHQ�ODPS�IRU�&&'�IODWV��D�GHXWHULXP�ODPS�IRU� �IODWV��DQGNUV-MAMA
D�NU\SWRQ�ODPS�IRU� �IODWV��DQG�D�VLQJOH�3W�&U�1H�OLQH�FRPSDULVRQ�ODPS��:KHQ�WKH�,0�ODPSVFUV-MAMA
DUH�XVHG��WKH�&DOLEUDWLRQ�,QVHUW�0HFKDQLVP��&,0��LV�LQVHUWHG�LQWR�WKH�OLJKW�SDWK�DQG�DOO�H[WHUQDO�OLJKW�LV
EORFNHG��2EVHUYHUV�ZLOO� EH� UHOLHYHG� WR� NQRZ� WKDW� WKH�JURXQG� V\VWHP�ZLOO� � FKRRVH� WKHDXWRPDWLFDOO\
ULJKW�VXEV\VWHP��VHH� ��DQG�SURYLGH�WKH�QHFHVVDU\�ZDYHOHQJWK�FDOLEUDWLRQ�H[SRVXUHV�6HFWLRQ����
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����%DVLF�,QVWUXPHQW�2SHUDWLRQV
������7\SLFDO�67,6�2EVHUYLQJ�6HTXHQFH

7DUJHW�$FTXLVLWLRQV�DQG�3HDNXSV

2QFH�WKH�WHOHVFRSH�DFTXLUHV�LWV�JXLGH�VWDUV��\RXU�WDUJHW�ZLOO�QRUPDOO\�EH�ZLWKLQ�a���DUFVHFRQGV�RI
WKH� DSHUWXUH� FHQWHU�� )RU� VFLHQFH� REVHUYDWLRQV� WDNHQ� WKURXJK� VOLWV� ZKLFK� DUH� VPDOOHU� WKDQ� �
DUFVHFRQGV� LQ�HLWKHU�GLPHQVLRQ�� DQG� IRU�XVH�RI� WKH� FRURQDJUDSKLF�EDUV�� \RX�ZLOO� QHHG� WR� VSHFLI\�D
WDUJHW� DFTXLVLWLRQ� H[SRVXUH� WR� FHQWHU� WKH� WDUJHW� LQ� WKH� VFLHQFH�DSHUWXUH�� 7KH�QRPLQDO� DFFXUDF\� RI
67,6�SRLQW�VRXUFH��9�������WDUJHW�DFTXLVLWLRQV�LV������DUFVHFRQG��,I�HLWKHU�GLPHQVLRQ�RI�WKH�DSHUWXUH�LV
OHVV� WKDQ� RU� HTXDO� WR� ���� DUFVHFRQG�� WKH� DFTXLVLWLRQ� H[SRVXUH� VKRXOG� EH� IROORZHG�E\� RQH� RU�PRUH
SHDNXS�H[SRVXUHV�WR�UHILQH�WKH�FHQWHULQJ�RI�SRLQW�RU�SRLQW�OLNH�VRXUFHV��3HDNXS�DFFXUDF\�LV����RI�WKH
VOLW�ZLGWK�XVHG��$FTXLVLWLRQ�H[SRVXUHV�DOZD\V�XVH�WKH�&&'��RQH�RI�WKH�ILOWHUHG�RU�XQILOWHUHG�DSHUWXUHV
IRU�&&'�LPDJLQJ��DQG�D�PLUURU�DV�WKH�RSWLFDO�HOHPHQW�LQ�WKH�JUDWLQJ�ZKHHO��3HDNXS�H[SRVXUHV�XVH�D
VFLHQFH�VOLW�DQG�WKH�&&'��ZLWK�HLWKHU�D�PLUURU�RU�D�VSHFWURVFRSLF�HOHPHQW�LQ�WKH�JUDWLQJ�ZKHHO��7DUJHW
DFTXLVLWLRQV�DQG�DFTXLVLWLRQ�SHDNXSV�DUH�GHVFULEHG�LQ�GHWDLO�LQ� �&KDSWHU��

5RXWLQH�:DYHFDOV

(DFK� WLPH� WKH� 060� LV� PRYHG� WR� VHOHFW� D� QHZ� RSWLFDO� HOHPHQW� RU� WR� WLOW� D� JUDWLQJ�� WKH� UHVXOWLQJ
VSHFWUXP� LV� SURMHFWHG�RQWR� WKH�GHWHFWRU�ZLWK� D�SRVLWLRQDO� HUURU� �ODFN�RI� UHSHDWDELOLW\�� RI �� ORZ��೯s
UHVROXWLRQ� �0$0$�� SL[HOV�� $GGLWLRQDOO\�� WKHUPDO� HIIHFWV� FDQ� FDXVH� VPDOO� GULIWV� RYHU� PXOWL�RUELW
REVHUYDWLRQV�� $Q� LQWHUQDO� FDOLEUDWLRQ� ODPS� REVHUYDWLRQ� �:$9(&$/�� ZLOO� DXWRPDWLFDOO\� EH� WDNHQ
IROORZLQJ�HDFK�XVH�RI�D�QHZ�JUDWLQJ�HOHPHQW�RU�QHZ�WLOW�SRVLWLRQ��DQG�DIWHU�a��RUELW�LQ�DQ\�RQH�VHWWLQJ�
7KLV� DOORZV� IRU� WKH� FDOLEUDWLRQ� RI� WKH� ]HUR� SRLQW� RI� WKH� ZDYHOHQJWK� �GLVSHUVLRQ�� DQG� VSDWLDO
�SHUSHQGLFXODU� WR� GLVSHUVLRQ�� D[HV� LQ� WKH� VSHFWURVFRSLF� VFLHQFH� GDWD� GXULQJ� SRVW�REVHUYDWLRQ� GDWD

b 7KHVH� URXWLQH�� DXWRPDWLFDOO\� RFFXUULQJ�� ZDYHFDO� REVHUYDWLRQV� DUH� H[SHFWHG� WR� SURYLGHSURFHVVLQJ�
VXIILFLHQW�ZDYHOHQJWK�]HUR�SRLQW�DFFXUDF\� IRU� WKH�YDVW�PDMRULW\�RI�*2�VFLHQFH��2QO\� LI�\RXU�VFLHQFH
UHTXLUHV�SDUWLFXODUO\�DFFXUDWH�WUDFNLQJ�RI�WKH�ZDYHOHQJWK�]HUR�SRLQWV�GR�\RX�QHHG�WR�LQVHUW�DGGLWLRQDO
ZDYHFDO�REVHUYDWLRQV�LQ�\RXU�H[SRVXUH�VHTXHQFH��VHH�DOVR� ��&KDSWHU���

'DWD�6WRUDJH�DQG�7UDQVIHU

$W�WKH�FRQFOXVLRQ�RI�HDFK� �H[SRVXUH��WKH�VFLHQFH�GDWD�DUH�UHDG�RXW�IURP�WKH�GHWHFWRU�LQ�XVH�DQGACCUM
SODFHG�LQ�67,6
�LQWHUQDO�PHPRU\�EXIIHU��ZKHUH�WKH\�DUH�VWRUHG�XQWLO�WKH\�FDQ�EH�WUDQVIHUUHG�WR�WKH�+67
GDWD� UHFRUGHU� �DQG� WKHUHDIWHU� WR� WKH� JURXQG��� 7KLV� GHVLJQ� PDNHV� IRU� PRUH� HIILFLHQW� XVH� RI� WKH
LQVWUXPHQW��DV�XS�WR��b&&'�RU�����b �����0$0$��RU�WZR�����b ������0$0$�IXOO�IUDPH�LPDJHV��VHH��b �

��FDQ�EH�VWRUHG�LQ�WKH�LQWHUQDO�EXIIHU�DW�DQ\�WLPH��$�IUDPH�FDQ�EH�WUDQVIHUUHG�IURP6HFWLRQ�����+LJKUHV
WKH�LQWHUQDO�EXIIHU�WR�WKH�GDWD�UHFRUGHU�GXULQJ�VXEVHTXHQW�H[SRVXUHV��DV�ORQJ�DV�WKRVH�H[SRVXUHV�DUH
ORQJHU�WKDQ���PLQXWHV�LQ�GXUDWLRQ�

67,6
�LQWHUQDO�EXIIHU�VWRUHV�WKH�GDWD�LQ�D����ELW�SHU�SL[HO�IRUPDW��7KLV�VWUXFWXUH�LPSRVHV�D�PD[LPXP
RI��������GDWD�QXPEHUV�SHU�SL[HO��)RU�WKH�0$0$�GHWHFWRUV�WKLV�PD[LPXP�LV�HTXLYDOHQW�WR�D�OLPLW�RQ
WKH�WRWDO�QXPEHU�RI� �SHU�SL[HO�ZKLFK�FDQ�EH�DFFXPXODWHG�LQ�D�VLQJOH�H[SRVXUH��)RU�WKH�&&'�SKRWRQV
WKH�IXOO�ZHOO��DQG�QRW�WKH����ELW�EXIIHU�IRUPDW��OLPLWV�WKH�SKRWRQV�SHU�SL[HO�ZKLFK�FDQ�EH�DFFXPXODWHG
ZLWKRXW�VDWXUDWLQJ�LQ�D�VLQJOH�H[SRVXUH��6HH� �DQG� �IRU�D�GHWDLOHG�GHVFULSWLRQ�RI&KDSWHU�� &KDSWHU���
GHWHFWRUV�DQG�GDWD�WDNLQJ�ZLWK�67,6�

44

https://hst-docs.stsci.edu/display/STISIHB/3.2+Instrument+Design#id-3.2InstrumentDesign-Highres


3DUDOOHO�2SHUDWLRQV

67,6
�WKUHH�GHWHFWRUV�GR� RSHUDWH�LQ�SDUDOOHO�ZLWK�RQH�DQRWKHURQO\�RQH�GHWHFWRU�FDQ�EH�XVHG�DWQRW�
DQ\� RQH� WLPH�� ([SRVXUHV� ZLWK� GLIIHUHQW� 67,6� GHWHFWRUV� FDQ�� KRZHYHU�� EH� IUHHO\� LQWHUOHDYHG� LQ� DQ
REVHUYLQJ�VHTXHQFH��DQG�WKHUH� LV�QR�H[WUD�VHWXS�WLPH�RU�RYHUKHDG� LQ�PRYLQJ�IURP�RQH�GHWHFWRU�WR
DQRWKHU��7KH�WKUHH�GHWHFWRUV��VKDULQJ�WKH�EXON�RI� WKHLU�RSWLFDO�SDWKV��DOVR�VKDUH�D�FRPPRQ�ILHOG�RI
YLHZ�RI�WKH�VN\�

67,6� �EH�XVHG�LQ�SDUDOOHO�ZLWK�DQ\�RI�WKH�RWKHU�VFLHQFH�LQVWUXPHQWV�RQ� �� �VKRZV�WKH�FDQ +67 )LJXUH����
�ILHOG�RI�YLHZ�DIWHU�60���'LPHQVLRQV�LQ�WKLV�ILJXUH�DUH�DSSUR[LPDWH��DFFXUDWH�DSHUWXUH�SRVLWLRQV+67

FDQ�EH�IRXQG�RQ�676F,
V�2EVHUYDWRU\�ZHESDJH�RQ� ��7KH�67,6�GLVSHUVLRQ�LV�DORQJ�)29�JHRPHWU\ $;,6�
�URXJKO\� ���� GHJUHHV� FORFNZLVH� IURP�8 �� DQG� WKH� VOLWV� DUH� SDUDOOHO� WR�� $;,6�� �URXJKO\� ��� GHJUHHV

��7KH�SROLF\�IRU�DSSO\LQJ�IRU�SDUDOOHO�REVHUYLQJ�LV�GHVFULEHG�LQFORFNZLVH�IURP�8 ���VHH�DOVR�� )LJXUH�����
WKH� �:H�SURYLGH�VXJJHVWLRQV�IRU�GHVLJQLQJ�SDUDOOHO�REVHUYDWLRQV�ZLWK�67,6�LQ��&DOO�IRU�3URSRVDOV 6HFWLRQ

��:KLOH� WKH�67,6�&&'�FDQ�DOZD\V�EH�XVHG� LQ�SDUDOOHO�ZLWK�DQRWKHU� LQVWUXPHQW�� WKHUH�DUH�VRPH����
UHVWULFWLRQV�RQ�WKH�XVH�RI�WKH�0$0$�GHWHFWRUV�LQ�SDUDOOHO��DV�GHVFULEHG�LQ� �6HFWLRQ����

3RVW�60�� �)LHOG�RI�9LHZ�)LJXUH������ +67 45
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3RVW�60�� �)LHOG�RI�9LHZ�)LJXUH������ +67

������7\SLFDO�67,6�2EVHUYLQJ�6HTXHQFH
,Q� WKH� RSWLFDO�� 67,6� LV� RIWHQ� XVHG� WR� REVHUYH� H[WUHPHO\� IDLQW� REMHFWV�� VR� ORQJ� REVHUYDWLRQV� DUH
FRPPRQ��7KH�FRPELQDWLRQ�RI�KLJK�VSDWLDO�UHVROXWLRQ��VSHFWUDO�UHVROXWLRQ��DQG�ORZ�UHDG�QRLVH�IURP�WKH
&&'� ZLOO� HQFRXUDJH� WKH� WDNLQJ� RI� PXOWLSOH� �a����� V�� H[SRVXUHV� WR� DOORZ� FRVPLF� UD\� UHMHFWLRQ�
2EVHUYDWLRQV� ZLWK� WKH� 0$0$� GHWHFWRUV� GR� QRW� VXIIHU� IURP� FRVPLF� UD\V� RU� UHDG� QRLVH�� EXW� ORQJ
LQWHJUDWLRQ�WLPHV�ZLOO�RIWHQ�EH�QHHGHG�WR�REWDLQ�VXIILFLHQW�VLJQDO�WR�QRLVH�LQ�WKH�SKRWRQ�VWDUYHG�89�
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$�W\SLFDO�67,6�REVHUYLQJ�VHTXHQFH�FRQVLVWV�RI�DQ�LQLWLDO�WDUJHW�DFTXLVLWLRQ�DQG�SRVVLEO\�DQ�DFTXLVLWLRQ
SHDNXS�WR�FHQWHU�WKH�WDUJHW�LQ�D�VOLW��IROORZHG�E\�D�VHULHV�RI�ORQJ��a�����PLQXWH��H[SRVXUHV�ZLWK�D
VLQJOH�RSWLFDO�HOHPHQW�DW�D�JLYHQ�ZDYHOHQJWK�VHWWLQJ�� ,W�PD\�DOVR� LQFOXGH�D�VHULHV�RI�PXOWLSOH� ORQJ
H[SRVXUHV�WDNHQ�ZLWK�GLIIHUHQW�JUDWLQJV�RU�ZLWK�D�VLQJOH�JUDWLQJ�DW�D�QXPEHU�RI�WLOWV��2EVHUYHUV�ZLOO
JHQHUDOO\�QRW� WDNH� WKHLU�RZQ�ZDYHFDO�H[SRVXUHV�� URXWLQH�DXWRPDWLF�ZDYHFDOV�ZLOO�DOORZ�ZDYHOHQJWK
DQG�VSDWLDO�]HUR�SRLQWV�WR�EH�GHWHUPLQHG�LQ�SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ��UHTXLULQJ�QR�LQSXW�IURP
WKH� XVHU�� 2EVHUYDWLRQV� WKDW� LQFOXGH� ZDYHOHQJWKV� ORQJHU� WKDQ ���� �� VKRXOG� EH� DFFRPSDQLHG� E\b �
IULQJH�IODW�H[SRVXUHV��GLVFXVVHG�LQ� �&KDSWHU����
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����'HVLJQLQJ�67,6�2EVHUYDWLRQV
������,GHQWLI\�6FLHQFH�5HTXLUHPHQWV�DQG�'HILQH�67,6�&RQILJXUDWLRQ
������'HWHUPLQH�([SRVXUH�7LPH�DQG�&KHFN�)HDVLELOLW\
������,GHQWLI\�1HHG�IRU�1RQ�6FLHQFH�([SRVXUHV�DQG�&RQVWUDLQWV
������'HWHUPLQH�7RWDO�2UELW�5HTXHVW

,Q�WKLV�VHFWLRQ��ZH�GHVFULEH�WKH�VHTXHQFH�RI�VWHSV�\RX�ZLOO�QHHG�WR�WDNH�ZKHQ�GHVLJQLQJ�\RXU�67,6
REVHUYLQJ�SURSRVDO��7KH�SURFHVV�LV�DQ�LWHUDWLYH�RQH��DV�\RX�WUDGH�RII�EHWZHHQ�PD[LPXP�VSDWLDO�DQG
VSHFWUDO�UHVROXWLRQ��VLJQDO�WR�QRLVH��DQG�WKH�OLPLWDWLRQV�RI�WKH�LQVWUXPHQW�LWVHOI��7KH�EDVLF�VHTXHQFH�RI
VWHSV�LQ�GHILQLQJ�D�67,6�REVHUYDWLRQ��VHH� ��LV�)LJXUH����

,GHQWLI\� VFLHQFH� UHTXLUHPHQWV� DQG� VHOHFW� EDVLF� 67,6� FRQILJXUDWLRQ� WR� oVXSSRUW� WKRVH
UHTXLUHPHQWV�
(VWLPDWH� H[SRVXUH� WLPH� WR� DFKLHYH� UHTXLUHG� VLJQDO�WR�QRLVH� UDWLR� DQG� FKHFN� oIHDVLELOLW\�
LQFOXGLQJ�VDWXUDWLRQ�DQG�EULJKW�REMHFW�OLPLWV�
,GHQWLI\� DQ\� DGGLWLRQDO� QRQ�VFLHQFH� �WDUJHW� DFTXLVLWLRQ�� SHDNXS� DQG� oFDOLEUDWLRQ�� H[SRVXUHV
QHHGHG�
&DOFXODWH�WRWDO�QXPEHU�RI�RUELWV�UHTXLUHG��WDNLQJ�LQWR�DFFRXQW�WKH�RYHUKHDG��8VH�$37�WR�REWDLQ
DFFXUDWH�HVWLPDWHV�RI�RUELW�OHQJWK�

������,GHQWLI\�6FLHQFH�5HTXLUHPHQWV�DQG�'HILQH�67,6�&RQILJXUDWLRQ
)LUVW�DQG�IRUHPRVW�b\RX�PXVW�LGHQWLI\�WKH�VFLHQFH�\RX�ZLVK�WR�DFKLHYH�ZLWK�67,6��6RPH�EDVLF�GHFLVLRQV
\RX�ZLOO�QHHG�WR�PDNH�DUH�

6SHFWURVFRS\�RU�LPDJLQJ"
:DYHOHQJWK�UHJLRQ�V��RI�LQWHUHVW"
6SHFWUDO�UHVROXWLRQ�DQG�VSHFWUDO�FRYHUDJH�UHTXLUHG"
1DWXUH�RI�WDUJHWH[WHQGHG�VRXUFH��ORQJ�VOLW�RU�IXOO�DSHUWXUH��RU�SRLQW�VRXUFH"

,Q�DGGLWLRQ�\RX�ZLOO�QHHG�WR�HVWDEOLVK�ZKHWKHU�\RX�UHTXLUH�

+LJK�VLJQDO�WR�QRLVH�UDWLR
7LPH�UHVROXWLRQ
&RURQDJUDSK\
+LJK�SKRWRPHWULF�DFFXUDF\

)LJXUH������'HILQLQJ�D�67,6�2EVHUYDWLRQ� 48



)LJXUH������'HILQLQJ�D�67,6�2EVHUYDWLRQ�

$V�\RX�FKRRVH�\RXU�VFLHQFH�UHTXLUHPHQWV�DQG�ZRUN�WR�PDWFK�WKHP�WR�WKH�LQVWUXPHQWૼV�FDSDELOLWLHV�49



$V�\RX�FKRRVH�\RXU�VFLHQFH�UHTXLUHPHQWV�DQG�ZRUN�WR�PDWFK�WKHP�WR�WKH�LQVWUXPHQWૼV�FDSDELOLWLHV�
NHHS�LQ�PLQG�WKDW�WKRVH�FDSDELOLWLHV�GLIIHU�JUHDWO\�GHSHQGLQJ�RQ�ZKHWKHU�\RX�DUH�REVHUYLQJ�LQ�WKH�189
�RSWLFDO�1,5�ZLWK� WKH�&&'�RU� LQ� WKH�)89�189�ZLWK� WKH�0$0$�GHWHFWRUV��7UDGHRIIV�DUH�GHVFULEHG� LQ�

�7DEOH����

7DEOH������6FLHQFH�'HFLVLRQ�*XLGH�

'HFLVLRQ $IIHFWV 7UDGHRIIV

:DYHOHQJWK
UHJLPH

'HWHFWRU
D Q G
JUDWLQJV

��������������CCD
������������NUV-MAMA
������������FUV-MAMA

6SHFWUDO
UHVROXWLRQ

'HWHFWRU�
JUDWLQJV�
DSHUWXUH

5�����������ILUVW�RUGHU��ZLWK� �RU� ���CCD NUV FUV-MAMA
RU�5� ���������HFKHOOH��ZLWK� �RU� �RQO\� NUV FUV-MAMA
:LGHU� DSHUWXUHV� JHQHUDOO\� \LHOG� VOLJKWO\� SRRUHU� UHVROXWLRQ�� ZLWK�PRUH
SURPLQHQW�ORZ�OHYHO�EURDG�ZLQJV�LQ�WKH�36)

6SHFWUDO
UDQJH

*UDWLQJV 6SHFWUDO� UDQJH� FRYHUHG� LQ� D� VLQJOH� H[SRVXUH� GLIIHUV� UDGLFDOO\� IRU
GLIIHUHQW�JUDWLQJV�

([WHQGHG�RU�
SRLQW�VRXUFH

*UDWLQJV )LUVW�RUGHU� JUDWLQJV� GHVLJQHG� IRU� VSDWLDOO\� UHVROYHG� DQG� SRLQW� VRXUFH
REVHUYDWLRQV��
(FKHOOH� JUDWLQJV� GHVLJQHG� IRU� SRLQW� VRXUFH� REVHUYDWLRQV� �ORQJ�VOLW
HFKHOOH� VSHFWURVFRS\� ZLOO� VXIIHU� RUGHU� RYHUODS� IRU� H[WHQGHG� VRXUFHV�
EXW�FDQ�EH�GRQH�IRU�VRXUFHV�ZLWK�ZHDN�FRQWLQXD��

7 L P H
UHVROXWLRQ

'HWHFWRU ,I�WLPH�UHVROXWLRQ�����VHFRQGV�UHTXLUHG��PXVW�XVH� �RU� �NUV FUV-MAMA

&RURQDJUDSK\ 'HWHFWRU
D Q G
DSHUWXUH

%ULJKW�REMHFW��FRURQDJUDSK\�DYDLODEOH�ZLWK� �RQO\�CCD
&RURQDJUDSKLF�LPDJLQJ�DYDLODEOH�ZLWK� �RQO\�CCD
%DUUHG�FRURQDJUDSKLF�VSHFWURVFRS\�DYDLODEOH�ZLWK�DOO�GHWHFWRUV�

��7KH�EULJKW�REMHFW� OLPLWV� IRU�0$0$�REVHUYDWLRQV�DSSO\� WR�FRURQDJUDSKLF�REVHUYDWLRQV�DV�ZHOO�� L�H��
FRURQDJUDSKLF�REVHUYDWLRQV�RI�WDUJHWV�ZKLFK�DUH�WRR�EULJKW�IRU�WKH�0$0$�GHWHFWRUV�DUH�QRW�DOORZHG�

6SHFWURVFRS\

)RU� VSHFWURVFRSLF� REVHUYDWLRQV�� WKH� FRQILJXUDWLRQ� LV�� GHWHFWRU� � ��� RSHUDWLQJ�PRGH� �CONFIGURATION
� RU� ��� VOLW� � ��� JUDWLQJ� � � ��� DQG� FHQWUDO� ZDYHOHQJWK� �MODE=ACCUM TIME-TAG APERTURE SPECTRAL ELEMENT

��� ,Q� � ZH� SURYLGH� GHWDLOHG� LQIRUPDWLRQ� DERXW� HDFK� RI� WKH� VSHFWURVFRSLF� JUDWLQJCENWAVE &KDSWHU� �
PRGHV�RI�67,6�

,PDJLQJ

)RU� LPDJLQJ� REVHUYDWLRQV�� WKH� FRQILJXUDWLRQ� LV� GHWHFWRU� � ��� RSHUDWLQJ� PRGH� �CONFIGURATION
�RU� ���DQG�ILOWHU�� ���WKH�PLUURU�ZLOO�EH�XVHG�DV�WKH�VSHFWUDO�HOHPHQW�IRUMODE=ACCUM TIME-TAG APERTURE

LPDJLQJ�REVHUYDWLRQV�� �SUHVHQWV�GHWDLOHG�LQIRUPDWLRQ�DERXW�HDFK�RI�67,6
�LPDJLQJ�PRGHV�&KDSWHU��
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6SHFLDO�8VHV

:H�UHIHU�\RX�WR� �LI�\RX�DUH�LQWHUHVWHG�LQ�DQ\�RI�WKH�IROORZLQJ�VSHFLDO�XVHV�RI�67,6��VOLWOHVV&KDSWHU���
VSHFWURVFRS\� RU� H[WHQGHG�VRXUFH� HFKHOOH� REVHUYDWLRQV�� WLPH�UHVROYHG� ZRUN�� EULJKW� REMHFW� RU� KLJK
VLJQDO�WR�QRLVH� REVHUYDWLRQV�� SODQHWDU\� VWXGLHV�� SDUDOOHO� REVHUYDWLRQV�� FRURQDJUDSK\�� VSDWLDOO\
VFDQQHG�VSHFWUD�

������'HWHUPLQH�([SRVXUH�7LPH�DQG�&KHFN�)HDVLELOLW\
2QFH�\RX�KDYH�VHOHFWHG�\RXU�EDVLF�67,6�FRQILJXUDWLRQ��WKH�QH[W�VWHSV�DUH�

(VWLPDWH�WKH�H[SRVXUH�WLPH�QHHGHG�WR�DFKLHYH�\RXU�UHTXLUHG�VLJQDO�WR�QRLVH�UDWLR��JLYHQ�\RXU
VRXUFH�EULJKWQHVV���<RX�FDQ�XVH�WKH�67,6� � ��IRU�WKLV��VHH��([SRVXUH�7LPH�&DOFXODWRU (7& &KDSWHU��
DQG�WKH�SORWV�LQ� �DQG� ��&KDSWHU��� &KDSWHU���
)RU� REVHUYDWLRQV� XVLQJ� WKH� 0$0$� GHWHFWRUV�� DVVXUH� WKDW� \RXU� REVHUYDWLRQV� GR� QRW� H[FHHG
EULJKWQHVV��FRXQW�UDWH��OLPLWV��VHH� ����<RX�FDQ�XVH�WKH�67,6� IRU�WKLV��6HFWLRQ���� �(7&
)RU�REVHUYDWLRQV�XVLQJ�WKH�0$0$�GHWHFWRUV��DVVXUH�WKDW�IRU�SL[HOV�RI�LQWHUHVW�\RXU�REVHUYDWLRQV
GR�QRW�H[FHHG�WKH�OLPLW�RI��������DFFXPXODWHG�FRXQWV�SL[�SHU�H[SRVXUH�LPSRVHG�E\�WKH�67,6���
ELW�EXIIHU��VHH� ��6HFWLRQ������
)RU�REVHUYDWLRQV�XVLQJ�WKH�&&'�GHWHFWRU��DVVXUH�WKDW�IRU�SL[HOV�RI�LQWHUHVW��\RX�GR�QRW�H[FHHG
WKH�SHU�SL[HO�VDWXUDWLRQ�FRXQW�OLPLW�RI�WKH�&&'���<RX�FDQ�XVH�WKH�67,6� IRU�WKLV���(7&
)RU�0$0$� �H[SRVXUHV� FKHFN� WKDW� \RXU�REVHUYDWLRQV�DUH� IHDVLEOH�DQG�GR�QRW� YLRODWHTIME-TAG
DQ\� �VSHFLILF�FRXQW�UDWH�RU�GDWD�YROXPH�FRQVWUDLQWV��VHH� ��TIME-TAG &KDSWHU���

7R�GHWHUPLQH�\RXU�H[SRVXUH�WLPH�UHTXLUHPHQWV��FRQVXOW� �ZKHUH�DQ�H[SODQDWLRQ�RI�KRZ�WR&KDSWHU��
FDOFXODWH�VLJQDO�WR�QRLVH�DQG�D�GHVFULSWLRQ�RI�WKH�VN\�EDFNJURXQGV�DUH�SURYLGHG��7R�DVVHVV�ZKHWKHU
\RX�DUH�FORVH�WR�WKH�EULJKWQHVV��VLJQDO�WR�QRLVH��DQG�G\QDPLF�UDQJH�OLPLWDWLRQV�RI�WKH�GHWHFWRUV��UHIHU
WR� ��)RU�D�FRQVLGHUDWLRQ�RI�GDWD�WDNLQJ�VWUDWHJLHV�DQG�FDOLEUDWLRQ�H[SRVXUHV��FRQVXOW�&KDSWHU�� &KDSWHU
���

,I�\RX�ILQG�WKDW�WKH�H[SRVXUH�WLPH�QHHGHG�WR�PHHW�\RXU�VLJQDO�WR�QRLVH�UHTXLUHPHQWV�LV�WRR�JUHDW��RU
WKDW�\RX�DUH�FRQVWUDLQHG�E\�WKH�GHWHFWRU
V�EULJKWQHVV�RU�G\QDPLF�UDQJH�OLPLWDWLRQV��\RX�ZLOO�QHHG�WR
DGMXVW�\RXU�EDVH�67,6�FRQILJXUDWLRQ�� �VXPPDUL]HV�WKH�RSWLRQV�DYDLODEOH�WR�\RX�DQG�VWHSV�\RX7DEOH����
PD\�ZLVK�WR�WDNH�DV�\RX�LWHUDWH�WR�VHOHFW�D�67,6�FRQILJXUDWLRQ�ZKLFK� LV�ERWK�VXLWHG�WR�\RXU�VFLHQFH
DQG�WHFKQLFDOO\�IHDVLEOH�

)HDVLELOLW\�*XLGH�7DEOH������

$FWLRQ 2XWFRPH 5HFRXUVH

(VWLPDWH� H[SRVXUH
WLPH

,I� WRR� ORQJ�� WKHQ� UH�
HYDOXDWH�
L Q V W UXPHQ W
FRQILJXUDWLRQ�

5HGXFH� UHVROYLQJ� SRZHU�� RU� XVH� ZLGHU� VOLW�� RU
FKDQJH�GHWHFWRUV�DQG�ZDYHOHQJWK�UHJLPH��RU�XVH
ODUJHU�ELQQLQJ�

&KHFN� VDWXUDWLRQ
OLPLW� IRU� &&'
REVHUYDWLRQV

,I� \RX� ZLVK� WR� DYRLG
VDWXUDWLRQ�� WKHQ� UHGXFH
WLPH�SHU�H[SRVXUH�

'LYLGH� WRWDO� H[SRVXUH� WLPH� LQWR� PXOWLSOH�� VKRUW
H[SRVXUHV��
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&KHFN� EULJKW� REMHFW
OLPLWV� IRU� 0$0$
REVHUYDWLRQV

,I� VRXUFH� LV� WRR� EULJKW�
WKHQ� UH�HYDOXDWH
L Q V W UXPHQ W
FRQILJXUDWLRQ�

,QFUHDVH� VSHFWUDO� UHVROXWLRQ�� RU� FKRRVH�QDUURZHU
VOLW�� RU� XVH� QHXWUDO�GHQVLW\� ILOWHU�� RU� FKDQJH
GHWHFWRUV�DQG�ZDYHOHQJWK�UHJLPH�

&KHFN� ������
FRXQWV�SL[� OLPLW� IRU
0$0$�REVHUYDWLRQV�

,I� OLPLW� H[FHHGHG�� WKHQ
UHGXFH� WLPH� SHU
H[SRVXUH�

'LYLGH� WRWDO� H[SRVXUH� WLPH� LQWR� PXOWLSOH�� VKRUW
H[SRVXUHV��

�� 6SOLWWLQJ� &&'� H[SRVXUHV� LQFUHDVHV� WKH� H[SRVXUH� WLPH� QHHGHG� WR� DFKLHYH� D� JLYHQ� VLJQDO�WR�QRLVH
UDWLR� EHFDXVH� RI� WKH� UHDG� QRLVH�� 6SOLWWLQJ� DQ� H[SRVXUH� LQWR�PXOWLSOH� H[SRVXUHV� DOVR� LQFUHDVHV� WKH
RYHUKHDGV��VOLJKWO\�UHGXFLQJ�RQ�VRXUFH�WLPH��
�6HH� ��� 6HFWLRQ������
�6SOLWWLQJ�0$0$�H[SRVXUHV�KDV�QR�HIIHFW�RQ�VLJQDO�WR�QRLVH�UDWLR�VLQFH�WKHUH�LV�QR�UHDG�QRLVH�ZLWK�WKH�

0$0$V��6SOLWWLQJ�DQ�H[SRVXUH�LQWR�PXOWLSOH�H[SRVXUHV�GRHV�LQFUHDVH�WKH�RYHUKHDGV��VOLJKWO\�UHGXFLQJ
RQ�VRXUFH�WLPH��6HH� �IRU�PRUH�LQIRUPDWLRQ�&KDSWHU��

������,GHQWLI\�1HHG�IRU�1RQ�6FLHQFH�([SRVXUHV�DQG�&RQVWUDLQWV
+DYLQJ� LGHQWLILHG� \RXU� GHVLUHG� VHTXHQFH� RI� � H[SRVXUHV�� \RX� QHHG� WR� GHWHUPLQH�ZKDW�VFLHQFH QRQ�

H[SRVXUHV�\RX�PD\�UHTXLUH�WR�DFKLHYH�\RXU�VFLHQWLILF�JRDOV��6SHFLILFDOO\��\RX�QHHG�WR��VFLHQFH

'HWHUPLQH�ZKLFK��LI�DQ\��WDUJHW�DFTXLVLWLRQ�DQG�DFTXLVLWLRQ�SHDNXS�H[SRVXUHV�ZLOO�EH�QHHGHG�WR
FHQWHU�\RXU�WDUJHW�LQ�\RXU�DSHUWXUH�WR�WKH�DFFXUDF\�UHTXLUHG�IRU�\RXU�VFLHQWLILF�DLPV��H�J���\RX
PD\�ZLVK�WR�FHQWHU�WKH�QXFOHXV�RI�D�JDOD[\�LQ�WKH���b�b���bDUFVHFRQG�VOLW�DQG�RULHQW�WKH�ORQJ
D[LV�RI�WKH�VOLW�DORQJ�WKH�PDMRU�D[LV�RI�WKH�JDOD[\�WR�VRPH�DFFXUDF\���7R�DVVHVV�\RXU�DFTXLVLWLRQ
QHHGV�� UHIHU� WR� ��7R�GHWHUPLQH�D�VSHFLILF�RULHQWDWLRQ� IRU� WKH�67,6� ORQJ�VOLW�� UHIHU� WR�&KDSWHU��

�&KDSWHUb��
,I�\RX�UHTXLUH�PRUH�DFFXUDWH�ZDYHOHQJWK�]HUR�SRLQWV�WKDQ�WKH�URXWLQH�FDOLEUDWLRQV�SURYLGH��\RX
FDQ�LQVHUW�DGGLWLRQDO�FRPSDULVRQ�ODPS�H[SRVXUHV�� ��DW�VKRUWHU�LQWHUYDOV�RU�RITARGET_NAME=WAVE
ORQJHU� GXUDWLRQ� WKDQ� WKH� URXWLQH�� DXWRPDWLF� ZDYHFDO� REVHUYDWLRQV�� 7R� GHWHUPLQH� \RXU
ZDYHOHQJWK�FDOLEUDWLRQ�H[SRVXUH�QHHGV��UHIHU�WR� �&KDSWHU���
&&'� REVHUYDWLRQV� ORQJZDUG� RI� ����b �� DUH� VXEMHFW� WR� VHYHUH� IULQJLQJ�� ZKLFK� FDQ� EH� ZHOO
FRUUHFWHG�RQO\�E\�IODW�ILHOG�H[SRVXUHV�REWDLQHG�FRQWHPSRUDQHRXVO\�ZLWK�WKH�VFLHQFH�H[SRVXUHV�
+HQFH�� \RX� VKRXOG� LQFOXGH� VXFK� IODW�ILHOG� H[SRVXUHV� LI� REVHUYLQJ� QHDU� ����b �� RU� ORQJZDUG�
)ULQJLQJ� LV�GLVFXVVHG� LQ� �DQG� WKH�VSHFLILFDWLRQ�RI�FRUUHFWLYH� IODW� ILHOGV� � V�� LV&KDSWHU�� CCDFLAT
GLVFXVVHG�LQ� �&KDSWHU���

������'HWHUPLQH�7RWDO�2UELW�5HTXHVW
,Q� WKLV�� WKH� ILQDO� VWHS�� \RX� SODFH� DOO� \RXU� H[SRVXUHV� �VFLHQFH� DQG� QRQ�VFLHQFH�� DOLNH�� LQWR� YLVLWV�
LQFOXGLQJ� WDEXODWHG� RYHUKHDGV�� DQG� GHWHUPLQH� WKH� WRWDO� QXPEHU� RI� RUELWV� \RX� UHTXLUH�� 5HIHU� WR�

�ZKHQ�SHUIRUPLQJ� WKLV�VWHS�� ,I�\RX�DUH�REVHUYLQJ�D�SRLQW�VRXUFH�DQG� ILQG�\RXU� WRWDO� WLPH&KDSWHU��
UHTXHVW� LV�VLJQLILFDQWO\�DIIHFWHG�E\�GDWD� WUDQVIHU�RYHUKHDGV� �ZKLFK�ZLOO�EH� WKH�FDVH� � LI�\RX�DUHRQO\
WDNLQJ�PDQ\�VHSDUDWH�H[SRVXUHV�XQGHU��bPLQXWHV���\RX�FDQ�FRQVLGHU� WKH�XVH�RI�&&'�VXEDUUD\V� WR
OHVVHQ�WKH�GDWD�YROXPH��6XEDUUD\V�DUH�GHVFULEHG�LQ� �6HFWLRQ������&&'�6XEDUUD\V

52

https://hst-docs.stsci.edu/display/STISIHB/7.5+MAMA+Operation+and+Feasibility+Considerations#id-7.5MAMAOperationandFeasibilityConsiderations-Section7.5.1
https://hst-docs.stsci.edu/display/STISIHB/11.1+Basic+Operating+Modes#id-11.1BasicOperatingModes-CCDSubarrays


'XH� WR� WKH� VHQVLWLYLW\� RI� FHUWDLQ� 67,6� HOHFWURQLF� FRPSRQHQWV� WR� FKDUJHG� SDUWLFOHV�� WKHUH� DUH� VRPH
VSHFLDO�FRQVWUDLQWV�RQ�WKH�GXUDWLRQ�DQG�VWUXFWXUH�RI�0$0$�YLVLWV�ZKLFK�SUHFOXGH�RSHUDWLQJ�WKH�0$0$V
DW�DOO�GXULQJ�RUELWV�ZKLFK�FURVV�WKH�6RXWK�$WODQWLF�$QRPDO\��6$$���6LQFH�WKHUH�DUH�D�OLPLWHG�QXPEHU�RI
6$$�IUHH�RUELWV�SHU�GD\��0$0$�YLVLWV�DUH�OLPLWHG�WR�D�PD[LPXP�RI�ILYH�RUELWV��/RQJHU�SURJUDPV�PXVW
EH�EURNHQ�LQWR�VKRUWHU�YLVLWV��0RUHRYHU��LQ�RUGHU�WR�FRQVHUYH�RUELWV�DYDLODEOH�IRU�0$0$�REVHUYDWLRQV�
SURJUDPV�ZKLFK�FRPELQH�&&'�DQG�0$0$�REVHUYDWLRQV�PXVW�EH�GLYLGHG�LQWR�VHSDUDWH�YLVLWV�IRU�HDFK
GHWHFWRU�W\SH��XQOHVV�WKH�&&'�SRUWLRQ�FRQVXPHV�OHVV�WKDQ���bPLQXWHV�LQFOXGLQJ�RYHUKHDGV�RU�WKH�YLVLW
LV�RQO\�RQH�RUELW�ORQJ��VHH� ��&KDSWHU��

$W� WKLV� SRLQW�� LI� \RX� DUH� KDSS\� ZLWK� WKH� WRWDO� QXPEHU� RI� RUELWV� UHTXLUHG�� \RX
UH� GRQH�� ,I� \RX� DUH
XQKDSS\�ZLWK� WKH� WRWDO�QXPEHU�RI�RUELWV� UHTXLUHG��\RX�FDQb UH�LWHUDWH�E\�DGMXVWLQJ�\RXU� LQVWUXPHQW
FRQILJXUDWLRQ�� OHVVHQLQJ�\RXU�DFTXLVLWLRQ�UHTXLUHPHQWV��FKDQJLQJ�\RXU�VLJQDO�WR�QRLVH�RU�ZDYHOHQJWK
UHTXLUHPHQWV�� XQWLO� \RX� ILQG� D� VFHQDULR�ZKLFK� DOORZV� \RX� WR� DFKLHYH� �DQG� FRQYLQFH� WKH� 7HOHVFRSH
$OORFDWLRQ�&RPPLWWHH� @�RI�WKH�PHULWV�RI��\RXU�VFLHQWLILF�JRDOV�ZLWK�67,6�>7$&
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&KDSWHU����6SHFWURVFRS\
&KDSWHU�&RQWHQWV

����2YHUYLHZ
����)LUVW�2UGHU�/RQJ�6OLW�6SHFWURVFRS\
����(FKHOOH�6SHFWURVFRS\�LQ�WKH�8OWUDYLROHW
����2EMHFWLYH�3ULVP�6SHFWURVFRS\
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����2YHUYLHZ
������7KURXJKSXWV
������/LPLWLQJ�0DJQLWXGHV
������6DWXUDWLRQ
������0$0$�%ULJKW�2EMHFW�/LPLWV
������6FDQQHG�*UDWLQJV��3ULPH�DQG�6HFRQGDU\��7LOW��3RVLWLRQV
������&URVV�2YHU�5HJLRQV
������1HXWUDO�'HQVLW\�6OLWV�IRU�6SHFWURVFRS\

7KHUH�DUH����VSHFWURVFRSLF�PRGHV��ZKLFK�DUH�VXPPDUL]HG� LQ� �EHORZ��7KH\�FRPSULVH� ORZ�7DEOH����
DQG� LQWHUPHGLDWH�UHVROXWLRQ� ILUVW�RUGHU�PRGHV�GHVLJQHG�WR�EH�XVHG�ZLWK�D�FRPSOHPHQW�RI� ORQJ�VOLWV
RYHU� WKH�HQWLUH�ZDYHOHQJWK� UDQJH�� DQG� LQWHUPHGLDWH�� DQG�KLJK�UHVROXWLRQ�HFKHOOH�PRGHV� WKDW� KDYH
EHHQ�RSWLPL]HG�IRU�SRLQW�VRXUFH�REVHUYDWLRQV�WKURXJK�VKRUW�HFKHOOH�VOLWV�DQG�DUH�DYDLODEOH�RQO\�LQ�WKH
XOWUDYLROHW��89��VHH� ��)LJXUH����

67,6�6SHFWURVFRSLF�&DSDELOLWLHV�7DEOH������

6SHFWUDO� 5DQJH
���

6SHFWUDO�5HVROXWLRQ
b b b b b

*UDWLQJ &RPSOHWH 3H U
7LOW

6FDOH
̪͐
��� SHU
SL[HO�

5HVROYLQJ
3RZHU�
�͐��̪͐�

1R��
3ULPH
7LOWV�

'HWHFWRU 5HFRPPHQGHG�6OLWV
�DSHUWXUHV�����������������

0$0$�)LUVW�2UGHU�6SHFWURVFRS\

G140L ����
����

��� ���� ������� b� FUV-
MAMA

��52X0.05D1 52X0.
1D1

��52X0.2D1 52X0.5D1
��52X2D1 25MAMAD1

� �F25SRF2D1
F25QTZD1

52X0.05
52 0.1X
52 0.2X
52 0.5X
52 2X
52 0.2X
F1
0.2X0.2

G140M ����
����

�� ���� ������
������

�� FUV-
MAMA

G230L ����
����

���� ���� ������� b� NUV-
MAMA b b

G230M ����
����

�� ���� ����
������

�� NUV-
MAMA b b

&&'�)LUVW�2UGHU�6SHFWURVFRS\

G230LB ����
����

���� ���� ������� b� &&'
b

52 0.05X
E1
52 0.1E1X
52 0.2E1X
52 0.5E1X
52 2E1X

G230MB ����
����

��� ���� ����
������

�� &&'
b

G430L ����
����

���� ���� ������� b� &&'
b
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G430M ����
����

��� ���� ����
������

�� &&'
b

G750L ����
������

���� ���� ������� b� &&' 52 0.2X
E2
52 0.5X
E2
52 2E2XG750M ����

������
bbb���� ���� ����

����
� &&'

0$0$�(FKHOOH�6SHFWURVFRS\

E140M ����
����

��� ͐����
���

������ � FUV-
MAMA

��0.2 0.2X 0.2 0.06X
b

E140H ����
����

��� ͐�����
��� �������

��

� FUV-
MAMA

��0.2 0.2X 0.2 0.09X
b

E230M ����
����

��� ͐����
���

������ � NUV-
MAMA

�0.2 0.2X  0.2 0.06X
b

E230H ����
����

��� ͐�����
��� �������

��

� NUV-
MAMA

��0.2 0.2X 0.2 0.09X
b

0$0$�3ULVP�6SHFWURVFRS\

PRISM ����
����

���� ����� ������ � NUV-
MAMA

25MAMA�� �� ��52X0.05 52X0.1
�� ��52X0.2 52X0.5 52X2
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�6HH�� 6HFWLRQ������IRU�GHWDLOHG�HVWLPDWHV��
�� 1XPEHU� RI� H[SRVXUHV� DW� GLVWLQFW� WLOWV� QHHGHG� WR� FRYHU� VSHFWUDO� UDQJH� RI� JUDWLQJ� ZLWK� ���

�ZDYHOHQJWK�RYHUODS�EHWZHHQ�DGMDFHQW�VHWWLQJV�
�� )RU� D� FRPSOHWH� OLVW� RI� VXSSRUWHG�DQG�DYDLODEOH�EXW�XQVXSSRUWHG�DSHUWXUHV� IRU� HDFK�JUDWLQJ�� VHH�

�7DEOH�$���
� � LQGLFDWHV� WKH� VOLW� LV� 1DPLQJ� FRQYHQWLRQ� JLYHV� GLPHQVLRQV� RI� VOLW� LQ� DUFVHFRQGV�� (�J��� 52X0.1
��b DUFVHF� ORQJ� SHUSHQGLFXODU� WR� WKH� GLVSHUVLRQ� GLUHFWLRQ� DQG� ���b DUFVHF� ZLGH� LQ� WKH� GLVSHUVLRQ
GLUHFWLRQ��7KH� ��H�J���LQ� ��LQGLFDWHV�D�ILGXFLDO�EDU�WR�EH�XVHG�IRU�FRURQDJUDSKLF�VSHFWURVFRS\��) 52X0.2F1

�� )RU�0$0$�ILUVW�RUGHU�PRGHV��RQO\�a���DUFVHF�RI�D�ORQJ�VOLW
V�OHQJWK�SURMHFWV�RQ�WKH�GHWHFWRU���6HH
����DOVR�6HFWLRQ������

� �RU� ��� ORQJSDVV�ILOWHUHG�� �RU� � LQ�89���DQG�QHXWUDO�� )XOO�DSHUWXUH�FOHDU����&&' ��0$0$ F25QTZ F25SRF2
GHQVLW\�ILOWHUHG�VOLWOHVV�VSHFWURVFRS\�DUH�DOVR�VXSSRUWHG�ZLWK�WKH�DSSURSULDWH� ILUVW�RUGHU�DQG�HFKHOOH
JUDWLQJV��DV�ZHOO�DV�WKH� ��PRISM

� �DQG� �ORQJ�VOLWV�DUH� 7KH�IROORZLQJ�VOLWV�DUH�DOVR�VXSSRUWHG�IRU�DOO�HFKHOOH�JUDWLQJV��7KH�6X0.2 52X0.05
LQWHQGHG�IRU�XVH�ZLWK�H[WHQGHG�HPLVVLRQ�OLQH�REMHFWV��RUGHU�RYHUODS�PXVW�EH�FRQVLGHUHG�ZKHQ�XVLQJ
WKHVH�VOLWV��$OVR�WKH�KLJK�6�1�PXOWL�VOLWV� �DQG� ��VHH� ���WKH0.2X0.2FP(A–E) 0.2X0.06FP(A–E) &KDSWHU���
YHU\�QDUURZ� �VOLW�IRU�PD[LPXP�VSHFWUDO�UHVROXWLRQ��DQG�WKH� ��0.1X0.03 0.2X0.05ND ��DQG�0.3X0.05ND

�QHXWUDO�GHQVLW\�VOLWV��31X0.05ND(A–C)

� �DQG� �VOLWV�DUH�VXSSRUWHG�ZLWK� �RQO\�� �LV�VXSSRUWHG�ZLWK�DOO�� 7KH�0.1X0.09 0.1X0.2 E230H F25MGII NUV-
�JUDWLQJV�DQG�WKH� ��MAMA PRISM

� �DSHUWXUH�LV�DOVR�VXSSRUWHG�ZLWK�DOO�ILUVW�RUGHU�JUDWLQJV��,W�LV�DYDLODEOH�EXW�XQVXSSRUWHG� 7KH�0.2X0.2
ZLWK�WKH� ��PRISM

� DSHUWXUH�FDQ�EH�XVHG�ZLWK�WKH�35,60�WR�ILOWHU�RXW��JHRFRURQDO��/\PDQ� �HPLVVLRQ���� 7KH�F25SRF2 ͆
� � VOLW� DQG� VSHFLDO�� 5HVROXWLRQ� RI� �������� RU� JUHDWHU� LV� SRVVLEOH� ZKHQ� XVHG� ZLWK� WKH� 0.1X0.03

REVHUYLQJ�DQG�GDWD�UHGXFWLRQ�WHFKQLTXHV��

6DPSOH�8QFDOLEUDWHG�6SHFWUDO�,PDJHV��GLVWRUWLRQ�LV�H[DJJHUDWHG��)LJXUH������ 57
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6DPSOH�8QFDOLEUDWHG�6SHFWUDO�,PDJHV��GLVWRUWLRQ�LV�H[DJJHUDWHG��)LJXUH������
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������7KURXJKSXWV
7R� LOOXVWUDWH� WKH� EURDG� ZDYHOHQJWK� FRYHUDJH� SURYLGHG� E\� 67,6� DQG� WKH� UHODWLYH� WKURXJKSXWV
DFKLHYDEOH�DFURVV�67,6
�ZDYHOHQJWK�UHJLPH��b �VKRZV�WKH�V\VWHP�WKURXJKSXW�RI�WKH�IRXU�ORZ�)LJXUH����
UHVROXWLRQ�� ILUVW�RUGHU�PRGHV� RQ� D� VLQJOH� SORW� �ZKHUH� WKH� WKURXJKSXW� LV� GHILQHG� DV� WKH� HQG�WR�HQG
HIIHFWLYH� DUHD� GLYLGHG� E\� WKH� JHRPHWULF� DUHD� RI� D� ILOOHG�� XQREVWUXFWHG�� ���� PHWHU� DSHUWXUH��� 7R
LOOXVWUDWH� WKH� UHODWLYH� WKURXJKSXWV� RI� GLIIHUHQW� VSHFWURVFRSLF� FRQILJXUDWLRQV�b � SORWV� WKH)LJXUH� ���
HIILFLHQF\�RI�DOO�JUDWLQJ�PRGHV�IRU�HDFK�RI�WKH�IRXU�SULPDU\�ZDYHOHQJWK�UHJLPHV�RQ�D�FRPPRQ�SORW�
7KHVH�SORWV�DOORZ�D�FRPSDULVRQ�RI� WKH�UHODWLYH�HIILFLHQFLHV�RI�67,6� LQ�GLIIHUHQW�FRQILJXUDWLRQV��1RWH�
KRZHYHU�� WKDW� WKHVH� FXUYHV� JLYH� WKH� WKURXJKSXW� DW� WKH� WLPH� WKDW� 67,6� ZDV� LQLWLDOO\� FDOLEUDWHG
�DSSUR[LPDWHO\���������� 7KURXJKSXW� FKDQJHV��GHWHUPLQHG� IURP�PRQLWRULQJ�REVHUYDWLRQV� VLQFH�67,6
ZDV�LQVWDOOHG��DUH�GLVFXVVHG�LQ� �DQG� ��7KH�WKURXJKSXW�FXUYHV�VKRZQ�IRU�WKH�HFKHOOH6HFWLRQV������ �����
PRGHV�WUDFH�WKH�SHDN�RI�WKH�HFKHOOH�EOD]H�IXQFWLRQ�IRU�HDFK�RUGHU��WKURXJKSXWV�QHDU�WKH�HQGV�RI�HDFK
RUGHU�DUH�ORZHU�E\�a���WR�����

6\VWHP�7KURXJKSXW�RI�67,6
�/RZ�5HVROXWLRQ��)LUVW�2UGHU�*UDWLQJ�0RGHV�)LJXUH������ 59
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6\VWHP�7KURXJKSXW�RI�67,6
�/RZ�5HVROXWLRQ��)LUVW�2UGHU�*UDWLQJ�0RGHV�)LJXUH������

6\VWHP�7KURXJKSXW�RI�67,6 �*UDWLQJ�0RGHV�)LJXUH������ 
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6\VWHP�7KURXJKSXW�RI�67,6 �*UDWLQJ�0RGHV�)LJXUH������ 


������/LPLWLQJ�0DJQLWXGHV
,Q� �EHORZ��ZH�JLYH�WKH�9bPDJQLWXGH�IRU�DQ�$�9�VWDU�WKDW�JLYHV�D�VLJQDO�WR�QRLVH�UDWLR�RI����LQ7DEOH����
WKH�FRQWLQXXP��SHU�VSHFWUDO�UHVROXWLRQ�HOHPHQW�DURXQG�WKH�SHDN�RI�WKH�JUDWLQJ�UHVSRQVH���LQ�D��bKRXU
H[SRVXUH��ZKHUH�ZH�KDYH� LQWHJUDWHG�RYHU� WKH�36)� LQ� WKH�GLUHFWLRQ�SHUSHQGLFXODU� WR� WKH�GLVSHUVLRQ�
DQG�DVVXPHG� WKH� � VOLW� IRU� WKH� ILUVW�RUGHU�JUDWLQJV�DQG� WKH� � VOLW� IRU� WKH�HFKHOOHV��7KH52X0.2 0.2X0.2
DGRSWHG�VHQVLWLYLWLHV�DUH�WKRVH�HVWLPDWHG�IRU�$XJXVW������

7DEOH������/LPLWLQJ�$��9�6WDU�9�0DJQLWXGHV�
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*UDWLQJ :DYHOHQJWK���� 0DJQLWXGH

G750L ���� ����

G750M ���� ����

G430L ���� ����

G430M ���� ����

G230LB ���� ����

G230MB ���� ����

G230L ���� ����

G230M ���� ����

G140L ���� ����

G140M ���� ����

E230M ���� ����

E230H ���� ����

E140M ���� ����

E140H ���� b����

PRISM ������VOLWOHVV� ����

������6DWXUDWLRQ
%RWK�&&'�DQG�0$0$�REVHUYDWLRQV�DUH�VXEMHFW�WR�VDWXUDWLRQ�DW�KLJK�WRWDO�DFFXPXODWHG�FRXQWV�SL[��7KH
&&'� FDQ� EH� VDWXUDWHG� GXH� WR� WKH� VDWXUDWLRQ� RI� WKH� GHWHFWRU� LWVHOI� RU� RI� WKH� JDLQ� DPSOLILHU� IRU�

��0$0$�VDWXUDWLRQ�FDQ�RFFXU�GXH�WR�WKH����ELW�IRUPDW�RI�LWV�PHPRU\�EXIIHU��7KH�QDWXUH�RICCDGAIN=1
WKH� VDWXUDWLRQ� IRU� &&'� DQG� 0$0$� VSHFWURVFRSLF� REVHUYDWLRQV� LV� GHVFULEHG� LQ� � DQG�6HFWLRQ� �����

��UHVSHFWLYHO\�6HFWLRQ������

������0$0$�%ULJKW�2EMHFW�/LPLWV
7KH� 0$0$� GHWHFWRUV� DUH� VXEMHFW� WR� DEVROXWH� EULJKW� REMHFW� OLPLWV�� DERYH� ZKLFK� WDUJHWV� FDQQRW� EH
REVHUYHG�

:H�GLUHFW�0$0$�REVHUYHUV�WR�WKH�GLVFXVVLRQ�SUHVHQWHG�LQ� ��)RU�VXPPDU\�WDEOHV�RI�EULJKW6HFWLRQ����
REMHFW� VFUHHQLQJ� PDJQLWXGHV� IRU� DOO� VSHFWURVFRSLF� PRGHV�� VHH� �� ,W� LV� WKH� REVHUYHUૼV6HFWLRQ� ����
UHVSRQVLELOLW\�WR�EH�VXUH�WKDW�SURSRVHG�REVHUYDWLRQV�GR�QRW�H[FHHG�WKH�0$0$�EULJKW�REMHFW�OLPLWV�
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������6FDQQHG�*UDWLQJV��3ULPH�DQG�6HFRQGDU\��7LOW��3RVLWLRQV
)RU� WKH� LQWHUPHGLDWH�UHVROXWLRQ� JUDWLQJV� DQG� HFKHOOHV� �H[FHSW� ��� RQO\� D� SRUWLRQ� RI� WKH� IXOOE140M
VSHFWUDO� UDQJH�RI� WKH�JUDWLQJ� IDOOV�RQ� WKH�GHWHFWRU� LQ�DQ\�RQH�H[SRVXUH��DQG� WKH�JUDWLQJV�PXVW�EH
VFDQQHG��WLOWHG��ZLWK�D�VHSDUDWH�H[SRVXUH�WDNHQ�DW�HDFK�WLOW�SRVLWLRQ��LQ�RUGHU�WR�FRYHU�WKH�IXOO�VSHFWUDO
UDQJH��VHH� �DQG� �EHORZ���$FFRUGLQJO\��IRU�WKHVH�VFDQQHG�JUDWLQJV��WKH�XVHU�PD\)LJXUH���� )LJXUH����
VHOHFW�D�VLQJOH�H[SRVXUH�DW�D�JLYHQ�ZDYHOHQJWK��RU�D�VHULHV�RI�H[SRVXUHV�DW�GLIIHUHQW�ZDYHOHQJWKV�WR
FRYHU� D� ODUJHU� ZDYHOHQJWK� UDQJH�� 7KH� XVHU�PXVW� FKRRVH� HLWKHU� SULPH� RU� VHFRQGDU\� VHWWLQJV�� 7KH
SULPH� VHWWLQJV� FRYHU� WKH� IXOO� VSHFWUDO� UDQJH� ZLWK� ���� ZDYHOHQJWK� RYHUODS� EHWZHHQ� REVHUYDWLRQV
WDNHQ�DW�DGMDFHQW�VHWWLQJV��7KH�VHFRQGDU\�VHWWLQJV�FRYHU�VHOHFWHG�DEVRUSWLRQ�RU�HPLVVLRQ� OLQHV�DQG
PD\�EH�PRUH�FRQYHQLHQW� WR�XVH� LQ�VRPH�DSSOLFDWLRQV��)RU� WKH� LQWHUPHGLDWH�UHVROXWLRQ�JUDWLQJV��ZH
H[SHFW� WKH�SKRWRPHWULF� DQG�ZDYHOHQJWK� FDOLEUDWLRQ� DFFXUDFLHV� WR� EH�KLJKHU� IRU� WKH�SULPH� VHWWLQJV
WKDQ�IRU�PRVW�RI�WKH�VHFRQGDU\�VHWWLQJV��DV�FDOLEUDWLRQV�IRU�WKH�ODWWHU�DUH�LQIHUUHG�IURP�WKRVH�WDNHQ�DW
SULPH� VHWWLQJV�� (DUO\� LQ� WKH� RSHUDWLRQ� RI� 67,6�� WKH� SKRWRPHWULF� DFFXUDFLHV� RI� WKH� SULPDU\� HFKHOOH
VHWWLQJV�ZHUH�KLJKHU��KRZHYHU��IRU�SRVW�60��REVHUYDWLRQV�WKH�SKRWRPHWULF�DFFXUDFLHV�RI�WKH�SULPDU\
DQG�VHFRQGDU\�VHWWLQJV�DUH�FRPSDUDEOH��7KH�FHQWUDO�ZDYHOHQJWKV��DQG�FRUUHVSRQGLQJ�PLQLPXP�DQG
PD[LPXP�ZDYHOHQJWKV��DUH�SUHVHQWHG�LQ�WKH�LQGLYLGXDO�JUDWLQJ�VHFWLRQV�LQ� �&KDSWHU���

6FDQQHG�)LUVW�2UGHU�*UDWLQJV�)LJXUH������ 63
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6FDQQHG�(FKHOOH�*UDWLQJV�)LJXUH������

������&URVV�2YHU�5HJLRQV
,Q�WKH�QHDU�XOWUDYLROHW��189���ZKHUH�WKH�&&'�KDV�FRPSDUDEOH�VHQVLWLYLW\�WR�WKH� ��LW�PD\�EHNUV-MAMA
PRUH�DGYDQWDJHRXV�WR�XVH�WKH� �RU� JUDWLQJV�ZLWK�WKH�&&'�LQVWHDG�RI�WKH� �DQG�G230LB G230MB G230L

�JUDWLQJV�ZLWK�WKH�0$0$��$GYDQWDJHV�LQFOXGH�LPSURYHG�WKURXJKSXW�GRZQ�WR�DW�OHDVW���������DG230M
ODUJHU�VOLW�OHQJWK��DQG�QR�UHVWULFWLRQV�RQ�EULJKW�REMHFWV��VHH� �DQG� ���2Q�WKH�RWKHU)LJXUH���� &KDSWHU���
KDQG�� WKH� &&'� KDV� UHDG� QRLVH�� FRVPLF� UD\� VHQVLWLYLW\�� KRW� SL[HOV�� DQG� FKDUJH� WUDQVIHU� HIILFLHQF\
ORVVHV��$OVR��IRU� �REMHFWV��VFDWWHUHG�OLJKW�FDQ�EH�PRUH�RI�D�SUREOHP�ZLWK�WKH�UHG�VHQVLWLYH�&&'�WKDQUHG
ZLWK�WKH�VRODU�LQVHQVLWLYH� �VHH� ��b)RU�D�VRODU�W\SH�VSHFWUXP��&&'�GDWD�DWNUV-MAMA 67,6�,65��������
ZDYHOHQJWKV�VKRUWHU�WKDQ�����b��DUH�GRPLQDWHG�E\�VFDWWHUHG�OLJKW�

������1HXWUDO�'HQVLW\�6OLWV�IRU�6SHFWURVFRS\
7KH�XVH� RI� WKH� �� �� DQG� � QHXWUDO� GHQVLW\� VOLWV� DUH� VXSSRUWHG�ZLWK31X0.05NDA 31X0.05NDB 31X0.05NDC
ERWK� WKH�0$0$�ILUVW�RUGHU�DQG�HFKHOOH�JUDWLQJV��7KHVH�VOLWV�DUH�QRPLQDOO\�����������DUFVHFRQGV� LQ
VL]H��KDYH�WKURXJKSXW�UHGXFWLRQ�IDFWRUV�RI�URXJKO\��������DQG�����UHVSHFWLYHO\��DQG�DUH�LPSOHPHQWHG
LQ� ERWK� $37� DQG� WKH� 67,6� �� $W� WKLV� WLPH�� WKHLU� XVH� ZLWK� WKH� � UHPDLQV� �DYDLODEOH�EXW�(7& PRISM
XQVXSSRUWHG���$GGLWLRQDO�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ� ���;����1'�$�&��$SHUWXUHV
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����)LUVW�2UGHU�/RQJ�6OLW�6SHFWURVFRS\
������*UDWLQJV�IRU�)LUVW�2UGHU�6SHFWURVFRS\
������6OLWV�IRU�)LUVW�2UGHU�6SHFWURVFRS\
������67,6�3VHXGR�$SHUWXUH�3RVLWLRQV
������'HWDLOHG�)LUVW�2UGHU�6SHFWURVFRSLF�,QIRUPDWLRQ

67,6�ILUVW�RUGHU�PRGH�ORQJ�VOLW�VSHFWURVFRS\�KDV�D�ZLGH�REVHUYLQJ�UDQJH�IURP�WKH�QHDU�LQIUDUHG��1,5�
WKURXJK�WKH�RSWLFDO�DQG�LQWR�WKH�89�� �VKRZV�DQ�HDUO\�67,6�UHVXOW�PHDVXULQJ�WKH�EODFN�KROH)LJXUH����
PDVV�LQ�WKH�QXFOHXV�RI�D�QHDUE\�JDOD[\�

*UH\VFDOH� 5HSUHVHQWDWLRQ� RI� 67,6� *���0� ��;���� /RQJ�6OLW� 6SHFWUXP� RI� WKH)LJXUH� ����� 66



*UH\VFDOH� 5HSUHVHQWDWLRQ� RI� 67,6� *���0� ��;���� /RQJ�6OLW� 6SHFWUXP� RI� WKH)LJXUH� �����
1XFOHDU�5HJLRQ�RI�0���

7KLV� ILJXUH� VKRZV� WKH� YHORFLW\� VWUXFWXUH� RI� WKH�+ �� >1b @�� DQG� >6b @� HPLVVLRQ� OLQHV� LQ� WKH� LQQHU͆ II II
JDVHRXV�GLVN��7KH�FRQWLQXXP�KDV�EHHQ�VXEWUDFWHG�IURP�WKH�GDWD��DQG�WKH\�KDYH�EHHQ�UHQRUPDOL]HG�
�)LJXUH�FRXUWHV\�RI�*DU\�%RZHU�DQG�5LFKDUG�*UHHQ��VHH�DOVR�%RZHU�HW�DO�������� �� ��/�����$S- ���

������*UDWLQJV�IRU�)LUVW�2UGHU�6SHFWURVFRS\
7KHUH�DUH���� ILUVW�RUGHU�JUDWLQJV�DYDLODEOH� IRU� ORQJ�VOLW� VSHFWURVFRS\��SURYLGLQJ� UHVROYLQJ�SRZHUV�RI
a����������IURP�WKH�89�DW�����b��WKURXJK�WKH�1,5�DW�a������b���7KH�ZDYHOHQJWK�FRYHUDJH�DQG
NLQHPDWLF�UHVROXWLRQ�RI�WKH�ILUVW�RUGHU�JUDWLQJV�DUH�VXPPDUL]HG�LQ� ��%ULHIO\�)LJXUH����

)RU�UHVROXWLRQV�RI�a����NP�V�XVH�
*���/�DW������������
*���/��0$0$��RU� ��&&'��DW������������*���/%
*���/�DW������������
*���/�DW��������������

)RU�UHVROXWLRQV�RI�a���NP�V�XVH�
*���0�DW������������
*���0��0$0$��RU�*���0%��&&'��DW������������
*���0�DW������������
*���0�DW��������������
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:DYHOHQJWK�&RYHUDJH�9HUVXV�.LQHPDWLF�5HVROXWLRQ�RI�)LUVW�2UGHU�0RGHV�)LJXUH������

7KH�KDWFKHV�LQGLFDWH�WKH�ZDYHOHQJWK�FRYHUDJH�DW�D�VLQJOH�VFDQ�VHWWLQJ�

������6OLWV�IRU�)LUVW�2UGHU�6SHFWURVFRS\
6XSSRUWHG� IRU� XVH� ZLWK� WKH� ILUVW�RUGHU� JUDWLQJV� DUH� ORQJ� VOLWV� RI� ZLGWKV� ������ ����� ����� ���� DQG
���bDUFVHFRQGV��LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ���DQG�OHQJWKV�RI���bDUFVHFRQGV��DV�SURMHFWHG�RQ�WKH�&&'
GHWHFWRU��RU���bDUFVHFRQGV��DV�SURMHFWHG�RQ�WKH�0$0$�GHWHFWRUV��IRU�WKH�0$0$�ORZ�UHVROXWLRQ��ILUVW�
RUGHU� JUDWLQJV� � � DQG� �� DQG� ��b DUFVHFRQGV� IRU� WKH�0$0$� LQWHUPHGLDWH�UHVROXWLRQ�� ILUVW�G230L G140L

RUGHU�JUDWLQJV�� �DQG� �� b�1RWH�WKDW�WKH����bDUFVHFRQG�ZLGWK�PDWFKHV�WKH��bSL[HO�UHVROXWLRQG230M G140M �

RI� WKH�&&'��ZKLOH� WKH� ����� DUFVHFRQG�ZLGWK� GRHV� VR� IRU� WKH�0$0$V�� SURYLGLQJ�PD[LPXP� VSHFWUDO
UHVROXWLRQ��7KH�����DUFVHFRQG�ZLGH�VOLW� LV�WKH�JHQHUDO�XWLOLW\�VOLW�XVHG�PRVW�RIWHQ��LW�SURYLGHV�D�JRRG
FRPSURPLVH� EHWZHHQ� UHVROXWLRQ� DQG� WKURXJKSXW�� 3URJUDPV� UHTXLULQJ� DFFXUDWH� DEVRUSWLRQ� OLQH
PHDVXUHPHQWV� LQ� FRQWLQXXP� VRXUFHV� VKRXOG� DOZD\V� XVH� VOLWV� RI� ZLGWKV� ���b DUFVHFRQG�� VLQFH� IRU೯
ODUJHU�DSHUWXUHV�WKH�VSHFWUDO�SXULW\�LV�VLJQLILFDQWO\�GHJUDGHG�E\�WKH�WHOHVFRSH�SOXV�LQVWUXPHQWDO�SRLQW
VSUHDG�IXQFWLRQ��36)���VHH� ��)LQDOO\��ZH�H[SHFW�WKH�ZLGHU�����DQG����bDUFVHFRQG�VOLWV�WR�EH6HFWLRQ�����
XVHG�SUHGRPLQDQWO\� LQ� SKRWRQ�VWDUYHG�89�REVHUYDWLRQV�RI� H[WHQGHG� VRXUFHV�� EXW� SURYLGH� WKHP� IRU
XVH�LQ�WKH�RSWLFDO�DV�ZHOO�WR�DVVXUH�WKDW�OLQH�UDWLR�VWXGLHV�ZLWK�FRYHUDJH�IURP�WKH�89�WR�WKH�RSWLFDO�FDQ
VDPSOH�WKH�VDPH�SK\VLFDO�UHJLRQ�RQ�WKH�VN\��$GGLWLRQDOO\��WKH\�DUH�WKH�PRVW�SKRWRPHWULF�VOLWV�DV�WKHLU
WKURXJKSXW� LV� OHDVW� DIIHFWHG� E\� FHQWHULQJ� DQG� WHOHVFRSH� EUHDWKLQJ�� 2I� FRXUVH�� REVHUYDWLRQV� RI�

�VRXUFHV�ZLWK�ZLGH�VOLWV�ZLOO�KDYH�FRUUHVSRQGLQJO\�GHJUDGHG�VSHFWUDO�UHVROXWLRQV��VHH�H[WHQGHG 7DEOH
�DQGb ������� 7DEOH������
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7KH� ILUVW�RUGHU�JUDWLQJV�FDQ�DOVR�EH�XVHG��VOLWOHVV�� WR�REWDLQ� WZR�GLPHQVLRQDO�VSHFWUD�RI� WDUJHWV��RU
SVHXGR��LPDJHV���6OLWOHVV�VSHFWURVFRSLF�GDWD�ZLOO�QRW�EH�IXOO\�FDOLEUDWHG�E\�WKH�676F,�SLSHOLQH��DQG�LW
ZLOO� UHTXLUH� GLUHFWHG� SRVW�REVHUYDWLRQ� GDWD� SURFHVVLQJ� E\� WKH� XVHU�� DV� DPELJXRXV� RYHUODS� RI
ZDYHOHQJWKV� IURP�GLIIHUHQW�SDUWV�RI� VRXUFHV�FDQ�RFFXU� LQ� WKH� LPDJH� �VHH� ���6HFWLRQ����� )LJXUH����
VKRZV� DQ� H[DPSOH� RI� WKH� XVH� RI� WKH� � VOLW� ZLWK� WKH� � JUDWLQJ� WR� REWDLQ� VXFK� D� VHULHV� RI52X2 G750M
HPLVVLRQ�OLQH�LPDJHV�RI�61����$�

67,6�*���0����������;��6SHFWUDO�,PDJH�RI�61����$�)LJXUH������ 69



67,6�*���0����������;��6SHFWUDO�,PDJH�RI�61����$�)LJXUH������

7KLV� VKRZV� WKH� LPDJHV�RI� WKH� LQQHU� FLUFXPVWHOODU� ULQJ� LQ� >2b @��+ �� >1b @�� DQG� >6b @��'LIIXVH�+I ͆ II II ͆
HPLVVLRQ�IURP�WKH�/0&�ILOOV�WKH���b ��VOLW��DQG�EURDG�+ �HPLVVLRQ�IURP�WKH�61�LV�DOVR�YLVLEOH��7KH�b ͆
FRQWLQXD�RI�VWDUV�SURGXFH�WKH�KRUL]RQWDO�EDQGV��7KH�LPDJH�VKRZQ�LV�D����b ����VXEVHFWLRQ�RI�WKH�b
����b �����LPDJH���)LJXUH�FRXUWHV\�RI�-DVRQ�3XQ�DQG�*HRUJH�6RQQHERUQ��VHH�DOVR�6RQQHERUQ�HW�DO��b
������ �� ��/�����$S- ���
1RWH� WKDW� IRU� WKH� � ILUVW�RUGHU�PRGHV�� WKH�SURMHFWLRQ�RI� WKH�VOLW� LPDJH�RQ� WKH�GHWHFWRU�KDVFUV-MAMA
GHOLEHUDWHO\� EHHQ� VKLIWHG� E\� a�������� ORZ�UHVROXWLRQ� SL[HOV� �RU� a����� DUFVHFRQGV�� EHORZ� FHQWHU
�YHUVXV�WKH�DERYH�FHQWHU�RIIVHW�XVHG�SULRU�WR�0DUFK������������WR�DYRLG�KDYLQJ�WKH�VSHFWUXP�IDOO�RQ
WKH�VKDGRZ�RI�WKH�UHSHOOHU�ZLUH��VHH�DOVRb �DQG� ���7KLV�VKLIW�DSSOLHV�WR�DOO�GDWD6HFWLRQ���� 6HFWLRQ�������
WDNHQ�ZLWK�WKH� �DQG� �JUDWLQJV��UHJDUGOHVV�RI�WKH�DSHUWXUH�XVHG�G140L G140M

1RWH�DOVR� WKDW� WKH�PRQWKO\�RIIVHWWLQJ�RI�0$0$�ILUVW�RUGHU�VSHFWUDO�PRGHV�FDQ�DGGLWLRQDOO\�VKLIW� WKH
SURMHFWLRQ� RI� WKH� VSHFWUXP� RQ� WKH� GHWHFWRU� E\� XS� WR� a �� ORZ�UHVROXWLRQ� � SL[HOV� �DERXWs� $;,6�
�b DUFVHFRQG��� 6HH� � IRU� IXUWKHU� GLVFXVVLRQ�� %HJLQQLQJ� LQ� &\FOH� ���� XVHUV� FDQ� UHTXHVW6HFWLRQ� ���
GLVDEOLQJ�WKH�PRQWKO\�RIIVHWV�DV�DQ�DYDLODEOH�EXW�XQVXSSRUWHG�PRGH�IRU�WKRVH�SURJUDPV�UHTXLULQJ�WKH
VWULFWHVW�FRQWURO�RI�LQVWUXPHQW�V\VWHPDWLFV�

7KH� �DSHUWXUH�LV�QRZ�VXSSRUWHG�IRU�XVH�ZLWK�DOO�ILUVW�RUGHU�JUDWLQJV��7KLV�LV�LQWHQGHG�WR�EH�XVHG���;���
IRU�REVHUYDWLRQV�ZKHUH�D� ORQJ�VOLW�PLJKW�DOORZ� OLJKW� IURP�DQRWKHU� WDUJHW� LQWR� WKH�DSHUWXUH�� WKHUHE\
FUHDWLQJ� HLWKHU� FRQWDPLQDWLRQ� SUREOHPV� RU� EULJKW� REMHFW� FRQFHUQV�� 1RWH�� KRZHYHU�� WKDW� WKH� XVH� RI
VXFK�D� VKRUW� VOLW�ZLOO�PDNH�EDFNJURXQG�VXEWUDFWLRQ�PRUH�GLIILFXOW��HVSHFLDOO\�DW�ZDYHOHQJWKV�ZKHUH
DLUJORZ�OLQHV�DUH�LPSRUWDQW�
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������67,6�3VHXGR�$SHUWXUH�3RVLWLRQV
$� QXPEHU� RI� �SVHXGR�DSHUWXUH�� SRVLWLRQV� KDYH� EHHQ� GHILQHG� IRU� 67,6� VSHFWURVFRS\��ZKLFK� DOORZ� D
WDUJHW�WR�EH�SODFHG�DW�SRVLWLRQV�RWKHU�WKDQ�WKH�JHRPHWULFDO�FHQWHU�RI�WKH�DSHUWXUH�ZLWKRXW�WKH�QHHG�WR
VSHFLI\�D� ��7KHVH�LQFOXGH�WKH�(��DQG�(��SRVLWLRQV��ZKLFK�SODFH�WKH�WDUJHW�FORVHU�WR�WKH�&&'POS�TARG
UHDGRXW�WR�PLQLPL]H�ORVVHV�GXH�WR�FKDUJH�WUDQVIHU� LQHIILFLHQF\��&7,���DQG�WKH�'��DSHUWXUH�SRVLWLRQV�
ZKLFK�FDQ�EH�XVHG�WR�SODFH�D�IDLQW�WDUJHW�QHDU�WKH�ERWWRP�RI�WKH� �GHWHFWRU��ZKHUH�WKH�GDUNFUV-MAMA
FXUUHQW�LV�VLJQLILFDQWO\�UHGXFHG��1RWH�WKDW�WKH�(��SRVLWLRQV�PD\�EH�XVHG�ZLWK�DQ\�ILUVW�RUGHU�67,6�&&'
JUDWLQJ��7KH�(��SRVLWLRQV�PD\�RQO\�EH�XVHG�ZLWK� �DQG� ��7KH�'��SRVLWLRQV�PD\�RQO\�EH�XVHGG750M G750L
ZLWK�WKH� �DQG� �JUDWLQJV��H[FHSW�IRU�WKH� �DQG� �SRVLWLRQV��ZKLFK�DUH�DOVRG140L G140M 52X0.1D1 52X0.05D1
VXSSRUWHG�IRU�&&'� �REVHUYDWLRQV��ACQ PEAK

+HUH�ZH�GHVFULEH�WKHVH�SVHXGR�DSHUWXUH�ORFDWLRQV�DQG�WKHLU�LQWHQGHG�SXUSRVHV��1RWH�WKDW�DOO�RI�WKHVH
SVHXGR�DSHUWXUHV�GHILQH�QHZ�SRVLWLRQV�ZLWKLQ�H[LVWLQJ�DSHUWXUHV��$V�D�UHVXOW��WKH� �NH\ZRUGAPERTURE
LQ�WKH�KHDGHUV�RI�WKH�DUFKLYHG�GDWD�ZLOO�FRQWDLQ�WKH�QDPH�RI�WKH�SDUHQW�DSHUWXUH��ZKLOH�WKH�PROPAPER
NH\ZRUG�ZLOO�FRQWDLQ�WKH�DSHUWXUH�QDPH�VSHFLILHG�LQ�WKH�3KDVHb�,,�SURSRVDO��)RU�H[DPSOH��LI�WKH�3KDVH
,,�SURSRVDO�UHTXHVWV�WKH� �SRVLWLRQ��WKH� �NH\ZRUG�ZLOO�EH�VHW�WR� ��ZKLOH�WKH�52X0.1D1 APERTURE 52X0.1

�NH\ZRUG�ZLOO�EH� �PROPAPER 52X0.1D1

(��$SHUWXUH�3RVLWLRQV�WR�'HFUHDVH�&7(�/RVV

$V� WKH� 67,6� &&'� GHWHFWRU� KDV� DFFXPXODWHG� UDGLDWLRQ� GDPDJH� RYHU� WLPH�� WKH� &KDUJH� 7UDQVIHU
(IILFLHQF\��&7(��KDV�GHFUHDVHG��VHH� ���)RU�IDLQW�VRXUFHV�REVHUYHG�QHDU�WKH�FHQWHU�RI�WKH6HFWLRQ������
&&'�GHWHFWRU��WKLV�FDQ�UHVXOW�LQ�WKH�ORVV�RI�����RU�PRUH�RI�WKH�GHWHFWHG�VLJQDO�GXULQJ�WKH�UHDGRXW��
6LQFH�WKH�DPRXQW�RI�WKHVH�&7(�ORVVHV�GHSHQGV�RQ�ERWK�WKH�REVHUYHG�VLJQDO�DQG�EDFNJURXQG�FRXQW�
WKH\�FDQ�VLJQLILFDQWO\�DIIHFW�WKH�VKDSH�RI�D�PHDVXUHG�VSHFWUXP��7KH�67,6�SLSHOLQH�FXUUHQWO\�FRUUHFWV

&7(�DOVR�UHVXOWV�LQ�D�YDOXHIRU�&7(�ORVVHV�XVLQJ�DQ�HPSLULFDO�FRUUHFWLRQ�GHVFULEHG�LQ�67,6�,65����������
IRU�WKH�HIIHFWLYH�GDUN�FXUUHQW�WKDW�LV�DERXW�����ODUJHU�DW�WKH�FHQWHU�RI�WKH�GHWHFWRU�WKDQ�LW�LV�QHDU�WKH
(��SRVLWLRQV��VHHb ���7R�FRPEDW�WKHVH�HIIHFWV��WKH�67,6�WHDP�KDV�DOVR�FUHDWHG�D�VWDQG�DORQH)LJXUH����
VRIWZDUH�SDFNDJH� WR�DSSO\�SL[HO�EDVHG�&7(� ORVV�FRUUHFWLRQV� WR�&&'�GDWD��0RUH� LQIRUPDWLRQ�FDQ�EH
IRXQG�LQ�67,6�,65V� �DQG� �b $W�SUHVHQW�������� ������� ��DQG�WKHb �b6HFWLRQ������ &7(�FRUUHFWLRQ�ZHESDJH
WKHVH�SL[HO�EDVHG�FRUUHFWLRQV�DUH�QRW�DXWRPDWLFDOO\�DSSOLHG�LQ�WKH�676F,�67,6�GDWD�SLSHOLQH�

&7(�HIIHFWV�FDQ�DOVR�EH�VLJQLILFDQWO\�DPHOLRUDWHG�E\�PRYLQJ�WKH�ORFDWLRQ�RI�WKH�VRXUFH�LPDJH�RQ�WKH
GHWHFWRU�FORVHU�WR�WKH�DPSOLILHU��WKHUHE\�UHGXFLQJ�WKH�QXPEHU�RI�SDUDOOHO�WUDQVIHUV�WKDW�RFFXU�GXULQJ
WKH�UHDGRXW��7R�WKLV�HQG��VR�FDOOHG�(��DSHUWXUH�SRVLWLRQV�� �� �� �� �52X0.05E1 52X0.1E1 52X0.2E1 52X0.5E1
DQG� ��KDYH�EHHQ�GHILQHG�QHDU�URZ�����RQ�WKH�67,6�&&'�GHWHFWRU�IRU�XVH�ZLWK�WKH�67,6�ILUVW�52X2E1
RUGHU�JUDWLQJV��7KH�XVH�RI�WKHVH�DSHUWXUH�SRVLWLRQV�LV�VWURQJO\�UHFRPPHQGHG�IRU�WKH�REVHUYDWLRQ�RI
IDLQW�VRXUFHV��)RU�KLJK�VLJQDO�WR�QRLVH�REVHUYDWLRQV�RI�EULJKW�WDUJHWV�ZH�UHFRPPHQG�FRQWLQXLQJ�WR�XVH
WKH� UHJXODU� DSHUWXUH� SRVLWLRQV� QHDU� WKH� FHQWHU� RI� WKH� GHWHFWRU�� ([WHQVLYH� FDOLEUDWLRQ� REVHUYDWLRQV
ZHUH�SHUIRUPHG�GXULQJ�&\FOHVb���DQGb���WR�HQVXUH�WKDW�WKH�FDOLEUDWLRQ�DW�WKH�(��DSHUWXUH�SRVLWLRQV�LV
RI�WKH�VDPH�TXDOLW\�DV�LW�LV�IRU�VRXUFHV�REVHUYHG�DW�WKH�XVXDO�ORFDWLRQ�RQ�WKH�67,6�&&'��7KHUH�DUH�RQ�

)XUWKHUJRLQJ� IOX[� PRQLWRULQJ� SURJUDPV� FRQWLQXH� WR� REWDLQ� VSHFWUD� DW� (�� WR� WUDFN� DQ\� FKDQJHV��
LQIRUPDWLRQ�UHJDUGLQJ�WKH�XVH�RI�WKH�(��DSHUWXUH�SRVLWLRQV�FDQ�EH�IRXQG�LQ� �6HFWLRQ������
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(��$SHUWXUH�3RVLWLRQV�IRU�%HWWHU�)ULQJH�)ODWV

,Q�������WKH�(��DSHUWXUH�SRVLWLRQV�ZHUH�LQWURGXFHG�WR�DOORZ�ILUVW�RUGHU�&&'�VSHFWUD�WR�EH�SRVLWLRQHG
DW�URZ�����QHDU�WKH�&&'�UHDGRXW�DPSOLILHU��ZKHUH�WKH�&KDUJH�7UDQVIHU�(IILFLHQF\��&7(��LV�KLJKHU�WKDQ
DW�WKH�VWDQGDUG�SRVLWLRQV��7KLV�ZRUNV�ZHOO��KRZHYHU��IRU� �DQG� �VSHFWUD�WDNHQ�QHDU�URZ�����G750L G750M
WKH�IULQJH�IODWV�KDYH�WR�EH�GRQH�XVLQJ�WKH� �DSHUWXUH�UDWKHU�WKDQ�WKH� �DSHUWXUH��ZKLFK52X0.1 0.3X0.09
LV�XVXDOO\�XVHG�IRU�IULQJH�IODWV�QHDU�WKH�FHQWHU�RI�WKH�GHWHFWRU��VHH� �IRU�D�PRUH�GHWDLOHG6HFWLRQ�������
GLVFXVVLRQ�RI�LQIUDUHG�>,5@�IULQJH�IODWV���8QIRUWXQDWHO\��WKH� �VOLW�LV�VKLIWHG�E\�DERXW�RQH�SL[HO�LQ52X0.1
WKH� GLVSHUVLRQ� GLUHFWLRQ� IURP� WKH� FHQWHUV� RI� WKH� ZLGHU� ORQJ� VOLWV�� 7KLV� PLVDOLJQPHQW� UHGXFHV� WKH
DFFXUDF\�RI�IULQJH�FRUUHFWLRQ�

7R� DGGUHVV� WKLV�� ZH� KDYH� GHILQHG� WKUHH� (�� DSHUWXUH� ORFDWLRQV�� �� �� DQG� �52X0.2E2 52X0.5E2 52X2E2
:KHQ�WKHVH�DSHUWXUHV�DUH�VSHFLILHG��WKH�WDUJHW�LV�SODFHG�RII�FHQWHU�LQ�WKH�VOLW��DW�D�SRVLWLRQ�FRLQFLGHQW
ZLWK� WKH� �DSHUWXUH��7KLV� LPSURYHV� WKH�PDWFK�EHWZHHQ� WKH� IULQJHV� LQ� WKH� WDUJHW�DQG� ODPS52X0.1E1
VSHFWUD�� %H� DZDUH�� KRZHYHU�� WKDW� WKH� � DSHUWXUH� SRVLWLRQ� LV� RIIVHW� VXIILFLHQWO\� IURP� WKH52X0.2E2
SK\VLFDO�FHQWHU�RI�WKH�DSHUWXUH�WKDW�WKHUH�ZLOO�EH�QRWLFHDEOH�FKDQJHV�LQ�WKH�DSHUWXUH�WKURXJKSXW�DQG
OLQH�VSUHDG�IXQFWLRQ�

7KHVH� � DSHUWXUH� SRVLWLRQV� VKRXOG� RQO\� EH� XVHG� IRU� � H[SRVXUHV� ZLWK� WKH� � RU�(� ACCUM G750L G750M
JUDWLQJV� ZKHQ� IULQJH� IODWV� ZLWK� WKH� DSHUWXUH� DUH� DOVR� EHLQJ� GRQH�� ,I� D� SHDNXS� LV� GHVLUHG52X0.1 
EHIRUH�XVLQJ�WKH� �DSHUWXUHV��WKH�SHDNXS�VKRXOG�EH�GRQH�XVLQJ�WKH� �DSHUWXUH�(� 52X0.1E1

'��$SHUWXUH�3RVLWLRQV�IRU�/RZ�)89�'DUN�&XUUHQW

7KH� �VXIIHUV� IURP�DQ� LUUHJXODU�GDUN�JORZ� WKDW�YDULHV�XQSUHGLFWDEO\� LQ� LQWHQVLW\��:KHQ� WKLVFUV-MAMA

JORZ�LV�DEVHQW��WKH�W\SLFDO�GDUN�UDWH�RI�WKH� �GHWHFWRU�LV�DERXW��b b�� FRXQWV�SL[�V��:KHQFUV-MAMA � ���

WKH�JORZ�LV�VWURQJ��LW�FDQ�HQKDQFH�WKH�GDUN�FXUUHQW�WR�DV�PXFK�DV��b b�� �FRXQWV�SL[�V�RYHU�D�ODUJH� ��

IUDFWLRQ�RI�WKH�GHWHFWRU��)RU�ILUVW�RUGHU�VSHFWUD��WKH�EHVW�ZD\�WR�PLQLPL]H�WKLV�H[WUD�GDUN�FXUUHQW�LV�WR
SXW�WKH�WDUJHW�DW�D�ORFDWLRQ�RQ�WKH�GHWHFWRU�ZKHUH�WKH�H[WUD�GDUN�FXUUHQW�LV�VPDOO�

)RU�ILUVW�RUGHU�VSHFWUD�RI�IDLQW�VRXUFHV�OHVV�WKDQ�DERXW���DUFVHFRQG�LQ�DQJXODU�H[WHQW��ZH�UHFRPPHQG
WKDW�WKLV�EH�GRQH�E\�SODFLQJ�WKH�WDUJHW�VHYHUDO�DUFVHFRQGV�DERYH�WKH�ERWWRP�HGJH�RI�WKH�FUV-MAMA
GHWHFWRU��6LQFH�IRU�WKH� �DQG� �WKH�UHJXODU�DSHUWXUH�SRVLWLRQV�DUH�QRUPDOO\�SURMHFWHG�DERXW*���/ *���0
�����DUFVHFRQGV�EHORZ�WKH�FHQWHU��LQ�RUGHU�WR�DYRLG�WKH�VKDGRZ�RI�WKHb �UHSHOOHU�ZLUH���DQFUV-MAMA
DGGLWLRQDO�GLVSODFHPHQW�LV�UHTXLUHG�LQ�WKH�FURVV�GLVSHUVLRQ��RU�\��GLUHFWLRQ��7KLV�FDQ�UHGXFH�WKH�H[WUD
GDUN�FXUUHQW�E\�XS�WR�D�IDFWRU�RI����VHH� ���)RU� �REVHUYDWLRQV��WKH�GHIDXOW�'��SRVLWLRQ)LJXUH���� G140L
ZLOO�SODFH�WKH�VSHFWUXP�DERXW�����DUFVHFRQGV�DERYH�WKH�ERWWRP�HGJH�RI�WKH�GHWHFWRU��7KH�PRQWKO\
RIIVHWWLQJ� RI� WKH� VSHFWUDO� ORFDWLRQ� �VHH� �� ZLOO� VKLIW� WKLV� E\� DV� PXFK� DV� �b DUFVHFRQG�6HFWLRQ� ��� s
%HFDXVH� RI� WKH� ODUJHU� FURVV� GLVSHUVLRQ� SODWH� VFDOH� RI� WKH� �� YDULDWLRQV� RI� WKH� GHIDXOW� VSHFWUDOG140M
SRVLWLRQ�IRU�GLIIHUHQW� bYDOXHV��DQG�WKH�PRQWKO\�VSHFWUDO�RIIVHWWLQJ�� �VSHFWUD�WDNHQG140MbCENWAVE G140M
DW�WKH�'��DSHUWXUH�SRVLWLRQV�ZLOO�EH�ORFDWHG��bWR��bDUFVHFRQGV�DERYH�WKH�ERWWRP�HGJH�RI�WKH�FUV-MAMA
GHWHFWRU�

1RWH�WKDW�WKH�EDFNJURXQG�VXEWUDFWLRQ�PLJKW�EH�PRUH�GLIILFXOW�GXH�WR�WKH�SUR[LPLW\�WR�WKH�HGJH�RI�WKH
GHWHFWRU��GHSHQGLQJ�RQ�WKH�H[WHQW�RI�WKH�WDUJHW��7KHUHIRUH��XVH�RI�WKLV�SRVLWLRQ�LV�UHFRPPHQGHG�RQO\
IRU�REMHFWV�VXIILFLHQWO\�IDLQW�WKDW�WKH� �GDUN�FXUUHQW�LV�WKH�PDMRU�OLPLWDWLRQ�RQ�WKH�DFKLHYDEOHFUV-MAMA
DFFXUDF\�
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7KH� �DSHUWXUHV�OLVWHG�LQ�WKH� �DUH�VXSSRUWHG�IRU�ILUVW�RUGHU�VSHFWURVFRSLF� �RU�'� 7DEOH���� ACCUM TIME-TAG
REVHUYDWLRQV�ZLWK�WKH� �DQG� ��7KH� �DQG� �DSHUWXUHV�DUH�DOVR�VXSSRUWHGG140L G140M 52X0.1D1 52X0.05D1
IRU�&&'� � �REVHUYDWLRQV��1RWH�WKDW�WKH� �� ��DQG� �DSHUWXUH�ORFDWLRQVACQ PEAK 25MAMAD1 F25QTZD1 F25SRF2D1
DUH� LQWHQGHG� RQO\� IRU� ILUVW�RUGHU� )89�0$0$� VOLWOHVV� VSHFWURVFRS\�� 8VHUV� ZKR� ZLVK� WR� RIIVHW� IDLQW
LPDJLQJ�WDUJHWV�WR�DYRLG�WKH�ZRUVW�RI�WKH�)89�GDUN�FXUUHQW�VKRXOG�ORRN�DW� �RU�FRQVXOW�ZLWK)LJXUH�����
D�67,6�,QVWUXPHQW�6FLHQWLVW�YLD�WKHb �+HOS�'HVN
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7KH� �0HDQ�'DUN�&XUUHQW�)LJXUH������ )89�0$0$

7KH� �PHDQ�GDUN� FXUUHQW� �GRWWHG� OLQH�� DV�D� IXQFWLRQ�RI� WKH�GHWHFWRU� FROXPQ�QXPEHU� �LQ� DFUV-MAMA
VHYHQ�SL[HO�KLJK�H[WUDFWLRQ�ER[�QHDU�WKH�VWDQGDUG�H[WUDFWLRQ�SRVLWLRQ�ORFDWHG��bDUFVHFRQGV�EHORZ�WKH
GHWHFWRU�FHQWHU��LVbFRPSDUHG�ZLWK�WKDW�LQ�D�ER[�QHDU�WKH�'��SVHXGR�DSHUWXUH�SRVLWLRQ�����DUFVHFRQGV
IXUWKHU�GRZQ��VROLG�OLQH���7KH�GDWD�XVHG�DUH�DQ�DYHUDJH�RI�����GDUN�PRQLWRU�H[SRVXUHV��HDFK�RI�����
VHFRQGV��WDNHQ�EHWZHHQ�0D\������DQG�$XJXVW�������7KLV�LOOXVWUDWHV�WKH�W\SLFDO�UHGXFWLRQ�LQ�WKH�GDUN
FXUUHQW�DIIHFWLQJ� ILUVW�RUGHU�VSHFWUD�WKDW�ZLOO� UHVXOW� IURP�SXWWLQJ�WKH�WDUJHW���DUFVHFRQGV�DERYH�WKH
ERWWRP�RI�WKH�GHWHFWRU�

6HQVLWLYLW\�'LIIHUHQFHV�DW�WKH�3VHXGR�$SHUWXUH�3RVLWLRQV

7KH�WKURXJKSXWV�DW�WKH� �DQG� �SVHXGR�DSHUWXUHV��DV�IXQFWLRQV�RI�ZDYHOHQJWK��DUH�JHQHUDOO\�VLPLODUE1 D1
WR�WKRVH�DW�WKH�FRUUHVSRQGLQJ�QRPLQDO��FHQWUDO��SRVLWLRQV��+RZHYHU��WKHUH�LV�VRPH�YLJQHWWLQJ�RI�WKH
JUDWLQJV� WKDW� FKDQJHV� WKH� RYHUDOO� V\VWHP� WKURXJKSXW� VOLJKWO\�ZLWK� YDU\LQJ� SRVLWLRQ� DORQJ� WKH� ORQJ
VOLWV��$W�WKH� �SRVLWLRQV��WKH�RYHUDOO�ORZ�GLVSHUVLRQ�WKURXJKSXWV�DUH�GHFUHDVHG�E\������ZKLOH�DW�WKH�E1
�SRVLWLRQ�WKH�*���/bWKURXJKSXW�LV�LQFUHDVHG�E\������)RU�WKH�PHGLXP�UHVROXWLRQ�JUDWLQJ� bDWD1 G140M

WKH� �SRVLWLRQ��WKH�WKURXJKSXW�FKDQJHV�DUH�a���DW�������DQG�as����DW��������VHHbD1 ,65��������
��b2WKHU�*���0b&(1:$9(bYDOXHV�DUH�H[SHFWHG�WR�KDYH�WKURXJKSXW�GLIIHUHQFHV�FRPSDUDEOH�WR�WKH���
����UDQJH�PHDVXUHG�IRU�WKRVH�WZR�VHWWLQJV�b6LQFH�WKHVH�WKURXJKSXW�FKDQJHV�GR�QRW�GHSHQG�RQ�WKH
ZDYHOHQJWKbDORQH��EXW�DOVR�RQ�WKH�JUDWLQJ�DQG�WKH�SRVLWLRQ�RQ�WKH�GHWHFWRU��WKH\�DUH�KDQGOHG�LQ�WKH
SLSHOLQH� FDOLEUDWLRQ� E\� WKH� XVH� RI� ORZ�RUGHU� IODW� ILHOGV� �/)/7� ILOHV�� UDWKHU� WKDQ� E\� D� FKDQJH� LQ� WKH
DSHUWXUH�WKURXJKSXW�FXUYH��1RWH��KRZHYHU��WKDW�RQO\�*���/�KDV�WKLV�WKURXJKSXW�YDULDWLRQ�FRUUHFWHG
E\�LWV�/)/7�ILOH��7KH�/)/7�ILOHV�IRU� �PRGHV�DUH�FXUUHQWO\�VLQJOH�YDOXHG��YDOXH� ������HYHU\ZKHUH�G140M

7KH� WKURXJKSXW� RI� WKHb � DQG� � SRVLWLRQV� DUH� VLPLODU� WR� WKDW� RI� WKH� FRUUHVSRQGLQJ�52X2E2 52X0.5E2 E1
SRVLWLRQV�� )RU� WKH� � DSHUWXUH�� WKH� WKURXJKSXW� LV� DERXW� ���� ORZHU� WKDQ� IRU� WKH�52X0.2E2 52X0.2E1
SRVLWLRQ�
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*UDWLQJV�6XSSRUWHG�ZLWK�67,6�3VHXGR�DSHUWXUH�3RVLWLRQV�7DEOH������

3VHXGR�DSHUWXUH 6FLHQFH�*UDWLQJV 6XSSRUWHG�3HDN�XS�(OHPHQWV

52X0.05E1 &&'�ILUVW�RUGHU &&'�ILUVW�RUGHU��&&'�0LUURU

52X0.1E1 &&'�ILUVW�RUGHU &&'�ILUVW�RUGHU��&&'�0LUURU

52X0.2E1 &&'�ILUVW�RUGHU QRQH�� �UHFRPPHQGHG���;���(�

52X0.5E1 &&'�ILUVW�RUGHU QRQH

52X2E1 &&'�ILUVW�RUGHU QRQH

52X0.2E2 G750L, G750M QRQH�� �UHFRPPHQGHG�52X0.1E1

52X0.5E2 G750L, G750M QRQH

52X2E2 G750L, G750M QRQH

52X0.05D1 G140L, G140M &&'�ILUVW�RUGHU��&&'�0LUURU

52X0.1D1 G140L, G140M &&'�ILUVW�RUGHU��&&'�0LUURU

52X0.2D1 G140L, G140M QRQH

52X0.5D1 G140L, G140M QRQH

52X2D1 G140L, G140M QRQH

25MAMAD1 G140L, G140M QRQH

F25SRF2D1 G140L, G140M QRQH

F25QTZD1 G140L, G140M QRQH

������'HWDLOHG�)LUVW�2UGHU�6SHFWURVFRSLF�,QIRUPDWLRQ
7KH� SURSHUWLHV� RI� HDFK� RI� WKH� ILUVW�RUGHU� JUDWLQJV� DUH� GHVFULEHG� LQ� GHWDLO�� JUDWLQJ� E\� JUDWLQJ�� LQ�

��&KDSWHU��� �VHH�WKH�ILUVW�FROXPQ�RI 7DEOH���� ��IRU�OLQNV�WR�WKH�DSSURSULDWH�SDJH�IRU�HDFK�JUDWLQJ

7KH� GHWDLOHG� SURSHUWLHV� RI� WKH� ORQJ� VOLWV� �H�J��� WKURXJKSXWV� DQG� OLQH� VSUHDG� DV� IXQFWLRQV� RI
ZDYHOHQJWK���SODWH� VFDOHV�� DQG�HQFLUFOHG�HQHUJLHV� IRU� WKH� ILUVW�RUGHU�JUDWLQJV�DUH�SUHVHQWHG�XQGHU�

�� ��DQG� �6HFWLRQ����� 6HFWLRQ����� 6HFWLRQ�����

��7KH�0$0$�ILUVW�RUGHU�PRGHV�KDYH�YDU\LQJ�VSDWLDO�SODWH�VFDOHV��VHH� �&KDSWHU���
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����(FKHOOH�6SHFWURVFRS\�LQ�WKH�8OWUDYLROHW
������(FKHOOH�*UDWLQJV
������6OLWV�IRU�(FKHOOH�6SHFWURVFRS\
������'HWDLOHG�(FKHOOH�,QIRUPDWLRQ

$Q� H[DPSOH� RI� 67,6� � HFKHOOH� VSHFWURVFRS\� �ERWK� WKH� HFKHOOH� VSHFWUXP� DQG� D� IHZ� VDPSOHE230H
H[WUDFWHG�RUGHUV��RI�VWDU�&3'���'�����VKRZLQJ�WKH�LQWHUVWHOODU�DEVRUSWLRQ�IURP�WKH�&DULQD�1HEXOD�LV
JLYHQ�LQ� ���6HH�DOVR�:DOERUQ�HW�DO�������� �� ��/�����)LJXUH����� $S- ���

������(FKHOOH�*UDWLQJV
7KHUH�DUH�IRXU�HFKHOOH�JUDWLQJ�PRGHV�WKDW�SURYLGH�VSHFWURVFRSLF�FRYHUDJH�IURP�a�������WR��������DW
UHVROYLQJ�SRZHUV�IURP� �������WR� ab���������RU�HYHQ� ab��������ZLWK�WKH� �DSHUWXUH5bab 5bb 5b 0.1X0.03
DQG� VSHFLDOL]HG� GDWD� UHGXFWLRQ�� VHH� ��� 7KURXJK� VLPXOWDQHRXV� REVHUYDWLRQ� RI� PXOWLSOH6HFWLRQ� ����
RUGHUV��WKH\�DUH�GHVLJQHG�WR�PD[LPL]H�WKH�VSHFWUDO�FRYHUDJH�DFKLHYHG�LQ�D�VLQJOH�H[SRVXUH�RI�D�SRLQW
VRXUFH�� � EHORZ� VXPPDUL]HV� WKH�ZDYHOHQJWK� FRYHUDJH� DQG� NLQHPDWLF� UHVROXWLRQV� RI� WKH)LJXUH� ����
HFKHOOH�JUDWLQJV��,Q�VKRUW�

)RU�a���NP�V�UHVROXWLRQ�XVH�
E140M�DW������������
E230M�DW������������

)RU�a����NP�V�UHVROXWLRQ�XVH�
E140H�DW������������
E230H�DW������������
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(FKHOOH�:DYHOHQJWK�&RYHUDJH�YV��.LQHPDWLF�5HVROXWLRQ�)LJXUH�������

+DWFKHV� LQGLFDWH�ZDYHOHQJWK� FRYHUDJH� DW� D� VLQJOH� VFDQ� VHWWLQJ�� 7KH�GDVKHG� OLQH� VKRZV� WKH� E230H
FRYHUDJH��6HH� �DQG� �IRU�PRUH�GHWDLOV�7DEOH���� &KDSWHU���

������6OLWV�IRU�(FKHOOH�6SHFWURVFRS\
6KRUW�HFKHOOH�VOLWV��ZKLFK�HQVXUH�RUGHU�VHSDUDWLRQ��DUH�DYDLODEOH�IRU�XVH�ZLWK�WKH�HFKHOOH�JUDWLQJV��)RU
HDFK�PRGH�D�VKRUW�VOLW�RI�ZLGWK����bDUFVHFRQG�LV�SURYLGHG��DORQJ�ZLWK�D�VOLW�ZKRVH�ZLGWK�PDWFKHV�D
WZR� SL[HO� SURMHFWLRQ� LQ� WKH� GLVSHUVLRQ� GLUHFWLRQ�� HLWKHU� ����� DUFVHFRQG� IRU� WKH� +b PRGHV�� RU� ����
DUFVHFRQG�IRU�WKH�0bPRGHV�� ,Q�DGGLWLRQ��DQ�XOWUD�QDUURZ�VOLW�RI�ZLGWK�������DUFVHFRQG�� � LQ0.1X0.03
WKH� ��LV�VXSSRUWHG�ZLWK�DOO�RI�WKH�HFKHOOHV��IRU�WKH�KLJKHVW�VSHFWUDO�UHVROXWLRQ�RI3URSRVDO�,QVWUXFWLRQV
EULJKW�REMHFWV��$OVR��WZR�PXOWL�VOLWV�ZLWK�GLIIHUHQW�ZLGWKV��FDOOHG�WKH� �VOLWV��DUH�VXSSRUWHG�IRUFP-SPLIT
XVH�ZLWK�WKH�HFKHOOHV�WR�SURYLGH�RSWLPDOO\�SODFHG�PXOWLSOH�H[SRVXUHV�ZKLFK�PD[LPL]H�6�1��7KHLU�XVH
LV�GLVFXVVHG�LQ� �&KDSWHU���

$OWKRXJK�ZH�GR�QRW�UHFRPPHQG�URXWLQH�XVH��WKH�HFKHOOH�JUDWLQJV�FDQ�EH�XVHG�ZLWK�D�ORQJ�VOLW��WKH�
�VOLW��WR�REWDLQ�HFKHOOH�VSHFWURVFRS\�RI�H[WHQGHG�REMHFWV�ZLWK�ZHDN�FRQWLQXD��/RQJ�VOLW�HFKHOOH6X0.2

GDWD��KRZHYHU��ZLOO�QRW�EH�FDOLEUDWHG�E\�WKH�676F,�SLSHOLQH��DQG�WKH\�ZLOO�UHTXLUH�PRUH�H[WHQVLYH�SRVW�
REVHUYDWLRQ�SURFHVVLQJ�E\�WKH�XVHU�VLQFH�DPELJXRXV�RYHUODS�RI�ZDYHOHQJWKV�IURP�GLIIHUHQW�SDUWV�RI
VRXUFHV� ZLOO� RFFXU� LQ� WKH� LPDJH� �VHH� � LI� \RX� DUH� FRQVLGHULQJ� VXFK� REVHUYDWLRQV��� ,Q6HFWLRQ� ����
DGGLWLRQ�WR�WKH�VSHFWUDO�SXULW\�FRQVLGHUDWLRQV�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�PHQWLRQHG�DERYH�IRU�WKH�ILUVW�
RUGHU�JUDWLQJV��HFKHOOH�REVHUYDWLRQV�DUH�VXEMHFW�WR�FRQWDPLQDWLRQ�LQ�WKH�FURVV�GLVSHUVLRQ�GLUHFWLRQ�E\
VFDWWHUHG� OLJKW�� 7KLV� HIIHFW� LV� DJJUDYDWHG� WRZDUG� VKRUWHU�ZDYHOHQJWKV� DV� WKH� RUGHUV� EHFRPH�PRUH
FURZGHG�� &RQWLQXXP� VRXUFHV� VKRXOG� QRW� QRUPDOO\� EH� REVHUYHG� ZLWK� VOLW� OHQJWKV� JUHDWHU� WKDQ� ���
DUFVHFRQG�� DQG� HYHQ� WKHQ� VSHFLDO� GDWD� DQDO\VLV�PD\� EH� UHTXLUHG� WR� RSWLPL]H� WKH� DFFXUDF\� RI� WKH
UHVXOWV��6HH� �6HFWLRQ�����
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������'HWDLOHG�(FKHOOH�,QIRUPDWLRQ
7KH�SURSHUWLHV�RI�HDFK�RI�WKH�HFKHOOH�JUDWLQJV�DUH�GHVFULEHG�LQ�GHWDLO��JUDWLQJ�E\�JUDWLQJ��LQ�&KDSWHU���
��VHH�WKH�ILUVW�FROXPQ�RI� �IRU�OLQNV�WR�WKH�DSSURSULDWH�SDJH�IRU�HDFK�JUDWLQJ�7DEOH����

7KH� GHWDLOHG� SURSHUWLHV� RI� WKH� HFKHOOH� VOLWV� �H�J��� WKURXJKSXWV� DQG� OLQH� VSUHDGV� DV� IXQFWLRQV� RI
ZDYHOHQJWK���WKH�SODWH�VFDOHV��DQG�WKH�HQFLUFOHG�HQHUJLHV�IRU�WKH�HFKHOOH�PRGHV�DUH�SUHVHQWHG�XQGHU�

�� ��DQG� �6HFWLRQ����� 6HFWLRQ����� 6HFWLRQ�����
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����2EMHFWLYH�3ULVP�6SHFWURVFRS\

7KH� 67,6� � LV� XVHG� ZLWK� WKH� � DQG� SURYLGHV� VSHFWUD� IURP� ����� WR� ����b �� DWPRISM 67,6� NUV-MAMA
UHVROYLQJ�SRZHUV�RI�XS�WR�a�����LQ�WKH�)89�GHFOLQLQJ�WR�a���DW�RSWLFDO�ZDYHOHQJWKV��,Q�)LJXUH�����
ZH�FRPSDUH�D�GLUHFW� �LPDJH�RI�WKH�VWDU�FOXVWHU�1*&b����ZLWK�D� �H[SRVXUH�RI�WKH�VDPHNUV-MAMA PRISM
ILHOG�� 7KLV� H[DPSOH� LOOXVWUDWHV� WKH� SRZHU� RI� WKH� SULVP� PRGH� WR� VLPXOWDQHRXVO\� SURYLGH� VSHFWUD
FRYHULQJ�D�ZLGH�ZDYHOHQJWK�UDQJH�RI�PDQ\�REMHFWV�LQ�D�VLQJOH�ILHOG�RI�YLHZ��1RWH�WKDW�WKH�$&6�DOVR
KDV�WKH�FDSDELOLW\�RI�SHUIRUPLQJ�VOLWOHVV�89�VSHFWURVFRS\�

$V�FDQ�EH�VHHQ�LQ� ��DQ�189�REMHFWLYH�SULVP�VSHFWUXP�GRHV�QRW�FRYHU�WKH�IXOO�UDQJH�RI�WKH)LJXUH�����
GHWHFWRU�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ��,Q�PDQ\�FDVHV��WKHUH�ZLOO�EH�D�VLJQLILFDQW�QXPEHU�RI�FRXQWV�RQO\
RYHU�DQ�H[WHQW�RI�a����SL[HOV�GXH�WR�WKH�ODUJH�GLVSHUVLRQ�DQG�ORZ�VHQVLWLYLW\�DW�VKRUW�ZDYHOHQJWKV�
7KLV�FKDUDFWHULVWLF�FDQ�EH�DQ�DGYDQWDJH�RYHU�D�JUDWLQJ�VXFK�DV�WKH� �LQ�FURZGHG�ILHOGV��VLQFH�LWG230L
UHGXFHV�WKH�SRVVLELOLW\�RI�RYHUODS�EHWZHHQ�GLIIHUHQW�VRXUFHV�

7KH� �FDQ�EH�XVHG�DW�WZR�ZDYHOHQJWK�VHWWLQJV�������DQG�����b���7KHVH�DUH�DSSUR[LPDWHO\�WKHPRISM
ZDYHOHQJWKV�WKDW�ZLOO�OLH�DW�WKH�FHQWHU�RI� �RQ�WKH�GHWHFWRU�IRU�WKH�WZR�VHWWLQJV��7KH�UHODWLRQVKLS$;,6�
EHWZHHQ�ZDYHOHQJWK�DQG�SL[HO�QXPEHU�DORQJ�WKH�FHQWUDO�VSHFWUDO� WUDFH� LV�VKRZQ� LQ� � IRU)LJXUH�����
HDFK�VHWWLQJ��7KH�GLVSHUVLRQ�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�LV�VKRZQ�LQ� �IRU�HDFK�VHWWLQJ�)LJXUH�����

�LPDJH��OHIW��DQG�REMHFWLYH�SULVP�H[SRVXUH��ULJKW��RI�1*&�����)LJXUH�������NUV-MAMA

%HJLQQLQJ�LQ�&\FOH�����WKH�XVH�RI�WKH�67,6�35,60�ZLOO�EH�DQ�DYDLODEOH�EXW�XQVXSSRUWHG�PRGH
GXH� WR� WKH� JURZLQJ� XQFHUWDLQW\� RI� LWV� DEVROXWH� IOX[� FDOLEUDWLRQ� �VHH� ��6HFWLRQ� �����35,60
2EVHUYHUV� LQWHUHVWHG� LQ�XVLQJ� WKLV� RSWLFDO� HOHPHQW�ZKR� UHTXLUH�DEVROXWH� IOX[� FDOLEUDWLRQ�ZLOO
QHHG�WR�SODQ�WR�REVHUYH�WKHLU�RZQ�IOX[�VWDQGDUG�VWDU�
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�LPDJH��OHIW��DQG�REMHFWLYH�SULVP�H[SRVXUH��ULJKW��RI�1*&�����)LJXUH�������NUV-MAMA

7KHVH� LPDJHV�RI�1*&������ D� 6FDOHG�2%�$VVRFLDWLRQ��ZHUH� REWDLQHG�XQGHU�*2�SURJUDP������� 7KH
GLVSHUVLRQ�GLUHFWLRQ�LV�QHDUO\�SDUDOOHO�WR�WKH�[�D[LV�

:DYHOHQJWK�YV��3L[HO�1XPEHU�DORQJ�WKH�&HQWUDO�6SHFWUDO�7UDFH�IRU�WKH� �DW)LJXUH������� PRISM80



:DYHOHQJWK�YV��3L[HO�1XPEHU�DORQJ�WKH�&HQWUDO�6SHFWUDO�7UDFH�IRU�WKH� �DW)LJXUH������� PRISM
:DYHOHQJWK�6HWWLQJV������DQG��������

'LVSHUVLRQ�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU�WKH� �DW�:DYHOHQJWK�6HWWLQJV)LJXUH������� PRISM81



'LVSHUVLRQ�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU�WKH� �DW�:DYHOHQJWK�6HWWLQJV)LJXUH������� PRISM
��������VROLG��DQG���������GRW�GDVK��

7KH� �FDQ�EH�XVHG�ZLWK� WKH�FOHDU�0$0$�DSHUWXUH� � ��RU�ZLWK�HLWKHU� ORQJSDVV�89� ILOWHUHGPRISM 25MAMA
DSHUWXUH�� �RU� ��WR�SURYLGH�D���b ���DUFVHFRQG�ILHOG�RI�YLHZ��VHH�DOVR� �DQG�F25SRF2 F25QTZ �b )��65)�

���7KH� ORQJSDVV� ILOWHU� �EORFNV�JHRFRURQDO�/\PDQ� �����b��DQG�WKH� � ORQJSDVV)��47= F25SRF2 ͆ F25QTZ
ILOWHU�EORFNV�ERWK�JHRFRURQDO�/\PDQ� �DQG�JHRFRURQDO�2b ��������WULSOHW��VLJQLILFDQWO\�UHGXFLQJ�WKH͆ I
EDFNJURXQG�IURP�WKHVH�OLQHV��ZKLFK�LV�RWKHUZLVH�VSUHDG�WKURXJKRXW�WKH�LPDJH��DW�WKH�SULFH�RI�ORVLQJ
WKH�VKRUW�ZDYHOHQJWK� UDQJH�RI� WKH�VSHFWUXP�� ,Q�DGGLWLRQ�� WKH�QHXWUDO�GHQVLW\� ILOWHUV� � ��DUH7DEOH����
VXSSRUWHG�IRU� �VSHFWURVFRS\��DV�DUH�WKH� DQG� �ORQJ�VOLWV�PRISM �� �� �� ��52X0.05 52X0.1 52X0.2 52X0.5 52X2

2EVHUYHUV�ZLOO� JHQHUDOO\�ZDQW� WR� DOVR� REWDLQ� D� � RI� WKH� ILHOG�ZKHQ� WDNLQJ� DQ� REMHFWLYH�GLUHFW LPDJH
SULVP�VSHFWUXP��VR�WKH\�FDQ�ODWHU�GHWHUPLQH�WKH�FHQWHULQJ�RI�WKH�REMHFWV�LQ�WKHLU�SULVP�GDWD��%HFDXVH
WKH� �DQG�WKH�PLUURUV�XVHG� IRU� LPDJLQJ�DUH�ERWK� LQ� WKH�0RGH�6HOHFWLRQ�0HFKDQLVP��]HUR�SRLQWPRISM
VKLIWV�ZLOO�RFFXU�EHWZHHQ�WKH� �DQG�LPDJLQJ�GDWD��VHH�6HFWLRQ�������� ���)RUPRISM 6OLW�DQG�*UDWLQJ�:KHHOV
D�GLVFXVVLRQ�RI�WKH�REVHUYDWLRQV�QHHGHG�WR�PHDVXUH�WKHVH�VKLIWV��VHH� �6HFWLRQ�����

1RWH�WKDW�VOLWOHVV� �VSHFWURVFRS\�SURGXFHV�LPDJHV�LQ�ZKLFK��D�SULRUL��WKH�ZDYHOHQJWK�DW�DPRISM
JLYHQ� SL[HO� LV� QRW� NQRZQ�� DQG� VRXUFH�GHSHQGHQW� RYHUODS� RI� VSHFWUD� FDQ� RFFXU�� )RU� WKHVH
UHDVRQV�� VOLWOHVV� � VSHFWURVFRSLF� GDWD�ZLOO� QRW� EH� FDOLEUDWHG� DXWRPDWLFDOO\� E\� WKH�676F,PRISM
SLSHOLQH��,QVWHDG��XVHUV�ZLOO�KDYH�WR�UHGXFH�DQG�DQDO\]H�WKHLU�GDWD�RII�OLQH�
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&KDSWHU����,PDJLQJ
&KDSWHU�&RQWHQWV

����,PDJLQJ�2YHUYLHZ
����2SWLFDO�&&'�,PDJLQJ
����8OWUDYLROHW�,PDJLQJ�ZLWK�WKH�0$0$�'HWHFWRUV
����1HXWUDO�'HQVLW\�)LOWHUV
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����,PDJLQJ�2YHUYLHZ
������&DYHDWV�IRU�67,6�,PDJLQJ
������7KURXJKSXWV�DQG�/LPLWLQJ�0DJQLWXGHV
������6LJQDO�7R�1RLVH�5DWLRV
������6DWXUDWLRQ
������)XOO�ILHOG�6HQVLWLYLW\

67,6�FDQ�EH�XVHG�WR�REWDLQ�LPDJHV�RI�XQGLVSHUVHG�OLJKW�LQ�WKH�RSWLFDO�DQG�XOWUDYLROHW��89���:KHQ�67,6
LV�XVHG�LQ� LPDJLQJ�PRGH��WKH�DSSURSULDWH�FOHDU�RU�ILOWHUHG�DSHUWXUH�RQ�WKH�VOLW�ZKHHO� LV�URWDWHG�LQWR
SRVLWLRQ��DQG�D�PLUURU�RQ�WKH�0RGH�6HOHFWLRQ�0HFKDQLVP��060��LV�PRYHG�LQWR�SRVLWLRQ��VHH�)LJXUH����
��

7DEOH�����SURYLGHV�D�FRPSOHWH�VXPPDU\�RI�WKH�FOHDU�DQG�ILOWHUHG�DSHUWXUHV�DYDLODEOH�IRU�LPDJLQJ�ZLWK
HDFK�GHWHFWRU��,Q� �WKURXJK� �ZH�VKRZ�WKH�LQWHJUDWHG�V\VWHP�WKURXJKSXWV�bb)LJXUH���� )LJXUH�����

67,6�,PDJLQJ�&DSDELOLWLHV7DEOH������

$SHUWXUH�
1DPH

)LOWHU 3LYRW�:DYHOHQJWK ��
�͐ �LQ���F

):+0�
b��̪͐�LQ���

)LHOG�RI�9LHZ�
�DUFVHF ��

'HWHFWRU

9LVLEOH���SODWH�VFDOH�a���������DUFVHFRQGV�SHU�SL[HO��

50CCD &OHDU ���� ���� ��� ���� �STIS CCD

F28X50LP 2SW L FD O
ORQJSDVV

���� ���� ��� ���� � �STIS CCD

F28X50OIII >2� @III ����� bbb�� ��� ���� � �STIS CCD

F28X50OII >2� @II ���� bb��� ��� ���� � �STIS CCD

50CORON &OHDU���
FRURQDJUDSKLF
ILQJHUV

���� ���� ��� ���� �STIS CCD

8OWUDYLROHW���SODWH�VFDOH�a�������DUFVHFRQGV�SHU�SL[HO��

25MAMA
( ), NUV FUV

&OHDU ����
����

����
b����

��� ���� �STIS NUV-
MAMA

�STIS FUV-
MAMA

F25QTZ
( , NUV FUV
) 

89 � QHD U
ORQJSDVV

����
����

b����
b����

��� ���� �STIS NUV-
MAMA

�STIS FUV-
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F25SRF2
( , NUV FUV
) 

89�IDU�ORQJSDVV ����
����

����
b����

��� ���� �STIS NUV-
MAMA

�STIS FUV-
MAMA

F25MGII 0J�II ���� bbb��� ��� ���� �STIS NUV-
MAMA

F25CN270 &RQWLQXXP
a������

���� b���� ��� ���� �STIS NUV-
MAMA

F25CIII &� @III ���� b���� ��� ���� �STIS NUV-
MAMA

F25CN182 &RQWLQXXP
a������

���� b���� ��� ���� �STIS NUV-
MAMA

F25LYA /\PDQ�͆ ���� bbb��� ��� ���� �STIS FUV-
MAMA

1HXWUDO�'HQVLW\�)LOWHUHG�,PDJLQJ��

F25NDQ1
F25NDQ2
F25NDQ3
F25NDQ4
(Aperture
, 

, ) NUV  FUV

1' ����
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1' �� ��

1' ���

������������ ����� ����bb��
����� ������
����� ������
����� ����bb�

�STIS ALL

F25ND3
( , NUV FUV
) 

1' ��� ������������ ��� ���� �STIS ALL

F25ND5
( , NUV FUV
) 

1' ��� ������������ ��� ���� �STIS ALL

��6HH� �IRU�GHILQLWLRQ�RI�SLYRW�ZDYHOHQJWK�6HFWLRQ�������
�6HH� bIRU�GHILQLWLRQ�RI�):+0�� 6HFWLRQ�������
�7KH�&&'�SODWH�VFDOHV�GLIIHU�E\�a���LQ�WKH� �DQG� �GLUHFWLRQV��6HH� �� AXIS1 AXIS2 6HFWLRQ�����
� �LV����DUFVHF�� LV����DUFVHF��6HH� �DQG� �� AXIS2=Y AXIS1=X )LJXUH���� )LJXUH�����
�9DOXHV�JLYHQ�IRU�WKH� �ILOWHU�H[FOXGH�WKH�HIIHFWV�RI�WKLV�ILOWHU
V�UHG�OHDN�� F28X50OIII

� �LV����DUFVHF�� LV����DUFVHF��6HH� bDQG� �� AXIS2=Y AXIS1=X )LJXUH���� )LJXUH�����
� �LV����DUFVHF�� LV����DUFVHF��6HH� bDQG� �� AXIS2=Y AXIS1=X )LJXUH���� )LJXUH�����
� 7KH� 0$0$� SODWH� VFDOHV� GLIIHU� E\� a��� LQ� � DQG� � GLUHFWLRQV�� � XVHV� GLIIHUHQW� AXIS1 AXIS2 FUV-MAMA
PLUURUV�LQ�ILOWHUHG�YV��XQILOWHUHG�PRGHV��WKH�ILOWHUHG�PRGH�SODWH�VFDOH�KDV������PRUH�DUFVHF�SL[HO��6HH�

�6HFWLRQ�����
�7KH�QHXWUDO�GHQVLW\� ILOWHUV�ZLWK� WKH�&&'�GHWHFWRU� FDQ�RQO\�EH�XVHG�DV�DYDLODEOH�EXW�XQVXSSRUWHG�

DSHUWXUHV�
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WKH� OLJKW� IURP�D�SRLQW�VRXUFH� LV�FRQWDLQHG�ZLWKLQ�D��� ��SL[HO� UHJLRQ��$Q� LPDJH�RI�D� W\SLFDO�SRLQW�b
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7KH� �DSHUWXUH�LV�D�FOHDU��XQYLJQHWWHG�DSHUWXUH�ZKLFK�SURYLGHV�PD[LPXP�VHQVLWLYLW\�RYHU�WKH�IXOO50CCD
��b ���DUFVHFRQG�ILHOG�RI�YLHZ��7KH�VKDSH�RI�WKH�EDQGSDVV�LV�JRYHUQHG�E\�WKH�GHWHFWRU��ZKLFK�KDV�b
VHQVLWLYLW\�IURP�a�����WR�������b��� �VKRZV�WKH�WKURXJKSXW�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�IRU)LJXUH����
WKLV�LPDJLQJ�PRGH��VHH�DOVR� �IRU�VHQVLWLYLWLHV��VLJQDO�WR�QRLVH�SORWV��DQG�VDWXUDWLRQ�SORWV��&KDSWHU���

7KH�FRURQDJUDSKLF�DSHUWXUH� �FRQWDLQV�WZR�ZHGJHV�DQG�D�EDU�ZKLFK�FDQ�EH�XVHG�WR�RFFXOW�D50CORON
EULJKW�REMHFW��7KH�XQRFFXOWHG�SDUWV�RI�WKH�DSHUWXUH�DUH�FOHDU��DQG�VR�WKH�WKURXJKSXW�DV�D�IXQFWLRQ�RI
ZDYHOHQJWK� LV� WKH� VDPH� DV� IRU� WKH� � DSHUWXUH�� )XUWKHU� GHWDLOV� DERXW� WKLV� DSHUWXUH� DV�ZHOO� DV50CCD
DGYLFH�IRU�FRQGXFWLQJ�67,6�FRURQDJUDSKLF�REVHUYDWLRQV�DUH�JLYHQ�LQ�6HFWLRQ�������

������2SWLFDO�/RQJSDVV��F28X50LP
7KH�67,6� ORQJSDVV� ILOWHU�FXWV�RII�DW� b�b����b��� ,W� LPDJHV�D���b ���DUFVHFRQG�ILHOG�RI�YLHZ��7KH�͐ �b

�ILOWHU�LV�WKH�SULQFLSDO�WDUJHW�DFTXLVLWLRQ�DSHUWXUH��VHH� ���7KHF28X50LP 6HOHFWLQJ�WKH�,PDJLQJ�$SHUWXUH
LQWHJUDWHG�V\VWHP�WKURXJKSXW�IRU�WKLV� ILOWHU� LV�JLYHQ� LQ� ��VHH�DOVR�6HFWLRQ������)LJXUH���� &&'�/RQJ�

�IRU�VHQVLWLYLWLHV��VLJQDO�WR�QRLVH�SORWV��DQG�VDWXUDWLRQ�SORWV��3DVV�,PDJLQJ�)��;��/3

������> @��OIII F28X50OIII

7KLV� ILOWHU� LPDJHV�D���b ���DUFVHFRQG� ILHOG�RI�YLHZ�DQG�FDQ�EH�XVHG� LQ� WDUJHW�DFTXLVLWLRQV�RU� IRU�b
GLUHFW�LPDJLQJ�LQ�WKH�OLJKW�RI�> � @��7KH�> � @�ILOWHU�LQWHJUDWHG�V\VWHP�WKURXJKSXW�DQG�D�VLJQDO�WR�O III O III
QRLVH� FRPSDULVRQ� ZLWK� WKH�:)3&�� > � @� ILOWHU� DUH� VKRZQ� LQ� b �VHH� DOVR� 6HFWLRQ� �����O III )LJXUH� ���

�IRU�VHQVLWLYLWLHV��VLJQDO�WR�QRLVH�SORWV��DQG�VDWXUDWLRQ�SORWV���7KH�67,6�>2� @�ILOWHU)��;��2 ���&&'III III
LV�YHU\�QDUURZ��RQO\����b��ZLGH��FRPSDUHG�WR�WKH�:)&��>2� @�ILOWHU�ZKLFK�LV�URXJKO\���b��ZLGH��7KHIII
67,6� >2b @� ILOWHU� KDV� D� VXEVWDQWLDO� UHG� OHDN� WKDW� EHJLQV� DW� ������b �� DQG� FRQWLQXHV� WR� DW� OHDVWIII
������b���,Q�WKH�FDVH�RI�D�YHU\�UHG�VWDU��.��VSHFWUDO�W\SH���WKH�UHG�OHDN�ZLOO�FRQWULEXWH�DSSUR[LPDWHO\
RQH�WKLUG�RI�WKH�GHWHFWHG�FRXQWV��7KH�UHG�OHDN�IRU�WKLV�ILOWHU�LV�LQFOXGHG�LQ�WKH�SDVVEDQGV�XVHG�E\�WKH�

� DQG� �� 2EVHUYHUV� DUH� HQFRXUDJHG� WR� XVH� WKHVH� WRROV� WR� SUHGLFW� VRXUFH� DQG67,6� (7& V\QSKRW
EDFNJURXQG�FRXQW�UDWHV�FDUHIXOO\�
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������> @���O II F28X50OII

7KH�>2� @�ILOWHU�LPDJHV�D���b b���DUFVHFRQG�ILHOG�RI�YLHZ�DQG�FDQ�EH�XVHG�LQ�WDUJHW�DFTXLVLWLRQV�RUII �
IRU�GLUHFW�LPDJLQJ�LQ�WKH�OLJKW�RI�>2� @��7KH�>2� @�ILOWHU�LQWHJUDWHG�V\VWHP�WKURXJKSXW�DQG�D�VLJQDO�WR�II II
QRLVH�UDWLR�FRPSDULVRQ�ZLWK�:)3&�
V�>2� @�ILOWHU�DUH�VKRZQ�LQ� ��6HH�6HFWLRQ������II )LJXUH���� )��;��2

�IRU�VHQVLWLYLWLHV��VLJQDO�WR�QRLVH�DQG�VDWXUDWLRQ�SORWV����&&'II
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�/HIW�� ,QWHJUDWHG� 6\VWHP� 7KURXJKSXW� DQG� �ULJKW�� )OX[� YV�� ([SRVXUH� 7LPH� WR� DFKLHYH� D� VLJQDO�WR�
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����8OWUDYLROHW�,PDJLQJ�ZLWK�WKH�0$0$�'HWHFWRUV
������%ULJKW�2EMHFW�/LPLWV
������2SWLFDO�3HUIRUPDQFH
������8QILOWHUHG��&OHDU��0$0$�,PDJLQJ����0$0$
������)89�5HG�/HDN
������/RQJSDVV�)LOWHUHG�0$0$�,PDJLQJ��)��65)��DQG�)��47=
������0$0$�1DUURZ�%DQG�)LOWHUHG�,PDJLQJ

7KH� ILOWHUHG� DQG� FOHDU� DSHUWXUHV� DYDLODEOH� IRU� 89� LPDJLQJ� DUH� VXPPDUL]HG� LQ� �� $OWKRXJK7DEOH� ���
WKHUH�DUH�RQO\�D�VPDOO�QXPEHU�RI�ILOWHUV�DYDLODEOH��WKH�VRODU�EOLQG�DQG�VRODU�LQVHQVLWLYH�SURSHUWLHV�RI
WKH� �DQG� �GHWHFWRUV�� UHVSHFWLYHO\�� FRXSOHG�ZLWK� WKHLU���b ���DUFVHFRQG� ILHOG�RIFUV-MAMA NUV-MAMA �b
YLHZ��JRRG�VSDWLDO�VDPSOLQJ��DQG�DELOLW\�WR�GHWHFW�UDSLG�YDULDELOLW\��JLYH�67,6�89�LPDJLQJ�FDSDELOLWLHV
WKDW�DUH�FRPSOHPHQWDU\�WR�WKRVH�RI�$&6��7KH�WKURXJKSXWV�RI�WKH�67,6�0$0$�LPDJLQJ�PRGHV�DVVXPHG
IRU�WKLV� �DUH�PRVWO\�EDVHG�RQ�RQ�RUELW�FDOLEUDWLRQ�REVHUYDWLRQV�+DQGERRN

0RVW� ILJXUHV� DQG� WDEOHV� ZHUH� XSGDWHG� IRU� WKH� &\FOHb ��� YHUVLRQ� RI� WKLV� � XVLQJ� RXU� EHVW+DQGERRN
HVWLPDWHV� RI� LQVWUXPHQW� SHUIRUPDQFH� IRU� &\FOH� ���� ([FHSW� ZKHUH� RWKHUZLVH� QRWHG�� ZH� KDYH� QRW
UHGRQH�WKHVH�ILJXUHV�DQG�WDEOHV�WR�WDNH� LQWR�DFFRXQW�WKH�PRGHVW�FKDQJHV�H[SHFWHG�EHWZHHQ�WKRVH
SURMHFWHG�YDOXHV�DQG�WKH�HVWLPDWHV�IRU�WKH�FXUUHQW�F\FOH��7KHVH�WKURXJKSXWV�DUH�JRRG�WR�ZLWKLQ����LQ
WKH�)89�DQG�189�

7KH�WKURXJKSXWV�LQ�WKH� ��WKH�FDOLEUDWLRQ�UHIHUHQFH�ILOHV��DV�ZHOO�DV�WKRVH�XVHG�E\�67,6�(7& $VWURS\
V�
�SDFNDJH�ZLOO�FRQWLQXH�WR�EH�XSGDWHG�DV�IXUWKHU�DQDO\VLV�RI�WKH�FDOLEUDWLRQ�GDWD�FRQWLQXHV��$VV\QSKRW

RI� WKH�SXEOLFDWLRQ�RI� WKLV� �� WKH�VHQVLWLYLWLHV�XVHG� LQ� WKRVH�VRIWZDUH�SDFNDJHV�DUH�RXU�EHVW+DQGERRN
HVWLPDWHV�IRU�$SULO�������L�H���PLG�&\FOH�����

)LJXUH�����VKRZV�DQ�H[DPSOH�RI�0$0$�LPDJLQJ�GDWD�RI�D�JOREXODU�FOXVWHU�WDNHQ�DV�SDUW�RI�WKH�&\FOHb�
FDOLEUDWLRQ�RI�67,6�XVLQJ�WKH�TXDUW]�ILOWHU�DQG�WKH� �NUV-MAMA
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7KLV�LPDJH�ZDV�SDUW�RI�WKH�&\FOH���&DOLEUDWLRQ�0RQLWRULQJ�3URJUDP�������$OO�WKH�SRLQWV�DUH�VWDUV�

������%ULJKW�2EMHFW�/LPLWV
7KH� 0$0$� GHWHFWRUV� DUH� VXEMHFW� WR� DEVROXWH� EULJKW� REMHFW� OLPLWV�� DERYH� ZKLFK� WDUJHWV� FDQQRW� EH
REVHUYHG��7KH\�DUH�SDUWLFXODUO\�VWULQJHQW�IRU�WKH�0$0$�LPDJLQJ�PRGHV��EHLQJ�DV�IDLQW�DV�9 �����IRU
WKH�FOHDU�PRGHV���DQG�DSSO\�WR�DOO�VRXUFHV�LOOXPLQDWLQJ�WKH�ILHOG�RI�YLHZ�

:H�GLUHFW�0$0$�REVHUYHUV�WR� ��)RU�VXPPDU\�WDEOHV�RI�DEVROXWH�IRU�D�GHWDLOHG�GLVFXVVLRQ6HFWLRQ����
EULJKW�REMHFW�VFUHHQLQJ�PDJQLWXGHV�IRU�WKH�LPDJLQJ�PRGHV��VHH� �6HFWLRQ�����

,W� LV� WKH�REVHUYHUV
� UHVSRQVLELOLW\� WR�HQVXUH� WKDW� WKHLU�REVHUYDWLRQV�GR�QRW�H[FHHG�WKH�0$0$�EULJKW
REMHFW�OLPLWV�
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������2SWLFDO�3HUIRUPDQFH
7KH�0$0$�SODWH�VFDOH�LV�a�������DUFVHF�SL[�LQ�LPDJLQJ�PRGH��SURYLGLQJ�D�JRRG�FRPSURPLVH�EHWZHHQ
WKH� VDPSOLQJ� RI� WKH� 36)� LQ� WKH� 89� DQG� ILHOG� RI� YLHZ�� � VKRZV� HQFLUFOHG� HQHUJLHV� DV� D&KDSWHU� ��
IXQFWLRQ�RI�ZDYHOHQJWK�IRU�0$0$�LPDJLQJ��DQG�SURYLGHV�LQIRUPDWLRQ�RQ�WKH�JHRPHWULF�GLVWRUWLRQV�RI
WKH�LPDJHV��7KH�0$0$�GHWHFWRU�36)V�H[KLELW�EURDG�ZLQJV��ZKLFK�DUH�VXEVWDQWLDOO\�KLJKHU�LQ�WKH�NUV-

�WKDQ�WKH� �� �VKRZV�VDPSOH�GHWHFWRU�36)V�IRU�WKH�0$0$V�MAMA FUV-MAMA )LJXUH�����

������8QILOWHUHG��&OHDU��0$0$�,PDJLQJ��25MAMA
(DFK�0$0$�FDQ�EH�XVHG�ZLWK�WKH� �FOHDU�DSHUWXUH�WR�LPDJH�D��� b���DUFVHFRQG�ILHOG�RI�YLHZ�RI25MAMA b�
WKH�VN\��SURYLGLQJ�WKH�PD[LPXP�WKURXJKSXW�DQG�ZDYHOHQJWK�FRYHUDJH�LQ�WKH�189�DQG�)89�DV�VKRZQ
LQ� � DQG� �� +RZHYHU�� � FOHDU� GLUHFW� LPDJHV�ZLOO� EH� VOLJKWO\� RXW� RI� IRFXV)LJXUH� ��� )LJXUH� ��� NUV-MAMA
EHFDXVH�WKH�FRUUHVSRQGLQJ�PLUURU�RQ�WKH�060�RSWLPDOO\�IRFXVHV�IRU�XVLQJ�D�ILOWHU��,W�LV�UHFRPPHQGHG
WKDW� WKH� � ORQJSDVV� ILOWHU� �VHH� �� EH� XVHG� LQVWHDG� RI� � �FOHDU�� IRU� GLUHFWF25SRF2 6HFWLRQ� ����� 25MAMA
LPDJLQJ�ZLWK� WKH� �� 7KH� VDPH� GRHV� QRW� DSSO\� WR� WKH� �� ZKLFK� KDV� VHSDUDWH�060NUV-MAMA FUV-MAMA
PLUURUV�IRU�FOHDU�DQG�ILOWHUHG�LPDJLQJ�

7KH� VN\� EDFNJURXQG� FDQ� EH� VLJQLILFDQW� IRU� XQILOWHUHG� � REVHUYDWLRQV�� 7KH� VWURQJHVWFUV-MAMA

FRQWULEXWRU�LV�WKH�JHRFRURQDO�/\PDQ� �OLQH��*OREDO�FRXQW�UDWHV�RI�VHYHUDO��� �FRXQWV�V�RYHU�WKH�ZKROH͆ �

GHWHFWRU�DUH�QRW�XQXVXDO�GXULQJ�GD\WLPH�REVHUYDWLRQV��7KH�VDPH�DSSOLHV�WR�VOLWOHVV�)89�VSHFWURVFRS\�
)RU�REVHUYDWLRQV�RI�ODUJH��89�IDLQW�WDUJHWV��ZKHUH�EDFNJURXQG�VXEWUDFWLRQ�EHFRPHV�FULWLFDO��XQILOWHUHG
LPDJLQJ�PD\� LQWURGXFH� VLJQLILFDQW� QRLVH�� ,Q� DGGLWLRQ�� WKH�EDFNJURXQG�PD\�EH� YDULDEOH� GXULQJ� ORQJ
H[SRVXUHV��/RQJSDVV�ILOWHUHG�LPDJLQJ�PD\�EH�SURILWDEOH�LQ�WKLV�FDVH�

������)89�5HG�/HDN
*URXQG�PHDVXUHPHQWV� RI� WKH� � TXDQWXP�HIILFLHQF\� LQGLFDWHG� WKDW� LW� GURSSHG� GUDPDWLFDOO\FUV-MAMA
ORQJZDUG� RI� a����� ��� ZKLFK�ZRXOG� KDYH�PDGH� LW� HIIHFWLYHO\� VRODU� EOLQG�� ZKLOH� WKH� � DOVRNUV-MAMA
VKRZHG�D�UHGXFHG�UHVSRQVH�WRZDUG�WKH�UHG��ORQJZDUG�RI�a��������VHH� ��)LJXUH����

7KH�$&6�6%&��VRODU�EOLQG�FKDQQHO��KDV�EHHQ�NQRZQ�WR�KDYH�D�VLJQLILFDQWO\�ODUJHU�VHQVLWLYLW\�WR�RSWLFDO
SKRWRQV�WKDQ�SUH�ODXQFK�WHVWLQJ�KDG�LQGLFDWHG��6LQFH�WKH�67,6� � LV�YHU\�VLPLODU� LQ�GHVLJQ�WRFUV-MAMA
WKH�$&6�6%&��DYDLODEOH�GDWD�ZHUH�VFUXWLQL]HG�WR�GHWHUPLQH�ZKHWKHU�D�VLPLODU�UHG�OHDN�H[LVWHG�IRU�WKH
67,6�GHWHFWRU�

$� JRRG� WHVW� FDVH� ZDV� D� VHW� RI� REVHUYDWLRQV� RI� 6DWXUQ� ZKHUH� *���/�� *���/�� DQG� � 6)5�FUV-MAMA
LPDJLQJ�REVHUYDWLRQV�ZHUH�WDNHQ�LQ�WKH�VDPH�YLVLW��&RPSDULVRQ�RI�WKH�IOX[�OHYHOV�PHDVXUHG�LQ�WKHVH
REVHUYDWLRQV�VXJJHVW�WKDW�WKH�RSWLFDO�WKURXJKSXW�RI�WKH�67,6� �GHWHFWRU��DOWKRXJK�VWLOO�TXLWHFUV-MAMA
ORZ��LV�LQGHHG�VXEVWDQWLDOO\�KLJKHU�WKDQ�WKH�SUH�ODXQFK�PHDVXUHPHQW��%DVHG�XSRQ�WKHVH�REVHUYDWLRQV
DQG� WKH� HVWLPDWHG� ZDYHOHQJWK� GHSHQGHQFH� RI� WKH� RSWLFDO� WKURXJKSXW� IRU� WKH� 6%&�� D� SUHOLPLQDU\
UHYLVLRQ�WR�WKH� �LPDJLQJ�WKURXJKSXW�FXUYH�KDV�EHHQ�GHYLVHG��VHH� ���DQG�KDV�EHHQFUV-MAMA )LJXUH����
LQFRUSRUDWHG� LQWR� WKH� � LPDJLQJ� WKURXJKSXW� FXUYHV� VKRZQ� LQ� �� 1RWH� WKDW� WKLVFUV-MAMA &KDSWHU� ��
UHYLVLRQ�UHVXOWV�LQ�RQO\�WULYLDO�FKDQJHV�WR�WKH�IRUPDO�FDOFXODWLRQ�RI�EDQGSDVV�SDUDPHWHUV��DQG�VKRXOG
RQO\�DIIHFW� �LPDJLQJ�REVHUYDWLRQV�RI�YHU\�UHG�REMHFWV�FUV-MAMA
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LQFOXGH�WKH�HIIHFWV�RI�WKH�HVWLPDWHG�UHG�OHDN�
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2� ������ ��� ���� �����

%� ������ ��� ���� �����

$� ����� ��� ���� b�����

$� ����� ��� ���� b�����

)� ����� ��� ���� b�����

*� ����� ��� ���� b�����

.� ����� ��� ���� b�����

������/RQJSDVV�)LOWHUHG�0$0$�,PDJLQJ�� �DQG�F25SRF2 F25QTZ

7KH�LQWHJUDWHG�V\VWHP�WKURXJKSXWV�RI�WKH�WZR�89�ORQJSDVV�ILOWHUV�ZKHQ�XVHG�ZLWK�WKH� �DQG�NUV-MAMA
� DUH� VKRZQ� LQ� � DQG� � �IRU� VHQVLWLYLWLHV�� VLJQDO�WR�QRLVH� SORWV�� DQGFUV-MAMA )LJXUH� ��� )LJXUH� ���

VDWXUDWLRQ�SORWV�RI�)��65)��VHHb �DQG�� ��F25SRF2 NUV-MAMA��/RQJSDVV ��/RQJSDVV� ��F25SRF2 FUV-MAMA
� �DQG� ���7KH�ILOWHU��RQO\�DQG�RI�)��47=�VHH ��/RQJSDVV���F25QTZ NUV-MAMA ���F25QTZ FUV-MAMA��/RQJSDVV

WKURXJKSXWV�RI�WKHVH�WZR�ILOWHUV�DUH�VKRZQ�LQ� ��7KHVH�ILOWHUV�LPDJH�D���b ���DUFVHFRQG)LJXUH����� �b
ILHOG�RI�YLHZ��7KH�FXWRII�ZDYHOHQJWKV�RI� �DQG� �ZHUH�FKRVHQ�WR�H[FOXGH�D�bJHRFRURQDOF25SRF2 F25QTZ
/\PDQ� � ����� �� DQG� E�� 2b � ����� �� WULSOHW� DQG� 2� @� ����b ��� UHVSHFWLYHO\�� XVH� RI� WKHVH� ILOWHUV͆ I I
VLJQLILFDQWO\�UHGXFHV�WKH�WRWDO�VN\�EDFNJURXQG�LQ�WKH�89��7KHVH�ILOWHUV�FDQ�EH�XVHG�E\�WKHPVHOYHV�LQ
LPDJLQJ�PRGH��RU�ZLWK�WKH�SULVP�RU�DQ\�ILUVW�RUGHU�89�JUDWLQJ�LQ�VOLWOHVV�VSHFWURVFRSLF�REVHUYDWLRQV�
WR�UHGXFH�WKH�EDFNJURXQG�GXH�WR�JHRFRURQDO�HPLVVLRQ��VHH� �DQG� ���6HFWLRQ���� 6HFWLRQ����� F25SRF2
LPDJHV��FRPELQHG�ZLWK�LPDJHV�WDNHQ�LQ�VHULHV�ZLWK�WKH� �FOHDU��FDQ�DOVR�EH�XVHG�WR�FUV-MAMA 25MAMA
REWDLQ�/\PDQ� LPDJHV��VHH� �DQG�&OHDU�0LQXV�65)���͆� /\PDQ�$OSKD��F25LYA
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)��65)��DQG�)��47=�)LOWHU�2QO\�7UDQVPLVVLRQV�)LJXUH�������

������0$0$�1DUURZ�%DQG�)LOWHUHG�,PDJLQJ
7KH�ILOWHUV�IRU�0$0$�LPDJLQJ�LQFOXGH�

$�QDUURZ�EDQG� ILOWHU� � ��ZKLFK� LPDJHV� WKH�PDJQHVLXP�GRXEOHW�DW���������b���DQG�DF25MGII
PDWFKHG�PHGLXP�EDQG�FRQWLQXXP�ILOWHU�� ��FHQWHUHG�DW���������IRU�VHQVLWLYLWLHV��VLJQDO�F25CN270
WR�QRLVH�SORWV��DQG�VDWXUDWLRQ�SORWV��VHH�SDJHV� �DQG� ��)��0*,,���189�0$0$ ���F25CN270 NUV-MAMA
$�QDUURZ�EDQG�ILOWHU�� ��ZKLFK�LPDJHV�WKH�VHPL�IRUELGGHQ�&� @�OLQHV�DW���������b��F25CIII III
DPRQJ� WKH� VWURQJHVW� QHEXODU� �ORZ�GHQVLW\�� OLQHV� LQ� WKH� 89�� DQG� D� PDWFKHG� PHGLXP�EDQG
FRQWLQXXP� ILOWHU� � �� FHQWHUHG� DW� ����b �� �IRU� VHQVLWLYLWLHV�� VLJQDO�WR�QRLVH� SORWV�� DQGF25CN182
VDWXUDWLRQ�SORWV��VHH� �IRU� �DQG� �IRU� �����F25CIII NUV-MAMA F25CIII ���F25CN182 NUV-MAMA F25CN182
$�QDUURZ�EDQG�ILOWHU�� ��ZKLFK�LPDJHV�/\PDQ� ��WKLV�ILOWHU�KDV�D�UHODWLYHO\�ORZ�WKURXJKSXW�F25LYA ͆
DQG�ZH�UHFRPPHQG�WKDW�\RX�FRQVLGHU�� LQVWHDG��REWDLQLQJ�WZR� � LPDJHV��RQH�WKURXJKFUV-MAMA
WKH� � XQILOWHUHG�DSHUWXUH� DQG�D� VHFRQG�ZLWK� WKH�6U) � ORQJSDVV� ILOWHU�� 7KH�GLIIHUHQFH�RI25MAMA �

WKHVH� WZR� LPDJHV�ZLOO� LVRODWH� /\PDQ� �ZLWK�PXFK� KLJKHU� WKURXJKSXW� WKDQ� WKH� � ILOWHU�͆ F25LYA103



WKHVH� WZR� LPDJHV�ZLOO� LVRODWH� /\PDQ� �ZLWK�PXFK� KLJKHU� WKURXJKSXW� WKDQ� WKH� � ILOWHU�͆ F25LYA
$OWHUQDWLYHO\�� WKH�$&6�6%&�FDQ�EH�XVHG�ZLWK� WKH� � ILOWHU� �IRU�VHQVLWLYLWLHV�� VLJQDO�WR�QRLVHF122M
SORWV��DQG�VDWXUDWLRQ�SORWV�RI� ��VHH� ��F25LYA ��/\PDQ����F25LYA FUV-MAMA ͆

0J� ��II F25MGII

7KH� �ILOWHU�LPDJHV�D��� ���DUFVHFRQG�ILHOG�RI�YLHZ�LQ�WKH�OLJKW�RI�WKH�GRXEOHW�OLQHV�RI�0J�F25MGII b�b II
������DQG�����b���� �VKRZV�WKH� LQWHJUDWHG�V\VWHP�WKURXJKSXW� �VHH�DOVR�)LJXUH����� )��0*,,� ��189�

�IRU�VHQVLWLYLWLHV��VLJQDO�WR�QRLVH�SORWV��DQG�VDWXUDWLRQ�SORWV���7KHUH�LV�D�VXEVWDQWLDO�UHG�OHDN�LQ0$0$
WKLV� ILOWHU�VWDUWLQJ�DW�DSSUR[LPDWHO\�����b��DQG�H[WHQGLQJ�WR�DW� OHDVW�������b���)RU�VWHOODU�VSHFWUDO
W\SHVb2�DQGb%��OHVV�WKDQ����RI�WKH�GHWHFWHG�FRXQWV�ZLOO�EH�GXH�WR�UHG�OHDN��7KLV�SHUFHQWDJH�ULVHV�WR
���IRU�DQ�$�bVWDU��)RU�D�.�bVWDU������RI�WKH�FRXQWV�ZLOO�EH�GXH�WR�UHG�OHDN��7KH�UHG�OHDN�IRU�WKLV�ILOWHU
LV� LQFOXGHG� LQ� WKH�SDVVEDQGV�XVHG�E\�WKH� �DQG� ��2EVHUYHUV�DUH�HQFRXUDJHG�WR�XVH67,6�(7& V\QSKRW
WKHVH�WRROV�WR�SUHGLFW�VRXUFH�DQG�EDFNJURXQG�FRXQW�UDWHV�FDUHIXOO\�
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�������&RQWLQXXP��F25CN270

7KH��������FRQWLQXXP�ILOWHU�LPDJHV�D��� ���DUFVHFRQG�ILHOG�RI�YLHZ�DQG�FDQ�EH�XVHG�WR�PHDVXUHb�b
WKH�FRQWLQXXP�IRU�0J� �HPLVVLRQ�OLQH�LPDJHV��7KH� �ILOWHU�LQWHJUDWHG�V\VWHP�WKURXJKSXW�LVII F25CN270
VKRZQ� LQ� � �VHH� DOVR� � IRU� VHQVLWLYLWLHV�� VLJQDO�WR�QRLVH� SORWV�� DQG)LJXUH� ���� � ��F25CN270 NUV-MAMA
VDWXUDWLRQ�SORWV���7KHUH� LV�D�VXEVWDQWLDO� UHG� OHDN� LQ�WKLV� ILOWHU�VWDUWLQJ�DW�DSSUR[LPDWHO\�����b��DQG
H[WHQGLQJ�WR�DW�OHDVW�������b���)RU�D�.�bVWDU��URXJKO\�����RI�WKH�GHWHFWHG�FRXQWV�ZLOO�EH�GXH�WR�UHG
OHDN�� 7KH� UHG� OHDN� IRU� WKLV� ILOWHU� LV� LQFOXGHG� LQ� WKH� SDVVEDQGV� XVHG� E\� WKH� � DQG� �67,6� (7& V\QSKRW
2EVHUYHUV�DUH�HQFRXUDJHG�WR�XVH�WKHVH�WRROV�WR�SUHGLFW�VRXUFH�DQG�EDFNJURXQG�FRXQW�UDWHV�FDUHIXOO\�
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&� @��III F25CIII

7KH� �ILOWHU�LPDJHV�D��� ���DUFVHFRQG�ILHOG�RI�YLHZ�LQ�WKH�OLJKW�RI�&�,,,@�DW���������b���7KH�F25CIII b�b
� LQWHJUDWHG� V\VWHP� WKURXJKSXW� LV� VKRZQ� LQ� � �VHH� DOVR� � IRUF25CIII )LJXUH� ���� � ��F25CIII NUV-MAMA

VHQVLWLYLWLHV��VLJQDO�WR�QRLVH�SORWV��DQG�VDWXUDWLRQ�SORWV���7KH�RXW�RI�EDQG�VXSSUHVVLRQ�IRU�WKLV�ILOWHU�LV
IDLUO\�JRRG�

)��&� �DQG�)��&1����,QWHJUDWHG�6\VWHP�7KURXJKSXWV�)LJXUH������� III 106



)��&� �DQG�)��&1����,QWHJUDWHG�6\VWHP�7KURXJKSXWV�)LJXUH������� III

�������&RQWLQXXP��F25CN182

7KH��������FRQWLQXXP�ILOWHU�LPDJHV�D���� ���DUFVHFRQG�ILHOG�RI�YLHZ��DQG�FDQ�EH�XVHG�WR�PHDVXUH�b
WKH�FRQWLQXXP�IRU�&� @�HPLVVLRQ�OLQH�LPDJHV��7KH� �ILOWHU�LQWHJUDWHG�V\VWHP�WKURXJKSXW�LVIII F25CN182
VKRZQ� LQ� � �VHH� DOVR� � IRU� VHQVLWLYLWLHV�� VLJQDO�WR�QRLVH� SORWV�� DQG)LJXUH� ���� � ��F25CN182 NUV-MAMA
VDWXUDWLRQ�SORWV��
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/\PDQ�$OSKD�� �DQG�&OHDU�0LQXV�65)�F25LYA

7KH� �ILOWHU�LPDJHV�D���b ���DUFVHFRQG�ILHOG�RI�YLHZ�DQG�FDQ�EH�XVHG�WR�REWDLQ�HPLVVLRQ�OLQHF25LYA �b
LPDJHV� LQ� WKH� OLJKW�RI�/\PDQ� ��7KH� � ILOWHU� LQWHJUDWHG�V\VWHP�WKURXJKSXW� LV�VKRZQ� LQ�͆ F25LYA )LJXUH

� �VHH� DOVR� b IRU� VHQVLWLYLWLHV�� VLJQDO�WR�QRLVH� SORWV�� DQG� VDWXUDWLRQ���� � �� �� /\PDQ�͆F25LYA FUV-MAMA
SORWV��

$W� WKH� SULFH� RI� D� VOLJKWO\� ZLGHU� EDQGSDVV�� DQG� WKH� QHHG� WR� WDNH� WZR� H[SRVXUHV�� /\PDQ� � FDQ� EH͆
LVRODWHG� E\� WDNLQJ� RQH� LPDJH�ZLWK� WKH� FOHDU� � �� DSHUWXUH� DQG� D� VHFRQG�ZLWK� WKH� ORQJSDVV� �25MAMA

��ILOWHU�DQG�GLIIHUHQFLQJ�WKH�WZR��7KH�LQWHJUDWHG�V\VWHP�WKURXJKSXW�IRU�WKLV�LPDJLQJ�VHTXHQFHF25SRF2
LV�DSSUHFLDEO\�KLJKHU�WKDQ�IRU�WKH�QDUURZEDQG� �ILOWHU��DV�VKRZQ�LQ� �F25LYA )LJXUH�����

/\PDQ� �,PDJLQJ�,QWHJUDWHG�6\VWHP�7KURXJKSXWV�)LJXUH������� ͆ 108
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����1HXWUDO�'HQVLW\�)LOWHUV
67,6�KDV�D�FRPSOHPHQW�RI�QHXWUDO�GHQVLW\��1'��ILOWHUV��ZKLFK�FDQ�EH�XVHG�ZLWK�WKH�&&'��WKH�NUV-MAMA
��DQG�WKH� �VSDQQLQJ�IURP�1'���DWWHQXDWLRQ�RI��� ��WR�1'���7KH�1'��ILOWHU�DSSHDUV�WR�KDYH�DFUV-MAMA �

89�WKURXJKSXW�RI�DW�PRVW��� ��VXEVWDQWLDOO\�VPDOOHU�WKDQ�SUHODXQFK�HVWLPDWHV��

F25NDQ1��F25NDQ2��F25NDQ3��DQG�F25NDQ4�DUH�SK\VLFDOO\�IRXU�VHSDUDWH�TXDGUDQWV�RI�D�VLQJOH���b ���b
DUFVHFRQG� ILOWHU� RFFXS\LQJ� D� VLQJOH� SRVLWLRQ� RQ� WKH� VOLW� ZKHHO�� (DFK� TXDGUDQW� KDYLQJ� D� GLIIHUHQW
QHXWUDO�GHQVLW\�IDFWRU�DQG�WKH�QXPEHU�DSSHQGHG�WR�HDFK�QDPH�LV�WKH�DSSUR[LPDWH�GH[�1'�IDFWRU��7KH
WDUJHW� LV�SXW� LQWR� WKH�DSSURSULDWH�TXDGUDQW�ZKHQ�RQH�RI� WKHVH�DSHUWXUHV� LV� UHTXHVWHG��+RZHYHU�� LW
VKRXOG� EH� QRWHG� WKDW� DOO� IRXU� TXDGUDQWV� SURMHFW� RQWR� WKH� GHWHFWRU�� DQG� HDFK� TXDGUDQW� SOXV� D� �
DUFVHFRQG�VXUURXQGLQJ�SHULPHWHU�PXVW�EH�FRQVLGHUHG�IRU�EULJKW�REMHFW�OLPLWV��7KXV��DOWKRXJK�RQH�PD\
UHTXHVW�SODFHPHQW�RI�D�EULJKW�REMHFW�FHQWHUHG�LQ� ��QR�RWKHU�REMHFWV�LQ�WKH�VXUURXQGLQJ�UHJLRQF25NDQ4
PD\�YLRODWH�WKH�EULJKW�REMHFW� OLPLWV� IRU� WKH�RWKHU�TXDGUDQWV��7KLV� LQFOXGHV�D��bDUFVHFRQG�UHVWULFWLYH
ERUGHU� DURXQG� WKH� LQWHULRU� RI� WKH� VHOHFWHG� TXDGUDQW�� HIIHFWLYHO\� UHGXFLQJ� LWV� VL]H�� ,Q� SUDFWLFH�� IRU
VDIHW\�UHDVRQV�DQ\�REMHFW�WKDW�ZRXOG�SURGXFH�D�JOREDO�FRXQW�UDWH�H[FHHGLQJ����b�b�� �FRXQWV�V�RU�D�

ORFDO� FRXQW� UDWH� DERYH� ���� FRXQWV�V�SL[ LQ� �PD\� QRW� EH� REVHUYHG� XVLQJ� DQ\� RI� WKH� RWKHU� �F25NDQ1
TXDGUDQWV��VLQFH�SRLQWLQJ�SUREOHPV�FRXOG�FDXVH�WKLV�EULJKW�VRXUFH�WR�HQG�XS�LQ� ��7R�HQVXUHF25NDQ1
DFFXUDWH�SODFHPHQW�RI�D�EULJKW�REMHFW�LQ�WKH�VHOHFWHG�TXDGUDQW��D�&&'�WDUJHW�DFTXLVLWLRQ�PXVW�DOVR�EH
VSHFLILHG��$OVR�QRWH�WKDW�WKH�ERXQGDULHV�EHWZHHQ�WKH�IRXU�TXDGUDQWV�DUH�QRW�ZHOO�FHQWHUHG��DQG�DV�D
UHVXOW�WKH�VL]HV�RI�WKH�TXDGUDQWV�YDU\�� �VKRZV�D�ODPS�LPDJH�RI�WKLV�DSHUWXUH��DQG�)LJXUH������ 7DEOH

�JLYHV� WKH�DSSUR[LPDWH�GLPHQVLRQV�RI�HDFK�TXDGUDQW�DQG� WKH�GHIDXOW� ORFDWLRQV�ZKHUH� WDUJHWV�����
DUH�SODFHG�

F25ND3� DQG� � DUH� HDFK� LQGLYLGXDO� ��b ��� DUFVHFRQG� ILOWHUHG� DSHUWXUHV�� RFFXS\LQJ� XQLTXHF25ND5 �b
ORFDWLRQV�RQ�WKH�VOLW�ZKHHO��'HWDLOHG�LQIRUPDWLRQ�IRU� �DQG� �FDQ�EH�IRXQG�LQ�F25ND3 F25ND5 ���F25ND3 NUV-

�� �b ��DQG� �MAMA ���F25ND3 FUV-MAMA ���F25ND5 NUV-MAMA ���F25ND5 FUV-MAMA
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&KDSWHU����([SRVXUH�7LPH�&DOFXODWLRQV
&KDSWHU�&RQWHQWV

����2YHUYLHZ
����'HWHUPLQLQJ�&RXQW�5DWHV�IURP�6HQVLWLYLWLHV
����7KURXJKSXW�DQG�6HQVLWLYLW\
����&RPSXWLQJ�([SRVXUH�7LPHV
����'HWHFWRU�DQG�6N\�%DFNJURXQGV
����7DEXODU�6N\�%DFNJURXQGV
����([WLQFWLRQ�&RUUHFWLRQ
����([SRVXUH�7LPH�([DPSOHV
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����2YHUYLHZ
������7KH�67,6�([SRVXUH�7LPH�&DOFXODWRUV

,Q�WKLV�FKDSWHU�ZH�H[SODLQ�KRZ�WR�XVH�WKH�VHQVLWLYLWLHV�DQG�WKURXJKSXWV�SURYLGHG�LQ� �DQG�&KDSWHU���
�WR�GHWHUPLQH�WKH�H[SHFWHG�FRXQW�UDWH�IURP�\RXU�VRXUFH�DQG�KRZ�WR�FDOFXODWH�H[SRVXUH&KDSWHU���

WLPHV�WR�DFKLHYH�D�JLYHQ�VLJQDO�WR�QRLVH�UDWLR�IRU�\RXU�67,6�REVHUYDWLRQV�WDNLQJ�YDULRXV�EDFNJURXQG
FRQWULEXWLRQV�LQWR�DFFRXQW��$W�WKH�HQG�RI�WKH�FKDSWHU��LQ� ��\RX�ZLOO�ILQG�H[DPSOHV�WR�JXLGH6HFWLRQ����
\RX�WKURXJK�VSHFLILF�FDVHV�

������7KH�67,6�([SRVXUH�7LPH�&DOFXODWRUV
7KUHH� � � V�� DUH� DYDLODEOH� WR� KHOS� \RX� ZLWK� \RXU� SURSRVDO67,6� ([SRVXUH� 7LPH� &DOFXODWRUV (7&
SUHSDUDWLRQ�� 7KH� WKUHH� V�� DYDLODEOH� YLD� WKH� �� DUH� WKH �� WKH�(7& 67,6� ZHE� SDJHV � ,PDJLQJ� (7&

��DQG�WKH� ��7KHVH�FDOFXODWRUV�SURYLGH�FRXQW�UDWHV�IRU�6SHFWURVFRSLF (7& � �7DUJHW $FTXLVLWLRQ �� �(7& 7$�(7&
JLYHQ� VRXUFH� DQG� EDFNJURXQG� SDUDPHWHUV� DQG� FDOFXODWH� VLJQDO�WR�QRLVH� UDWLR� IRU� D� JLYHQ� H[SRVXUH
WLPH��RU�H[SRVXUH� WLPH� IRU�D�JLYHQ�VLJQDO�WR�QRLVH� UDWLR�� ,I� \RX�KDYH�D�FDOLEUDWHG�VSHFWUXP�RI�\RXU
VRXUFH��\RX�FDQ�XSORDG�LW�GLUHFWO\�IURP�\RXU�PDFKLQH�XVLQJ�WKH� ��7KH� �DOVR�GHWHUPLQHV(7&�ZHEVLWH (7&
SHDN�SHU�SL[HO� FRXQW� UDWHV�DQG� WRWDO� �LQWHJUDWHG�RYHU� WKH�GHWHFWRU�� FRXQW� UDWHV� WR� DLG� \RX� LQ� \RXU
IHDVLELOLW\� DVVHVVPHQW�� 7KH� � DOVR� ZDUQV� \RX� LI� \RXU� REVHUYDWLRQV� H[FHHG� WKH� ORFDO� RU� JOREDO(7&
EULJKWQHVV�OLPLWV�IRU�0$0$�REVHUYDWLRQV��VHH� ���/DVWO\��LQ�WKH�FDVH�RI�WKH� �&KDSWHU�� �6SHFWURVFRSLF (7&
WKH�WDVN�SURGXFHV�D�VLPXODWHG�RQH�GLPHQVLRQDO�VSHFWUXP�IRU�D�JLYHQ�67,6�FRQILJXUDWLRQ�DQG�VRXUFH��
3ORWV� RI� RXWSXW� VSHFWUD� DUH� UHQGHUHG� GLUHFWO\� LQ� WKH� �� 8VHUV�PD\� DOVR� GRZQORDG� $6&,,� RU� &69(7&

b7KH�LQSXW�DQG�RXWSXW�SDUDPHWHUV�LQIRUPDWWHG�GDWD�WDEOHV�RI�WKH�VRXUFH�DQG�QRLVH�FRXQWV�SHU�SL[HO�
WKH� � DUH� VSHFLILFDOO\� GHVLJQHG� WR� IDFLOLWDWH� H[SRVXUH� WLPH� HVWLPDWHV� IRU� WDUJHW� DFTXLVLWLRQ�7$ (7&
SXUSRVHV��VHH� �IRU�PRUH�GHWDLOV�RQ�DFTXLVLWLRQV���7KH� V�KDYH�H[WHQVLYH� �ZKLFK&KDSWHU�� (7& RQOLQH�KHOS
H[SODLQV�KRZ�WR�XVH�WKHP�DQG�JLYHV�WKH�GHWDLOV�RI�WKH�SHUIRUPHG�FDOFXODWLRQV�
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����'HWHUPLQLQJ�&RXQW�5DWHV�IURP�6HQVLWLYLWLHV
������6SHFWURVFRS\
������,PDJLQJ

,Q�WKH�VLPSOHVW�WHUPV��WKH�LQVWUXPHQWDO�VHQVLWLYLW\�� ��WLPHV�WKH�IOX[�IURP�\RXU�REMHFW�RI�LQWHUHVW�JLYHV6
WKH�FRXQWV�V � ��H[SHFWHG�IURP�\RXU�VRXUFH�WLPHV�WKH�JDLQ�� �b�L�H���LW�JLYHV�FRXQWV�IRU�WKH�0$0$�DQG� & *
HOHFWURQV�IRU�WKH�&&'��

/DWHU�LQ�WKLV�FKDSWHU�ZH�SURYLGH�VSHFLILF�IRUPXODH�DSSURSULDWH�IRU�LPDJLQJ�DQG�VSHFWURVFRSLF�PRGHV�
ZKLFK�FDQ�EH�XVHG� WR�FDOFXODWH� WKH�H[SHFWHG�FRXQW� UDWHV� IURP�\RXU�VRXUFH�DQG� WKH�VLJQDO�WR�QRLVH
UDWLR��7KH�IRUPXODH�DUH�JLYHQ�LQ�WHUPV�RI�VHQVLWLYLWLHV��EXW�ZH�DOVR�SURYLGH�WUDQVIRUPDWLRQ�HTXDWLRQV
EHWZHHQ�WKH�WKURXJKSXW�� ��DQG�VHQVLWLYLW\�� ��IRU�LPDJLQJ�DQG�VSHFWURVFRSLF�PRGHV�7 6

6HQVLWLYLWLHV�DQG�WKURXJKSXWV�DUH�SUHVHQWHG�LQ�JUDSKLFDO�DQG�WDEXODU�IRUP�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK
IRU� WKH� VSHFWURVFRSLF�PRGHV� LQ� �� DQG� IRU� WKH� LPDJLQJ�PRGHV� LQ� �� *LYHQ� WKH&KDSWHU� �� &KDSWHU� ��
VRXUFH�FKDUDFWHULVWLFV�DQG� WKH� VHQVLWLYLW\�RI� WKH�67,6�FRQILJXUDWLRQ�� FDOFXODWLQJ� WKH�H[SHFWHG�FRXQW
UDWH�RYHU�D�JLYHQ�QXPEHU�RI�SL[HOV� LV� VWUDLJKWIRUZDUG��7KH�DGGLWLRQDO� LQIRUPDWLRQ�\RX�ZLOO�QHHG� IRU
VSHFWURVFRSLF�REVHUYDWLRQV�LV�WKH�DSHUWXUH�WUDQVPLVVLRQ�� ���WKH�HQFLUFOHG�HQHUJ\�IUDFWLRQ�� ��LQ�WKH7$ ͊I
GLUHFWLRQ�SHUSHQGLFXODU� WR� WKH�GLVSHUVLRQ�� WKH�QXPEHU�RI�SL[HOV�SHU� VSHFWUDO� UHVROXWLRQ�HOHPHQW� �RU
OLQH� VSUHDG� IXQFWLRQ� �� DQG� WKH� SODWH� VFDOH�� ZKLFK� DUH� SURYLGHG� LQ� �� )RU� LPDJLQJ):+0 &KDSWHU� ��
REVHUYDWLRQV� \RX� QHHG� RQO\� WKH� HQFLUFOHG� HQHUJLHV� DQG� SODWH� VFDOHV�� %HORZ�� ZH� GHVFULEH� KRZ� WR
GHWHUPLQH�WZR�TXDQWLWLHV�

7KH�FRXQWV�V�� ��IURP�\RXU�VRXUFH�RYHU�VRPH�VHOHFWHG�DUHD�RI� SL[HOV�& 1SL[�
7KH�SHDN�SHU�SL[HO�FRXQW�UDWH�� IURP�\RXU�VRXUFHXVHIXO�IRU�DYRLGLQJ�VDWXUDWHG�H[SRVXUHV3FU��
DQG�IRU�DVVXULQJ�WKDW�0$0$�REVHUYDWLRQV�GR�QRW�H[FHHG�WKH�ORFDO�EULJKW�REMHFW�OLPLWV�

:H�FRQVLGHU�WKH�FDVHV�RI�SRLQW�VRXUFHV�DQG�GLIIXVH�VRXUFHV�VHSDUDWHO\�EHORZ�

������6SHFWURVFRS\

6HQVLWLYLW\�8QLWV�DQG�&RQYHUVLRQV

7KH�VSHFWURVFRSLF�SRLQW�VRXUFH�VHQVLWLYLW\ �KDV�WKH�IROORZLQJ�XQLWV��GHSHQGLQJ�RQ�WKH�GHWHFWRU���
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ZKHUH�

SL[ � �D�SL[HO�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�͐
FRXQWV�DQG�HOHFWURQV�UHIHU�WR�WKH�WRWDO�UHFHLYHG�IURP�WKH�SRLQW�VRXUFH�LQWHJUDWHG�RYHU�WKH�36)
LQ�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�GLVSHUVLRQ��DORQJ�WKH�VOLW��

�LV�FRUUHFWHG�IRU�WLPH�GHSHQGHQW�DQG�WHPSHUDWXUH�GHSHQGHQW�YDULDWLRQV��DSHUWXUH�ORVVHV�
DQG�&7(�ORVVHV�E\�SLSHOLQH�FDOLEUDWLRQ�

7KH�VSHFWURVFRSLF�GLIIXVH�VRXUFH�VHQVLWLYLW\�� ��KDV�WKH�IROORZLQJ�XQLWV��GHSHQGLQJ�RQ�WKH�GHWHFWRU�

�

ZKHUH�

SL[ � �D�SL[HO�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�͐
SL[  �D�SL[HO�LQ�WKH�VSDWLDO�GLUHFWLRQ�V�

�DQG� �DUH�UHODWHG�WKURXJK�WKH�UHODWLRQ�

ZKHUH�

PV�LV�WKH�SODWH�VFDOH�LQ�DUFVHF�SL[�LQ�WKH�VSDWLDO�GLUHFWLRQ��L�H���LQ�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR
WKH�GLVSHUVLRQ��
:b�LV�WKH�VOLW�ZLGWK�LQ�DUFVHFRQGV�

b � LV� FRUUHFWHG� IRU� WLPH� GHSHQGHQW� DQG� WHPSHUDWXUH� GHSHQGHQW� YDULDWLRQV� E\� SLSHOLQH�
FDOLEUDWLRQ�

,Q� JHQHUDO�� ZH� KDYH� DVVXPHG� WKDW� WKH� GLIIXVH� VRXUFH� KDV� D� XQLIRUP� EULJKWQHVV� RYHU� WKH� DUHD� RI
LQWHUHVW�DQG� WKDW� WKH�VSHFWUXP�FDQ�EH�DSSUR[LPDWHG�DV�D�FRQWLQXXP�VRXUFH� �L�H���DQ\�HPLVVLRQ�RU
DEVRUSWLRQ�OLQHV�DUH�EURDGHU�WKDQ�WKH�UHVROXWLRQ�DIWHU�WDNLQJ�WKH�HIIHFW�RI�WKH�VOLW�LQWR�DFFRXQW��
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3RLQW�6RXUFH

)RU�D�SRLQW�VRXUFH��WKH�FRXQW�UDWH�� ��IURP�WKH�VRXUFH�LQWHJUDWHG�RYHU�DQ�DUHD�RI� � � � �& 1SL[ 1͐SL[ � 1VSL[
SL[HOV�FDQ�EH�H[SUHVVHG�DV�

ZKHUH�

*�LV�WKH�JDLQ��DOZD\V���IRU�WKH�0$0$��DQG���RU�DSSUR[LPDWHO\���GHSHQGLQJ�RQ�WKH�FKRLFH�RI�
�IRU�WKH�&&'��CCDGAIN

)͐� �WKH�FRQWLQXXP�IOX[�IURP�WKH�DVWURQRPLFDO�VRXUFH��LQ�HUJ�V�FP ����

7$� �WKH�DSHUWXUH�WUDQVPLVVLRQ��D�IUDFWLRQDO�QXPEHU�OHVV�WKDQ����
͊I� �WKH�IUDFWLRQ�RI�WKH�SRLQW�VRXUFH�HQHUJ\�FRQWDLQHG�ZLWKLQ� �SL[HOV�LQ�WKH�VSDWLDO�GLUHFWLRQ�1VSL[
1͐SL[� �WKH�QXPEHU�RI�ZDYHOHQJWK�SL[HOV�LQWHJUDWHG�RYHU��)RU�DQ�XQUHVROYHG�HPLVVLRQ�OLQH��1͐SL[
LV�MXVW�WKH�QXPEHU�RI�SL[HOV�SHU�VSHFWUDO�UHVROXWLRQ�HOHPHQW�DQG� �LV�VLPSO\�WKH�WRWDO�IOX[�LQ�WKH)͐
OLQH�LQ�HUJ�V�FP �GLYLGHG�E\�WKH�SURGXFW�RI�WKH�GLVSHUVLRQ�LQ���SL[�DQG� ��L�H���GLYLGHG�E\�WKH�� 1͐SL[

�RI�D�UHVROXWLRQ�HOHPHQW�LQ����):+0
1VSL[� �WKH�QXPEHU�RI�SL[HOV�LQWHJUDWHG�RYHU�LQ�WKH�VSDWLDO�GLUHFWLRQ�

7KH�SHDN�FRXQWV�V�SL[ IURP�WKH�SRLQW�VRXUFH�LV�JLYHQ�E\��

ZKHUH�

͊I�����LV�WKH�IUDFWLRQ�RI�HQHUJ\�FRQWDLQHG�ZLWKLQ�WKH�SHDN�SL[HO�

)͐� DQG� �DUH�DV�DERYH�� �� 7$

'LIIXVH�6RXUFH

)RU�D�GLIIXVH�FRQWLQXXP�VRXUFH�RYHU� �WKH�FRXQW�UDWH�� �FDQ�EH�H[SUHVVHG�DV�1SL[� �1͐ �SL[ ��1 �VSL[ �&

ZKHUH�
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,͐� �WKH�VXUIDFH�EULJKWQHVV�RI�WKH�DVWURQRPLFDO�VRXUFH��LQ�HUJ�V�FP ���DUFVHF �� �

1͐SL[� � WKH�QXPEHU� RI�ZDYHOHQJWK� SL[HOV� LQWHJUDWHG� RYHU� LQ� WKH� GLVSHUVLRQ� GLUHFWLRQ�� )RU� DQ
XQUHVROYHG�HPLVVLRQ�OLQH�� �LV�MXVW�WKH�QXPEHU�RI�SL[HOV�SHU�VSHFWUDO�UHVROXWLRQ�HOHPHQW��DQG�1͐SL[
� LV� VLPSO\� WKH� WRWDO� IOX[� LQ� WKH� OLQH� LQ� HUJV�V�FP �DUFVHF � GLYLGHG� E\� WKH� SURGXFW� RI� WKH,͐

� �

GLVSHUVLRQ�LQ���SL[�DQG� ���L�H���GLYLGHG�E\�WKH� �RI�WKH�UHVROXWLRQ�HOHPHQW�LQ����1͐SL[ ):+0
1VSL[� �WKH�QXPEHU�RI�SL[HOV�LQWHJUDWHG�RYHU�LQ�WKH�VSDWLDO�GLUHFWLRQ�

)RU�D�GLIIXVH�FRQWLQXXP�VRXUFH�WKH�SHDN�FRXQWV�V�SL[�� ��LV�JLYHQ�E\�3FU

)RU� D� GLIIXVH�� WKH� SHDN� FRXQWV�V�SL[�� �� LV� HVVHQWLDOO\� VRXUFH�VSHFWUDOO\� XQUHVROYHG� HPLVVLRQ�OLQH 3FU
LQGHSHQGHQW�RI�VOLW�VL]H�DQG�LV�JLYHQ�E\�

ZKHUH�

,OLQH�LV�WKH�LQWHQVLW\�LQ�HUJ�V�FP �DUFVHF �LQ�WKH�OLQH�� �

):+0�LV�WKH�IXOO�ZLGWK�KDOI�PD[�RI�WKH�LQVWUXPHQWDO�SURILOH�LQ����ZKLFK�IRU�67,6�LV�QHDUO\�DOZD\V
�bSL[HOV� ��ZKHUH� �LV�WKH�GLVSHUVLRQ�LQ���SL[���G G
Z�LV�WKH�VOLW�ZLGWK�LQ�DUFVHFRQGV�ZKLFK�SURMHFWV�WR� SL[HOV�LQ�WKH�GHWHFWRU�SODQH��ZKHUH� �LV�WKHQb Q
ZLGWK�RI�WKH�UHVROXWLRQ�HOHPHQW�LQ�SL[HOV��1RWH�WKDW� �LV�QXPHULFDOO\�HTXDO�RU�FORVH�WR�WZLFH�WKHZ
SODWH�VFDOH�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�IRU�DOO�PRGHV�
:�LV�WKH�DFWXDO�VOLW�ZLGWK�LQ�DUFVHFRQGV�

7KXV��IRU�67,6�LQ�SDUWLFXODU��WKLV�H[SUHVVLRQ�UHGXFHV�WR�

ZKHUH�

G�LV�WKH�GLVSHUVLRQ�LQ���SL[�
P͐�LV�WKH�SODWH�VFDOH�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�
$OO�HOVH�LV�DV�DERYH�

7KH�FRXQWV� IURP�WKH�HPLVVLRQ� OLQH�ZLOO�EH�VSUHDG�RYHU� SL[HOV�ZKHUH� LV�WKH�VOLW�ZLGWK�SHU1͐SL[� 1͐SL[�
SODWH�VFDOH�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ��  b � ��1͐ bSL[ : P͐
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������,PDJLQJ

6HQVLWLYLW\�8QLWV�DQG�&RQYHUVLRQV

7KH�LPDJLQJ�SRLQW�VRXUFH�VHQVLWLYLW\� ��KDV�WKH�IROORZLQJ�XQLWV��GHSHQGLQJ�RQ�WKH�GHWHFWRU��

ZKHUH�

FRXQWV�DQG�HOHFWURQV�UHIHU�WR�WKH�WRWDO�QXPEHU�UHFHLYHG�IURP�WKH�SRLQW�VRXUFH�LQWHJUDWHG�RYHU
WKH�36)�

7KH�LPDJLQJ�GLIIXVH�VRXUFH�VHQVLWLYLW\�� ��KDV�WKH�IROORZLQJ�XQLWV��GHSHQGLQJ�RQ�GHWHFWRU�

7KXVb DQGb DUH�UHODWHG�WKURXJK�WKH�UHODWLRQ�� � � �

ZKHUH�

PV�LV�WKH�SODWH�VFDOH�LQ�DUFVHF�SL[�

3RLQW�6RXUFH

)RU�D�SRLQW�VRXUFH��WKH�FRXQW�UDWH�� ��RYHU�DQ�DUHD�RI� �SL[HOV�FDQ�EH�H[SUHVVHG�DV�& 1SL[
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ZKHUH�

)͐� �WKH�IOX[�IURP�WKH�DVWURQRPLFDO�VRXUFH��LQ�HUJV�V�FP ����

͊I� �WKH�IUDFWLRQ�RI�WKH�SRLQW�VRXUFH�HQHUJ\�HQFLUFOHG�ZLWKLQ� �SL[HOV�1SL[
WKH�LQWHJUDO�LV�RYHU�WKH�EDQGSDVV�

7KH�SHDN�FRXQWV�V�SL[ IURP�WKH�SRLQW�VRXUFH�DUH�JLYHQ�E\��

ZKHUH�

͊I����LV�WKH�IUDFWLRQ�RI�HQHUJ\�HQFLUFOHG�ZLWKLQ�WKH�SHDN�SL[HO�

) �͐ �DQG DUH�DV�DERYH�b� �
WKH�LQWHJUDO�LV�RYHU�WKH�EDQGSDVV�

,I�WKH�IOX[�IURP�\RXU�VRXUFH�FDQ�EH�DSSUR[LPDWHG�E\�D�IODW�FRQWLQXXP��WKHQ�

:H�FDQ�QRZ�GHILQH�DQ�HTXLYDOHQW�EDQGSDVV�RI�WKH�ILOWHU�� ��VXFK�WKDW�%͐

ZKHUH�

�LV�WKH�SHDN�VHQVLWLYLW\�

%͐�LV�WKH�HIIHFWLYH�EDQGSDVV�RI�WKH�ILOWHU�

7KH�FRXQW�UDWH�IURP�WKH�VRXUFH�FDQ�QRZ�EH�ZULWWHQ�DV�
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,Q� ��ZH�JLYH�WKH�YDOXH�RI� �DQG� �IRU�YDULRXV�ILOWHUV�&KDSWHU��� %͐

'LIIXVH�6RXUFH

)RU�D�GLIIXVH�VRXUFH��WKH�FRXQW�UDWH�� FDQ�EH�H[SUHVVHG�DV���&

ZKHUH�

,͐� �WKH�VXUIDFH�EULJKWQHVV�RI�WKH�DVWURQRPLFDO�VRXUFH��LQ�HUJ�V�FP ���DUFVHF �� �

1SL[� �WKH�QXPEHU�RI�SL[HOV�LQWHJUDWHG�RYHU�
WKH�LQWHJUDO�LV�RYHU�WKH�EDQGSDVV�

)RU�D�GLIIXVH�VRXUFH�WKH�SHDN�FRXQWV�V�SL[�� ��LV�JLYHQ�WULYLDOO\�E\�3FU

ZKHUH�ZH�KDYH�DVVXPHG�WKH�VRXUFH�WR�EH�XQLIRUPO\�EULJKW�
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����7KURXJKSXW�DQG�6HQVLWLYLW\
6R�IDU��ZH�KDYH�JLYHQ�WKH�IRUPXODH�IRU�FRXQW�UDWHV�LQ�WHUPV�RI�WKH�VHQVLWLYLW\�� ���,I�\RX�ZRXOG�OLNH�WR6
XVH�WKH�WKURXJKSXW�� ��UDWKHU�WKDQ�WKH�VHQVLWLYLW\��\RX�FDQ�XVH�WKH�IROORZLQJ�FRQYHUVLRQ�HTXDWLRQV�7

)RU� ��WKH�WUDQVIRUPDWLRQ�EHWZHHQ� �DQG� �LV�JLYHQ�E\�LPDJLQJ�PRGHV 7 6

ZKHUH�

6͐�LV�WKH�VHQVLWLYLW\�DW�ZDYHOHQJWK�͐�
�LV�WKH�V\VWHP�WKURXJKSXW�DW�7͐ ͐�

�LV�WKH�DUHD�RI�DQ�XQREVWUXFWHG�����PHWHU�WHOHVFRSH��L�H����������FP ��$ �

�LV�3ODQFNૼV�FRQVWDQW�K
�LV�WKH�YHORFLW\�RI�OLJKW�F
LV�WKHbHIIHFWLYH�DUHD�JLYHQ�E\�  � �$ �HII $ �HII 7͐$

)RU� ��WKH�WUDQVIRUPDWLRQ�HTXDWLRQ�FDQ�EH�ZULWWHQ�DV�VSHFWURVFRSLF�PRGHV

ZKHUH�

G�LV�WKH�GLVSHUVLRQ�LQ���SL[�

,Q�WKH�ILUVW�WZR�H[DPSOHV�JLYHQ�DW�WKH�HQG�RI�WKLV�FKDSWHU��ZH�VSHFLILFDOO\�VKRZ�KRZ�WKH�FDOFXODWLRQV
FDQ�EH�GRQH�ERWK�LQ�WHUPV�RI�WKH�VHQVLWLYLW\�DQG�WKH�WKURXJKSXW�
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����&RPSXWLQJ�([SRVXUH�7LPHV
������&DOFXODWLQJ�([SRVXUH�7LPHV�IRU�D�*LYHQ�6LJQDO�WR�1RLVH

7R�GHULYH�WKH�H[SRVXUH�WLPH�WR�DFKLHYH�D�JLYHQ�VLJQDO�WR�QRLVH�UDWLR��RU�WR�GHULYH�WKH�VLJQDO�WR�QRLVH
UDWLR�\RX�ZLOO�DFKLHYH�LQ�D�JLYHQ�H[SRVXUH�WLPH�IRU�\RXU�VRXUFH��WKHUH�DUH�IRXU�SULQFLSDO�LQJUHGLHQWV�

([SHFWHG�FRXQW�UDWH�IURP�\RXU�VRXUFH�RYHU�VRPH�DUHD�� ��&
7KH�DUHD��LQ�SL[HOV��RYHU�ZKLFK�WKRVH�FRXQWV�DUH�UHFHLYHG�� ��1SL[
6N\�EDFNJURXQG�� ��LQ�FRXQWV�SL[�V�%VN\
7KH�GHWHFWRU� EDFNJURXQG�� RU� GDUN� FXUUHQW�� � �� LQ� FRXQWV�V�SL[�� DQG� WKH� UHDG�QRLVH� � �� LQ%GHW 51
FRXQWV��LI�XVLQJ�WKH�&&'�

$V�RI�&\FOH�����WKH� �KDV�D�WULR�RI�'DUN�5DWH�FKRLFHV�IRU�WKH�&&'��7KHVH�FKRLFHV��ORZ��WRS���PHGLXP(7&
�GHIDXOW�� DQG� KLJK� �ERWWRP��� FRUUHVSRQG� WR� ORFDWLRQ� RQ� WKH� GHWHFWRU� DQG� DOORZ� D� PRUH� SUHFLVH
HVWLPDWH�RI� WKH�GDUN� FXUUHQW� IRU� D�SDUWLFXODU�&&'�FRQILJXUDWLRQ��:H�ZRXOG� OLNH� WR� HPSKDVL]H� WKDW�
ZKLOH�WKH� �FDQ�RQO\�UHIOHFW�DQ�DYHUDJH�RI�WKH�GDUN�FXUUHQW�UDWH��WKH�67,6�)89�GDUN�FXUUHQW�UDWH�LQ(7&
SDUWLFXODU� H[KLELWV� WUHPHQGRXV� YDULDWLRQV�ZLWK� SRVLWLRQ� RQ� WKH� GHWHFWRU� �GXH� WR� WKH� LQIDPRXV�JORZ
UHJLRQ�� DQG� ZLWK� WKH� WLPH� GXULQJ� ZKLFK� WKH� +LJK� 9ROWDJH� �+9�� KDV� EHHQ� RQ�� 7KHVH� HIIHFWV� DUH
GHVFULEHG�LQ�GHWDLO�LQ� ��LQ�SDUWLFXODU�LQ� �DQG� ��67,6�)89�0$0$�XVHUV6HFWLRQ������ )LJXUH����� )LJXUH�����
ZKRVH�REVHUYDWLRQV�DUH�VHQVLWLYH�WR�GDUN�FXUUHQW��H�J���IDLQW�WDUJHWV��DUH�VWURQJO\�HQFRXUDJHG�WR�UHDG
WKH�FRUUHVSRQGLQJ�GRFXPHQWDWLRQ�WR�DVVHVV�WKH�IHDVLELOLW\�RI�WKHLU�REVHUYDWLRQV�DQG�EHWWHU�FRQVWUDLQ
WKH�H[SRVXUH�WLPH�QHHGHG�WR�DFKLHYH�WKH�UHTXLUHG�DFFXUDF\�

�6HFWLRQ� ��� SURYLGHV� WKH� LQIRUPDWLRQ� \RX� QHHG� WR� GHWHUPLQH� WKH� VN\�SOXV�GHWHFWRU� EDFNJURXQG� IRU
\RXU�REVHUYDWLRQ�

������&DOFXODWLQJ�([SRVXUH�7LPHV�IRU�D�*LYHQ�6LJQDO�WR�1RLVH
7KH�VLJQDO�WR�QRLVH�UDWLR�� LV�JLYHQ�E\�6WR1�

ZKHUH�

&� �WKH�VLJQDO�IURP�WKH�DVWURQRPLFDO�VRXUFH�LQ�FRXQWV�V�
�W  �WKH�LQWHJUDWLRQ�WLPH�LQ�VHFRQGV�
*� �WKH�JDLQ��DOZD\V���IRU�WKH�0$0$V�DQG���RU���IRU�WKH�&&'��GHSHQGLQJ�RQ�\RXU�FKRLFH�RI�

��CCDGAIN
1SL[� �WKH�WRWDO�QXPEHU�RI�GHWHFWRU�SL[HOV�LQWHJUDWHG�RYHU�WR�DFKLHYH� �&
%VN\� �WKH�VN\�EDFNJURXQG�LQ�FRXQWV�V� SL[��
%GHW� �WKH�GHWHFWRU�GDUN�FXUUHQW�LQ�FRXQWV�V� SL[��
1 �ELQ  � WKH� WRWDO� QXPEHU� RI� RQ�FKLS� ELQQHG� SL[HOV� IRU� WKH� &&'� � � �VHH�BINAXIS1×BINAXIS2

���%LQQLQJ��

1UHDG� �WKH�QXPEHU�RI�&&'�UHDGRXWV��1RWH�IRU�WKH� ��WKH�QXPEHU�RI�&&'�UHDGRXWV�LV�HTXDO�WR(7&121
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1UHDG� �WKH�QXPEHU�RI�&&'�UHDGRXWV��1RWH�IRU�WKH� ��WKH�QXPEHU�RI�&&'�UHDGRXWV�LV�HTXDO�WR(7&
WKH�QXPEHU�RI�&5�63/,7V��
51� �WKH�UHDG�QRLVH�LQ�HOHFWURQV�� ���IRU�0$0$�REVHUYDWLRQV�

2EVHUYHUV�XVLQJ�WKH�&&'�QRUPDOO\� WDNH�VXIILFLHQWO\� ORQJ� LQWHJUDWLRQV�VR�WKDW� WKH�&&'�UHDG�QRLVH� LV
QRW�LPSRUWDQW��7KLV�FRQGLWLRQ�LV�PHW�ZKHQ�

)RU� DOO� 0$0$� REVHUYDWLRQV�� DQG� IRU� &&'� REVHUYDWLRQV� LQ� WKH� UHJLPH� ZKHUH� UHDG� QRLVH� LV� QRW
LPSRUWDQW��WKH�LQWHJUDWLRQ�WLPH�WR�UHDFK�D�VLJQDO�WR�QRLVH�UDWLR�� ��LV�JLYHQ�E\�6WR1

,I�\RXU�VRXUFH�FRXQW�UDWH�LV�PXFK�KLJKHU�WKDQ�WKH�VN\�SOXV�GHWHFWRU�EDFNJURXQGV��WKHQ�WKLV�H[SUHVVLRQ
UHGXFHV�IXUWKHU�WR�

0RUH�JHQHUDOO\��WKH�UHTXLUHG�LQWHJUDWLRQ�WLPH�WR�UHDFK�D�VLJQDO�WR�QRLVH�UDWLR�� ��LV�JLYHQ�E\�6WR1

6SHFLDO�&DVH��6SHFWURVFRSLF�&&'�2EVHUYDWLRQV�DW� �b������͐b

,Q�WKH�RSWLFDO��HDFK�SKRWRQ�JHQHUDWHV�D�VLQJOH�HOHFWURQ��L�H���FRXQWV���WKH�JDLQ�FRUUHVSRQG�WR�WKH�WRWDO
QXPEHU� RI� HOHFWURQV���+RZHYHU�� LQ� WKH�189�� VKRUWZDUG� RI�a����b��� WKHUH� LV� D� ILQLWH� SUREDELOLW\� RI
FUHDWLQJ�PRUH�WKDQ�RQH�HOHFWURQ�SHU�XOWUDYLROHW��89��SKRWRQ��VHH�&KULVWHQVHQ��2��������� �-�b$SS��3K\V��
�� ������ 7KHRUHWLFDOO\�� WKH� TXDQWXP� \LHOG� � �� RU� WKH� PHDQ� QXPEHU� RI� HOHFWURQV� JHQHUDWHG� SHU�� 4

SKRWRQ��LV�JLYHQ�E\�WKH�HQHUJ\�RI�WKH�SKRWRQ�GLYLGHG�E\�����bH9��DQG�UDQJHV�IURP�  b�����HOHFWURQVb4
IRU�HYHU\�89�SKRWRQ�DW�����b���WR�  b�����HOHFWURQV�IRU�HYHU\�SKRWRQ�DW�����b���7KH�DFWXDO�HOHFWURQb4
\LHOG�RI�WKH�67,6�&&'�KDV�QRW�EHHQ�PHDVXUHG�LQ�WKH�189�

7KH�VHQVLWLYLW\�SORWV�FRUUHFWO\�SUHGLFW� WKH�QXPEHU�RI�HOHFWURQV�JHQHUDWHG�SHU�89�SKRWRQ��+RZHYHU�
VLQFH�PXOWLSOH�HOHFWURQV�DUH�JHQHUDWHG�IURP�D�VLQJOH�SKRWRQ��WKH�VLJQDO�WR�QRLVH�DFKLHYHG�LQ�D�JLYHQ
LQWHJUDWLRQ�WLPH�LV�DIIHFWHG��7KH�H[SOLFLW�H[SUHVVLRQ�LV�JLYHQ�E\�
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)RU�REVHUYDWLRQV�ZKLFK�DUH�QRW�LQ�WKH�UHDG�QRLVH�RU�GDUN�FXUUHQW�OLPLWHG�UHJLPH��WKH�HIIHFWLYH�VLJQDO

WR�QRLVH�\RX�VKRXOG�H[SHFW�WR�DFKLHYH�LV�WKHQ� �WLPHV�WKH�VLJQDO�WR�QRLVH�UDWLR�FDOFXODWHG
GLUHFWO\� IURP� WKH� VHQVLWLYLWLHV� JLYHQ� LQ� � LJQRULQJ� WKLV� HIIHFW�� 7KLV� HIIHFW� LV� QHJOLJLEOH� DW&KDSWHU� ��
����b��EXW�DPRXQWV�WR�����DW�����b��
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����'HWHFWRU�DQG�6N\�%DFNJURXQGV
������'HWHFWRU�%DFNJURXQGV
������6N\�%DFNJURXQG

:KHQ�FDOFXODWLQJ�H[SHFWHG�VLJQDO�WR�QRLVH�UDWLRV�RU�H[SRVXUH�WLPHV��WKH�EDFNJURXQG�IURP�WKH�VN\�DQG
WKH�EDFNJURXQG�IURP�WKH�GHWHFWRU�PXVW�EH�WDNHQ�LQWR�DFFRXQW�

������'HWHFWRU�%DFNJURXQGV
7DEOH�����VKRZV�WKH�UHDG�QRLVH�DQG�GDUN�FXUUHQW�FKDUDFWHULVWLFV�RI�WKH�GHWHFWRUV��WDNHQ�IURP�&KDSWHU
�� 1RWH� WKDW� WKH� )89�0$0$�GHWHFWRU� EDFNJURXQG� LV� KLJKO\� YDULDEOH� DQG� WKLV� VKRXOG� EH� WDNHQ� LQWR�
DFFRXQW�ZKHQ�REVHUYLQJ�IDLQW�VRXUFHV��6HH�WKH�GLVFXVVLRQ� LQ�VHFWLRQV� �DQG� � IRU�DGGLWLRQDO����� �����
GHWDLOV�

'HWHFWRU�%DFNJURXQGV�7DEOH������

%DFNJURXQG &&' NUV-MAMA FUV-MAMA

5HDG�QRLVH �����IRU� � �CCDGAIN

���� �IRU� � H �CCDGAIN �� 

�SL[

� �

' D U N
FXUUHQW

a���� ���� ��H �V�SL[ a���� � ��� �� FRXQWV�V
�SL[

���������� � �� � FRXQWV�V� ��� �

�SL[

��7R�FRQYHUW�WR�FRXQWV�V�SL[�IRU� ��GLYLGH�E\�������b �CCDGAIN

�9DULHV�ZLGHO\�ZLWK�SRVLWLRQ�RQ�GHWHFWRU�DQG�WLPH�VLQFH�KLJK�YROWDJH�WXUQ�RQ��

������6N\�%DFNJURXQG
7KH�VRXUFHV�RI�VN\�EDFNJURXQG�ZKLFK�ZLOO�DIIHFW�67,6�REVHUYDWLRQV�LQFOXGH�

(DUWKVKLQH��(6�
=RGLDFDO�OLJKW��=/�
*HRFRURQDO�HPLVVLRQ��*&�

7KH�FRQWLQXXP�EDFNJURXQG�LQ�FRXQWV�V�SL[�IRU� FDQ�EH�FRPSXWHG�DV�VSHFWURVFRSLF�REVHUYDWLRQV�

ZKHUH�

,͐�LV�WKH�VXUIDFH�EULJKWQHVV�RI�WKH�VN\�EDFNJURXQG��LQ�HUJV�V�FP ���DUFVHF �� �

�LV�WKH�GLIIXVH�VRXUFH�VHQVLWLYLW\�IRU�WKH�JUDWLQJ�PRGH�
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�LV�WKH�GLIIXVH�VRXUFH�VHQVLWLYLW\�IRU�WKH�JUDWLQJ�PRGH�

7KH�EDFNJURXQG�LQ�FRXQWV�V�SL[�IRU� FDQ�EH�FRPSXWHG�DV�LPDJLQJ�REVHUYDWLRQV�

bZKHUH�

,͐�LV�WKH�VXUIDFH�EULJKWQHVV�RI�WKH�VN\�EDFNJURXQG��LQ�HUJV�V�FP ���DUFVHF �� �

�LV�WKH�GLIIXVH�VRXUFH�VHQVLWLYLW\�IRU�WKH�LPDJLQJ�PRGH�
7KH�LQWHJUDO�LV�RYHU�WKH�EDQGSDVV�

,Q� �ZH�SORW�WKH��KLJK��]RGLDFDO� OLJKW�DQG�HDUWKVKLQH�EDFNJURXQG�LQWHQVLW\�DV�D�IXQFWLRQ�RI)LJXUH����
ZDYHOHQJWK�� LGHQWLI\LQJ� WKH� VHSDUDWH� FRPSRQHQWV� ZKLFK� FRQWULEXWH� WR� WKH� EDFNJURXQG�� 7KH
LQIRUPDWLRQ�LQ�WKLV�ILJXUH�LV�SUHVHQWHG�LQ�WDEXODU�IRUP�LQ� ��,Q�WKH �DQG�LQ�WKLV� �7DEOH���� � V(7& +DQGERRN
WKH�FKRLFHV�IRU�HDUWKVKLQH�RI��VKDGRZ����DYHUDJH���DQG��H[WUHPHO\�KLJK��FRUUHVSRQG�WR����b����RI�
DQG�WZLFH�WKH��KLJK��YDOXHV� LQ� ��)RU� WKH�]RGLDFDO�VN\�EDFNJURXQG�� WKH�YDOXHV� LQ�7DEOH���� 7DEOH����
FRUUHVSRQG�WR�D�KLJK�YDOXH�RI�  b�����DUFVHF �IURP� ��ZKLOH�WKH�ORZ�DQG�DYHUDJH�]RGLDFDOP b9

� 7DEOH����

OLJKW�DUH�VFDOHG�WR� � b�����DUFVHF �DQG�����bDUFVHF �UHVSHFWLYHO\��7KH�VWUHQJWK�RI�WKH�JHRFRURQDOP9
� ��

�DLUJORZ�� OLQH� HPLVVLRQV� DUH� DV� VKRZQ� LQ� �� WKH� ૿DYHUDJH� YDOXHV� RI� WKHVH� DUH� SORWWHG� LQ�7DEOH� ���
�)LJXUHb���

6N\�%DFNJURXQG�,QWHQVLW\�DV�D�)XQFWLRQ�RI�:DYHOHQJWK)LJXUH������ �125
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6N\�%DFNJURXQG�,QWHQVLW\�DV�D�)XQFWLRQ�RI�:DYHOHQJWK)LJXUH������ �

7KH�]RGLDFDO�FRQWULEXWLRQ�FRUUHVSRQGV�WR� � ������DUFVHF ��7KH�HDUWKVKLQH�LV�IRU�D�WDUJHW�ZKLFK�LVPY
�

�� �IURP�WKH�OLPE�RI�WKH�VXQOLW�(DUWK��8VH� �WR�HVWLPDWH�EDFNJURXQG�FRQWULEXWLRQV�DW�RWKHUr )LJXUH����
DQJOHV��7KH�JHRFRURQDO�DLUJORZ�OLQH�LQWHQVLWLHV�DUH�SORWWHG�DW��DYHUDJH��LQWHQVLWLHV�DQG�DUH�LQ�HUJV�FP�

�V�DUFVHF ��

%DFNJURXQG�9DULDWLRQV�DQG�LOW-SKY

,Q�WKH�89�WKH�EDFNJURXQG�FRQWDLQV�LPSRUWDQW�FRQWULEXWLRQV�IURP�DLUJORZ�OLQHV��7KHVH�YDU\�IURP�GD\�WR
QLJKW�DQG�DV�D�IXQFWLRQ�RI� �RUELWDO�SRVLWLRQ��7KH�DLUJORZ�OLQHV�DUH�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�IRU+67
LPDJLQJ�PRGH�REVHUYDWLRQV�DQG�FDQ�EH�IRU�VSHFWURVFRSLF�REVHUYDWLRQV�DV�ZHOO��$ZD\�IURP�WKH�DLUJORZ
OLQHV��DW�ZDYHOHQJWKV�VKRUWZDUG�RI�a����b��� WKH�EDFNJURXQG� LV�GRPLQDWHG�E\�]RGLDFDO� OLJKW�DQG� LV
JHQHUDOO\�PXFK�ORZHU�WKDQ�WKH�LQWULQVLF�GHWHFWRU�EDFNJURXQG��7KH�FRQWULEXWLRQ�RI�]RGLDFDO�OLJKW�GRHV
QRW�YDU\�GUDPDWLFDOO\�ZLWK�WLPH�DQG�YDULHV�E\�RQO\�D�IDFWRU�RI�DERXW�WKUHH�WKURXJKRXW�PRVW�RI�WKH�VN\��

�JLYHV�WKH�YDULDWLRQ�RI�WKH�]RGLDFDO�EDFNJURXQG�DV�D�IXQFWLRQ�RI�KHOLR�HFOLSWLF� ODWLWXGH�DQG7DEOH����
ORQJLWXGH��)RU�D� WDUJHW�QHDU�HFOLSWLF�FRRUGLQDWHV�RI� �������RU� �������� WKH�]RGLDFDO� OLJKW� LV� UHODWLYHO\
EULJKW�DW�  ������DUFVHF ��L�H���DERXW���WLPHV�WKH�SRODU�YDOXH�RI� b b������DUFVHF �PYb

� PY
�
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(DUWKVKLQH��RQ�WKH�RWKHU�KDQG��YDULHV�VWURQJO\�GHSHQGLQJ�RQ�WKH�DQJOH�EHWZHHQ�WKH�WDUJHW�DQG�WKH
EULJKW�(DUWK�OLPE��7KH�YDULDWLRQ�RI�WKH�HDUWKVKLQH�DV�D�IXQFWLRQ�RI�OLPE�DQJOH�IURP�WKH�VXQOLW�(DUWK�LV
VKRZQ� LQ� �� 7KH� ILJXUH� DOVR� VKRZV� WKH� FRQWULEXWLRQ� RI� WKH�0RRQ�ZKLFK� LV� W\SLFDOO\�PXFK)LJXUH� ���
VPDOOHU��DQG�WKH�IXOO�UDQJH�RI�WKH�]RGLDFDO�FRQWULEXWLRQ��)RU�UHIHUHQFH��WKH�OLPE�DQJOH�LV�DSSUR[LPDWHO\
��r�ZKHQ�WKH� �LV�DOLJQHG�WRZDUG�LWV�RUELW�SROH��L�H���WKH�FHQWHU�RI�WKH�&9=��+67

%DFNJURXQG�&RQWULEXWLRQV�IURP�WKH�0RRQ��(DUWK��DQG�=RGLDFDO�/LJKW�)LJXUH������ 127



%DFNJURXQG�&RQWULEXWLRQV�IURP�WKH�0RRQ��(DUWK��DQG�=RGLDFDO�/LJKW�)LJXUH������

7KH�YDOXHV�DUH� �PDJQLWXGH�SHU�VTXDUH�DUFVHFRQG�GXH�WR�WKH�PRRQ�DQG�WKH�VXQOLW�(DUWK�DV�D�IXQFWLRQ9
RI�DQJOH�EHWZHHQ� WKH� WDUJHW�DQG� WKH� OLPE�RI� WKH�EULJKW�(DUWK�RU�PRRQ��=RGLDFDO� OLJKW� OHYHOV� UDQJH
EHWZHHQ� b b�����DQG������PDJ�DUFVHF �PY

�

)RU� REVHUYDWLRQV� ORQJZDUG� RI� ����� ��� WKH� HDUWKVKLQH� DOZD\V� GRPLQDWHV� WKH� EDFNJURXQG� DW� VPDOO
����r�� OLPE� DQJOHV�� ,Q� IDFW�� WKH� EDFNJURXQG� LQFUHDVHV� H[SRQHQWLDOO\� IRU� OLPE� DQJOHV� ���r�� 7KH
EDFNJURXQG�QHDU�WKH�EULJKW�(DUWK�OLPE�FDQ�DOVR�YDU\�E\�D�IDFWRU�RI�a��RQ�WLPH�VFDOHV�DV�VKRUW�DV�WZR
PLQXWHV��ZKLFK�VXJJHVWV�WKDW�WKH�EDFNJURXQG�IURP�HDUWKVKLQH�DOVR�GHSHQGV�XSRQ�WKH�UHIOHFWLYLW\�RI
WKH�WHUUDLQ�RYHU�ZKLFK� �SDVVHV�GXULQJ�WKH�FRXUVH�RI�DQ�H[SRVXUH��7KH�WRWDO�EDFNJURXQG�DW� OLPE+67
DQJOHV� JUHDWHU� WKDQ� WKH� EULJKW�(DUWK� DYRLGDQFH� DQJOH� RI� ��r� DSSHDUV� WR� VKRZ� QR� VLJQLILFDQW
GHSHQGHQFH� RQ� SRVLWLRQ� ZLWKLQ� WKH� VPDOO� � ILHOGV� RI� YLHZ�� 'HWDLOV� RI� WKH� VN\� EDFNJURXQG� DV� LW+67
DIIHFWV�67,6�DUH�GLVFXVVHG�E\�6KDZ�HW�DO��� ��DQG�*LDYDOLVFR�HW�DO��� ��67,6�,65�������� :)&��,65��������

b
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7DEOH� ����� $SSUR[LPDWH� =RGLDFDO� 6N\� %DFNJURXQG� LQ� � PDJQLWXGH� DUFVHF � DV� D� )XQFWLRQ� RI9 �

+HOLRHFOLSWLF�&RRUGLQDWHV��VRXUFHG� IURP�/HLQHUW�HW�DO�� �������b �6HH� WKH� � IRU� ILQHU(7&�GRFXPHQWDWLRQ
VDPSOLQJ�

+HOLRHFOLSWLF
/RQJLWXGH��GHJ�

+HOLRHFOLSWLF�/DWLWXGH��GHJ�

�r ��r ��r ��r ��r ��r ��r

���r ���� ���� ���� ���� ���� ���� ����

���r ���� ���� ���� ���� ���� ���� ����

���r ���� ���� ���� ���� ���� ���� ����

���r ���� ���� ���� ���� ���� ���� ����

���r ���� ���� ���� ���� ���� ���� ����

���r ���� ���� ���� ���� ���� ���� ����

b���r ���� ���� ���� ���� ���� ���� ����

b���r ���� ���� ���� ���� ���� ���� ����

b���r ���� ���� ���� ���� ���� ���� ����

b���r 6$ ���� ���� ���� ���� ���� ����

b���r 6$ 6$ 6$ ���� ���� ���� ����

b���r 6$ 6$ 6$ 6$ ���� ���� ����

bbb��r 6$ 6$ 6$ 6$ ���� ���� ����

1RWH��$�YDOXH�RI�૿6$�GHQRWHV�SRVLWLRQV�LQ�WKH�VRODU�DYRLGDQFH�]RQH�

b

7DEOH�����FRQWDLQV�WKH�H[SHFWHG�FRXQW�UDWHV�IURP�GLIIHUHQW�VN\�EDFNJURXQGV�LQ�YDULRXV�67,6�PRGHV�
ZKLFK�\RX�FDQ�XVH�WR�GHWHUPLQH�ZKHWKHU�\RXU�REVHUYDWLRQV�ZRXOG�EH�EDFNJURXQG�OLPLWHG�

2EVHUYDWLRQV� RI� WKH� IDLQWHVW� REMHFWV� PD\� QHHG� WKH� VSHFLDO� UHTXLUHPHQW� � LQ� WKH� 3KDVH� ,,LOW-SKY
REVHUYLQJ� SURJUDP�� � REVHUYDWLRQV� DUH� VFKHGXOHG� GXULQJ� WKH� SDUW� RI� WKH� \HDU� ZKHQ� WKHLOW-SKY
]RGLDFDO�EDFNJURXQG�LV�QR�PRUH�WKDQ�����JUHDWHU�WKDQ�WKH�PLQLPXP�SRVVLEOH�YDOXH�IRU�WKH�JLYHQ�VN\
SRVLWLRQ�� DOVR�LQYRNHV�WKH�UHVWULFWLRQ�WKDW�H[SRVXUHV�ZLOO�EH�REWDLQHG�DW�DQJOHV�JUHDWHU�WKDQ LOW-SKY
��r�IURP�WKH�EULJKW�(DUWK�OLPE�WR�PLQLPL]H�HDUWKVKLQH�DQG�WKH�89�DLUJORZ�OLQHV��7KH� �VSHFLDOLOW-SKY
UHTXLUHPHQW�OLPLWV�WKH�WLPHV�DW�ZKLFK�WDUJHWV�ZLWKLQ��� RI�WKH�HFOLSWLF�SODQH�ZLOO�VFKHGXOH�DQG�OLPLWVr�
YLVLELOLW\�WR�DERXW����PLQXWHV�SHU�RUELW�
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7KH� � SURYLGHV� WKH� XVHU� ZLWK� WKH� IOH[LELOLW\� WR� VHSDUDWHO\� DGMXVW� ERWK� WKH� ]RGLDFDO� �QRQH�� ORZ�(7&
DYHUDJH��KLJK��DQG�HDUWKVKLQH��QRQH��DYHUDJH��KLJK��H[WUHPHO\�KLJK��VN\�EDFNJURXQG�FRPSRQHQWV�LQ
RUGHU�WR�GHWHUPLQH�LI� �LV�DGYLVDEOH�IRU�D�JLYHQ�SURJUDP��+RZHYHU��WKH�DEVROXWH�VN\�OHYHOV�WKDWLOW-SKY
FDQ�EH�VSHFLILHG� LQ� WKH� �PD\�QRW�EH�DFKLHYDEOH� IRU�D�JLYHQ� WDUJHW��$V�VKRZQ� LQ� �� WKH(7& 7DEOH����
PLQLPXP�]RGLDFDO�EDFNJURXQG�OHYHO�IRU�DQ�HFOLSWLF�WDUJHW� LV� b �������ZKLFK�LV�EULJKWHU�WKDQ�ERWKPY
WKH�ORZ�DQG�DYHUDJH�RSWLRQV�ZLWK�WKH� ��%\�FRQWUDVW��D�WDUJHW�QHDU�WKH�HFOLSWLF�SROH�ZRXOG�DOZD\V(7&
KDYH�D� �EDFNJURXQG�LQ�WKH� ��7KH�XVHU�LV�FDXWLRQHG�WR�FDUHIXOO\�FRQVLGHU�VN\�OHYHOV�DVzodiacal=low (7&
WKH�EDFNJURXQGV�REWDLQHG�LQ� �REVHUYDWLRQV�FDQ�FRYHU�VLJQLILFDQW�UDQJHV�+67

&RXQW�5DWHV�E\�6N\�%DFNJURXQG�DQG�67,6�0RGH7DEOH������ �

0RGH &RXQW�5DWHV��FRXQWV�V�SL[�

=RGLDFDO� (DUWKVKLQH���*HRFRURQDO�/LQHV

([��+LJK�(DUWK�
+LJK�$LU�*ORZ

+LJK�(DUWK�
+LJK�$LU�*ORZ

$YJ��(DUWK�
$YJ��$LU�*ORZ

6KDGRZ�(DUWK�
/RZ�$LU�*ORZ

&&'�&OHDU ���� ���� � ���� ���� � ���� ���� � ���� ���� � ���b ���� �

&&'�/RQJSDVV ���� ���� � ���� ���� � ���� ���� � ���� ���� � ���� ���� ��

NUV-MAMA�&OHDU ���� ���� � ���� ���� � ���� ���� � ���� ���� � ���b ���� �

NUV-MAMA�6U)� ���� ���� � ���� ���� � ���� ���� � ���� ���� � ���� ���� �

NUV-MAMA�4W] ���� ���� � ���� ���� � ���� ���� � ���� ���� � ���� ���� �

FUV-MAMA�&OHDU ���� ���� � ���� ���� � ���� ���� � ���� ���� � ���� ���� �

FUV-MAMA�6U)� ���� ���� � ���� ���� � ���� ���� � ���� ���� � ���� ���� �

FUV-MAMA�4W] ���� ���� � ���� ���� � ���� ���� � ���� ���� � b���� ���� ��

FUV-MAMA�/\PDQ�͆ ���� ���� �� ���� ���� � ���� ���� � ���� ���� � ���� ���� �

��=RGLDFDO�FRQWULEXWLRQ�LV�WKH�VDPH�DV�LQ� �DQG� ��  �����oDUFVHF ���)LJXUH���� 7DEOH���� P9
�

�&RUUHVSRQGV�WR� �SRLQWLQJ���r�IURP�WKH�OLPE�RI�WKH�VXQOLW�(DUWK��� +67
�&RUUHVSRQGV�WR� �SRLQWLQJ�DURXQG���r�IURP�WKH�OLPE�RI�WKH�VXQOLW�(DUWK��ZKHUH�WKH�HDUWKVKLQH�LV� +67
����RI�WKH��H[WUHPHO\�KLJK��YDOXH��
�&RUUHVSRQGV�WR� �SRLQWLQJ�DURXQG���r�IURP�WKH�OLPE�RI�WKH�VXQOLW�(DUWK��ZKHUH�WKH�HDUWKVKLQH�LV� +67
����RI�WKH��H[WUHPHO\�KLJK��YDOXH��
�(DUWKVKLQH�IRU�VKDGRZ�LV���LQ�WKH�FRQWLQXXP��ZKLOH�WKH�89�JHRFRURQDO�HPLVVLRQ�OLQHV�DUH�UHGXFHG�

IURP�WKH�KLJK�WR�WKH�ORZ�YDOXHV�LQ� �7DEOH����
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*HRFRURQDO�(PLVVLRQ�DQG�6KDGRZ

%DFNJURXQG�GXH�WR�JHRFRURQDO�HPLVVLRQ�RULJLQDWHV�PDLQO\� IURP�K\GURJHQ�DQG�R[\JHQ�DWRPV� LQ�WKH
H[RVSKHUH�RI�WKH�(DUWK��7KH�HPLVVLRQ�LV�FRQFHQWUDWHG�LQ�D�YHU\�IHZ�OLQHV��7KH�EULJKWHVW�OLQH�LV�/\PDQ�
DW�����b���7KH�VWUHQJWK�RI� WKH�/\PDQ� � OLQH�YDULHV�EHWZHHQ�DERXW���DQG����NLOR�5D\OHLJKV� �L�H��͆� ͆

EHWZHHQ����b ��� �DQG����b ��� �HUJV�V�FP �DUFVHF �ZKHUH��b5D\OHLJKb ��� �SKRWRQV�V�FP �>�� �� � �� � � � � ͕
VWHUDGLDQV@��GHSHQGLQJ�RQ�WKH�WLPH�RI�WKH�REVHUYDWLRQ�DQG�WKH�SRVLWLRQ�RI�WKH�WDUJHW�UHODWLYH�WR�WKH
6XQ��7KH�QH[W�VWURQJHVW�FRQWULEXWLRQ�LV�IURP�WKH�WULSOHW�2b ���������������������ZKLFK�UDUHO\�H[FHHGVI
���� RI� /\PDQ� �� 7KH� W\SLFDO� VWUHQJWK� RI� WKH� 2� � ����� �� WULSOHW� LV� DERXW� �� NLOR�5D\OHLJKV� �ZKLFK͆ I

FRUUHVSRQGV� WR� DERXW� ���� � �� � HUJV�V�FP �V�DUFVHF �� DW� WKH� GD\OLJKW� VLGH� DQG� DERXW� ���� WLPHV� �� � �

IDLQWHU� RQ� WKH� QLJKW� VLGH� RI� WKH� � RUELW�� 2� ,@b ����� �� DQG� >2� @� ����� �� OLQHV�PD\� DSSHDU� LQ+67 II
REVHUYDWLRQV�RQ�WKH�GD\OLJKW�VLGH�RI�WKH�RUELW��EXW�WKHVH�OLQHV�DUH�DW�OHDVW����WLPHV�ZHDNHU�WKDQ�WKH�2�
��������OLQHV��7KH�ZLGWKV�RI�WKH�OLQHV�DOVR�YDU\��7KH�OLQH�ZLGWKV�JLYHQ�LQ� �DUH�UHSUHVHQWDWLYHI 7DEOH����
YDOXHV�DVVXPLQJ�D�WHPSHUDWXUH�RI�����b.�

7KH�JHRFRURQDO�HPLVVLRQ�OLQHV�DUH�XQUHVROYHG�DW�WKH�ILUVW�RUGHU�UHVROXWLRQV�RI�67,6�EXW�WKH�HPLVVLRQ
ILOOV� WKH� VOLW� LQ� WKH� VSDWLDO� GLPHQVLRQ�� $� ZLGHU� VOLW� RU� VOLWOHVV� REVHUYLQJ� GRHV� QRW� LQFUHDVH� WKH
EDFNJURXQG� FRXQWV� SHU� SL[HO� IURP� JHRFRURQDO� HPLVVLRQ� EXW� GRHV� LQFUHDVH� WKH� DUHD� �UDQJH� RI
ZDYHOHQJWKV� RU� SL[HOV� LQ� WKH� GLVSHUVLRQ� GLUHFWLRQ�� RYHU� ZKLFK� WKDW� EDFNJURXQG� LV� UHFHLYHG�
2EVHUYDWLRQV�ZLWK�D�VOLW�ZKLFK�LV� bSL[HOV�ZLGH�LQ�GLVSHUVLRQ�ZLOO�EH�DIIHFWHG�E\�JHRFRURQDO�HPLVVLRQ�LQQ
D�URXJKO\� SL[HO� UHJLRQ�FHQWHUHG�RQ�WKH�UHOHYDQW�JHRFRURQDO�HPLVVLRQ� OLQH�ZDYHOHQJWK��)RU�VOLWOHVVQb
VSHFWURVFRS\�LQ�WKH�89��WKH�HIIHFWV�RI�JHRFRURQDO�HPLVVLRQ�PXVW�EH�WDNHQ�LQWR�DFFRXQW�DW�DOO�SL[HOV�
XQOHVV�D�ORQJSDVV�ILOWHU�LV�HPSOR\HG�WR�EORFN�RII�WKH�VKRUW�ZDYHOHQJWK�HPLVVLRQ��VHH�DOVR�6HFWLRQ������
DQG� ��6HFWLRQ�����

,W�LV�SRVVLEOH�WR�UHTXHVW�WKDW�H[SRVXUHV�EH�WDNHQ�ZKHQ� �LV�LQ�WKH�XPEUDO�VKDGRZ�RI�WKH�HDUWK�WR+67
PLQLPL]H�JHRFRURQDO�HPLVVLRQ��H�J���LI�\RX�DUH�REVHUYLQJ�ZHDN�OLQHV�DW�a�����RU�a����b���XVLQJ�WKH
VSHFLDO� UHTXLUHPHQW� �� ([SRVXUHV� XVLQJ� WKLV� VSHFLDO� UHTXLUHPHQW� DUH� OLPLWHG� WR� URXJKO\SHADOW
��bPLQXWHV�SHU�RUELW��H[FOXVLYH�RI�WKH�JXLGH�VWDU�DFTXLVLWLRQ��RU�UHDFTXLVLWLRQ��DQG�FDQ�EH�VFKHGXOHG
RQO\�GXULQJ�D� VPDOO�SHUFHQWDJH�RI� WKH�\HDU� � UHGXFHV� WKH�FRQWULEXWLRQ� IURP� WKH�JHRFRURQDO SHADOW
HPLVVLRQ�OLQHV�E\�URXJKO\�D�IDFWRU�RI�WHQ��ZKLOH�WKH�FRQWLQXXP�HDUWKVKLQH�LV�VHW�WRb���,I�\RX�UHTXLUH�

��\RX�VKRXOG�UHTXHVW�LW�LQ�\RXU�3KDVH�,�SURSRVDO��VHH�WKH� ��SHADOW &DOO�IRU�3URSRVDOV

$Q� DOWHUQDWH� VWUDWHJ\� IRU� UHGXFLQJ� WKH� HIIHFWV� RI� JHRFRURQDO� HPLVVLRQV� LV� WR� XVH� WLPH� UHVROYHG
REVHUYDWLRQV��VR�WKDW�DQ\�GDWD�EDGO\�DIIHFWHG�E\�JHRFRURQDO�HPLVVLRQ�FDQ�VLPSO\�EH�H[FOXGHG�IURP
WKH�ILQDO�FR�DGGLWLRQ��7KLV�FDQ�EH�GRQH�HLWKHU�E\�GRLQJ�WKH�REVHUYDWLRQV�LQ� �PRGH�RU�E\�MXVWTIME-TAG
WDNLQJ�D�VHULHV�RI�VKRUW��a��PLQ�� �PRGH�H[SRVXUHV�RYHU�WKH�FRXUVH�RI�HDFK�RUELW�ACCUM

2EVHUYHUV�VKRXOG�DOVR�UHPHPEHU�WKDW�JHRFRURQDO�OLQHV�ZLOO�DOVR�SURGXFH�ZHDN�DEVRUSWLRQ�IHDWXUHV�LQ
WKH�VSHFWUD�RI�H[WHQGHG�WDUJHWV�
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����([WLQFWLRQ�&RUUHFWLRQ
([WLQFWLRQ� FDQ� GUDPDWLFDOO\� DOWHU� WKH� FRXQWV� H[SHFWHG� IURP� \RXU� VRXUFH�� SDUWLFXODUO\� LQ� WKH� 89�
([WLQFWLRQ� FXUYHV�� KRZHYHU�� KDYH� D� VWURQJ� PHWDOOLFLW\� DQG� HQYLURQPHQW� GHSHQGHQFH�� DQG� WKLV
YDULDWLRQ�LV�ODUJHVW�DW�89�ZDYHOHQJWKV��6DPSOH�H[WLQFWLRQ�FXUYHV�FDQ�EH�VHHQ�LQb.RRUQQHHI�DQG�&RGH�

� �/0&��� � �60&��� DQGb$S-�� ����� ����� ���� %RXFKHW� HWb DO��� $	$�� ����� ����� ���� &DO]HWWL�� .LQQH\�� DQG
�� DQG� UHIHUHQFHV� WKHUHLQ�� $W� ORZHU�PHWDOOLFLWLHV�� WKH�����b�6WRUFKL�%HUJPDQQ��$S-�� ����� ����� ����

EXPS��ZKLFK�LV�VR�SURPLQHQW�LQ�WKH�JDODFWLF�H[WLQFWLRQ�FXUYH��GLVDSSHDUV�DQG�$ �(�%9��LQFUHDVHV�DW͐
89�ZDYHOHQJWKV��+RZHYHU��DV�GLVFXVVHG�E\� ��WKH�H[WLQFWLRQ�FXUYH*RUGRQ�HWbDO��������$S-�����������
IRU�DQ\�VLJKW� OLQH�GHSHQGV�RQ� WKH� ORFDO�HQYLURQPHQW��DQG�HYHQ�ZLWKLQ� WKH�0DJHOOHQLF�FORXGV��PDQ\
H[DPSOHV�FDQ�EH�IRXQG�WKDW�DUH�FORVHU�WR�WKH�W\SLFDO�*DODFWLF�H[WLQFWLRQ�ODZ�WKDQ�WR�WKH�.RRUQQHHI�	
&RGH�FXUYH�

7KH� �QRZ�RIIHUV�IRXU�*DODFWLF�H[WLQFWLRQ�FXUYHV�IURP�(7& &DUGHOOL��&OD\WRQ��	�0DWKLV�������$S-������
��ZLWK�5 �YDOXHV�UDQJLQJ�IURP�����WR������([DPSOHV�RI�WKHVH�FXUYHV�DUH�VKRZQ�LQ� ��2I���� 9 )LJXUH����

WKHVH��WKH��0LON\�:D\�'LIIXVH��FXUYH�ZLWK�5 � ����� LV�WKH�GHIDXOW�VHWWLQJ�DQG�D�JRRG�FKRLFH�IRU�DQ9
DYHUDJH�*DODFWLF�H[WLQFWLRQ�FXUYH��$OVR�DYDLODEOH�DUH�FXUYHV�IRU�WKH�/0&�$YHUDJH��WKH�/0&�6XSHUVKHOO�
DQG� WKH�60&�EDU�H[WLQFWLRQ� IURP�*RUGRQ���������DV�ZHOO�DV� WKH�H[WUDJDODFWLF�6WDUEXUVW�DWWHQXDWLRQ
ODZ�RI�&DO]HWWL��)XUWKHU�GHWDLOV�RI�WKH�H[WLQFWLRQ�FXUYHV�LPSOHPHQWHG�LQ�WKH� �FDQ�EH�IRXQG� �(7& KHUH

*DODFWLF� ([WLQFWLRQ� YHUVXV� :DYHOHQJWK� IURP� &DUGHOOL�� &OD\WRQ�� 	� 0DWKLV� ������� IRU� D)LJXUH� ����� 135
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*DODFWLF� ([WLQFWLRQ� YHUVXV� :DYHOHQJWK� IURP� &DUGHOOL�� &OD\WRQ�� 	� 0DWKLV� ������� IRU� D)LJXUH� �����
YDULHW\�RI�59�YDOXHV�
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����([SRVXUH�7LPH�([DPSOHV
������6SHFWURVFRS\�RI�'LIIXVH�6RXUFH��0���
������6SHFWURVFRS\�RI�6RODU�$QDORJ�6WDU�3����&
������([WHQGHG�6RXUFH�ZLWK�)OX[�LQ�FJV�8QLWV��1*&��������,PDJLQJ�DQG�6SHFWURVFRS\
������(FKHOOH�6SHFWURVFRS\�RI�D�%ULJKW�6WDU��5HGGHQHG�/0&�6WDU
������,PDJLQJ�D�)DLQW�6WHOODU�6RXUFH
������7LPH�7DJ�2EVHUYDWLRQV�RI�D�)ODUH�6WDU��$8�0LF�

+HUH�DUH�D� IHZ� VLPSOH�H[DPSOHV� WR� LOOXVWUDWH�KRZ�DQ� LQWHJUDWLRQ� WLPH�PD\�EH� FRPSXWHG� IRU�SRLQW
VRXUFHV�DQG�GLIIXVH�VRXUFHV��7KH�IOX[�YDOXHV�JLYHQ�KHUH�DUH�IRU�LOOXVWUDWLYH�SXUSRVHV�RQO\��\RX�QHHG�WR
FKHFN�WKH�IOX[�YDOXHV� LI�\RX�DUH�SODQQLQJ�\RXU�RZQ�REVHUYDWLRQV�RI�RQH�RI� WKHVH�WDUJHWV��$OVR�QRWH
WKDW� WKH� H[DPSOHV� LQ� WKLV� VHFWLRQ� KDYH� QRW� EHHQ� XSGDWHG� WR� WDNH� LQWR� DFFRXQW� WKH� ODWHVW� UHYLVHG
YDOXHV�IRU�WKURXJKSXWV�DQG�RWKHU�GHWHFWRU�SDUDPHWHUV��DQG�VR�WKH�QXPHULFDO�UHVXOWV�SUHVHQWHG�KHUH
ZLOO�GLIIHU�IURP�WKH�PRUH�XS�WR�GDWH� �FDOFXODWLRQV�(7&

������6SHFWURVFRS\�RI�'LIIXVH�6RXUFH��0���
:H� ZDQW� WR� REVHUYH� 0���� DQ� HOOLSWLFDO� JDOD[\� LQ� 9LUJR�� XVLQJ� WKH� � JUDWLQJ� DW� D� FHQWUDOG750M
ZDYHOHQJWK� VHWWLQJ� RI�  b ����b ��� WKH� &&'� GHWHFWRU� DQG� WKH� � DUFVHF� VOLW�� 2XU� DLP� LV� WR͐Fb 52X0.2

FDOFXODWH�WKH�+ �FRXQW�UDWH� LQ�WKH�FHQWUDO�UHJLRQ�RI�0���DQG�WKH�H[SHFWHG�VLJQDO�WR�QRLVH�UDWLR�SHU͆
UHVROXWLRQ�HOHPHQW� IRU�DQ�H[SRVXUH�WLPH�RI���KRXU��0���KDV�DQ� LQKRPRJHQHRXV�VXUIDFH�EULJKWQHVV
GLVWULEXWLRQ�LQ�+͆��DQG�WKH�OLQH�LV�ZHOO�UHVROYHG�ZLWK�WKLV�JUDWLQJ��/HW�XV�FRQVLGHU�D�UHJLRQ�ZLWK�DQ�+͆
VXUIDFH�EULJKWQHVV�RI� b �����b ��� �HUJ�V�FP ���DUFVHF ��QRWH�WKH�XQLWLW�LV�QRW�WKH�HQWLUH�+͆�IOX[,͐ � �� � �

EXW�WKH�IOX[�SHU�XQLW�ZDYHOHQJWK�LQWHUYDO��DQG�D�FRQWLQXXP�VXUIDFH�EULJKWQHVV� b �����b ��� �HUJ�V,͐ � ��

�FP ���DUFVHF �� 7R�GHULYH� WKH�+ �DQG� FRQWLQXXP�FRXQW� UDWHV� IURP� WKH� VRXUFH�ZH�XVH� WKH� IRUPXOD� � ͆
IURP� �&KDSWHU���

 ������ ��� FRXQWV�V�SL[ �SL[ SHU�LQFLGHQW�HUJ�V�FP �� �b � ���
͐ V�

� �DUFVHF�

1͐ �SL[  ���DQG� � ������UHVROXWLRQ�HOHPHQW��1VSL[

8VLQJ�WKH�HTXDWLRQ�JLYHQ�E\�WKHb ��ZH�JHW�WKH�FRXQW�UDWH� b b������FRXQWV�V�FDOFXODWLRQ'LIIXVH�6RXUFH &
LQ�+ �DQG� b b������FRXQWV�V�LQ�WKH�FRQWLQXXP��6LQFH�ZH�DUH�LQWHUHVWHG�LQ�WKH�SURSHUWLHV�RI�WKH�+͆ & ͆
OLQH�� WKH� + � FRXQWV� FRQVWLWXWH� WKH� VLJQDO�� ZKLOH� ERWK� WKH� + � FRXQWV� DQG� WKH� FRQWLQXXP� FRXQWV͆ ͆
FRQWULEXWH�WR�WKH�QRLVH�

7KH�VN\�EDFNJURXQG�LV�QHJOLJLEOH�LQ�FRPSDULVRQ�WR�WKH�VRXUFH��EXW�WKH�GDUN�FXUUHQW�����b ��� �FRXQW�V� �

�SL[� ��bSL[HOV� �������FRXQW�V��DQG�WKH�UHDG�QRLVH�VTXDUHG����bH�SL[b ��bSL[HOVb ���UHDGVb ����� � �
FRXQWV��IRU� ��DUH�LPSRUWDQW�KHUH��6XEVWLWXWLQJ�WKH�QXPEHUV�LQWR�WKH�HTXDWLRQ�IRU�VLJQDO�WR� �CR-SPLIT
QRLVH��ZH�JHW�
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b 7R� LQFUHDVH� RXU� VLJQDO�WR�QRLVH� RU� GHFUHDVH� RXU� H[SRVXUH� WLPH�� ZH� FDQ� FRQVLGHU� XVLQJ� RQ�FKLS
ELQQLQJ��/HW�XV�ELQ��bSL[HOV�LQ�WKH�VSDWLDO�GLUHFWLRQ�VR�WKDW� b b���7R�DOORZ�DGHTXDWH�VDPSOLQJ�RI�RXU1ELQ
QHZ�ELQQHG�SL[HOV��ZH�OHDYH�  b���EXW�VHW� b b���VR� b b���DQG�WKHQ�  b������IRU�+͆�DQG�1͐SL[b 1VSL[ 1SL[ &b
b b������IRU�WKH�VXP�RI�+͆�DQG�FRQWLQXXP��7R�FRPSXWH�WKH�WLPH�WR�DFKLHYH�D�VLJQDO�WR�QRLVH�RI���&
XVLQJ� WKLV� FRQILJXUDWLRQ��ZH� XVH� WKH� IXOO� H[SUHVVLRQ� IRU� WKH� H[SRVXUH� WLPH� JLYHQ� LQ� �6HFWLRQ� �����
JHQHUDOL]HG�WR�WUHDW�WKH�OLQH�FRXQWV��IRU�VLJQDO��DQG�WRWDO�FRXQWV��IRU�QRLVH��VHSDUDWHO\��DQG�GHWHUPLQH
WKDW�URXJKO\���bPLQXWHV�DUH�QHHGHG�LQ�WKLV�FRQILJXUDWLRQ�

������6SHFWURVFRS\�RI�6RODU�$QDORJ�6WDU�3����&
:H�ZLVK�WR�VWXG\�WKH�VKDSH�RI�WKH�FRQWLQXXP�VSHFWUXP�RI�WKH�VRODU�DQDORJ�VWDU�3����&�IURP�WKH�QHDU�
LQIUDUHG��1,5��WR�WKH�189��:H�ZLVK�WR�REWDLQ�VSHFWURVFRS\�ZLWK�WKH�&&'�GHWHFWRU�FRYHULQJ�WKH�HQWLUH
XVHIXO� VSHFWUDO� UDQJH� IURP�����b�� WR�������b��ZLWK�JUDWLQJV� �� �� DQG� ��6LQFH�ZHG230LB G430L G750L
UHTXLUH�DFFXUDWH�SKRWRPHWU\��ZH�XVH�WKH�ZLGH� �VOLW��7KH�JRDO�LV�WR�UHDFK�D�VLJQDO�WR�QRLVH�UDWLR52X0.5
RI����LQ�WKH�189��DW�����b��������LQ�WKH�EOXH��DQG�����LQ�WKH�UHG��3����&�KDV�  b�����b9

7KH�IOX[HV�RI�3����&�DW�WKH�GHVLUHG�ZDYHOHQJWKV�REWDLQHG�IURP�D�VSHFWUXP�RI�WKH�6XQ�VFDOHG�IURP�9
b b������WR�  �������DUH�DYDLODEOH� �9b KHUH

G230LB

:H�LOOXVWUDWH�WKH�FDOFXODWLRQ�RI�WKH�H[SRVXUH�WLPH�IRU�WKH� �JUDWLQJ��3����&�LV�IRXQG�WR�KDYH�DG230LB

IOX[�RI����b �� �HUJ�V�FP ���DW�����b����b �� �

:H�JHW�WKH�IROORZLQJ�YDOXHV�IRU� �IURP� �G230LB &KDSWHU���

� ����� ��� FRXQWV�V�SL[ SHU�LQFLGHQW�HUJ�V�FP ���� ���
͐�

�

7$� ������IRU�WKH�DSHUWXUH�WKURXJKSXW��WDNHQ�IURP� �&KDSWHU���
͊  �a����I�b
1VSL[� ���VLQFH�a����RI�WKH�SRLQW�VRXUFH�OLJKW�LV�HQFLUFOHG�ZLWKLQ���SL[HOV�
1͐SL[� ����VLQFH�WZR�SL[HOV�UHVROYH�WKH�/6)�

8VLQJ�WKH�HTXDWLRQ�LQ� ��ZH�FDOFXODWH�D�SRLQW�VRXUFH�FRXQW�UDWH�RI� b b�����FRXQWV�V�RYHU�6HFWLRQ������ &
 ��bSL[HOV�IRU� �1SL[b GAIN=1
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7KH�VRXUFH�FRXQW�UDWHV�FDQ�EH�FRPSDUHG�ZLWK�WKH�EDFNJURXQG�DQG�GHWHFWRU�GDUN�FXUUHQW�UDWHV��:HૼOO
PDNH�WKH�DSSUR[LPDWLRQ�WKDW�WKH�EDFNJURXQG�DQG�GHWHFWRU�UDWHV�DUH�QHJOLJLEO\�VPDOO�IRU�WKLV�VHWWLQJ�
WKHUHIRUH�ZH�FDQ�QHJOHFW�WKHLU� ��6LQFH�ZH�DUH�DLPLQJ�IRU�D�VLJQDO�WR�QRLVH�UDWLR�RI�����ZHFRQWULEXWLRQV
FDQ�HVWLPDWH�WKDW�ZH�PXVW�REWDLQ�����FRXQWV�PLQLPXP��7KH�UHDG�QRLVH�VTXDUHG��a����RYHU��bSL[HOV
IRU��bUHDGRXWV��PXVW�WKHUHIRUH�EH�WDNHQ�LQWR�DFFRXQW��)LQDOO\��VLQFH�ZH�DUH�REVHUYLQJ�ZLWK�WKH�&&'�LQ
WKH�189��ZH�PXVW�FRUUHFW�IRU�WKH�HIIHFW�RI�WKH�PXOWLSOH�HOHFWURQ�SURFHVV��VHH� ���7KLV�ZLOO6HFWLRQ����
FDXVH�WKH�H[SRVXUH�WLPH�WR�EH�VFDOHG�DSSUR[LPDWHO\�E\b ��ZKHUH� �LV�a����DW���������8VLQJ�WKH�4 4 67,6�

��ZH�HVWLPDWH�WKH�UHTXLUHG�WLPH�IRU�6�1b b���LV�a�����VHFRQGV��7R�FKHFN�WKDW�ZH�LQGHHG�JHW�6(7&
�1b b����ZH�XVH�WKH� ��LQ� �IRUPXOD 6HFWLRQ����

G750L�DQG�G430L

([SRVXUH�WLPHV�IRU�WKH�WZR�UHPDLQLQJ�ZDYHOHQJWK�VHWWLQJV�FDQ�EH�FDOFXODWHG�GLUHFWO\�DV�WLPH� �VLJQDO�
VLQFH�WKH�UHDG�QRLVH��GHWHFWRU�EDFNJURXQG��DQG�VN\�EDFNJURXQG�DUH�QHJOLJLEOH��$V�DERYH�WR�QRLVH��&�

�bSL[HOV�DUH�WDNHQ�WR�FRQWDLQ�����RI�WKH�IOX[��7KH�UHVXOWV�DUH�VXPPDUL]HG�LQ� �7DEOH����

/RZ�5HVROXWLRQ�6SHFWURVFRS\�RI�6RODU�$QDORJ�6WDU�7DEOH������

*UDWLQJ G230LB G430L G750L
� �����͐F

:DYHOHQJWK���� ���� ���� ����

)OX[��HUJV�V�FP ���� ���� ���� �� ��� ����� �� ��� ����� ��

3RLQW�6RXUFH�6HQVLWLYLW\
�FRXQWV�V�SL[ SHU�HUJV�V�FP ���͐b

�
���� ���� �� ���� ���� �� ���� ���� ��

$SHUWXUH�WKURXJKSXW��7 �$ ��� ��� ���

1͐SL[ � � �

1VSL[�WR�HQFLUFOH�����RI�36) � � �

& �FRXQWV�V�IURP�VRXUFH�RYHU� � ���� 1͐SL[ ���� ��� ���

6LJQDO�WR�QRLVH�UDWLR�GHVLUHG �� ��� ���

7RWDO�H[SRVXUH�WLPH �����VHFRQGV ���VHFRQGV ����VHFRQGV
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������([WHQGHG�6RXUFH�ZLWK�)OX[� LQ�FJV�8QLWV��1*&�������� ,PDJLQJ�DQG
6SHFWURVFRS\
/HW�XV�FRQVLGHU�1*&�������WKH�&DWૼV�(\H�SODQHWDU\�QHEXOD��ZKHUH�WKH�DLP�LV�WR�XVH�WKH�&&'�WR�LPDJH
XVLQJ�WKH�>2�,,@�ILOWHU��DQG�WR�GR�VSHFWURVFRS\�ERWK�LQ�WKH�YLVLEOH�DQG�LQ�WKH�89�

,PDJLQJ

7KH�DLP�LV�WR�JHW�D�VLJQDO�WR�QRLVH�UDWLR�RI����XVLQJ�WKH�>2�,,@�ILOWHU��:H�NQRZ�WKDW�1*&b�����LV�DERXW
�b WLPHV� IDLQWHU� LQ� >2� ,,@� WKDQ� LQ�+ �� DQG� LWV� WRWDO� IOX[� DW� >2� ,,@� ����b�� LV�a���b � �� � HUJ�V�FP͇ � �� �

FRQWDLQHG�ZLWKLQ��b���6LQFH�WKH�UDGLXV�RI�WKH�REMHFW�LV�DERXW����DUFVHFRQGV��WKH�DYHUDJH�>2�,,@�VXUIDFH
EULJKWQHVV�LV�DERXW����b ��� �HUJ�V�FP �DUFVHF ���� �� � �

:H�WDNH�

� ����� ��� FRXQWV�V�SL[�� SHU�LQFLGHQW�HUJ�V�FP ���DUFVHF DV�JLYHQ�LQ� �� ��� � � �� &KDSWHU���
:H�WDNH� � ��� ��� �����VLQFH�D�UHVROXWLRQ�HOHPHQW�KDV�UDGLXV�RI�WZR�SL[HOV��VHH� ��1SL[ � &KDSWHU���

7R�FDOFXODWH�WKH�FRXQW�UDWH�ZH�XVH�WKH�HTXDWLRQ�LQb bIRU�GLIIXVH�VRXUFHV�DQG�GHWHUPLQH�D6HFWLRQ������
SHU�SL[HO� FRXQW� UDWH� RI� ������ FRXQWV�V�SL[� RU� D� FRXQW� UDWH�  b ���� FRXQWV�V� RYHU� ��b SL[HOV�� 7KH&b
EDFNJURXQG�DQG� WKH�GDUN� FXUUHQW� FDQ�EH�QHJOHFWHG�� 7R�JHW� D� VLJQDO�WR�QRLVH� RI� ���ZH�QHHG�a���
FRXQWV��VR�WKH�UHDG�QRLVH�FDQ�DOVR�EH�QHJOHFWHG�DQG�ZH�FDQ�XVH�WKH�VLPSOLILHG�H[SUHVVLRQ�WR�FDOFXODWH
H[SRVXUH�WLPH��VHH� ���:H�REWDLQ��� �FRXQWV�LQ�a����VHFRQGV��7R�DOORZ�SRVW�REVHUYDWLRQ6HFWLRQ������ �

UHPRYDO�RI�FRVPLF�UD\V�ZH�XVH� ��:H�QRWH�WKDW�LQ�HDFK�a����VHFRQG�H[SRVXUH�ZH�SUHGLFWCR-SPLIT=2
D�PHDQ�RI�a���FRXQWV�SL[��DQG�WKXV�ZH�DUH�VDIHO\�ZLWKLQ�WKH�OLPLWV�RI�WKH�&&'�IXOO�ZHOO�

'LIIXVH�6RXUFH�6SHFWURVFRS\�LQ�WKH�9LVLEOH�DQG�8OWUDYLROHW�5HJLRQV

,Q�WKH�YLVLEOH��WKH�DLP�LV�WR�JHW�D�VLJQDO�WR�QRLVH�RI�DERXW�����DW�͐b �����b���ZLWK�WKH� �JUDWLQJ*���0
DW�D�FHQWUDO�ZDYHOHQJWK�VHWWLQJ�RI�  b����b���WKH�&&'�GHWHFWRU��DQG�WKH� �DUFVHFRQG�VOLW��,Q͐ bF 52X0.1

WKH�89��WKH�DLP�LV�WR�JHW�D�VLJQDO�WR�QRLVH�UDWLR�RI�DERXW����DW�WKH�&b �a����b��OLQH�ZLWK�WKH�IV G140M
JUDWLQJ�DW�D�FHQWUDO�ZDYHOHQJWK�VHWWLQJ�RI�  b�����DQG�WKH� ��7R� LQFUHDVH�RXU͐ bF  detectorFUV-MAMA

VLJQDO�WR�QRLVH� UDWLR� LQ� WKH� 89�� ZH� XVH� WKH� � DUFVHFRQG� VOLW� IRU� WKH� � VSHFWURVFRSLF52X0.2 G140M
REVHUYDWLRQV�b

9LVLEOH�5HJLRQ

1*&������KDV� DQ� DYHUDJH�+ � VXUIDFH� EULJKWQHVV� RI� �̭ ��a������ � �� � HUJ�V�FP ���DUFVHF � DW͇ 6 ͇ � �� � �

����b��DQG�KDV�D�UDGLXV�RI�DERXW����DUFVHFRQGV�

:H�WDNH�IURP� �&KDSWHU���

� ������ ��� �FRXQWV�V�SL[ �SL[ �SHU�LQFLGHQW�HUJ�V�FP ���DUFVHF IRU� �� ��
͐ V

� �� G430M
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� ������ ��� �FRXQWV�V�SL[ �SL[ �SHU�LQFLGHQW�HUJ�V�FP ���DUFVHF IRU� �� ��
͐ V

� �� G430M

1͐SL[� �  ��VLQFH���SL[HOV�UHVROYHV�WKH�/6)�DQG�36)�1 �VSL[

8VLQJ�WKH�HTXDWLRQ�IRU�GLIIXVH�VRXUFHV�LQ� ��ZH�GHULYH�D�SHU�SL[HO�FRXQW�UDWH�RI�����FRXQWV�V6HFWLRQ����
�SL[� DQG� D� FRXQW� UDWH� LQWHJUDWHG� RYHU� WKH� IRXU� SL[HOV� RI�  b ���� FRXQWV�V� DW� ����b �� IURP� WKH&b
DVWURQRPLFDO� VRXUFH�� 7KH� VN\� EDFNJURXQG� DQG� WKH� GHWHFWRU� EDFNJURXQG� DUH�PXFK� ORZHU�� 7R� DOORZ
FRVPLF�UD\�UHPRYDO�LQ�SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ��ZH�XVH� ��7R�DFKLHYH�D�VLJQDO�WR�CR-SPLIT=3
QRLVH�RI������ZH�UHTXLUH�D�WRWDO�RI�URXJKO\��������FRXQWV��VR�UHDG�QRLVH�VKRXOG�EH�QHJOLJLEOH��HYHQ
RYHU��bSL[HOV�DQG�ZLWK� ��:H�FDOFXODWH� WKH� WLPH� UHTXLUHG� WR�DFKLHYH� VLJQDO�WR�QRLVH�RI�����NREAD=3
XVLQJ�WKH�VLPSOLILHG�HTXDWLRQ� ��DQG�GHWHUPLQH�WKDW�ZH�UHTXLUH�URXJKO\���bPLQXWHV�6HFWLRQ������

$W�D�FRXQW�UDWH�RI�a��FRXQWV�V�SL[�IRU�����VHFRQGV�SHU� �H[SRVXUH��ZH�DUH�LQ�QR�GDQJHU�RICR-SPLIT
KLWWLQJ�WKH�&&'�IXOO�ZHOO�OLPLW�

8OWUDYLROHW�5HJLRQ

7KH�&� ,9� IOX[� RI�1*&b����� LV�a���� � �� HUJ�V�FP �DUFVHF � VSUHDG�RYHU�a�b��� 7KH� OLQH��ZLWK� D� ��� � �

):+0�a����b���ZLOO�EH�ZHOO�UHVROYHG�LQ�WKH� �FRQILJXUDWLRQ�XVLQJ�WKH� �VOLW�G140M 52X0.2

:H�WDNH�IURP� �&KDSWHU���

�  � ����� � �� FRXQWV�V�SL[ �SL[ SHU� LQFLGHQW� HUJ�V�FP ��o�DUFVHF IRU� � DW�� ��
͐ V�

� �� G140M ͐b
 b����b��XVLQJ�WKH�����DUFVHFRQG�ZLGH�VOLW�
:H�WDNH� � � � ����VLQFH�WKH�OLQH�HPLVVLRQ�LV�VSUHDG�RYHU�WKH�a��SL[HOV�RI�WKH�VOLW�ZLGWK1͐SL[ 1VSL[
LQ�GLVSHUVLRQ��DQG�ZH�DUH�ZLOOLQJ�WR�LQWHJUDWH�IOX[�DORQJ�WKH�VOLW�WR�LPSURYH�WKH�VLJQDO�WR�QRLVH
UDWLR�

8VLQJ�WKH�HTXDWLRQ�IRU�GLIIXVH�VRXUFHV�LQ� ��ZH�GHWHUPLQH�D�SHU�SL[HO�SHDN�FRXQW�UDWH�RI6HFWLRQ������
a������FRXQWV�V�SL[�DQG�D�FRXQW� UDWH�RYHU� WKH����SL[HOV�RI�  b�����FRXQWV�V�DW�����b�� IURP�WKH&b
DVWURQRPLFDO�VRXUFH��7KH�VN\�DQG�GHWHFWRU�EDFNJURXQGV�DUH�VWLOO�QHJOLJLEOH��DQG�WKH�UHDG�QRLVH�LV�]HUR
IRU�WKH�0$0$�GHWHFWRU�VR�ZH�FDQ�XVH�WKH�VLPSOLILHG�HTXDWLRQ�IRU�H[SRVXUH�WLPH��VHHb �6HFWLRQ������
:H�GHWHUPLQH�WKDW�ZH�UHTXLUH�a��PLQXWHV�
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����
����

b:H�DUH�ZHOO�EHORZ�WKH�0$0$�ORFDO�OLQHDULW\�OLPLW�RI����FRXQWV�V�SL[��(YHQ�DVVXPLQJ�WKH�QHEXOD�HYHQO\
LOOXPLQDWHV�WKH�IXOO����DUFVHFRQGV�RI�WKH�ORQJ�VOLW��ZH�DUH�ZHOO�EHORZ�WKH�JOREDO�DEVROXWH�DQG�OLQHDULW\
OLPLWV��VLQFH�WKH�IOX[�IURP�WKH�QHEXOD�LV�FRQFHQWUDWHG�LQ�WKH�&b �HPLVVLRQ�OLQH��7KHQ�WKH�JOREDO�FRXQWIV
UDWH��LI�WKH�VRXUFH�IXOO\�ILOOV�WKH�VOLW�LQ�WKH�VSDWLDO�GLUHFWLRQ��LV�JLYHQ�URXJKO\�E\�������b ��� ������b�� �

�������� FRXQWV�V�� )LQDOO\��ZH� DUH�ZHOO� EHORZ� WKH�0$0$� ��b ELW� EXIIHU� OLPLW� RI� D�PD[LPXP�RI
�������FRXQWV�SL[ LQWHJUDWHG�RYHU�WKH�H[SRVXUH�GXUDWLRQ��

������(FKHOOH�6SHFWURVFRS\�RI�D�%ULJKW�6WDU��5HGGHQHG�/0&�6WDU
7KH�DLP�KHUH�LV�WR�GR�KLJK�UHVROXWLRQ�HFKHOOH�VSHFWURVFRS\�RI�DQ�2��VWDU�LQ�WKH�/0&�DW�����b���XVLQJ
WKH� �JUDWLQJ�DW�D�FHQWUDO�ZDYHOHQJWK�RI� b b����b��DQG�XVLQJ�WKH� �DUFVHFRQG�VOLW��7KH(���+ ͐F 0.2X0.09

DLP�LV�WR�JHW�D�VLJQDO�WR�QRLVH�UDWLR�RI�DERXW����IURP�SKRWRQ�VWDWLVWLFV��:H�ZLOO�DVVXPH�WKDW�WKH�H[DFW
89�IOX[�RI�WKH�VWDU�LV�XQNQRZQ�DQG�ZH�QHHG�WR�HVWLPDWH�LW�IURP�WKH�RSWLFDO�GDWD��7KLV�FDOFXODWLRQ�RI
WKH�VWHOODU�IOX[�DW�����b��LQYROYHV��bVWHSV�

&DOFXODWLRQ�RI�WKH�GHUHGGHQHG�IOX[�DW��������
&DOFXODWLRQ�RI�SUHGLFWHG� IOX[�DW�������� WDNLQJ� UHGGHQLQJ�ZLWK�VWDQGDUG�H[WLQFWLRQ�DQG�VWHOODU
PRGHOV�LQWR�DFFRXQW�

'HUHGGHQHG�0DJQLWXGH�DQG�3UHGLFWLRQ�RI��������)OX[

:H�DVVXPH�WKDW�LW�LV�DQ�2��9�VWDU�ZLWK� � ������DQG� b� LV�������7KH�H[SHFWHG� b� �YDOXH�IURP9 % 9� % 9
VXFK�D�VWDU�LV�������VR�WKDW� � b �� �����bPDJ�( %b 9

:H�DVVXPH�DOO�WKH�H[WLQFWLRQ�WR�EH�GXH�WR�WKH�/0&��DQG�XVH�WKH�DSSURSULDWH�H[WLQFWLRQ�ODZ��.RRUQQHHI
DQG�&RGH�� �� ��������������7KH�WRWDO�YLVXDO�H[WLQFWLRQ�LV�WKHQ� b � � b �b ����b �����b ������$S- ��� 5 � ( %b 9 �
OHDGLQJ� WR�DQ�XQUHGGHQHG�PDJQLWXGH�RI� b b������� 7KH�FRUUHVSRQGLQJ� IOX[�DW�����b�� �XVLQJ� WKH9�
VWDQGDUG�]HUR�SRLQW�ZKHUH�  b��FRUUHVSRQGV�WR�)�����b��b �����b ��� �HUJ�V�FP ��LV�)�����b��� 9b � � �

����� ��� �HUJ�V�FP ���� �� �

7KH�PRGHO�DWPRVSKHUH�RI�.XUXF]�SUHGLFWV�)�����b��� �����b��b ������IRU�DQ�2�bVWDU��ZKLFK�OHDGV�WR�D)
IOX[� RI� )�����b��b � ����b � �� � HUJ�V�FP ��� DW� ����b�� IRU� WKH� XQUHGGHQHG� VWDU�� 5HGGHQLQJ�ZLOO� �� �

GLPLQLVK�WKLV�IOX[�E\�D�IDFWRU�RI��� ��ZKHUH�WKH�DEVRUSWLRQ�DW�����b��FDQ�EH�GHWHUPLQHG���[$�����b��

IURP�WKH�H[WLQFWLRQ�FXUYH��WKH�UHVXOW�LQ�WKLV�FDVH�LV�a�����7KXV�WKH�SUHGLFWHG�IOX[�RI�WKLV�VWDU�DW�����b�
LV����b ��� �HUJ�V�FP ���� �� �

([SRVXUH�7LPH�&DOFXODWLRQ

:H�WDNH�IURP� �&KDSWHU���

SL[b ������������FRXQWV�V� ͐bSHU�LQFLGHQW�HUJ�V�FP
����IRU�E230H�
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7$� �������IRU�WKH�DSHUWXUH�WKURXJKSXW�
͊  �����IRU�WKH�HQFLUFOHG�HQHUJ\�I�
1͐SL[� ����VLQFH�WZR�SL[HOV�UHVROYH�WKH�/6)�
1VSL[� b���VLQFH�����RI�WKH�SRLQW�VRXUFH�OLJKW�LV�HQFLUFOHG�E\���SL[HOV�

8VLQJ�WKH�HTXDWLRQ�IRU�SRLQW�VRXUFHV�LQ� ��ZH�GHWHUPLQH�D�WRWDO�FRXQW�UDWH�IURP�WKH�VWDU�RI�6HFWLRQ���� &b
 b����FRXQWV�V�RYHU��bSL[HOV��)URP� �ZH�VHH�WKDW�a��bSHUFHQW�RI�WKH�SRLQW�VRXUFH�IOX[�ZLOO&KDSWHU���
EH�FRQWDLQHG�ZLWKLQ�WKH�SHDN�SL[HO��7KXV�WKH�SHDN�SHU�SL[HO�FRXQW�UDWH�ZLOO�EH�DSSUR[LPDWHO\����b�
���������b ���b b������FRXQWV�V�SL[�DQG�ZHOO�ZLWKLQ�WKH�ORFDO�OLQHDU�FRXQWLQJ�UHJLPH��:H�FDQ�XVH�WKH�
LQIRUPDWLRQ�WKDW�ZH�UHJLVWHU�a����FRXQWV�V�IRU�HYHU\�WZR�SL[HOV�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�WR�HVWLPDWH
WKH�JOREDO�FRXQW�UDWH��RYHU�WKH�HQWLUH�GHWHFWRU��DV�IROORZV��(DFK�RUGHU�FRQWDLQV�a�����SL[HOV��DQG�WKH�

� JUDWLQJ� DW� WKH� FHQWUDO�ZDYHOHQJWK� VHWWLQJ� RI� ����b�� FRYHUV� ��b RUGHUV� �VHH� ��� $(���+ &KDSWHU� ��
URXJK�HVWLPDWH�RI�WKH�JOREDO�FRXQW�UDWH�LV�WKXV�a��b ����b ���������a�����FRXQWV�V�DQG�ZH�DUH�ZHOO� �
ZLWKLQ�WKH�OLQHDU�UDQJH�

7R� FDOFXODWH� WKH� LQWHJUDWLRQ� WLPH��ZH� FDQ� LJQRUH� ERWK� WKH� VN\� EDFNJURXQG� DQG� WKH� GHWHFWRU� GDUN
FXUUHQW�ZKLFK�DUH�VHYHUDO�RUGHUV�RI�PDJQLWXGH�IDLQWHU�WKDQ�WKH�VRXUFH��7R�DFKLHYH�D�VLJQDO�WR�QRLVH
UDWLR�RI�����ZH�WKHQ�UHTXLUH�a�����FRXQWV�ZKLFK�ZRXOG�WDNH�D�WRWDO�RI�a���bKRXUV��)RUWXQDWHO\��WKLV�LV
D�&9=�WDUJHW�

������,PDJLQJ�D�)DLQW�6WHOODU�6RXUFH
&RQVLGHU�D�FDVH�ZKHUH�WKH�DLP�LV�WR�LPDJH�D�IDLQW��  b�����$�W\SH�VWDU�ZLWK�WKH�FOHDU�ILOWHU�DQG�WKH9b
&&'�GHWHFWRU��:H�ZDQW�WR�FDOFXODWH�WKH� LQWHJUDWLRQ�WLPH�UHTXLUHG�WR�DFKLHYH�D�VLJQDO�WR�QRLVH�UDWLR
RIb ��� 7KH� FRXQW� UDWH� IURP� WKH� VRXUFH� LV� ������ FRXQWV�V�GLVWULEXWHG�RYHU� DERXW���bSL[HOV� XVLQJ� WKH
LQIRUPDWLRQ�LQ� �� ,I�ZH�DVVXPH�WKH�EDFNJURXQG�WR�EH�૿W\SLFDO�KLJK�� ���WKH�FRXQW&KDSWHU��� 7DEOH����
UDWH�GXH� WR� WKH�EDFNJURXQG� LQWHJUDWHG�RYHU� WKH�EDQGSDVV� LV�a�����FRXQWV�V�SL[�RU����� FRXQWV�V� LQ
��b SL[HOV� �DQG� WKH� GHWHFWRU� GDUN� UDWH� LV� ��b WLPHV� ORZHU��� :H� ZLOO� QHHG� WR� EH� DEOH� WR� UREXVWO\
GLVWLQJXLVK�FRVPLF�UD\V� LI�ZH�DUH� ORRNLQJ� IRU� IDLQW�VRXUFHV��VR�ZH�ZLOO�XVH� ��:H�XVH�WKHCR-SPLIT=4

WR� HVWLPDWH� WKH� UHTXLUHG�H[SRVXUH� WLPH� WR�EH�����b VHFRQGV�� 7R� UHSURGXFH� WKH�QXPEHUVb67,6�(7&
JLYHQ�E\�WKH� ��ZH�XVH�WKH�HTXDWLRQ�LQ� �(7& 6HFWLRQ������

$OWHUQDWHO\��ZH�FRXOG�KDYH�UHTXHVWHG� ��VHH� ���VLQFH�WKHVH�REVHUYDWLRQV�DUH�VN\�LOW-SKY 6HFWLRQ������
EDFNJURXQG�OLPLWHG��,Q�WKDW�FDVH�WKH�VN\�EDFNJURXQG�LQWHJUDWHG�RYHU�WKH�EDQGSDVV�SURGXFHV�a�����
FRXQWV�V�SL[WR�ZKLFK�ZH�DGG�WKH�GHWHFWRU�GDUN�FXUUHQW� WR�JHW�D� WRWDO�EDFNJURXQG�RI�������FRXQWV�V
�SL[��8VLQJ�WKH� IXOO�HTXDWLRQ� IRU�H[SRVXUH�WLPH�DJDLQ��ZH�WKHQ�GHWHUPLQH�WKDW�ZH�UHTXLUH�RQO\�a��
PLQXWHV��7KLV�RSWLRQ�LV�SUHIHUDEOH�WR�SHUIRUP�WKLV�H[SHULPHQW��7R�FKHFN�WKH�6�1��ZH�XVH�WKH�HTXDWLRQ
LQb �6HFWLRQ������
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������7LPH�7DJ�2EVHUYDWLRQV�RI�D�)ODUH�6WDU��$8�0LF�
6XSSRVH� WKH� DLP� LV� WR� GR� � REVHUYDWLRQV� RI� D� IODUH� VWDU� VXFK� DV� $8b0LF�� LQ� WKH� K\GURJHQTIME-TAG
/\PDQ� �����b��OLQH��VHH� ���:H�ZLVK�WR�REVHUYH�LW�ZLWK�WKH� �JUDWLQJ��WKH�0$0$͆ 6HFWLRQ������� G140M
GHWHFWRU�DQG�D�����DUFVHFRQG�VOLW��$8b0LF�KDV�  b������WKH�LQWHQVLW\�RI�LWV�/\� �OLQH�LV�DERXW��b� ��b9b ͆ s �
�� �HUJ�V�FP ����DQG�WKH�ZLGWK��):+0��RI�WKH�OLQH�LV�DERXW����b� ����b���:H�ZLOO�DVVXPH�WKDW�GXULQJ�� � s
EXUVWV��WKH�IOX[�PLJKW�YDU\�E\�D�IDFWRU�RIb����VR�WKDW�WKH�OLQH�IOX[�PD\�EH�XS�WR���b ��� �HUJ�FP �V� �� �

���

$8�0LF�LV�DQ�0�VWDU�DQG�LWV�89�FRQWLQXXP�LV�ZHDN�DQG�FDQ�EH�QHJOHFWHG�

:H�XVH�IURP� �&KDSWHU���

b ������[��� �FRXQWV�V�SL[ SHU�LQFLGHQW�HUJ�V�FP �����
͐�

�

$SHUWXUH�WKURXJKSXW� � �����7$
(QFLUFOHG�HQHUJ\�͊  �����I�
1VSL[� ����
'HULYH� � ����VLQFH� WKH� OLQH�):+0� LV�a���b��DQG� WKH�GLVSHUVLYH�SODWH�VFDOH� IRU� � LV1͐SL[ G140M

����b��SL[�

3OXJJLQJ�WKHVH�YDOXHV�LQWR�WKH�SRLQW�VRXUFH�HTXDWLRQ�LQb ��ZH�JHW�  b����FRXQWV�V RYHU6HFWLRQ������ &b �
��b ���bSL[HOV��RU�a�����FRXQWV�V IURP�WKH�VRXUFH�GXULQJ�D�EXUVW��WDNLQJ�  b������7KLV�LV�ZHOO�EHORZ� � ͊ bI
WKH�0$0$� �JOREDO� OLQHDULW\� OLPLW�RI��������FRXQWV�V�DQG� WKH�FRQWLQXRXV�REVHUYLQJ� OLPLW�RITIME-TAG
�������FRXQW�V��7KH�OLQH�LV�VSUHDG�RYHU���bSL[HOV�LQ�GLVSHUVLRQ�DQG�URXJKO\�RQO\�����RI�WKH�IOX[�LQ�WKH
GLVSHUVLRQ�GLUHFWLRQ�IDOOV�LQ�WKH�SHDN�SL[HO��WKXV�WKH�SHDN�SHU�SL[HO�FRXQW�UDWH�� ��LV�URXJKO\��������b3FU
����b b�bFRXQWV�V�SL[��DQG�ZH�DUH�QRW�QHDU�WKH�0$0$�ORFDO�OLQHDULW\�OLPLW��

)RU�D� �H[SRVXUH��ZH�QHHG�WR�GHWHUPLQH�RXU�PD[LPXP�DOORZHG�WRWDO�REVHUYDWLRQ�WLPH��ZKLFKTIME-TAG

LV�JLYHQ�E\����b ��� � �VHFRQGV�RU�URXJKO\������PLQXWHVb ���bKRXUV��)RU�3KDVH�,,�RQO\��ZH�ZLOO�DOVR� � &
QHHG�WR�FRPSXWH�WKH�YDOXH�RI�WKH� �SDUDPHWHU��ZKLFK�LV�WKH�WLPH�LQ�VHFRQGV�WR�UHDFK��bBUFFER-TIME �
�� bFRXQWV��LQ�WKLV�FDVH������VHFRQGV�� b�b[b�� ������� �
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&KDSWHU����)HDVLELOLW\�DQG�'HWHFWRU�3HUIRUPDQFH
&KDSWHU�&RQWHQWV

����67,6�'HWHFWRUV
����7KH�&&'
����&&'�2SHUDWLRQ�DQG�)HDVLELOLW\�&RQVLGHUDWLRQV
����7KH�0$0$�'HWHFWRUV
����0$0$�2SHUDWLRQ�DQG�)HDVLELOLW\�&RQVLGHUDWLRQV
����0$0$�6SHFWUDO�DQG�6SDWLDO�2IIVHWWLQJ
����0$0$�%ULJKW�2EMHFW�/LPLWV
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����67,6�'HWHFWRUV
67,6�HPSOR\V�WZR�IXQGDPHQWDOO\�GLIIHUHQW� W\SHV�RI�GHWHFWRUV��DQ�XOWUDYLROHW� �89��RSWLPL]HG�&&'�IRU
XVH� IURP� WKH� QHDU�89� �189�� WR� WKH� QHDU�LQIUDUHG� �1,5��� DQG� 0XOWL�$QRGH� 0LFURFKDQQHO� $UUD\
GHWHFWRUV��NQRZQ�DV�0$0$V��IRU�XVH�LQ�WKH�89��7KH�&&'�DQG�WKH�0$0$�GHWHFWRUV�DUH�XVHG�LQ�GLIIHUHQW
ZD\V�DQG�LPSRVH�WKHLU�RZQ�XQLTXH�OLPLWDWLRQV�RQ�WKH�IHDVLELOLW\�RI�REVHUYDWLRQV�SHUIRUPHG�ZLWK�WKHP�
%HORZ�� ZH� SUHVHQW� WKH� SURSHUWLHV� RI� WKH� 67,6� GHWHFWRUV�� GHVFULEH� KRZ� WR� XVH� WKHP� WR� RSWLPL]H
VFLHQWLILF�SURJUDPV��DQG�OLVW�WKH�VWHSV�\RX�VKRXOG�WDNH�WR�HQVXUH�WKH�IHDVLELOLW\�RI�\RXU�REVHUYDWLRQV�
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����7KH�&&'
������'HWHFWRU�3URSHUWLHV
������(IIHFWV�RI�WKH�&KDQJH�WR�67,6�6LGH���(OHFWURQLFV�RQ�&&'�3HUIRUPDQFH
������67,6�&&'�3HUIRUPDQFH�$IWHU�5HSDLU�'XULQJ�60�
������&&'�6SHFWUDO�5HVSRQVH
������&&'�6HQVLWLYLW\
������&&'�/RQJ�:DYHOHQJWK�)ULQJLQJ
������)ULQJLQJ�'XH�WR�WKH�2UGHU�6RUWHU�)LOWHUV
������2SWLFDO�3HUIRUPDQFH
������5HDGRXW�)RUPDW
�������$QDORJ�WR�'LJLWDO�&RQYHUVLRQ��6HOHFWLQJ�WKH�&&'*$,1
�������/RQJ�WHUP�5RWDWLRQDO�'ULIW

������'HWHFWRU�3URSHUWLHV
7KH�67,6�&&'� LV� D� ORZ�QRLVH� GHYLFH� FDSDEOH� RI� KLJK� VHQVLWLYLW\� LQ� WKH� YLVLEOH� DQG� WKH�189�� ,W� LV� D
WKLQQHG�� EDFNVLGH�LOOXPLQDWHG� GHYLFH� PDQXIDFWXUHG� E\� 6FLHQWLILF� ,PDJLQJ� 7HFKQRORJLHV� �6,7H��� ,Q
RUGHU�WR�SURYLGH�189�LPDJLQJ�SHUIRUPDQFH��WKH�&&'�ZDV�EDFNVLGH�WUHDWHG�DQG�FRDWHG�ZLWK�D�ZLGH�
EDQG�DQWL�UHIOHFWDQFH�FRDWLQJ��7KH�SURFHVV�SURGXFHV�DFFHSWDEOH�189�TXDQWXP�HIILFLHQF\��4(��ZLWKRXW
FRPSURPLVLQJ� WKH� KLJK�4(� RI� WKH� YLVLEOH� EDQGSDVV�� 7KH�&&'� FDPHUD� GHVLJQ� LQFRUSRUDWHV� D�ZDUP
GHZDU�ZLQGRZ��GHVLJQHG� WR�SUHYHQW�EXLOGXS�RI� FRQWDPLQDQWV�RQ� WKH�ZLQGRZ��ZKLFK�ZHUH� IRXQG� WR
FDXVH�D�ORVV�RI�89�WKURXJKSXW�IRU�WKH�:)3&��&&'V��$�VXPPDU\�RI�WKH�67,6�&&'�SHUIRUPDQFH�LV�JLYHQ
LQ� ��5HDG�QRLVH�DQG�GDUN�FXUUHQW�YDOXHV�DUH�EDVHG�RQ�GDWD�WDNHQ�LQ�&\FOHb����6HH�WKH�7DEOH���� 67,6

�IRU�IXUWKHU�XSGDWHV�ZHEVLWH

&&'�'HWHFWRU�3HUIRUPDQFH�&KDUDFWHULVWLFV�7DEOH������

&KDUDFWHULVWLF &&'�3HUIRUPDQFH

$UFKLWHFWXUH 7KLQQHG��EDFNVLGH�LOOXPLQDWHG

:DYHOHQJWK�UDQJH ������������

3L[HO�IRUPDW ����� �����LOOXPLQDWHG�SL[HOV��

)LHOG�RI�YLHZ ��� ���DUFVHFRQGV�� �

3L[HO�VL]H ��� ���PLFURPHWHUV�� �

3L[HO�SODWH�VFDOH ��������DUFVHFRQGV

4XDQWXP�HIILFLHQF\ ೇ����#�������
����#�������ೇ
����#�������ೇ

'DUN�FRXQW�UDWH ������H �V��SL[ �EXW�YDULHV�ZLWK�GHWHFWRU�WHPSHUDWXUH�DQG�<�SRVLWLRQ�ಝ �
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5HDG�QRLVH��$PS�'�
�HIIHFWLYH�YDOXHV� ����H �UPV�DW� ����H RI�ZKLFK�LV�SDWWHUQ�QRLVH�ಝ GAIN=1 ಝ�

����H UPV�DW� ������H �RI�ZKLFK�LV�SDWWHUQ�QRLVH��ಝ GAIN=4 ಝ

)XOO�ZHOO ��������H �RYHU�WKH�LQQHU�SRUWLRQ�RI�WKH�GHWHFWRUಝ

��������H RYHU�WKH�RXWHU�SRUWLRQ�RI�WKH�GHWHFWRUಝ�

6DWXUDWLRQ�OLPLW �������H DW�ಝ� GAIN=1

��������H DW� ��YDULHV�VOLJKWO\�RYHU�GHWHFWRU�ಝ� GAIN=4

������ (IIHFWV� RI� WKH� &KDQJH� WR� 67,6� 6LGH��� (OHFWURQLFV� RQ� &&'
3HUIRUPDQFH
,Q�0D\�������WKH�SULPDU\�6LGH���HOHFWURQLFV�RQ�67,6�IDLOHG��2SHUDWLRQV�ZHUH�VXEVHTXHQWO\�UHVXPHG
XVLQJ�WKH�EDFNXS�6LGH���HOHFWURQLFV��&&'�REVHUYDWLRQV�KDYH�EHHQ�DIIHFWHG�LQ�WZR�ZD\V�

)LUVW��WKH�6LGH���HOHFWURQLFV�GR�QRW�KDYH�D�ZRUNLQJ�&&'�WHPSHUDWXUH�FRQWUROOHU��DQG�WKH�GHWHFWRU�FDQ
QR�ORQJHU�EH�KHOG�DW�D�IL[HG�WHPSHUDWXUH��$V�D�UHVXOW��WKH�&&'�GDUN�FXUUHQW�QRZ�IOXFWXDWHV�ZLWK�WKH
GHWHFWRU� WHPSHUDWXUH�� )RUWXQDWHO\�� WKH� GDUN� FXUUHQW� YDULDWLRQ� FRUUHODWHV� ZLWK� WKH� &&'� KRXVLQJ
WHPSHUDWXUH��7KH�GDUN�FXUUHQW�VFDOHV�ZLWK�KRXVLQJ�WHPSHUDWXUH�DW�D�UDWH�EHWZHHQ����DQG�����r&�
GHSHQGLQJ�XSRQ�WKH�LQGLYLGXDO�SL[HO�DQG�ZKHQ�WKH�H[SRVXUH�ZDV�WDNHQ�LQ�WKH�OLIHWLPH�RI�67,6��7KLV�LV
DSSUR[LPDWHG�E\�D����r&�FRUUHFWLRQ��)XUWKHU�GHWDLOV�DUH�JLYHQ�LQ� �� �b67,6�,65�������� 67,6�,65��������
DQG� UHIHUHQFHV� WKHUHLQ�� $OO� UHIHUHQFH� ILOH� GDUN� LPDJHV� SUHSDUHG� IRU� XVH�ZLWK� 67,6�&&'�GDWD� WDNHQ
GXULQJ�6LGH���RSHUDWLRQV�DUH�QRZ� VFDOHG� WR� D� VWDQGDUG�KRXVLQJ� WHPSHUDWXUH�RI� ��r&�EHIRUH�EHLQJ
GHOLYHUHG��%HIRUH�VXEWUDFWLRQ�RI�WKH�DSSURSULDWH�GDUN�ILOH�IURP�6LGH���&&'�GDWD��WKH� �SDFNDJHFDOVWLV
UHVFDOHV�WKH�GDUN�XVLQJ�WKH�&&'�KRXVLQJ�WHPSHUDWXUH�YDOXH�LQ�WKH� �NH\ZRUG�ZKLFK�LV�IRXQGOCCDHTAV
LQ�WKH�H[WHQVLRQ�KHDGHU�RI�HDFK�VXE�H[SRVXUH�

7KH� VHFRQG�FKDQJH� LV� DQ� LQFUHDVH� LQ� WKH� UHDG�QRLVH�E\�DERXW��bHOHFWURQ�ZKHQ� � DQG�E\CCDGAIN=1
���bHOHFWURQV�ZKHQ� ��7KLV�H[WUD�UHDG�QRLVH�DSSHDUV�LQ�WKH�IRUP�RI�FRKHUHQW�SDWWHUQ�QRLVH�CCDGAIN=4
DQG� XQGHU� VRPH� FLUFXPVWDQFHV� LW�PD\� EH� SRVVLEOH� WR� UHGXFH� WKLV� QRLVH� E\� XVLQJ� )RXULHU� ILOWHULQJ
WHFKQLTXHV��$�GLVFXVVLRQ�RI�WKLV�FDQ�EH�IRXQG�LQ� �DQG�WKH�DVWURQRPLFDO�FRPPXQLW\67,6�,65��������
KDV�SURGXFHG�RWKHU�PHWKRGV�RI�VXEWUDFWLQJ�RXW�WKLV�QRLVH��VHH�WKH�FRQIHUHQFH�SURFHHGLQJ�IURP�WKH�

�&DOLEUDWLRQ�:RUNVKRS�RQ� ��+67 bDV�ZHOO�DV�WKH�$XWRILOHW�SUR RULJLQDO�$XWRILOHW�FRGH

������67,6�&&'�3HUIRUPDQFH�$IWHU�5HSDLU�'XULQJ�60�
7KH�UHSDLU�PDGH�GXULQJ�60��UHVWRUHG�WKH�6LGH���HOHFWURQLFV�WR�RSHUDWLRQ��WKH�IDLOXUH�WKDW�KDG�DIIHFWHG
6LGH���HOHFWURQLFV�ZDV�QRW�DFFHVVLEOH��DQG�WKH�6LGH���HOHFWURQLFV�UHPDLQ�LQRSHUDWLYH��$V�D�UHVXOW��WKH
FKDQJHV� WR� &&'�RSHUDWLRQV� LQWURGXFHG� E\� WKH� VZLWFK� WR� WKH� 6LGH��� HOHFWURQLFV�� LQFOXGLQJ� ERWK� WKH
LQDELOLW\�WR�DFWLYHO\�FRQWURO�WKH�&&'�FKLS�WHPSHUDWXUH�DQG�WKH�H[WUD�FRKHUHQW�SDWWHUQ�QRLVH�GLVFXVVHG
DERYH��FRQWLQXH�WR�DIIHFW�67,6�RSHUDWLRQV�DIWHU�WKH�UHSDLU��)RU�DGGLWLRQDO�LQIRUPDWLRQ�SOHDVH�VHH�67,6

�,65��������
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200103.pdf
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&KDQJHV�LQ�&&'�5HDG�1RLVH

7KH�FRKHUHQW�SDWWHUQ�QRLVH�DSSHDUV� WR�EH�XQFKDQJHG� LQ� LWV�DPSOLWXGH�DQG�EHKDYLRU��KRZHYHU�� WKH
RYHUDOO� UHDG� QRLVH� RI� WKH� 67,6� &&'� KDV� LQFUHDVHG� DIWHU� WKH� UHSDLU�� 'XULQJ� WKH� SHULRG� RI� 6LGH��
RSHUDWLRQV��WKH�PHDQ�UHDG�QRLVH�PHDVXUHG�XVLQJ�WKH�GHIDXOW�UHDGRXW�DPSOLILHU�ZLWK� �ZDV �CCDGAIN
����b HOHFWURQV�� LQ� WKH� PRQWKV� DIWHU� 60�� DQG� GXULQJ� &\FOHb ��� FDOLEUDWLRQV� WKH� PHDQ� ZDV
����bHOHFWURQV��)RU� ��WKH�UHDG�QRLVH�LQFUHDVHG�IURP����bHOHFWURQV�WR����bHOHFWURQV��6LPLODUCCDGAIN=4
LQFUHDVHV�LQ�UHDG�QRLVH�ZHUH�VHHQ�LQ�WKH�WKUHH�RWKHU�67,6�&&'�DPSOLILHUV�

$�IXUWKHU�LQFUHDVH�LQ�WKH�$PSb'�UHDG�QRLVH�ZDV�VHHQ�RQ�0D\b����������$IWHU�WKLV�GDWH�WKH�CCDGAIN=1
UHDG�QRLVH�ZDV����bHOHFWURQV��DQG�WKDW� IRU� ����bHOHFWURQV�� �$PSVb$�DQGb&�DSSHDU�WR�ZDVCCDGAIN=4
KDYH� EHHQ� XQDIIHFWHG� DW� WKLV� WLPH��� 7KLV� LQFUHDVH� LV� WKRXJKW� WR� KDYH� EHHQ� FDXVHG� E\� UDGLDWLRQ
GDPDJH� HDUO\� LQ� WKH� $PSb '� VLJQDO� FKDLQ� HOHFWURQLFV�� ,Q� 6HSWHPEHU� RI� ������ $PSb &� VKRZHG� DQ
LQFUHDVH�E\�a���DQG�KDV�UHPDLQHG�VWHDG\�DW�WKLV�QHZ�UHDGQRLVH�YDOXH��$GGLWLRQDO�LQFUHDVHV�RI�WKLV
W\SH�DUH�SRVVLEOH��DQG�WKH�UHDG�QRLVH�LV�PRQLWRUHG�RQ�D�UHJXODU�EDVLV��$PSb'�FRQWLQXHV�WR�VKRZ�WKH
ORZHVW�UHDG�QRLVH�DPRQJ�WKH�IRXU�DPSOLILHUV�� LW�UHPDLQV�WKH�GHIDXOW�DPSOLILHU�DQG�LV�XVHG�IRU�DOO�*2
VFLHQFH�H[SRVXUHV�

,QFUHDVLQJ�(IIHFWV�RI�5DGLDWLRQ�'DPDJH

'XULQJ�WKH�SHULRG�WKDW�LW�ZDV�LQRSHUDWLYH��WKH�67,6�&&'�FRQWLQXHG�WR�DFFXPXODWH�UDGLDWLRQ�GDPDJH�
7KLV�UHVXOWHG�LQ�LQFUHDVLQJ�GDUN�FXUUHQW�� ���D�ODUJHU�QXPEHU�RI�KRW�SL[HOV�� ��6HFWLRQ������ 6HFWLRQ������
DQG� GHFUHDVLQJ� FKDUJH�WUDQVIHU� HIILFLHQF\� � ��� 6XFK� GHJUDGDWLRQ� DIIHFWV� DOO� &&'V� LQ� D6HFWLRQ� �����
VSDFH�HQYLURQPHQW�DQG�ZDV�H[SHFWHG�

������&&'�6SHFWUDO�5HVSRQVH
7KH�VSHFWUDO� UHVSRQVH�RI� WKH�XQILOWHUHG�&&'� LV� VKRZQ� LQ� � �ODEHOHG�DV� ��� 7KLV� ILJXUH)LJXUH���� 50CCD
LOOXVWUDWHV� WKH� H[WUHPHO\� ZLGH� EDQGSDVV� RYHU� ZKLFK� WKLV� &&'� FDQ� RSHUDWH�� 7KH� ZLGH� ZDYHOHQJWK
FRYHUDJH�LV�DQ�DGYDQWDJH�IRU�GHHS�RSWLFDO�LPDJLQJ��DOWKRXJK�WKH�$GYDQFHG�&DPHUD�IRU�6XUYH\V�DQG
WKH�:LGH�)LHOG�&DPHUDb��DUH�EHWWHU�VXLWHG�WR�PRVW�RSWLFDO�LPDJLQJ�SURJUDPV���7KH�189�VHQVLWLYLW\�RI
WKH� &&'� PDNHV� LW� D� JRRG� DOWHUQDWLYH� WR� WKH� � IRU� ORZ�� DQG� LQWHUPHGLDWH�UHVROXWLRQNUV-MAMA
VSHFWURVFRS\�IURP�a�����WR�����b��XVLQJ�WKH� �DQG� �JUDWLQJ�PRGHV�� ��G230LB G230MB 7DEOH����

%DVHG�RQ�GDWD�WR�GDWH��WKH�67,6�&&'�GRHV�QRW�VXIIHU�IURP�4XDQWXP�(IILFLHQF\�+\VWHUHVLV��4(+�WKDW
LV��WKH�&&'�UHVSRQGV�LQ�WKH�VDPH�ZD\�WR�OLJKW�OHYHOV�RYHU�LWV�ZKROH�G\QDPLF�UDQJH��LUUHVSHFWLYH�RI�WKH
SUHYLRXV�LOOXPLQDWLRQ�OHYHO�

������&&'�6HQVLWLYLW\
6HQVLWLYLW\� YDULDWLRQV� LQ� &&'� VSHFWURVFRSLF� FRQILJXUDWLRQV� DUHb GXH� SULPDULO\� WR� LQFUHDVLQJ� FKDUJH�
WUDQVIHU�HIILFLHQF\��&7(��ORVVHV��VHH� ���WHPSHUDWXUH�IOXFWXDWLRQV�VLQFH�WKH�VZLWFK�WR�WKH6HFWLRQ������
6LGH���HOHFWURQLFV��VHH� ���DQG�DFWXDO�WLPH�GHSHQGHQW�FKDQJHV�LQ�VHQVLWLYLW\��)RU�D�PRUH6HFWLRQ������
GHWDLOHG�DQDO\VLV�RI�WKH�67,6�6HQVLWLYLW\�0RQLWRU�REVHUYDWLRQV�IURP������WKURXJK�0DUFK������SOHDVH
UHIHU�WR� ��6HQVLWLYLW\�PRQLWRU�PHDVXUHPHQWV�FROOHFWHG�EHWZHHQ�0DUFK������DQG�67,667,6�,65��������
IDLOXUH�LQ�$XJXVW������DUH�FRQVLVWHQW�ZLWK�WKH�WUHQGV�UHSRUWHG�LQ�WKLV�,65�
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http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200404.pdf


6LQFH� WKH� VZLWFK� WR�6LGH���RSHUDWLRQV�� D� OLQHDU� WUHQG�RI� WKH� VHQVLWLYLW\�ZLWK� WHPSHUDWXUH�KDV�EHHQ
IRXQG�IRU�DOO�ILUVW�RUGHU�PRGHV��7KH�6LGH���GHSHQGHQFLHV�SUH�60��DUH���������������DQG��������r&
IRU� �� �� DQG� �� UHVSHFWLYHO\� �VHH ���1RWH� WKDW�� RQ�6LGH���� WKH�&&'G230LB G430L G750L � 67,6� ,65��������
GHWHFWRU�WHPSHUDWXUH�FDQQRW�EH�PHDVXUHG�GLUHFWO\��DQG�VR�WKH�&&'�KRXVLQJ�WHPSHUDWXUH�LV�XVHG�DV�D
VXUURJDWH�

7UHQGV�IRU�WLPH�GHSHQGHQW�VHQVLWLYLW\��7'6��IRU�WKH�&&'�ORZ�UHVROXWLRQb�/��PRGHV�DUH�VKRZQ�LQ�)LJXUH
��6HQVLWLYLWLHV�PHDVXUHG�DIWHU�60��DUH�FRQVLVWHQW�ZLWK�DQ�H[WUDSRODWLRQ�RI�WKH�WUHQGV�VHHQ�EHIRUH���

WKH� ����� IDLOXUH�� &RQVLVWHQW� ZLWK� SUH�IDLOXUH� WUHQGV�� WKH� VHQVLWLYLW\� GHPRQVWUDWHV� D� WHPSHUDWXUH
GHSHQGHQFH�RI���������������DQG��������r&�IRU� �� ��DQG� �� UHVSHFWLYHO\��VHHG230LB G430L G750L �67,6

��� 6HOHFWHG�ZDYHOHQJWK� VHWWLQJV� RI� WKH�PHGLXP�UHVROXWLRQb �0�� JUDWLQJV� �� �,65� ������� G230MB G430M
DQG� � KDYH� DOVR� EHHQ� PRQLWRUHG�� 6HQVLWLYLW\� WUHQGV� PHDVXUHG� IRU� WKH� OLPLWHG� 0�PRGHG750M
ZDYHOHQJWK�FRYHUDJH�DUH� VLPLODU� WR� WKRVH�REVHUYHG� LQ� WKH�/�PRGHV�DW� FRUUHVSRQGLQJ�ZDYHOHQJWKV�
7KH� �DQG� �&&'�FRQILJXUDWLRQV�H[KLELW�EHKDYLRU�VLPLODU�WR�WKDW�IRXQG�IRU�WKH� �G230LB G230MB NUV-MAMA

�PRGH��VHH� ���IHDWXULQJ�DQ�LQFUHDVH�LQ�VHQVLWLYLW\�GXULQJ�WKH�ILUVW�����\HDUV�RI�67,6*���/ 6HFWLRQ������
RSHUDWLRQV�� IROORZHG� E\� GHFUHDVLQJ� VHQVLWLYLW\�� ZLWK� D� VORZ�GRZQ� LQ� WKH� GHFOLQH� EHJLQQLQJ� LQ� HDUO\
������VHH� ��)LJXUH�����

7'6� FRUUHFWLRQV� IRU� DOO� &&'� PRGHV� KDYH� EHHQ� LPSOHPHQWHG� LQWR� WKH� 67,6� SLSHOLQH� DV� 7'67$%
UHIHUHQFH�ILOHV��VHH� ���DQG�FRUUHFW�IOX[HV�RI�H[WUDFWHG�VSHFWUD�IRU�VHQVLWLYLW\�FKDQJHV�WR�D6HFWLRQ�����
W\SLFDO�DFFXUDF\�RI����RU�EHWWHU��&7(�FRUUHFWLRQV�KDYH�DOVR�EHHQ� LPSOHPHQWHG��VHH� ��6HFWLRQ������
7KH�7'6�WUHQGV�DUH�DOVR�LQFRUSRUDWHG�LQWR�UHIHUHQFH�ILOHV�XVHG�E\� �DQG�WKH�$VWURS\
V�V\QSKRW 67,6�(7&
V��7KLV�HQDEOHV�FRXQW�UDWH�SUHGLFWLRQV�WR�WDNH�WKH�VHQVLWLYLW\�FKDQJHV�LQWR�DFFRXQW��7KH�GHIDXOW�7'6
WKURXJKSXWV�IRU� �DQG� �FDOFXODWLRQV�DUH�H[WUDSRODWHG�WR�WKHLU�YDOXHV�IRU�D�GDWH�RI�$SULOV\QSKRW 67,6�(7&
�����
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https://synphot.readthedocs.io/en/latest/
https://etc.stsci.edu/
https://etc.stsci.edu/


5HODWLYH� �6HQVLWLYLW\�YV��7LPH�IRU�)LUVW�2UGHU�&&'�/�0RGHV�)LJXUH������ :DYHOHQJWK�$YHUDJHG
�� ��DQG� �G230LB G430L G750L
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������&&'�/RQJ�:DYHOHQJWK�)ULQJLQJ

/LNH�PRVW�&&'V��WKH�67,6�&&'�H[KLELWV�IULQJLQJ�LQ�WKH�UHG��ORQJZDUG�RI�a����b���7KLV�IULQJLQJ�OLPLWV
WKH�VLJQDO�WR�QRLVH�URXWLQHO\�DFKLHYDEOH� LQ�WKH�UHG�DQG�1,5�XQOHVV�FRQWHPSRUDQHRXV�IULQJH�IODWV�DUH
REWDLQHG� �VHH� EHORZ��� ,Q� SULQFLSOH�� IULQJLQJ� FDQ� DOVR� DIIHFW� LPDJLQJ� REVHUYDWLRQV� LI� WKH� VRXUFHૼV
HPLVVLRQ�RYHU�WKH� �RU� �EDQGSDVV� LV�GRPLQDWHG�E\�HPLVVLRQ� OLQHV�UHGZDUG�RI�����b��50CCD F28X50LP
+RZHYHU�� LI� WKH�EXON�RI� WKH�HPLVVLRQ�FRPHV�IURP�EOXHZDUG�RI�����b��� WKHQ�HPLVVLRQ� IURP�PXOWLSOH
ZDYHOHQJWKV�ZLOO�VPRRWK�RYHU�WKH�IULQJH�SDWWHUQ�VR�WKDW�LPDJLQJ�ZLOO�QRW�EH�DIIHFWHG�E\�IULQJLQJ�

7KH�DPSOLWXGH�RI�WKH�IULQJHV�LV�D�VWURQJ�IXQFWLRQ�RI�ZDYHOHQJWK�DQG�VSHFWUDO�UHVROXWLRQ�� �OLVWV7DEOH����
WKH� REVHUYHG� SHUFHQWLOH� SHDN�WR�SHDN� DQG� UPV� DPSOLWXGHV� RI� WKH� IULQJHV� DV� D� IXQFWLRQ� RI� FHQWUDO
ZDYHOHQJWK� IRU� WKH� � DQG� � JUDWLQJV�� 7KH� OLVWHG� �SHDN�WR�SHDN�� DPSOLWXGHV� DUH� WKH� EHVWG750M G750L
PHDVXUH�RI�WKH�LPSDFW�RI�WKH�IULQJLQJ�RQ�\RXU�GDWD��7KH�UPV�YDOXHV�DW�ZDYHOHQJWKV���������JLYH�D
JRRG�LQGLFDWLRQ�RI�WKH�FRXQWLQJ�VWDWLVWLFV�LQ�WKH�IODW�ILHOG�LPDJHV�XVHG�IRU�WKLV�DQDO\VLV�

b

)ULQJLQJ�$PSOLWXGH�LQ�3HUFHQW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�7DEOH������

:DYHOHQJWK���� �SHDN�WR�SHDNG750M G750M
UPV

�SHDN�WR�SHDNG750L G750L
UPV

b������  b�����  

b������  b�����  
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b������  b�����  

b������  b�����  

b������ b����� b����� b����� ����

b������ b����� b����� b����� ����

b������ ����� b����� b����� ����

b������ ����� b����� ����� ����

b������ ����� b����� ����� ����

b������ ����� ����� ����� ����

������ ����� b����� ����� ����

7KH�IULQJH�SDWWHUQ�FDQ�EH�FRUUHFWHG�E\�UHFWLILFDWLRQ�ZLWK�DQ�DSSURSULDWH�IODW�ILHOG��7KH�IULQJH�SDWWHUQ�LV
D�FRQYROXWLRQ�RI�WKH�FRQWRXUV�RI�FRQVWDQW�GLVWDQFH�EHWZHHQ�WKH�IURQW�DQG�EDFN�VXUIDFHV�RI�WKH�&&'
DQG�WKH�ZDYHOHQJWK�RI�WKH�OLJKW�RQ�D�SDUWLFXODU�SDUW�RI�WKH�&&'��7KH�IULQJH�SDWWHUQ�KDV�EHHQ�VKRZQ�WR
EH�YHU\�VWDEOH��DV� ORQJ�DV� WKH�ZDYHOHQJWK�RI� OLJKW�RQ�D�SDUWLFXODU�SDUW�RI� WKH�&&'�VWD\V�FRQVWDQW�
+RZHYHU��GXH�WR�WKH�JUDWLQJ�ZKHHO�SRVLWLRQLQJ�XQFHUWDLQW\�� ��DQG�WKH6HFWLRQ�6OLW�DQG�*UDWLQJ�:KHHOV
HIIHFW�RI� WHPSHUDWXUH�GULIWV� LQ�RUELW�� WKH�ZDYHOHQJWK�RQ�D�SDUWLFXODU�SDUW�RI� WKH�&&'�ZLOO�YDU\� IURP
REVHUYDWLRQ� WR� REVHUYDWLRQ�� 7KXV�� WKH� EHVW� GH�IULQJLQJ� UHVXOWV� DUH� REWDLQHG� E\� XVLQJ� D
FRQWHPSRUDQHRXV� IODW� ��IULQJH� IODW���� L�H��� D� WXQJVWHQ� ODPS� IODW� WDNHQ� DW� WKH� VDPH� JUDWLQJ� ZKHHO
VHWWLQJ�DQG�GXULQJ�WKH�VDPH�RUELW�DV�\RXU�VFLHQWLILF�H[SRVXUHV�

7DEOH�����FRPSDUHV�WKH�HVWLPDWHG�SHDN�WR�SHDN�IULQJH�DPSOLWXGHV� �IODW�ILHOGLQJ�E\�WKH�OLEUDU\�IODWDIWHU
DQG�WKRVH�DIWHU�IODW�ILHOGLQJ�ZLWK�DQ�DSSURSULDWHO\�SURFHVVHG�FRQWHPSRUDQHRXV�IODW��7KHVH�HVWLPDWHV
DUH�EDVHG�XSRQ�DFWXDO�PHDVXUHPHQWV�RI�VSHFWUD�RI�ERWK�SRLQW�VRXUFHV�DQG�H[WHQGHG�VRXUFHV�PDGH
GXULQJ�&\FOHb���WKH�UHVXOWV�IRU�SRLQW�VRXUFHV�DQG�H[WHQGHG�VRXUFHV�ZHUH�HVVHQWLDOO\�WKH�VDPH���)LJXUH
�VKRZV�VXFK�D�FRPSDULVRQ� IRU�D� � VSHFWUXP�RI�D�ZKLWH�GZDUI�� LQ� WKLV� ILJXUH�� WKH� WRS�SDQHO��� G750L

VKRZV� ZKLWH� GZDUI� *'���� �FHQWUDO� ZDYHOHQJWK� ����b ��� ZLWK� QR� IODW�ILHOG� FRUUHFWLRQ�� WKH� VHFRQG
VSHFWUXP�VKRZV�WKH�UHVXOW�RI�GH�IULQJLQJ�ZLWK�WKH�VWDQGDUG�SLSHOLQH�IODW�ILHOG��DQG�WKH�WKLUG�VSHFWUXP
VKRZV�WKH�UHVXOW�RI�GH�IULQJLQJ�ZLWK�D�FRQWHPSRUDQHRXV� IODW� �DOO�VSHFWUD�ZHUH�GLYLGHG�E\�D�VPRRWK
VSOLQH� ILW� WR� WKH� VWHOODU� FRQWLQXXP��� ,W� LV� FOHDU� WKDW� D� FRQWHPSRUDQHRXV� IODW� SURYLGHV� D� JUHDW
LPSURYHPHQW�RYHU�WKH�XVH�RI�D�OLEUDU\�IODW��7KHUHIRUH��LI�\RX�DUH�REVHUYLQJ�LQ�WKH�IDU�UHG��!����b��
DQG� XVLQJ� JUDWLQJ� � RU� �� \RX� VKRXOG� WDNH� D� FRQWHPSRUDQHRXV� IODW� ILHOG� DORQJ�ZLWK� \RXUG750L G750M
VFLHQWLILF� REVHUYDWLRQV�� 0RUH� GHWDLOHG� LQIRUPDWLRQ� DQG� DQDO\VLV� RQ� IULQJH� FRUUHFWLRQ� IRU� 67,6� ORQJ�
ZDYHOHQJWK� VSHFWUD� FDQ� EH� IRXQG� LQ� � DQG� �� 7LSV� IRU� GHIULQJLQJ67,6� ,65� ������� 67,6� ,65� �������
VSHFWUD�FDQ�EH�IRXQG�LQ�WKH� �DQG�LQFOXGHV�UHIHUHQFHV�DQG�H[DPSOHV�IRU�XVLQJ�WKH�QHZ-XO\������67$1
67,6�3\WKRQ�SDFNDJH� �GHIULQJH

5HVLGXDO� )ULQJH�$PSOLWXGH� �UPV�� LQ�SHUFHQW�� DIWHU� )ODW�)LHOGLQJ�ZLWK� /LEUDU\� 3LSHOLQH� )ODW7DEOH������
DQG�D�&RQWHPSRUDQHRXV�)ODW�
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https://hst-docs.stsci.edu/display/STISIHB/3.2+Instrument+Design#id-3.2InstrumentDesign-SlitandGratingWheels
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�� 0HDVXUHPHQWV� RI� WKH� IULQJH� DPSOLWXGH� KDYH� QRW� EHHQ�PDGH� \HW� IRU� � ZDYHOHQJWK� VHWWLQJVG750M
UHGZDUG� RI� ����b ��� +RZHYHU�� IURP� RXU� H[SHULHQFH�ZLWK� IULQJH� FRUUHFWLRQV�ZH� H[SHFW� WKH� UHVLGXDO
IULQJH�DPSOLWXGHV�WR�EH�RI�RUGHU����ZKHQ�FRQWHPSRUDQHRXV�IULQJH�IODWV�DUH�XVHG�
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������)ULQJLQJ�'XH�WR�WKH�2UGHU�6RUWHU�)LOWHUV
([DPLQDWLRQ� RI� ORQJ� VOLW� REVHUYDWLRQV� LQ� WKH� &&'� VSHFWURVFRSLF� PRGHV� KDV� UHYHDOHG� SHULRGLF
YDULDWLRQV�RI�LQWHQVLW\�DORQJ�WKH�VOLW�ZKHQ�KLJKO\�PRQRFKURPDWLF��FDOLEUDWLRQ�ODPS�VRXUFHV�DUH�XVHG�
$Q� H[DPSOH� RI� VXFK� �FKHYURQ�SDWWHUQ�� YDULDWLRQV� LV� VKRZQ� LQ� � DQG� �� 7KHVH)LJXUH� ��� )LJXUH� ���
YDULDWLRQV�DUH�WKRXJKW�WR�EH�WKH�UHVXOW�RI�WUDQVPLVVLRQ�YDULDWLRQV�WKURXJK�WKH�KLJKO\�SDUDOOHO�IDFHV�RI
WKH� RUGHU� VRUWLQJ� ILOWHUV� WKDW� DUH� VLWXDWHG� QH[W� WR� WKH� JUDWLQJV� LQ� WKH� RSWLFDO� SDWK�� ,Q� WKH� FURVV
GLVSHUVLRQ�GLUHFWLRQ��WKH�PRGXODWLRQ�DPSOLWXGH�GHSHQGV�RQ�WKH�OLQH�ZLGWK�ZLWK�D�PD[LPXP�RI�����IRU
D�PRQRFKURPDWLF�VRXUFH�LQ� �DQG� �PRGHV��DQG������LQ� �DQG� �PRGHV��3HULRGVG430L G430M G750L G750M
UDQJH� IURP� ����� SL[�F\FOH�� ,Q� WKH� GLVSHUVLRQ� GLUHFWLRQ�� WKHUH� LV� D� VPDOO�� UHVLGXDO�� KLJK�IUHTXHQF\
PRGXODWLRQ�ZLWK�D�SHDN�DPSOLWXGH�RI�DERXW������ LQ� �DW� WKH�����b��VHWWLQJ�DQG�ZLWK�VPDOOHUG430M
DPSOLWXGHV� LQ�DOO� RWKHU�PRGHV�DQG� VHWWLQJV��1R� VXFK�PRGXODWLRQ�KDV�EHHQ�REVHUYHG� LQ�DQ\�RI� WKH
0$0$�PRGHV��6RPH�PRGXODWLRQ�LV�DOVR�DSSDUHQW�LQ�WKH�&&'� �DQG� �PRGHV��KRZHYHU�WKHG230LB G230MB
DPSOLWXGHV�RI�WKHVH�PRGXODWLRQV�DUH�PXFK�VPDOOHU�

$Q�([DPSOH�RI�WKH��&KHYURQ�3DWWHUQ��9DULDWLRQV��)LJXUH������ 156



$Q�([DPSOH�RI�WKH��&KHYURQ�3DWWHUQ��9DULDWLRQV��)LJXUH������

&&'�LPDJH�RI�D�FDOLEUDWLRQ�ODPS�H[SRVXUH�ZKLFK�VKRZV�WKH�FKHYURQ�SDWWHUQ�YDULDWLRQV��7KH�LPDJH�LV
WDNHQ�ZLWK�WKH� �JUDWLQJ�DQG�D��bDUFVHFRQG�VOLW��7KH�FKHYURQ�SDWWHUQV�DUH�VHHQ�DW�WKH�SRVLWLRQ�RIG430L
WKH�HPLVVLRQ�OLQHV�
,W�VKRXOG�EH�QRWHG�WKDW�WKLV�HIIHFW�LV�SURQRXQFHG�RQO\�IRU�PRQRFKURPDWLF�VRXUFHV��WKH�PRGXODWLRQ�LV
QHJOLJLEOH�IRU�FRQWLQXXP�VRXUFHV��6R�IDU��VXFK�PRGXODWLRQ�KDV�QRW�EHHQ�REVHUYHG�LQ�DQ\�DVWURQRPLFDO
REVHUYDWLRQV��$�FDOLEUDWLRQ�SURJUDP�ZRXOG�EH�QHFHVVDU\�WR�LQYHVWLJDWH�WKLV�HIIHFW�IXUWKHU�

7KH���;����6OLW�,OOXPLQDWLRQ�1HDU�������LQ�0RGH�*���/�2EWDLQHG�ZLWK�WKH�3W�&U)LJXUH������ 157



7KH���;����6OLW�,OOXPLQDWLRQ�1HDU�������LQ�0RGH�*���/�2EWDLQHG�ZLWK�WKH�3W�&U)LJXUH������
�1H�&DOLEUDWLRQ�/DPS�

������2SWLFDO�3HUIRUPDQFH
9HULILFDWLRQ� WHVWLQJ� KDV� VKRZQ� WKDW� 67,6� PHHWV� LWV� LPDJH�TXDOLW\� VSHFLILFDWLRQV�� :KLOH� WKH� RSWLFV
SURYLGH� ILQH� LPDJHV� DW� WKH� IRFDO� SODQH�� WKH� GHWHFWHG� SRLQW�VSUHDG� IXQFWLRQV� �36)V�� DUH� GHJUDGHG
VRPHZKDW�PRUH�WKDQ�H[SHFWHG�E\�WKH�&&'�DW�ZDYHOHQJWKV�ORQJZDUG�RI�DERXW�����b���ZKHUH�D�EURDG
KDOR�DSSHDUV�� VXUURXQGLQJ� WKH�36)�FRUH��7KLV�KDOR� LV�EHOLHYHG� WR�EH�GXH� WR�VFDWWHU�ZLWKLQ� WKH�&&'
PRXQWLQJ�VXEVWUDWH��ZKLFK�EHFRPHV�PRUH�SURQRXQFHG�DV�WKH�VLOLFRQ�WUDQVSDUHQF\�LQFUHDVHV�DW�ORQJ
ZDYHOHQJWKV�� 7KH� HIIHFWV� RI� WKH� UHG� KDOR� �VHH� ��� ZKLFK� H[WHQG� WR� UDGLL� JUHDWHU� WKDQ)LJXUH� ���
���b SL[HOV� ��b DUFVHFRQGV��� DUH� QRW� LQFOXGHG� LQ� WKH� HQFLUFOHG� HQHUJLHV� DV� D� IXQFWLRQ� RI� REVHUYLQJ
ZDYHOHQJWK�WKDW�DUH�GHVFULEHG�IRU�WKH�&&'�VSHFWURVFRSLF�DQG�LPDJLQJ�PRGHV�LQ� �DQG� �&KDSWHU��� ��
UHVSHFWLYHO\��+RZHYHU��HVWLPDWHV�RI�WKH�HQFLUFOHG�HQHUJ\�YV��UDGLXV�WKDW�LQFOXGH�WKH�KDOR�DUH�VKRZQ�LQ�

��7KH�LQWHJUDWHG�HQHUJ\�LQ�WKH�KDOR�DPRXQWV�WR�DSSUR[LPDWHO\�����RI�WKH�WRWDO�DW�����b�7DEOH����
DQG� ���� DW� ����b �� �VHH� DOVR� � IRU� WKH� LPSOLFDWLRQ� IRU� ORQJ�VOLW� VSHFWURVFRSLF67,6� ,65� �������
REVHUYDWLRQV�DW�ORQJ�ZDYHOHQJWKV���1RWH�WKDW�WKH�$&6�:)&�&&'V�KDYH�D�IURQW�VLGH�PHWDOOL]DWLRQ�WKDW
UHGXFHV� WKH� ODUJH�DQJOH� ORQJ�ZDYHOHQJWK�KDOR�SUREOHP� LQ� WKRVH�GHWHFWRUV�� 7KLV�SUREOHP�KDV�EHHQ
HOLPLQDWHG�IURP�WKH�:)&��&&'�

0RGHO�RI�(QFLUFOHG�(QHUJ\�)UDFWLRQ�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU�67,6�&&'�,PDJLQJ�7DEOH������

͐ )UDFWLRQ� LQ
&HQWUDO�3L[HO

$SHUWXUH�5DGLXV�LQ�3L[HOV

��� � � �� �� ���� ���� �� ���

b������ ����� ����� ����� ����� ����� ����� ����� ����� �����

b������ ����� ����� ����� ����� ����� ����� ����� ����� �����
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7KH�&&'�SODWH�VFDOH� LV���������DUFVHF�SL[� IRU� LPDJLQJ�REVHUYDWLRQV��VHH� ���DQG� LQ67,6� ,65��������
WKH� VSDWLDO� �DFURVV� WKH� GLVSHUVLRQ�� GLUHFWLRQ� IRU� VSHFWURVFRSLF� REVHUYDWLRQV�� 'XH� WR� WKH� HIIHFW� RI
DQDPRUSKLF�PDJQLILFDWLRQ��IRU�VSHFWURVFRSLF�REVHUYDWLRQV�WKH�SODWH�VFDOH�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�LV
VOLJKWO\�GLIIHUHQW�DQG� LW� GHSHQGV�RQ� WKH�JUDWLQJ�XVHG�DQG� LWV� WLOW�� 7KH�SODWH� VFDOH� LQ� WKH�GLVSHUVLRQ
GLUHFWLRQ�UDQJHV�IURP��������WR��������DUFVHF�SL[��VHH� ��67,6�,65��������
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7KH�5HG�+DOR�)LJXUH������

&URVV�VHFWLRQV� RI� WKH� VLJQDO� GLVWULEXWLRQ� SHUSHQGLFXODU� WR� WKH� GLVSHUVLRQ� GLUHFWLRQ� IRU� �� DW� VL[G750L
ZDYHOHQJWKV� IURP�����b�� WR������b���(DFK�36)� LV�QRUPDOL]HG� WR�D�SHDN�YDOXH�RI������7KH�VWURQJ
ZDYHOHQJWK�GHSHQGHQFH�RI�WKH�36)�SURYLGHV�D�FOHDQ�VHSDUDWLRQ�RI�WKH�FXUYHV�
7KH� &&'� GHWHFWRU� SURGXFHV� D� UHODWLYHO\� IDLQW�� RXW�RI�IRFXV�� ULQJ�VKDSHG� �JKRVW�� LPDJH�� GXH� WR
VSHFXODU�UHIOHFWLRQ�IURP�WKH�&&'�VXUIDFH�DQG�ZLQGRZ��7KH�ULQJ�FRQWDLQV�DERXW����RI�WKH�WRWDO�HQHUJ\
LQ�WKH�LPDJH�DQG�LV�YHU\�VWDEOH��$GGLWLRQDO�ULQJV�RI�VLPLODU�VL]H�FDQ�EH�VHHQ�DW�RWKHU�ORFDWLRQV�LQ�WKH
ILHOG� LQ�JURVVO\�VDWXUDWHG� LPDJHV��EXW�WKHVH�FRQWDLQ�RQO\�RI�RUGHU��� �RI�WKH�WRWDO�HQHUJ\�DQG�DUHಝ�

WKXV�QRW�OLNHO\�WR�EH�GHWHFWHG�LQ�QRUPDO�VFLHQWLILF�LPDJHV��/LQHV�GUDZQ�IURP�VWDUV�LQ�LPDJHV�WKURXJK
WKHLU�UHVSHFWLYH�JKRVWV�DUH�IRXQG�WR�FRQYHUJH�DW�D��UDGLDQW�SRLQW�� ORFDWHG�WR�WKH� ORZHU�ULJKW�RI� WKH
LPDJH�FHQWHU��7KLV�HIIHFW� LV� LOOXVWUDWHG� LQ� �ZKHUH�WKH� OLQH�VHJPHQWV�DUH�GUDZQ�IURP�SL[HO)LJXUH����
FRRUGLQDWHV�������������LQ�����b ������XVHU�FRRUGLQDWHV��WKURXJK�WKH�FHQWURLGV�RI�WKH�EULJKWHVW�VWDUV�
LQ�WKH� LPDJH��1RWH�WKDW�WKHVH� OLQH�VHJPHQWV� LQWHUFHSW�WKH�FHQWHUV�RI�WKH�ULQJ�OLNH�JKRVWV�YHU\�ZHOO�
2EVHUYHUV�ZKR�ZLVK�WR�DYRLG�SODFLQJ�YHU\�IDLQW�REMHFWV�ZLWKLQ�WKH�UDQJH�RI�WKH�JKRVWV�PD\�ZDQW�WR
WDNH�WKLV�JHRPHWU\�LQWR�DFFRXQW�ZKHQ�ZULWLQJ�3KDVH�,,�VXEPLVVLRQV�

5LQJ�6KDSHG�*KRVW�,PDJHV�1HDU�%ULJKW�3RLQW�6RXUFHV�� �,PDJH��)LJXUH������ 50CCD160
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������5HDGRXW�)RUPDW
$�IXOO�GHWHFWRU�UHDGRXW�LV�����b �����SL[HOV�LQFOXGLQJ�SK\VLFDO�DQG�YLUWXDO�RYHUVFDQV��6FLHQWLILF�GDWD�b
DUH�REWDLQHG�RQ�����b �����SL[HOV��HDFK�SURMHFWLQJ� WR�a����b �����DUFVHFRQGV�RQ� WKH�VN\��)RU�b �b
VSHFWURVFRSLF� REVHUYDWLRQV�� WKH� GLVSHUVLRQ� D[LV� UXQV� DORQJ� � �LPDJHb ;� RU� DORQJ� D� URZ� RI� WKHAXIS1
&&'���DQG�WKH�VSDWLDO�D[LV�RI�WKH�VOLWV�UXQV�DORQJ� ��LPDJHb<�RU�DORQJ�D�FROXPQ�RI�WKH�&&'���7KHAXIS2
&&'�VXSSRUWV�WKH�XVH�RI�VXEDUUD\V�WR�UHDG�RXW�RQO\�D�SRUWLRQ�RI�WKH�GHWHFWRU��DQG�RQ�FKLS�ELQQLQJ��)RU
PRUH�GHWDLOV�VHH� �6HFWLRQ�������

�������$QDORJ�WR�'LJLWDO�&RQYHUVLRQ��6HOHFWLQJ�WKH�CCDGAIN
(OHFWURQV� WKDW�DFFXPXODWH� LQ� WKH�&&'�ZHOOV�DUH� UHDG�RXW�DQG�FRQYHUWHG� WR�GDWD�QXPEHUV� �'1�� WKH
IRUPDW�RI�WKH�RXWSXW�LPDJH��E\�WKH�DQDORJ�WR�GLJLWDO�FRQYHUWHU�DW�D�GHIDXOW� �RI���H �'1��L�H��CCDGAIN ಝ

HYHU\� HOHFWURQ� UHJLVWHUV� �b'1��� 7KH�&&'� LV� DOVR� FDSDEOH� RI� RSHUDWLQJ� DW� D� JDLQ� RI� �� H �'1 �� 7KHಝ �

DQDORJ�WR�GLJLWDO�FRQYHUWHU�RSHUDWHV�DW����ELWV��SURGXFLQJ�D�PD[LPXP�RI��������'1�SL[��7KLV�LV�QRW�D
OLPLWDWLRQ� DW� HLWKHU� JDLQ� VHWWLQJ�� EHFDXVH� RWKHU� IDFWRUV� VHW� WKH�PD[LPXP� REVHUYDEOH� '1� WR� ORZHU
OHYHOV�LQ�HDFK�FDVH��VHH� ��6HFWLRQ������

161
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7KH� �VHWWLQJ�KDV�WKH�ORZHU�UHDG�QRLVH�� ��DQG�GLJLWL]DWLRQ�QRLVH��$OWKRXJK�WKH�UHDGCCDGAIN=1 7DEOH����
QRLVH� KDV� LQFUHDVHG� VLQFH� WKH� VZLWFK� WR� WKH� 6LGH��� HOHFWURQLFV� LQ� -XO\� ����� �VHH� ���6HFWLRQ� �����

�LV�VWLOO�WKH�PRVW�DSSURSULDWH�VHWWLQJ�IRU�REVHUYDWLRQV�RI�IDLQW�VRXUFHV��+RZHYHU��VDWXUDWLRQCCDGAIN=1

RFFXUV�DW�DERXW�������bH �DW�WKH� �VHWWLQJ��DV�GHVFULEHG�LQ� ��ಝ CCDGAIN=1 6HFWLRQ������

7KH� �VHWWLQJ�DOORZV�XVH�RI�WKH�HQWLUH�&&'�IXOO�ZHOO�RI��������bH ��DQG�XVH�RI�WKH�CCDGAIN=4 ಝ =4CCDGAIN

VHWWLQJ�LV�WKHUHIRUH�UHFRPPHQGHG�IRU�LPDJLQJ�SKRWRPHWU\�RI�REMHFWV�ZKHQHYHU�PRUH�WKDQ�������bHಝ
PLJKW�EH�REWDLQHG�LQ�D�VLQJOH�SL[HO�RI�DQ�LQGLYLGXDO�VXE�H[SRVXUH��+RZHYHU��VKRUW�H[SRVXUHV�WDNHQ�LQ�

� VKRZ� D� ODUJH�VFDOH� SDWWHUQ� QRLVH� ��ULSSOH��� WKDW� LV� QRW� UHPRYHG� E\� WKH� VWDQGDUG� ELDVCCDGAIN=4
LPDJHV��7KLV�SDWWHUQ�QRLVH� LV� LQ�DGGLWLRQ� WR� WKH�XVXDO�FRKHUHQW�QRLVH�YLVLEOH�VLQFH�67,6�VZLWFKHG�WR
XVLQJ�WKH�EDFNXS�6LGH���HOHFWURQLFV�� � �D����bVHFRQG�H[SRVXUH�RI�D� ODPS�LOOXPLQDWHG�VPDOO)LJXUH����
VOLW�� VKRZV�DQ�H[DPSOH�RI� WKH� � ULSSOH��7KH�SHDN�WR�SHDN� LQWHQVLWLHV�RI� WKHVH� ULSSOHV�YDU\CCDGAIN=4
IURP�QHDU�]HUR�WR�DERXW��b'1��DQG�WKHUH� LV�D� ODUJH�DPRXQW�RI�FRKHUHQFH�LQ�WKH�QRLVH�SDWWHUQ��7KLV
FRKHUHQFH�PDNHV�EDFNJURXQG�GHWHUPLQDWLRQ�GLIILFXOW�DQG�OLPLWV�WKH�SUHFLVLRQ�RI�SKRWRPHWU\�RI�IDLQW
REMHFWV�LQ�VKDOORZ�H[SRVXUHV�WDNHQ�XVLQJ� �CCDGAIN=4

7KH�&&'�UHVSRQVH�ZKHQ�XVLQJ� �UHPDLQV�OLQHDU�HYHQ�EH\RQG�WKH��������bH �IXOO�ZHOO�OLPLW�LICCDGAIN=4 ಝ

RQH� LQWHJUDWHV� RYHU� WKH� SL[HOV� EOHG� LQWR� � ��� DQG� IRU� VSHFLDOL]HG� REVHUYDWLRQV� QHHGLQJ6HFWLRQ� �����
H[WUHPHO\�KLJK�6�1��WKLV�SURSHUW\�PD\�EH�XVHIXO�

5LSSOH�(IIHFW�LQ�6KRUW�([SRVXUHV�ZLWK� �)LJXUH������ CCDGAIN=4162
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5LSSOH�(IIHFW�LQ�6KRUW�([SRVXUHV�ZLWK� �)LJXUH������ CCDGAIN=4

�������/RQJ�WHUP�5RWDWLRQDO�'ULIW
7KH�&&'�ZDV�VKRZQ�WR�KDYH�D�ORQJ�WHUP�URWDWLRQDO�GULIW�UDWH�RI�������b������������GHJUHHV�\HDU�LQ�D
UHFHQW�VWXG\�� ���7KLV�DQDO\VLV�PHDVXUHG�URWDWLRQ�RI�GXVW�PRWHV�LQ� IODW�ILHOGV67,6�,65�������� 50CCD 
VSDQQLQJ����\HDUV��7KH�UHVXOWV�DUH�VXSSRUWHG�E\�WZR�PRUH�LQGHSHQGHQW�VWXGLHV�� ��1JX\HQ�HW�DO������

���$W�SUHVHQW��QR�FRUUHFWLRQV�DUH�PDGH�WR�&&'�GDWD�WR�DFFRXQW�IRU�WKH�ORQJ�WHUP'UHVVHO�HW�DO������
URWDWLRQDO�HYROXWLRQ�RI�WKH�&&'�IODW�ILHOGV��7KHUH�DUH�RQJRLQJ�HIIRUWV�WR�DVVHVV�WKH�LPSDFW�RI�WKLV�ORQJ�
WHUP�URWDWLRQ��DQG�EDVHG�RQ�WKHVH�DVVHVVPHQWV�DQ\�QHFHVVDU\�XSGDWHV�ZLOO�EH�PDGH�

�� 0HDVXUHPHQW� RI� WKH� � WR� DIWHU� 60�� ILQGV� WKDW� �� DFWXDOO\CCDGAIN=4 � UDWLR�CCDGAIN=1 CCDGAIN=

FRUUHVSRQGV�WR������� �H �'1��6HHs������ ಝ �67,6�,65���������
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����&&'�2SHUDWLRQ�DQG�)HDVLELOLW\�&RQVLGHUDWLRQV
������&&'�'DUN�&XUUHQW
������&&'�6DWXUDWLRQ
������&&'�6KXWWHU�(IIHFWV
������&RVPLF�5D\V
������+RW�3L[HOV
������&&'�%LDV�6XEWUDFWLRQ�DQG�$PSOLILHU�1RQ�/LQHDULW\
������&KDUJH�7UDQVIHU�(IILFLHQF\
������0LWLJDWLRQ�RI�&7(�/RVV�IRU�/RQJ�6OLW�6SHFWURVFRS\
������3L[HO�%DVHG�&7,�&RUUHFWLRQV�IRU�WKH�67,6�&&'
�������8OWUDYLROHW�/LJKW�DQG�WKH�67,6�&&'

������&&'�'DUN�&XUUHQW

$W�ODXQFK�LQ�������WKH�PHGLDQ�GDUN�UDWH��H[FOXGLQJ�KRW�SL[HOV��IRU�WKH�67,6�&&'�ZDV�DERXW��������Hಝ
�V�� 7KH� RQ�RUELW� HQYLURQPHQW� FDXVHV� UDGLDWLRQ� GDPDJH�ZKLFK�� RYHU� WLPH�� LQFUHDVHV� ERWK� WKH� GDUN
FXUUHQW�DQG�WKH�QXPEHU�RI�KRW�SL[HOV��7KH�&&'�LV�DQQHDOHG�RQFH�HYHU\�IRXU�ZHHNV�E\�WXUQLQJ�RII�WKH
WKHUPR�HOHFWULF�FRROHU��7(&��ZKLFK�DOORZV�WKH�&&'�WR�ZDUP�IURP�LWV�XVXDO�RSHUDWLQJ�WHPSHUDWXUH�QHDU�
��rb&�WR�DSSUR[LPDWHO\���rb&��:KLOH�WKLV�VORZV�WKH�HIIHFWV�RI�UDGLDWLRQ�GDPDJH�LW�GRHV�QRW�HOLPLQDWHಝ

LW�� %\� WKH� WLPH� WKDW� WKH� 67,6� 6LGH��� HOHFWURQLFV� IDLOHG� LQ� 0D\� ������ WKH� PHGLDQ� GDUN� UDWH� KDG
LQFUHDVHG�WR�DERXW������bH �V�ಝ

$V�WKH�6LGH���HOHFWURQLFV� ODFN�D�ZRUNLQJ�WHPSHUDWXUH�VHQVRU�DW� WKH�GHWHFWRU� LWVHOI�� WKH�&&'�FDQ�QR
ORQJHU�EH�PDLQWDLQHG�DW�D�IL[HG�WHPSHUDWXUH��DQG�WKLV�FDXVHV�ERWK�WKH�WHPSHUDWXUH�RI�WKH�&&'�FKLS
DQG�WKH�GDUN�FXUUHQW�WR�YDU\�DV�WKH�WHPSHUDWXUH�RI�WKH� �DIW�VKURXG�HQYLURQPHQW� LQWR�ZKLFK�WKH+67
67,6�&&'�7(&�UDGLDWHV�KHDW�FKDQJHV��7KLV�OHDGV�WR�IOXFWXDWLRQV�RI�WKH�&&'�GDUN�FXUUHQW�RQ�VKRUW�WLPH
VFDOHV�DV� �FKDQJHV�LWV�RULHQWDWLRQ�ZLWK�UHVSHFW�WR�WKH�6XQ�DQG�(DUWK�DQG�PRYHV�LQ�DQG�RXW�RI�WKH+67
(DUWKૼV�VKDGRZ��DV�ZHOO�DV�RQ� ORQJHU�WLPH�VFDOHV�ZKHUH�WKH�KHDW� LQSXW�FDQ�YDU\�GXH�WR�WKH�DQQXDO
FKDQJHV�RI�WKH�(DUWKૼV�GLVWDQFH�IURP�WKH�6XQ��WKH�GHJUDGDWLRQ�RI� ૼV�WKHUPDO�LQVXODWLRQ��DQG�WKH+67
KHDW� LQSXWV� IURP� RWKHU� � LQVWUXPHQWV�� :KLOH� WKH� &&'� GHWHFWRU� WHPSHUDWXUH� FDQ� QR� ORQJHU� EH+67
GLUHFWO\�PHDVXUHG�� LW� KDV� EHHQ� VKRZQ� WKDW� WKH� WHPSHUDWXUH� RI� WKH� &&'� KRXVLQJ� �DYDLODEOH� LQ� WKH
WHOHPHWU\�YDOXH� ��FDQ�EH�XVHG�DV�D�VXUURJDWH�IRU�WKH�GHWHFWRU�WHPSHUDWXUH��7KH�GDUN�FXUUHQWOCCDHTAV
VFDOHV� DUH� REVHUYHG� WR� LQFUHDVH� E\� EHWZHHQ� ��� DQG� ���� IRU� HDFK� GHJUHH� LQFUHDVH� LQ� KRXVLQJ
WHPSHUDWXUH��GHSHQGLQJ�XSRQ�WKH�LQGLYLGXDO�SL[HO�DQG�ZKHQ�WKH�H[SRVXUH�ZDV�WDNHQ�LQ�WKH�OLIHWLPH�RI
67,6��7KLV�LV�DSSUR[LPDWHG�E\�D����rb&�FRUUHFWLRQ���VHH� �IRU�DQG�67,6�,65�������� 67,6�,65��������
DGGLWLRQDO�GHWDLOV��
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7KH� FRPELQDWLRQ� RI� UDGLDWLRQ� GDPDJH� DQG� WKH� UHVXOWLQJ� ORVV� RI� FKDUJH� WUDQVIHU� HIILFLHQF\� �6HFWLRQ
���DOVR� UHVXOWV� LQ�D�GDUN�FXUUHQW� WKDW� LV�QR� ORQJHU�GLVWULEXWHG�XQLIRUPO\�RYHU� WKH�GHWHFWRU��7KH�����

HIIHFWLYH�GDUN�FXUUHQW�LV�PXFK�ORZHU�QHDU�WKH�WRS�RI�WKH�GHWHFWRU��FORVH�WR�WKH�UHDGRXW�UHJLVWHU��7KLV
SURYLGHV�DQRWKHU�UHDVRQ�WR�XWLOL]H�WKH�(�bDSHUWXUH�SRVLWLRQV�ZKHQ�REVHUYLQJ�IDLQW�REMHFWV��VHH�6HFWLRQ

���7KH�WUHQG�IRU�WKH�GDUN�FXUUHQW�ERWK�DW�WKH�FHQWHU�RI�WKH�GHWHFWRU�DQG�QHDU�WKH�WRS�RI�WKH�FKLS�����
DW�WKH�(�bDSHUWXUH�SRVLWLRQV�LV�VKRZQ�LQ� ��,Q�WKLV�ILJXUH��DOO�PHDVXUHG�GDUN�YDOXHV�KDYH�EHHQ)LJXUH����
VFDOHG�WR�D�&&'�KRXVLQJ�WHPSHUDWXUH�RI���rb&��ZKLFK�LV�W\SLFDO�RI�YDOXHV�REVHUYHG�GXULQJ�6HSWHPEHU
������:H�H[SHFW� WKDW� WKH�&&'�GDUN� FXUUHQW�ZLOO� FRQWLQXH� WR� LQFUHDVH�ZLWK� WLPH�DQG�QRWH� WKDW� WKH
VFDWWHU�LQ�WKH�GDUN�FXUUHQW�YDOXHV�KDV�LQFUHDVHG�ZKHQ�FRPSDUHG�WR�WKH�VFDWWHU�LQ�GDUN�FXUUHQW�YDOXHV
IRU�GDUNV�WDNHQ�SULRU�WR�60���6HH� � IRU�GHWDLOHG� LQIRUPDWLRQ�RQ�WKH�EHKDYLRU�RI� WKH67,6� ,65��������
&&'�GDUN�FXUUHQW�DIWHU�60��� )RU�XVH� LQ� WKH� � IRU�&\FOH�����ZH�KDYH�DGRSWHG�GDUN� FXUUHQW67,6�(7&
YDOXHV�RI���������������DQG�������H �V��WKHVH�YDOXHV�DUH�WKH�H[SHFWHG�YDOXHV�DW�WKH�GHWHFWRU�ERWWRP�ಝ

PLGGOH��DQG�WRS��QHDU�WKH�(��SRVLWLRQ��GXULQJ�$SULO������
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67,6�&&'�'DUN�&XUUHQW�+LVWRU\�)LJXUH������

7KH�PHGLDQ� YDOXHV� �DIWHU� LWHUDWLYH� UHMHFWLRQ� RI� KRW� SL[HOV�� RI� WKH� 67,6�&&'�GDUN� FXUUHQW� VLQFH� WKH
VZLWFK�WR�6LGH���HOHFWURQLFV�DUH�VKRZQ�IRU�WKH�HQWLUH�FKLS�DQG�WKH�WRS�RI�WKH�GHWHFWRU��URZ�����QHDU
WKH� (�b DSHUWXUH� SRVLWLRQV��� )RU� WKLV� ILJXUH�� DOO�PHDVXUHPHQWV� KDYH� EHHQ� VFDOHG� WR� D�&&'�KRXVLQJ
WHPSHUDWXUH�RI���rb&��ZKLFK�LV�UHSUHVHQWDWLYH�RI�WHPSHUDWXUHV�VHHQ�LQ�WKH�)DOO�RI�������7KH�GDVKHG
OLQH�VKRZV�D�OLQHDU�ILW�WR�GDWD�IRU�WKH�HQWLUH�&&'�

������&&'�6DWXUDWLRQ
7KHUH�DUH�QR�KDUG�EULJKW�REMHFW�OLPLWV�WR�ZRUU\�DERXW�IRU�&&'�REVHUYDWLRQV��EHFDXVH�WKH�&&'�FDQQRW
EH� GDPDJHG� E\� REVHUYDWLRQV� RI� EULJKW� VRXUFHV�� +RZHYHU�� WKH� &&'� SL[HOV� GR� VDWXUDWH� DW� KLJK
DFFXPXODWHG�FRXQW�OHYHOV��GXH�WR�WKH�ILQLWH�GHSWK�RI�WKH�&&'�IXOO�ZHOO��7KH�OHYHO�DW�ZKLFK�WKH�EHKDYLRU
RI�LQGLYLGXDO�SL[HOV�GHYLDWHV�IURP�OLQHDULW\�YDULHV�RYHU�WKH�VXUIDFH�RI�WKH�FKLS��1HDU�WKH�FHQWHU�RI�WKH
GHWHFWRU�� �URZ� ������ WKLV� PD\� RFFXU� DIWHU� FROOHFWLQJ� DERXW� �������� H�SL[HO�� ZKLOH� VRPH� UHJLRQV
VDWXUDWH�DW�OHYHOV�DV�ORZ�DV���������H�SL[HO��7KH�YDULDWLRQ�RI�WKH�&&'�IXOO�ZHOO�RYHU�WKH�FKLS�RFFXUV
EHFDXVH�RI�QRQXQLIRUPLW\� LQ�WKH�SURFHVV�RI�ERURQ�LPSODQWDWLRQ��ZKLFK�FUHDWHV�WKH�SRWHQWLDO�ZHOOV� LQ
WKLV� W\SH�RI�&&'��$FFXPXODWLRQV�XS� WR� WKH� IXOO�ZHOO� OLPLW� FDQ�EH�REVHUYHG�RQO\� LQ� WKH�&&'*$,1 �
VHWWLQJ��DV� WKH�JDLQ�DPSOLILHU�DOUHDG\�VDWXUDWHV�DW�a�������H�SL[� LQ� WKH�&&'*$,1 ��VHWWLQJ� �VHH�

��6HFWLRQ�������
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6DWXUDWLRQ�LPSRVHV�D�OLPLW�RQ�WKH�SURGXFW�RI�WKH�FRXQW�UDWH�DQG�WKH�LQWHJUDWLRQ�WLPH��.HHS�WKH�WRWDO
FRXQWV� �EHORZ�WKH�VDWXUDWLRQ�OHYHO��HLWKHU�E\�NHHSLQJ�WKH�H[SRVXUH�WLPH�VKRUWLQ�WKH�SL[HOV�RI�LQWHUHVW
HQRXJK� WKDW� WKH� OLPLW� LV� QRW� YLRODWHG� LQ� DQ\� VLQJOH� LQWHJUDWLRQ� RU� E\� FKRRVLQJ� D�PRUH� DSSURSULDWH
FRQILJXUDWLRQ��<RX�FDQ�DOORZ�VDWXUDWLRQ�WR�RFFXU�LQ�UHJLRQV�RI�WKH�LPDJH�RYHU�ZKLFK�\RX�GR�QRW�ZLVK�WR
H[WUDFW�LQIRUPDWLRQ��H�J���\RX�FDQ�DOORZ�D�VWDU�RU�VLQJOH�HPLVVLRQ�OLQH�WR�VDWXUDWH�LI�\RX�DUH�LQWHUHVWHG
LQ�RWKHU�IHDWXUHV���5HPHPEHU��KRZHYHU��WKDW�RQFH�WKH�&&'�ZHOO�LV�RYHU�IXOO��FKDUJH�ZLOO�EOHHG�DORQJ
WKH�FROXPQV�RI�WKH�&&'�VR�WKDW�QHLJKERULQJ�SL[HOV��DORQJ�WKH�VOLW�IRU�VSHFWURVFRSLF�REVHUYDWLRQV��ZLOO
DOVR�EH�DIIHFWHG��6DWXUDWLRQ� �EH�FRUUHFWHG�LQ�SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ�FDQQRW

$Q�LQWHUHVWLQJ�ZRUNDURXQG�IRU�WKLV�LV�GHVFULEHG�LQ�*LOOLODQG��*RXGIURRLM�	�.LPEOH�������� � ������3$63 ���
��)RU� �WKH�UHVSRQVH�UHPDLQV�OLQHDU�XS�WR��DQG�HYHQ�IDU�EH\RQG�VDWXUDWLRQ�LI�RQH�LQWHJUDWHVCCDGAIN=4
RYHU�WKH�SL[HOV�UHFHLYLQJ�WKH�FKDUJH�EOHHG��%HFDXVH�WKH�EOHHGLQJ�LV�SHUSHQGLFXODU�WR�WKH�GLVSHUVLRQ
GLUHFWLRQ�� IRU� SRLQW� VRXUFHV� VXFK� VDWXUDWLRQ� GRHV� QRW� FRPSURPLVH� VSHFWUDO� SXULW\�� 6LJQDO� WR� QRLVH
YDOXHV� RI�a������� KDYH� EHHQ� GHPRQVWUDWHG� IRU� VDWXUDWHG� GDWD� �VHH� � IRU� D� WLPH67,6� ,65� �������
VHULHV�DSSOLFDWLRQ�DQG� �IRU�D�PHDVXUHPHQW�RI�9HJDૼV�DEVROXWH%RKOLQ�	�*LOOLODQG�������� � ������$- ���
IOX[���7KLV�WHFKQLTXH� LV��KRZHYHU��EHVW�DSSOLHG�QHDU�WKH�FHQWHU�RI� WKH�GHWHFWRU��1HDU�WKH�WRS�RI�WKH
GHWHFWRU���H�J���DW�WKH�(��DSHUWXUH�SRVLWLRQ�QHDU�URZ�������WKH�IXOO�ZHOO�GHSWK�RI�WKH�GHWHFWRU�LV�ODUJHU�
DQG�WKLV�FDQ�OHDG�WR�VHULDO�WUDQVIHU�DUWLIDFWV�ZKHQ�WRR�PDQ\�HOHFWURQV�DUH�UHDG�RXW�RI�D�VLQJOH�SL[HO�
)RU�PRUH�LQIRUPDWLRQ�VHH� �b67,6�,65��������

,Q� ��ZH�H[SODLQHG�KRZ�WR�GHWHUPLQH�WKH�SHDN�FRXQWV�V�SL[�H[SHFWHG�IRU�\RXU�REVHUYDWLRQ�6HFWLRQ����
,Q� � IRU�HDFK�VSHFWURVFRSLF�PRGH�DQG� LQ� � IRU�HDFK� LPDJLQJ�PRGH��ZH�SURYLGH&KDSWHU��� &KDSWHU���
SORWV�RI�H[SRVXUH�WLPH�WR�ILOO�WKH�&&'�ZHOO�YHUVXV�VRXUFH�IOX[�IRU�HDFK�67,6�FRQILJXUDWLRQ��/DVWO\��67,6�

�DUH�DYDLODEOH�WR�HQVXUH�WKDW�\RXU�REVHUYDWLRQV�ZLOO�QRW�VDWXUDWH�VRXUFHV�RI�LQWHUHVW�V(7&

7KH�PLQLPXP�&&'�H[SRVXUH�WLPH�LV�����VHFRQGV��SURYLGLQJ�D�WUXH�OLPLW�WR�WKH�EULJKWHVW�VRXUFH�WKDW
FDQ�EH�REVHUYHG� �ZLWKRXW�VDWXUDWLQJ

������&&'�6KXWWHU�(IIHFWV
7KH� 67,6� &&'� FDPHUD� IHDWXUHV� D� KLJK�VSHHG� VKXWWHU� WKDW� HOLPLQDWHV� WKH� QHHG� IRU� D� VKXWWHU
LOOXPLQDWLRQ�FRUUHFWLRQ��HYHQ�DW� WKH�VKRUWHVW�FRPPDQGDEOH�H[SRVXUH�WLPH�RI����bVHFRQGV��7KH�RQO\
WZR�PLQRU�GUDZEDFNV�RI�XVLQJ� WKLV�VKRUWHVW�H[SRVXUH� WLPH�DUH� WKH� IROORZLQJ�� �L�bD�QRQ�UHSURGXFLEOH
ODUJH�VFDOH� YDULDWLRQ� LQ� LQWHQVLW\� RI� D� YHU\� ORZ� DPSOLWXGH� �a������ ZKLFK� LV� GXH� WR� D� VOLJKW� QRQ�
XQLIRUPLW\�RI�WKH�VKXWWHU�VSHHG��DQG��LL�bD�PHDQ�FRXQW�UDWH�ZKLFK�LV�a���ORZHU�WKDQ�WKRVH�RI�ORQJHU
H[SRVXUHV��ZKLFK� LV�GXH�WR�DQ� LQDFFXUDF\�RI� WKH�VKXWWHU� WLPLQJ�DW� WKLV�VHWWLQJ��7KHVH�PLQRU�HIIHFWV
RFFXU� � IRU� WKH� VKRUWHVW� H[SRVXUH� WLPHV�� DQG� GLVDSSHDU� FRPSOHWHO\� IRU� H[SRVXUH� WLPHV� RIRQO\
���bVHFRQGV�DQG�ORQJHU�

)RU� VWDQGDUG� DSSOLFDWLRQV� NHHS� WKH� DFFXPXODWHG� H�SL[� SHU� H[SRVXUH� EHORZ� �������� DW�
��GHWHUPLQHG�E\�WKH�&&'�IXOO�ZHOO���DQG�EHORZ��������DW� ��GHWHUPLQHG�E\CCDGAIN=4 CCDGAIN=1

JDLQ�DPSOLILHU�VDWXUDWLRQ��
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������&RVPLF�5D\V
$OO� &&'� H[SRVXUHV� DUH� DIIHFWHG� E\� FRVPLF� UD\V�� 7KH� UDWH� RI� FRVPLF� UD\� KLWV� LQ� RUELW� LV� YHU\� KLJK
FRPSDUHG�WR�JURXQG�EDVHG�REVHUYDWLRQV��7KH�FXUUHQW�UDWH�DW�ZKLFK�SL[HOV�DUH�DIIHFWHG�E\�FRVPLF�UD\
KLWV� LV� ����� ����� SL[HOV� SHU� VHFRQG� IRU� WKH� 67,6� &&'�� 7R� DOORZ� UHPRYDO� RI� FRVPLF� UD\V� LQ� SRVW��s
REVHUYDWLRQ� GDWD� SURFHVVLQJ� ZH� UHFRPPHQG� WKDW� ZKHQHYHU� SRVVLEOH�� JLYHQ� VLJQDO�WR�QRLVH
FRQVWUDLQWV��\RX�WDNH�WZR�RU�PRUH�H[SRVXUHV�LQ�DQ\�JLYHQ�&&'�FRQILJXUDWLRQ��VHH�DOVR�6HFWLRQ�������
���7KH�JUHDWHU�WKH�QXPEHU�RI�LQGHSHQGHQW�H[SRVXUHV��WKH�PRUH�UREXVW�LV�WKH�UHPRYDO�RI�FRVPLF�UD\V
DQG� IRU� YHU\� ORQJ� LQWHJUDWLRQV� LW� LV� FRQYHQLHQW� WR� VSOLW� WKH� H[SRVXUH� LQWR�PRUH� WKDQ� WZR� VHSDUDWH
LPDJHV�WR�DYRLG�FRLQFLGHQW�FRVPLF�UD\�KLWV��$V�DQ�H[DPSOH�� IRU� WZR������VHFRQG�H[SRVXUHV��DERXW
����� &&'� SL[HOV� ZLOO� EH� KLW� LQ� ERWK� LPDJHV� DQG�ZLOO� WKHUHIRUH� EH� XQUHFRYHUDEOH�� 0RUHRYHU�� VLQFH
FRVPLF�UD\�KLWV�W\SLFDOO\�DIIHFW�a�bSL[HOV�SHU�HYHQW��WKHVH�SL[HOV�ZLOO�QRW�EH�LQGHSHQGHQWO\�SODFHG��EXW
UDWKHU� ZLOO� IUHTXHQWO\� EH� DGMDFHQW� WR� RWKHU� XQUHFRYHUDEOH� SL[HOV�� ,Q� JHQHUDO�� ZH� UHFRPPHQG� WKDW
LQGLYLGXDO� H[SRVXUHV� VKRXOG� QRW� H[FHHG� a����� VHFRQGV� GXUDWLRQ� WR� DYRLG� H[FHVVLYH� DPRXQWV� RI
XQFRUUHFWDEOH�FRVPLF�UD\V�LQ�WKH�LPDJHV��+RZHYHU��REVHUYHUV�PXVW�EDODQFH�WKH�EHQHILW�RI�UHPRYLQJ
FRVPLF�UD\V�DJDLQVW�WKH�ORVV�LQ�VLJQDO�WR�QRLVH�WKDW�UHVXOWV�IURP�WKH�VSOLWWLQJ�RI�H[SRVXUHV�ZKHQ�LQ�WKH
UHDG�QRLVH�OLPLWHG�UHJLPH�

,Q�REVHUYDWLRQV�RI� IDLQW�VRXUFHV��SDUWLFXODUO\� IRU�GLVSHUVHG� OLJKW�H[SRVXUHV�� WKH� LQWULQVLF�FRXQW� UDWHV
FDQ�EH�YHU\�ORZ��7KH�H[SRVXUH�WLPH�QHHGHG�WR�UHDFK�D�EUHDN�HYHQ�EHWZHHQ�WKH�UHDG�RXW�QRLVH�DQG
WKH�3RLVVRQ�QRLVH�SHU�SL[HO�DVVRFLDWHG�ZLWK�WKH�PLQLPDO�VN\�EDFNJURXQG�LV�a��bPLQXWHV�IRU�LPDJLQJ
LQ� �PRGH��DQG�a��bPLQXWHV�IRU�VOLWOHVV�VSHFWURVFRS\�ZLWK�*���/��:LWK�D�GDUN�FXUUHQW�RI�������H50CCD 

�V�LW�WDNHV���bPLQXWHV�RI�LQWHJUDWLRQ�IRU�WKH�3RLVVRQ�VWDWLVWLFV�RQ�WKH�GHWHFWRU�EDFNJURXQG�WR�HTXDO�WKH
UHDG�QRLVH��7KHUHIRUH��UHSHDWHG�VKRUW�H[SRVXUHV�RI�IDLQW�VRXUFHV�FDQ�VLJQLILFDQWO\�LQFUHDVH�WKH�WRWDO
QRLVH� IURP� DGGHG� UHDGRXWV�� 6HOHFWLQJ� WKH� FRUUHFW� QXPEHU� DQG� OHQJWK� RI� UHSHDWHG� LQWHJUDWLRQV
UHTXLUHV�D�FRQVLGHUDWLRQ�RI�WKH�WUDGH�RII�EHWZHHQ�LQFUHDVHG�UHDG�QRLVH�DQG�PRUH�UREXVW�FRVPLF�UD\
HOLPLQDWLRQ��7KH� ��RU� WKH�6�1�SORWV� LQ� �DQG� ��FDQ�KHOS�\RX�GHWHUPLQH67,6�(7& &KDSWHU��� &KDSWHU���
ZKHWKHU�\RXU�REVHUYDWLRQV�DUH�LQ�WKH�UHDG�QRLVH�GRPLQDWHG�UHJLPH�

������+RW�3L[HOV
+RW�SL[HOV��FDXVHG�E\�UDGLDWLRQ�GDPDJH��RFFXU�LQ�WKH�67,6�&&'��'DUN�IUDPHV�DUH�URXWLQHO\�REWDLQHG
WZLFH�D�GD\� LQ� RUGHU� WR�PDLQWDLQ� D�PDVWHU� OLVW� RI� KRW� SL[HOV� DQG� WR�XSGDWH� WKH�SLSHOLQH� VXSHUGDUN
UHIHUHQFH� ILOHV� RQ� D� ZHHNO\� EDVLV�� 2Q� D� PRQWKO\� WLPH� VFDOH�� WKH� &&'� LV� UDLVHG� WR� DPELHQW
WHPSHUDWXUH��IURP�LWV�QRUPDO�RSHUDWLQJ�WHPSHUDWXUH�RI�a���r�&��LQ�RUGHU�WR�SHUPLW�DQQHDOLQJ�RI�KRW
SL[HOV�

%H�VXUH�WR�WDNH�DW�OHDVW�WZR�LGHQWLFDO�&&'�H[SRVXUHV�LQ�HDFK�FRQILJXUDWLRQ�WR�DOORZ�UHPRYDO�RI
FRVPLF�UD\V� LQ�SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ�� b7KHUH�DUH� OLPLWDWLRQV�ZLWK�WDNLQJ�RQO\�WZR
H[SRVXUHV� WKDW�PD\� UHTXLUH�PDQXDO� UHSURFHVVLQJ�RI�GDWD�DV�GHVFULEHG� LQ� �67,6� ,65��������
GXH�WR�RYHUIODJJLQJ�RI�FRVPLF�UD\V��b&XUUHQW�IDLOXUH�UDWHV�RI�WKH�FRVPLF�UD\�UHPRYDO�DOJRULWKP
PD\�EH�DVVHVVHG�ZLWK�WKH� �67,6�&RVPLF�5D\�0RQLWRU
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$QDO\VLV�RI�RQ�RUELW�GDWD�KDV�VKRZQ�WKDW� WKH�DQQHDOLQJ�SURFHVV� LV�VXFFHVVIXO� LQ�VORZLQJ�WKH�JURZWK
UDWH�RI�WUDQVLHQW�KRW�SL[HOV��KRWWHU�WKDQ����bH �V�SL[��HDFK�PRQWK��$SDUW�IURP�WKH�WUDQVLHQW�KRW�SL[HOV�

WKHUH� LV�D� VXEVWDQWLDO�QXPEHU�RI�KRW�SL[HOV� WKDW� VWD\�SHUVLVWHQWO\�KRW�DIWHU�DQQHDOV�� ,Q�HDUO\������
a���RI�WKH�SL[HOV�RI�WKH�67,6�&&'�ZHUH�SHUVLVWHQWO\�KRW��DQG�WKH�WRWDO�QXPEHU�RI�KRW��!���bH �V�SL[�

SL[HOV�LPPHGLDWHO\�DIWHU�DQ�DQQHDO�ZDV�a�������

)LJXUH����� LOOXVWUDWHV� WKH� ORQJ�WHUP� LQFUHDVH� LQ�KRW�SL[HO�QXPEHUV�ZLWK� WLPH��7KH�GLIIHUHQW�V\PEROV
LQGLFDWH� QXPEHUV� RI� SL[HOV� ZLWK� GDUN� FXUUHQW� DERYH� HDFK� OLVWHG� WKUHVKROG� LPPHGLDWHO\� DIWHU� DQ
DQQHDO��7KH�EUHDN�LQ�WKH�WUHQG�QHDU�\HDU������UHIOHFWV�WKH�VZLWFK�WR�WKH�67,6�6LGH���HOHFWURQLFV�� ,Q
WKLV� ILJXUH�� 6LGH��� GDUNV�ZHUH� VFDOHG� WR� D� KRXVLQJ� WHPSHUDWXUH� RI� ��rb &��ZKLFK� FRUUHVSRQGV� WR� D
GHWHFWRU� WHPSHUDWXUH� ORZHU� WKDQ� WKH� ��rb&� VHW� SRLQW� WKDW�ZDV�XVHG�ZKHQ� WKH�6LGH���HOHFWURQLFVಝ
ZHUH�IXQFWLRQDO��7KH�ODUJH�VFDWWHU�VHHQ�LQ�GDWD�SRLQWV�MXVW�EHIRUH�WKH�VWDUW�RI������LV�GXH�WR�WKH�IDFW
WKDW� 67,6� KDG� EHHQ� WXUQHG� RII� DQG� RQ� VHYHUDO� WLPHV� GXULQJ� 6029��� $� GHWDLOHG� GHVFULSWLRQ� RI� WKH
YDULDWLRQ� LQ� KRW� SL[HO� QXPEHUV� VLQFH� ODXQFK� DQG� WKH� GLIIHUHQFHV� EHWZHHQ� WKH� DQQHDO� UDWHV� ZKLOH
UXQQLQJ�XQGHU�6LGHVb��DQGb��FDQ�EH�IRXQG�LQ� �67,6�,65��������
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+RW�3L[HOV�5HPDLQLQJ�$IWHU�(DFK�$QQHDO�)LJXUH������

1RWH�WKDW�ERWK�ELQQHG�DQG�VSHFWUDO�GDWD�ZLOO�LQFUHDVLQJO\�VXIIHU�IURP�WKH�HIIHFWV�RI�KRW�SL[HOV�DV�WKH
SHUFHQWDJH�RI�QRQ�DQQHDOHG�SL[HOV� LQFUHDVHV�� -XVW�SULRU�WR�DQ�DQQHDO��XS�WR�������RI�DOO�&&'�SL[HOV
DUH�KRW��L�H���ERWK�SHUVLVWHQW�DQG��DQQHDODEOH��KRW�SL[HOV��,Q�WKH�FDVH�RI�VSHFWUDO�GDWD��ZLWK�D�QRUPDO
H[WUDFWLRQ�ER[�KHLJKW�RI��bSL[HOV��WKLV�PHDQV�WKDW�������RI�WKH�H[WUDFWHG�SL[HOV�ZLOO�EH�DIIHFWHG�E\�D
KRW�SL[HO��)RU� LPDJLQJ�GDWD� LQYROYLQJ� UHFWLILFDWLRQ�� WKH� UHFWLILFDWLRQ�SURFHVV� LQWHUSRODWHV�XQUHPRYHG
KRW�SL[HOV�LQWR�WKH�IRXU�DGMDFHQW�SL[HOV��)RU�WKH�FDVH�RI�0 1�ELQQLQJ��WKHUHIRUH��� 0 1�SL[HOV�ZLOO�EH� � �
DIIHFWHG�E\�D�FRPELQDWLRQ�RI�WKH�ELQQLQJ�DQG�UHFWLILFDWLRQ�SURFHVV�

:KLOH� SRVW�SLSHOLQH� FDOLEUDWLRQ� XVLQJ� DSSURSULDWH� 67,6� UHIHUHQFH� VXSHUGDUNV� DOORZV� RQH� WR� VXEWUDFW
PRVW�KRW�SL[HOV�FRUUHFWO\��WR�ZLWKLQ�WKH�DFFXUDF\�VHW�E\�3RLVVRQ�VWDWLVWLFV���WKH�EHVW�ZD\�WR�HOLPLQDWH
DOO� KRW� SL[HOV� LV� E\� � �PDNLQJ� SL[HO�VFDOH� SRVLWLRQDO� RIIVHWV� EHWZHHQ� LQGLYLGXDO� H[SRVXUHV��GLWKHULQJ
'LWKHULQJ� DV� D� PHWKRG� RI� GDWD� WDNLQJ� LV� GHVFULEHG� LQ� GHWDLO� LQ� �� $� JXLGH� RQ� GLWKHU6HFWLRQ� ����
VWUDWHJLHV�DQG�DGYDQWDJHV��WRJHWKHU�ZLWK�H[DPSOH�GDWD�LV�DYDLODEOH�LQ�WKH� ��'LWKHU�+DQGERRN+67
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������&&'�%LDV�6XEWUDFWLRQ�DQG�$PSOLILHU�1RQ�/LQHDULW\
$QDO\VLV� RI� &&'� LPDJHV� WDNHQ� GXULQJ� JURXQG� FDOLEUDWLRQ� DQG� LQ� &\FOH� �� KDV� UHYHDOHG� ORZ�OHYHO
FKDQJHV�LQ�WKH�ELDV�SDWWHUQ��DW�WKH�WHQWKV�RI�D�'1�OHYHO��DQG�D�ORZ�OHYHO�DPSOLILHU�QRQOLQHDULW\��7KLV
QRQ�OLQHDULW\���DPSOLILHU�ULQJLQJ���ZDV�XQFRYHUHG�GXULQJ�WKH�DQDO\VLV�RI�WKH�RYHUVFDQ�UHJLRQ�RQ�IODW�
ILHOG� LPDJHV� �UHSRUWHG� LQ� ��� 7KH�ELDV� YDOXH� RI� D� JLYHQ� URZ� LQ� WKH� VHULDO� RYHUVFDQ67,6� ,65��������
UHJLRQ� RI� IODW�ILHOG� LPDJHV� LV� � ZLWK� UHVSHFW� WR� WKH� QRPLQDO� ELDV� YDOXH� E\� DQ� DPRXQWGHSUHVVHG
SURSRUWLRQDO� WR�WKH�PHDQ�VLJQDO� LQ�WKDW�URZ��+RZHYHU�� WKH�VPDOO�SURSRUWLRQDOLW\� IDFWRUV�DQG� ORZ�'1
OHYHOV� DW� ZKLFK� WKH� QRQOLQHDULW\� RFFXUV� UHQGHU� WKH� SUREOHP� QHJOLJLEOH� IRU� PRVW� 67,6� VFLHQWLILF
DSSOLFDWLRQV��,QVWDQFHV�RI�GDWD�WKDW�PD\�EH�VOLJKWO\�DIIHFWHG�E\�WKLV�SUREOHP��DW�WKH�����OHYHO��DUH
DSHUWXUH�SKRWRPHWU\�RI�IDLQW�VRXUFHV��LQ�LPDJLQJ�PRGH���HVSHFLDOO\�LQ�WKH�FDVH�RI�D�FURZGHG�UHJLRQ
ZLWK�QHDUE\�EULJKW�VRXUFHV�WKDW�ZRXOG�FDXVH�D�ORFDO�GHSUHVVLRQ�RI�WKH�ELDV�YDOXH��DQG�SKRWRPHWU\�RI
GLIIXVH�H[WHQGHG�REMHFWV�WKDW�FRYHU�D� ODUJH�QXPEHU�RI�SL[HOV��7KH�EULJKWHVW�KRW�SL[HOV� �VHH�6HFWLRQ

��DOVR� FDXVH�D�PHDVXUDEOH� ORFDO�GHSUHVVLRQ� LQ� WKH�ELDV�YDOXH��EXW� WKHLU�HIIHFW� LV� FRUUHFWHG�E\�����
XVLQJ�WKH�DSSURSULDWH�VXSHUGDUN�UHIHUHQFH�ILOH��RU�GDLO\�GDUN�ILOH��GXULQJ�&&'�FDOLEUDWLRQ�

2EVHUYHUV� WDNLQJ� IXOO�IUDPH� &&'� LPDJHV� REWDLQ� ERWK� SK\VLFDO� RYHUVFDQ� �L�H��� DFWXDO� &&'� SL[HOV�
FROXPQV�����DQG����������RQ�WKH�UDZ� LPDJH��DQG�YLUWXDO�RYHUVFDQ��L�H���DGGHG�HOHFWURQLFDOO\� WR
WKH�LPDJH��URZV�����RQ�WKH�UDZ�LPDJH��RQ�WKHLU�IUDPHV��WKH�YLUWXDO�RYHUVFDQ�LV�QRW�VXEMHFW�WR�WKH
DPSOLILHU� QRQOLQHDULW\� SUREOHP� DQG� FDQ� EH� XVHG� WR� HVWLPDWH� WKH� LPSRUWDQFH� RI� WKLV� HIIHFW� LQ� WKH
LPDJHV��2EVHUYHUV� XVLQJ� VXEDUUD\V� �H�J��� WR� UHGXFH� WKH� WLPH� LQWHUYDO� EHWZHHQ� UHDGV� DQG� OLPLW� WKH
GDWD�YROXPH�ZKHQ�SHUIRUPLQJ�YDULDELOLW\�REVHUYDWLRQV�LQ�WKH�RSWLFDO��VHH�DOVR� ��ZLOO�REWDLQ&KDSWHU���
RQO\�WKH�SK\VLFDO�RYHUVFDQ�

������&KDUJH�7UDQVIHU�(IILFLHQF\
5DGLDWLRQ�GDPDJH�DW�WKH�DOWLWXGH�RI�WKH� �RUELW�FDXVHV�WKH�FKDUJH�WUDQVIHU�HIILFLHQF\��&7(��RI�WKH+67
67,6� &&'� WR� GHJUDGH�ZLWK� WLPH�� 7KH� HIIHFW� RI� LPSHUIHFW� &7(� LV� WKH� ORVV� RI� VLJQDO�ZKHQ� FKDUJH� LV
WUDQVIHUUHG� WKURXJK� WKH� &&'� FKLS� GXULQJ� WKH� UHDGRXW� SURFHVV�� $V� WKH� QRPLQDO� UHDG�RXW� DPSOLILHU
�$PSb '�� LV� VLWXDWHG� DW� WKH� WRS� ULJKW� FRUQHU� RI� WKH� 67,6� &&'�� WKH� &7(� SUREOHP� KDV� WZR� SRVVLEOH
REVHUYDWLRQDO� FRQVHTXHQFHV�� ���bPDNLQJ�REMHFWV�DW� ORZHU� URZ�QXPEHUV� �PRUH�SL[HO�WR�SL[HO� FKDUJH
WUDQVIHUV��DSSHDU�IDLQWHU�WKDQ�WKH\�ZRXOG�LI�WKH\�ZHUH�DW�KLJK�URZ�QXPEHUV��VLQFH�WKLV�ORVV�LV�VXIIHUHG
DORQJ�WKH� �FORFNLQJ�GLUHFWLRQ��LW�LV�UHIHUUHG�WR�DV� �� DQG����bPDNLQJ�REMHFWV�RQSDUDOOHO �SDUDOOHO &7(�ORVV �
WKH�OHIW�VLGH�RI�WKH�FKLS�DSSHDU�IDLQWHU�WKDQ�RQ�WKH�ULJKW�VLGH��UHIHUUHG�WR�DV� ���,Q�WKHVHULDO�&7(�ORVV
FDVH� RI� WKH� 67,6�&&'�� WKH� � KDV� EHHQ� IRXQG� WR� EH� QHJOLJLEOH� IRU� SUDFWLFDO� SXUSRVHV�VHULDO� &7(� ORVV
+HQFH�ZH�ZLOO�RQO\�DGGUHVV� �IRU�WKH�67,6�&&'�LQ�WKLV� �SDUDOOHO�&7(�ORVV +DQGERRN

7KH� FXUUHQW� ODFN� RI� D� FRPSUHKHQVLYH� WKHRUHWLFDO� XQGHUVWDQGLQJ� RI� &7(� HIIHFWV� LQWURGXFHV� DQ
XQFHUWDLQW\�IRU�67,6�SKRWRPHWU\��7KH�&7(�SUREOHPV�DUH�FDXVHG�E\�HOHFWURQ�WUDSV�LQ�WKH�&&'�WKDW�DUH
ILOOHG� DV� FKDUJH� SDVVHV� WKURXJK� WKH� SL[HOV�� +RZHYHU�� QRW� DOO� WUDSV� DUH� DFFHVVLEOH� WR� DOO� HOHFWURQV
SDVVLQJ� WKURXJK��6RPH�WUDSV�DUH�RQO\�DFFHVVLEOH� LI� WKHUH� LV�VLJQLILFDQW�FKDUJH� LQYROYHG��7KLV�PRGHO
VXJJHVWV�WKDW�WKHUH�ZLOO�QRW�EH�VLJQLILFDQW�&7(�ORVVHV�LQ�WKH�SUHVHQFH�RI�EDFNJURXQG��SDUWLFXODUO\�IRU
IDLQW�VWDUV��EHFDXVH�EDFNJURXQG�HOHFWURQV�ILOO�WKH�WUDSV�EHIRUH�WKH�FKDUJH�DVVRFLDWHG�ZLWK�VXFK�VWDUV
SDVVHV�WKURXJK��7KHUH�ZLOO�VWLOO�EH�VRPH�ORVV�IRU�EULJKWHU�VWDUV�ZLWK�EDFNJURXQG��EHFDXVH�WKHLU�FKDUJH
PD\�DFFHVV�WUDSV�WKDW�DUH�XQDIIHFWHG�E\�WKH�EDFNJURXQG�WKDW�SUHYLRXVO\�FORFNHG�WKURXJK��)DLQW�VWDUV
LQ�DUHDV�ZLWK�OLWWOH�EDFNJURXQG�PD\�VXIIHU�IURP�ODUJHU�ORVVHV�

,Q�JHQHUDO��WKH�DPRXQW�RI��SDUDOOHO��&7(�ORVV�GHSHQGV�RQ�WKH�HODSVHG�WLPH�RQ�RUELW��WKH�GLVWDQFH��L�H��
WKH�QXPEHU� RI�&&'� URZV�� IURP� WKH� VRXUFH� ORFDWLRQ�RQ� WKH�&&'�FKLS� WR� WKH� UHDGRXW� DPSOLILHU�� WKH
VRXUFH�VLJQDO��DQG�WKH�EDFNJURXQG�OHYHO�
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,W�VKRXOG�EH�QRWHG�DW�WKH�RXWVHW�WKDW�WKH�HIIHFW�RI�&7(�ORVV�KDV�QRW��DV�\HW��EHHQ�LQFRUSRUDWHG�LQWR�WKH�
��7KXV��VKRXOG�\RX�EHOLHYH�WKH�&7(�ORVVHV�GHVFULEHG�KHUHLQ�PD\�LPSDFW�\RXU�VSHFWURVFRSLF67,6� V(7&

RU� LPDJLQJ� REVHUYLQJ� SURJUDP�� \RX� ZLOO� QHHG� WR� SURYLGH� ORQJHU� H[SRVXUH� WLPHV� LQ� \RXU� 3KDVH� ,,
SURSRVDO� WR� FRPSHQVDWH� IRU� WKH� DQWLFLSDWHG� ORVVHV�� ,Q� SDUWLFXODU�� REVHUYHUV� XVLQJ� WKH� 67,6�&&'� WR
REVHUYH�IDLQW�WDUJHWV��HVSHFLDOO\�LQ�VSHFWURVFRSLF�PRGH��SURGXFLQJ�OHVV�WKDQ�D�IHZ�KXQGUHG�HOHFWURQV
DERYH� D� ORZ� EDFNJURXQG�� DUH� DGYLVHG� WR� DGMXVW� WKHLU� H[SRVXUH� WLPHV� DSSURSULDWHO\� �ZLWKLQ� WKH
UHVWULFWLRQV�RI�WKHLU�DOORFDWHG�QXPEHU�RI� �RUELWV��b+67

$QDO\VLV� RI� D� FRPSUHKHQVLYH� FDOLEUDWLRQ� SURJUDP� KDV� DOORZHG� XV� WR� GHULYH� D� IRUPXOD� WR� FRUUHFW
VSHFWURVFRSLF� REVHUYDWLRQV� RI� SRLQW� VRXUFHV� IRU� WKH� SDUDOOHO�UHJLVWHU� &KDUJH� 7UDQVIHU� ,QHIILFLHQF\
�&7,b ���&7(���7KLV�FRUUHFWLRQ�KDV�EHHQ�LPSOHPHQWHG�LQ�WKH�VWDQGDUG�FDOLEUDWLRQ�SLSHOLQH��)RU�VSHFWUD
DW� WKH� VWDQGDUG� UHIHUHQFH�SRVLWLRQ� DW� WKH�&&'� FHQWHU�� &7(� ORVVHV� DV� ELJ� DV� ����DUH� FRUUHFWHG� WR
ZLWKLQ����DW�KLJK�VLJQDO�OHYHOV��DQG�WR�ZLWKLQ�a�����DW�ORZ�VLJQDO�OHYHOV�RI�a����HOHFWURQV��)XUWKHU
LQIRUPDWLRQ�RQ�&7(�ORVV�LQ�VSHFWURVFRSLF�PRGH��LQFOXGLQJ�WKH�&7,�FRUUHFWLRQ�IRUPXOD��FDQ�EH�IRXQG�LQ�

�� 7KH� FRUUHODWLRQ� RI� IUDFWLRQDO� VLJQDO� ORVV� DQG� WKH� VKLIW� RI� WKH� FHQWURLG� RI� WKH67,6� ,65� �������
VSHFWUXP�LV�GHPRQVWUDWHG�LQ� ��)RU�WKH�&&'�LPDJLQJ�PRGH��QR�FRUUHFWLRQ�LV�DYDLODEOH67,6�,65��������
DW�SUHVHQW�LQ�WKH�SLSHOLQH��DQG�ZH�UHIHU�WKH�UHDGHU�WR�*RXGIURRLM�DQG�.LPEOHૼV������ �&DOLEUDWLRQ+67

�IRU�WKH�SDUDPHWUL]DWLRQ�RI�WKH�&7(�ORVV��DQG� �� �� �������:RUNVKRS�DUWLFOH *RXGIURRLM�HW�DO������ 3$63 ���
������

)LJXUH������GHSLFWV�WKH�DPRXQW�RI�&7(�ORVV�VXIIHUHG�DV�D�IXQFWLRQ�RI�VRXUFH�VLJQDO�DQG�EDFNJURXQG
OHYHO�� IRU�VSHFWUD�WDNHQ�DW�HSRFK���������ZLWK�WKH�WDUJHW�DW�WKH�FHQWHU�RI�WKH�GHWHFWRU��VROLG� OLQHV�
DQG�DW� WKH�(�bDSHUWXUH�SRVLWLRQ��GDVKHG� OLQHV���1RWH�WKDW� WKH�&7(� ORVV�FDQ�EH�VLJQLILFDQW��$�W\SLFDO
VSHFWUXP�ZLWK�D�VLJQDO�RI�DERXW����bH �SL[�DORQJ�WKH�GLVSHUVLRQ�GLUHFWLRQ��H[WUDFWHG�RYHU�WKH�VSDWLDO

H[WHQW�RI� WKH�36)��DQG�D�EDFNJURXQG� OHYHO�RI��bH �SL[��DSSURSULDWH� IRU�D������VHFRQG�H[SRVXUH� LQ�

�PRGH�� LV�H[SHFWHG�WR�H[SHULHQFH�D�&7(�ORVV�RI�a����DW�HSRFK���������ZKHQ�ORFDWHG�LQ�WKHG430L
FHQWHU�RI�WKH�&&'��DQG�D�ORVV�RI�a����ZKHQ�SODFHG�DW�WKH�(�bDSHUWXUH�SRVLWLRQ��GLVFXVVHG�EHORZ��
ZKLFK� LV�PXFK� FORVHU� WR� WKH� UHDGRXW� DPSOLILHU�� )RU� D� EDFNJURXQG� RI� �b H �SL[� �H�J��� D� ���� VHFRQG

H[SRVXUH���D�VSHFWUXP�ZLWK�WKH�VDPH�VRXUFH�VLJQDO�OHYHO�ZRXOG�VXIIHU�D�&7(�ORVV�RI�a����LI�SODFHG�DW
WKH�FHQWHU�RI�WKH�GHWHFWRU��DQG�a����DW�WKH�(�bDSHUWXUH�SRVLWLRQ��7KLV�HPSKDVL]HV�WKH�QHHG�WR�WDNH
&7(�ORVVHV�LQWR�DFFRXQW�ZKHQ�HVWLPDWLQJ�H[SRVXUH�WLPHV�QHHGHG�WR�DFFRPSOLVK�\RXU�VFLHQFH�JRDOV�

(VWLPDWHG�&KDUJH�7UDQVIHU� ,QHIILFLHQF\� �&7,� ���&7(��DV�D�)XQFWLRQ�RI�6LJQDO)LJXUH������� 172
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(VWLPDWHG�&KDUJH�7UDQVIHU� ,QHIILFLHQF\� �&7,� ���&7(��DV�D�)XQFWLRQ�RI�6LJQDO)LJXUH�������
/HYHO��SHU�FROXPQ��IRU�6SHFWURVFRS\�RI�D�3RLQW�6RXUFH�2EVHUYHG�LQ�&DOHQGDU�<HDU����������

7KH� VROLG� OLQHV� DUH� IRU� WDUJHWV� SODFHG� DW� WKH� FHQWHU� RI� WKH� GHWHFWRU�� DQG� WKH� GDVKHG� OLQHV� DUH� IRU
WDUJHWV�SODFHG�DW�WKH�(�bDSHUWXUH�SRVLWLRQ��7KH�FRORUV�EODFN��UHG��DQG�EOXH�LQGLFDWH�D�EDFNJURXQG�RIb��
���DQG���bHOHFWURQV�SHU�SL[HO��UHVSHFWLYHO\��7KH�&7,�LV�H[SUHVVHG�DV�WKH�IUDFWLRQ�RI�FKDUJH�ORVW�RXWVLGH
WKH�GHIDXOW�VLJQDO�H[WUDFWLRQ�ER[�RI��bSL[HOV�SHUSHQGLFXODU�WR�WKH�GLVSHUVLRQ��1RWH�WKH�&7,�GHFUHDVLQJ
HIIHFW�RI�DGGHG�EDFNJURXQG��ZKLFK�DUJXHV�IRU�DQ�REVHUYLQJ�VWUDWHJ\�LQYROYLQJ�ORQJ�H[SRVXUH�WLPHV�

2XU� GLVFXVVLRQ� WKXV� IDU� KDV� IRFXVHG� RQ� WKH� ORVV� RI� IOX[� GXH� WR� FKDUJH� WUDQVIHU� LQHIILFLHQFLHV�� EXW
DQRWKHU�HIIHFW� LV�DOVR� LPSRUWDQW�� WUDLOV� IURP�FRVPLF�UD\V�DQG�KRW�SL[HOV� WKDW� OLH�EHWZHHQ�WKH�WDUJHW
DQG� WKH� UHDG�RXW� DPSOLILHU� �GRZQVWUHDP� WUDLOV�� DGG� QRLVH� WR� WKH� WDUJHW
V� VSHFWUXP� RU� LPDJH�� 7R
H[SORUH�WKH�HIIHFWV�RI�&7(�WUDLOV�RQ�IDLQW�VSHFWUD��FRQVLGHU�WKH�VSHFWUXP�SORWWHG�LQ� ��,W�ZDV)LJXUH�����
REVHUYHG�LQ� ODWH������ZLWK�JUDWLQJ� �IRU�D�WRWDO�RI�����VHFRQGV�XVLQJ� ��7KH�FRVPLFG430M CR-SPLIT=1
UD\V� MXVW� DERYH� WKH� H[WUDFWLRQ� UHJLRQ� SURGXFH� GRZQVWUHDP� &7(� WUDLOV� WKDW� JHW� LQFOXGHG� LQ� WKH
�'bH[WUDFWHG�VSHFWUXP��)RU�FRPSDULVRQ��WKH�VDPH�GDWD�DUH�SURFHVVHG�ZLWK�WKH�67,6�SL[HO�EDVHG�&7(�

� DQG� H[WUDFWHG�� VKRZLQJ� D� UHGXFWLRQ� LQ� WKH� WUDLO� FRQWDPLQDWLRQ�� 7KHVH� IDLQW� &7(� WUDLOVFRUUHFWLRQ
UHSUHVHQW�DQ�LPSRUWDQW�VRXUFH�RI�QRLVH�WKDW�LV�QRW�LQFOXGHG�LQ�WKH� ��)RU�PRUH�LQIRUPDWLRQ�RQ�WKLV(7&
HIIHFW��VHH� �67,6�,65��������
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6SHFWURVFRSLF�REVHUYDWLRQ�ZLWK�DQG�ZLWKRXW�WKH�SL[HO�EDVHG�&7,�FRUUHFWLRQ�)LJXUH�������

7KH�WRS�WZR�LPDJHV�VKRZ��'�GDWD�REWDLQHG�IURP�D�PXOWL�VRXUFH�REVHUYDWLRQ�WKURXJK�WKH� �ORQJ52X0.2
VOLW�QHDU�<b b�����ZLWK�D��bSL[HO�H[WUDFWLRQ�UHJLRQ�PDUNHG�LQ�UHG��7KH�WRS�LPDJH�VKRZV�WKH�SLSHOLQH
)/7�GDWD��ZKLOH� WKH�PLGGOH� LPDJH�KDV�EHHQ�SURFHVVHG�WKURXJK�WKH�67,6�SL[HO�EDVHG�&7,�FRUUHFWLRQ�
WKXV�UHGXFLQJ�GRZQVWUHDP�FRVPLF�UD\�WUDLOV��7KH�ERWWRP�SORW�VKRZV�WKH�FRUUHVSRQGLQJ��'bH[WUDFWHG
VSHFWUD��7R�PLWLJDWH�WKH�GRZQVWUHDP�&7(�HIIHFWV�RI�FRVPLF�UD\V�DQG�KRW�SL[HOV��XVHUV�VKRXOG�PRYH
REVHUYDWLRQV� WR� WKH� (�b SRVLWLRQ� �<b ab ������ WDNH� PXOWLSOH� UHDGV�� RU� REVHUYH� ZLWK� PXOWLSOH� GLWKHU
SRVLWLRQV�
)RU�WKH�REVHUYHU��D�IHZ�VWUDWHJLHV�IRU�PLQLPL]LQJ�WKH�HIIHFW�RI�&7(�ORVV�VKRXOG�EH�QRWHG��)LUVW�RI�DOO�
RQH�VKRXOG�PD[LPL]H�WKH�H[SRVXUH�WLPH�ZKHQHYHU�SRVVLEOH�LQ�RUGHU�WR�LQFUHDVH�WKH�REMHFW�FRXQWV�DQG
WKH� VN\� EDFNJURXQG� SHU� H[SRVXUH�� ERWK� RI� ZKLFK� UHGXFH� &7(� ORVV�� 8VHUV� ZKR� DUH� WKLQNLQJ� DERXW
GLWKHULQJ�DQG�VKRUWHQLQJ�WKHLU�H[SRVXUH�WLPHV��H�J���WR�DOORZ�IRU�PRUH�GLWKHU�SRVLWLRQV��PD\�ZDQW�WR
WDNH�WKLV� LQWR�DFFRXQW��)XUWKHUPRUH��WR�UHGXFH�WKH�QXPEHU�RI�FKDUJH�WUDQVIHUV�DQG�WKH�FRQVHTXHQW
ORVV� RI� VLJQDO� DV� LOOXVWUDWHG� DERYH�� REVHUYHUV� XVLQJ� WKH� &&'� IRU� ORQJ�VOLW� VSHFWURVFRS\� RI� VRXUFHV
KDYLQJ� D� VSDWLDO� H[WHQW� RI� OHVV� WKDQ� DERXW� �b DUFVHFRQGV� DUH� XUJHG� WR� XVH� WKH� SVHXGR�DSHUWXUHV
ORFDWHG�QHDU�URZ�����RI�WKH�&&'��WKH� �DSHUWXUHV��VHH� ��52X*E1 6HFWLRQ������

7KH�67,6� WHDP�FUHDWHG�D�VWDQG�DORQH�SL[HO�EDVHG�&7,�FRUUHFWLRQ�VFULSW��$V�RI� ULJKW�QRZ�� LW�FDQ�RQO\
SURFHVV�QRQ�ELQQHG��IXOO�IUDPH�GDWD�UHDG�RXW�ZLWK�DPSOLILHUb'�DQG�IURP�DIWHU�60��b0RUH�LQIRUPDWLRQ
DQG�OLQNV�WR�LQVWDOOLQJ�WKH�VFULSW�PD\�EH�IRXQG�DW�WKH� �3L[HO�%DVHG�&7,�SDJH
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������0LWLJDWLRQ�RI�&7(�/RVV�IRU�/RQJ�6OLW�6SHFWURVFRS\
'HFUHDVLQJ� FKDUJH� WUDQVIHU� HIILFLHQF\� LQ� WKH� 67,6� &&'� KDV� D� GHWULPHQWDO� HIIHFW� RQ� IDLQW� VSHFWUD
DFTXLUHG�DW�WKH�GHIDXOW�ORFDWLRQ�DW�WKH�FHQWHU�RI�WKH�FKLS��)RU�VRXUFHV�ZLWK�IOX[HV�OHVV�WKDQ�a�b ���b ��

HUJ�FP �V����OHVV�WKDQ�a����HOHFWURQV�DUH�DFFXPXODWHG�SHU�SL[HO�LQ�H[SRVXUH�WLPHV�RI������VHFRQGV�

RU�OHVV���7KLV�LV�WKH�ORQJHVW�LQWHJUDWLRQ�WLPH�ZH�UHFRPPHQG�GXH�WR�WKH�GHOHWHULRXV�LPSDFW�RI�PXOWLSOH
FRVPLF�UD\V�LQ�D� �DW�ORQJHU�LQWHJUDWLRQ�WLPHV���$W�VLJQDO�OHYHOV�RI�������HOHFWURQV������RUCR-SPLIT
PRUH� RI� WKH� FKDUJH� FDQ� EH� ORVW� GXULQJ� UHDGRXW� GXH� WR� FKDUJH� WUDQVIHU� LQHIILFLHQFLHV�� 0DQ\� 67,6
VFLHQFH�SURJUDPV�KDYH�IOX[HV�LQ�WKLV�UDQJH��)RU�VSHFWUD�RI�SRLQW�VRXUFHV�DQG�FRPSDFW�REMHFWV�VXFK�DV
JDODFWLF� QXFOHL�� WKH� IXOO� OHQJWK� RI� WKH� VOLW� LV� QRW� QHHGHG�� $� WDUJHW� ORFDWLRQ� FORVHU� WR� WKH� UHDG�RXW
DPSOLILHU�QHDU�WKH�HQG�RI�WKH�VOLW�FDQ�GHFUHDVH�WKH�FKDUJH� ORVW�GXULQJ�SDUDOOHO� WUDQVIHUV�E\�D�IDFWRU
RIba���2QH�FRXOG�DFKLHYH�WKLV�RIIVHW�WKURXJK�WKH�XVH�RI�RIIVHW�WDUJHWV�RU�DSSURSULDWH� �HQWULHVPOS-TARG
RQ�WKH�3KDVHb �SURSRVDO��EXW�WKHVH�PHWKRGV�DUH�D�ELW�FXPEHUVRPH�DQG�FDQ�EH�SURQH�WR�HUURU�II

7KHUHIRUH�� IRU� ILUVW�RUGHU�VSHFWUD�ZH�KDYH�GHILQHG�D�VHW�RI�(��SVHXGR�DSHUWXUHV� WKDW�XVH� WKH�VDPH
SK\VLFDO�ORQJ�VOLWV�DYDLODEOH�IRU�67,6�&&'�REVHUYDWLRQV��EXW�KDYH�WKHLU�GHIDXOW�WDUJHW�SODFHPHQW�QHDU
URZ������a�bDUFVHFRQGV�IURP�WKH�WRS�RI�WKH�67,6�&&'��7KLV�LV�VFKHPDWLFDOO\�LOOXVWUDWHG�LQ� �)LJXUH�����
2EVHUYHUV�FDQ�XVH�WKHVH�DSHUWXUH�QDPHV�WR�SODFH�WKHLU�WDUJHWV�DW�WKLV�ORFDWLRQ�LQ�D�UDWKHU�WUDQVSDUHQW
IDVKLRQ�
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/RFDWLRQ�RI�WKH�(��$SHUWXUH�3RVLWLRQV�)LJXUH�������

7KH�(��DSHUWXUH�QDPHV�DQG�WKH�DSSUR[LPDWH�<bORFDWLRQ�RI�WKH�UHVXOWLQJ�VSHFWUD�DUH�JLYHQ�LQ�7DEOH����
��8VH�RI�WKH�(�bDSHUWXUH�QDPH�HOLPLQDWHV�WKH�QHHG�WR�VSHFLI\�DQ�RIIVHW�IRU�WKH� �DQG�D�ACQ/PEAK POS-

� 7KHVH� DSHUWXUHV� DUH� DOVR� UHFRJQL]HG� E\� WKH� FDOLEUDWLRQ� SLSHOLQH� VRIWZDUH�� VR� VSHFWUD� DUH�TARG
H[WUDFWHG� IURP� WKH� FRUUHFW� ORFDWLRQ� XVLQJ� DSSURSULDWH� ZDYHOHQJWK� VROXWLRQV�� VSHFWUDO� WUDFHV�� DQG
EDFNJURXQG�UHJLRQV��)RU�RSWLPXP�WKURXJKSXW�ZKHQ�XVLQJ�WKHVH�DSHUWXUHV��ZH�UHFRPPHQG�XVLQJ�DQ�

�H[SRVXUH�WR�FHQWHU�WKH�WDUJHW�LQ�WKH�DSHUWXUH�ZKHQ�XVLQJ�DSHUWXUH� �DQG�ACQ/PEAK 52X0.1E1 52X0.05E1
��:KLOH�XVH�RI�WKHVH�DSHUWXUHV�ZLOO� UHGXFH�&7(�ORVVHV��ZH�FDXWLRQ�REVHUYHUV�WR�FDUHIXOO\�DVVHVV�WKH
SRWHQWLDO� LPSDFW�RQ�WKHLU�VFLHQFH�SURJUDPV�GXH�WR�WKH�GHFUHDVHG�VSDWLDO�FRYHUDJH�DQG�WKH�UHODWLYH
ORFDWLRQV�RI�WKH�EDUV�RQ�WKH�VOLW�

(��$SHUWXUH�1DPHV�DQG�$SSUR[LPDWH�<�/RFDWLRQ�RI�WKH�5HVXOWLQJ�6SHFWUD7DEOH������ �

$SHUWXUH <�/RFDWLRQ ACQ/PEAK

52X2E1 ��� QR

52X0.5E1 ��� QR

52X0.2E1 ��� QR

52X0.1E1 ��� \HV

52X0.05E1 ��� \HV
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������3L[HO�%DVHG�&7,�&RUUHFWLRQV�IRU�WKH�67,6�&&'
7KH� 67,6� WHDP� DW� 676F,� KDV� FUHDWHG� VWDQG�DORQH� DXWRPDWHG� VRIWZDUH� WR� DSSO\� &KDUJH� 7UDQVIHU
,QHIILFLHQF\� �&7,�� FRUUHFWLRQV� WR�67,6�&&'�GDWD��7KLV� VRIWZDUH�ZLOO� UHPRYH� WUDLOV�DQG�RWKHU�DUWLIDFWV
FDXVHG�E\�&7,�HIIHFWV�LQ�WKH�&&'�GHWHFWRU��DQG�ZLOO�KHOS�FRUUHFW�WDUJHW�IOX[HV�DQG�SRVLWLRQV�WR�WKHLU
SURSHU�YDOXHV��7KH�VRIWZDUH�VFULSW��FDOOHG� ��XVHV�D�SL[HO�EDVHG�FRUUHFWLRQ�DOJRULWKP��DQG�ZLOOVWLVBFWL
FRUUHFW� ERWK� LPDJHV� DQG� VSHFWUD�� 7KH� VFULSW� DXWRPDWLFDOO\� JHQHUDWHV�&7,� FRUUHFWHG�GDUN� UHIHUHQFH
ILOHV�� DSSOLHV� &7,� FRUUHFWLRQV� WR� WKH� VFLHQFH� GDWD�� DQG� RXWSXWV� WKH� XVXDO� � SURGXFWV�ZLWK� &7,FDOVWLV
FRUUHFWLRQV�DSSOLHG��&XUUHQWO\�RQO\�WKH�PRVW�FRPPRQ�REVHUYDWLRQ�PRGHV�DUH�VXSSRUWHGIXOO�IUDPH�
QRQ�ELQQHG�GDWD��WDNHQ�ZLWK�WKH�GHIDXOW�&&'�DPSOLILHU�'�DQG�DIWHU�60���7KH�VFULSW�ZLOO�QRW�FRUUHFW�WKH
VLJQDO�WR�QRLVH�UDWLR�GHJUDGDWLRQ�ZKLFK�UHVXOWV�IURP�&7,��DQG�KHQFH�LW�LV�VWLOO�LPSRUWDQW�IRU�REVHUYHUV
WR�PLWLJDWH�&7,�HIIHFWV�DV�PXFK�DV�SRVVLEOH�GXULQJ�REVHUYDWLRQ�� ,W� LV�DYDLODEOH�WR�WKH�FRPPXQLW\�IRU
GRZQORDG�DQG�XVH��)XUWKHU�LQIRUPDWLRQ�FDQ�EH�IRXQG�DW�WKH� �XQGHU� �67,6�ZHEVLWH 6RIWZDUH�7RROV

67,6�,65���������GHWDLOV�D�VWXG\�FRPSDULQJ�WKH�HIIHFWV�RI�WKH�ROGHU�HPSLULFDO�&7,�FRUUHFWLRQ�DQG�WKH
QHZ�SL[HO�EDVHG�&7,�FRUUHFWLRQ�RQ�SKRWRPHWU\��3RVW�60��GDWD�DQDO\]HG�VSDQ�IURP������WR������DQG
WKH�VWXG\�H[SORUHV�WKH�DEVROXWH�GLIIHUHQFHV�EHWZHHQ�WKH�&7,�FRUUHFWHG�PDJQLWXGHV��DQG�WKHLU�VSDWLDO�
WLPH�DQG�PDJQLWXGH�GHSHQGHQFH��7KH�PDJQLWXGH�RIIVHWV�IRU�WKH�WZR�&7,�PHWKRGV�DUH�VPDOOHVW�IRU�WKH
EULJKWHVW� VWDUV� DQG� GHYLDWH� IXUWKHU� IURP� ]HUR� ZLWK� LQFUHDVLQJ� PDJQLWXGH� ����� PDJ�� ������ PDJ�
������������PDJ��������PDJ��������������PDJ��ಝ������PDJ��ಝ��������6WDUV�EULJKWHU� WKDQ���
PDJ� DUH�PDUJLQDOO\� RYHU�FRUUHFWHG�ZLWK� ERWK� &7,�PHWKRGV�� 6WDUV� IDLQWHU� WKDQ� ���PDJ� DUH� VOLJKWO\
XQGHU�FRUUHFWHG�E\�WKH�SL[HO�EDVHG�&7,�PHWKRG�DQG�VOLJKWO\�RYHU�FRUUHFWHG�ZLWK�WKH�HPSLULFDO�IOX[�&7,
PHWKRG��*HQHUDOO\��WKH�PDJQLWXGH�RIIVHWV�EHWZHHQ�WKH�FRGHV�DUH�VPDOO���������FRQVLVWHQW�ZLWK�SDVW
UHVXOWV��DQG�ZHOO�ZLWKLQ�WKH�TXRWHG�ೇ����67,6�SKRWRPHWULF�HUURUV��VHH� ���3UHYLRXV� ,65V6HFWLRQ�����
FRPSDULQJ�WKH�WZR�&7,�FRUUHFWLRQ�PHWKRGV�IRFXVHG�RQ�WKH�SKRWRPHWULF�SHUIRUPDQFH��67,6�,65������
��XSGDWHG�LQ� ���DVWURPHWULF�SHUIRUPDQFH�� ���DQG�GHWHFWRU�VSDWLDO�� 67,6�,65�������� 67,6�,65��������

DQG�WHPSHUDWXUH�&7,�GHSHQGHQFH�� ��67,6�,65��������

�������8OWUDYLROHW�/LJKW�DQG�WKH�67,6�&&'
,Q�WKH�RSWLFDO��HDFK�SKRWRQ�JHQHUDWHV�D�VLQJOH�HOHFWURQ��+RZHYHU��LQ�WKH�189��VKRUWZDUG�RI�a������
WKHUH�LV�D�ILQLWH�SUREDELOLW\�RI�FUHDWLQJ�PRUH�WKDQ�RQH�HOHFWURQ�SHU�89�SKRWRQ��VHH�&KULVWHQVHQ��2���-�

�� ��������8VHUV�ZLOO�QHHG�WR�WDNH�WKLV�LQWR�DFFRXQW�ZKHQ�FDOFXODWLQJ�VLJQDO�WR�QRLVH������$SS��3K\V ��
UDWLRV�DQG�H[SRVXUH�WLPHV�IRU�WKH� �DQG� �JUDWLQJV��DV�GHVFULEHG�LQ�G230LB G230MB 6HFWLRQ�6SHFLDO�&DVH�

�6SHFWURVFRSLF�&&'�2EVHUYDWLRQV�DW�͐b�b������

,QLWLDO� ODERUDWRU\�WHVWLQJ�RI�67,6�&&'V�VKRZHG�WKDW�H[FHVVLYH� LOOXPLQDWLRQ�E\�89�OLJKW�FDQ�FDXVH�DQ
HOHYDWLRQ�LQ�UHVLGXDO�GDUN�FXUUHQW��GXH�WR�D�VXUIDFH�FKHPLVWU\�HIIHFW��+RZHYHU��WKH�DFWXDO�67,6�IOLJKW
&&'�ZDV�WHVWHG�IRU�WKLV�HIIHFW�GXULQJ�JURXQG�FDOLEUDWLRQ�E\�WKH�67,6�,'7�DQG�WKH�HIIHFW�ZDV�IRXQG�WR
EH�PXFK�OHVV�WKDQ�SUHYLRXVO\�VXVSHFWHG��WKLV�HIIHFW�LV�QRZ�D�FRQFHUQ� �IRU�FOHDU� �LPDJLQJ�RI�RQO\ � �50CCD

��2EVHUYDWLRQV�RI� ILHOGV�ZLWK�89�EULJKW�REMHFWV� VKRXOG�EH�GLWKHUHG� �L�H��H[WUHPHO\�89�EULJKW� WDUJHWV
SRVLWLRQDO�RIIVHWV�DSSOLHG�EHWZHHQ�UHDGRXWV��WR�HQVXUH�WKDW�WKH�89�WDLO�IURP�EULJKW�VRXUFHV�GRHV�QRW
FDXVH� D� UHVLGXDO� HOHYDWLRQ� RI� WKH� GDUN� FXUUHQW� IRU� VXEVHTXHQW� VFLHQFH� REVHUYDWLRQV�� ,W� LV� DOVR
UHFRPPHQGHG�WR�XVH�WKH�ORQJSDVV�ILOWHUHG�DSHUWXUH�� ��UDWKHU�WKDQ�WKH� �FOHDU�DSHUWXUH�F28X50LP 50CCD
GXULQJ�WDUJHW�DFTXLVLWLRQV��VHH�DOVR� ��ZKHQ�SRVVLEOH��7KH�VSHFLILF�UHVXOWV�RI�WKH�JURXQG6HFWLRQ������
WHVWLQJ�RQ�WKH�HIIHFW�RI�89�RYHULOOXPLQDWLRQ�DUH�VXPPDUL]HG�LQ� ��1RWH�WKDW�DW�ODXQFK�LQ�����7DEOH����
WKH�PHGLDQ�67,6�&&'�GDUN�FXUUHQW�ZDV�DERXW��������FRXQWV�SL[�V�

7DEOH������(IIHFW�RI�&&'�89�2YHULOOXPLQDWLRQ�RQ�(OHYDWLRQ�RI�'DUN�&XUUHQW�
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https://hst-docs.stsci.edu/display/STISIHB/8.2+STIS+Onboard+CCD+Target+Acquisitions+-+ACQ#id-8.2STISOnboardCCDTargetAcquisitionsACQ-Section8.2.3


2YHULOOXPLQDWLRQ�5DWH
�H �SL[�ಝ

,QLWLDO�'DUN�&XUUHQW�(OHYDWLRQ
�H �SL[�V�ಝ

7LPH�WR�5HWXUQ�WR�1RPLQDO

b�������� ������bb ���PLQ

��������� ������� ���PLQ
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����7KH�0$0$�'HWHFWRUV
������0$0$�3URSHUWLHV
������0$0$�6SHFWUDO�5HVSRQVH
������0$0$�6HQVLWLYLW\
������2SWLFDO�3HUIRUPDQFH

������0$0$�3URSHUWLHV
7KHUH�DUH�WZR�0$0$�GHWHFWRUV��WKH� �SURYLGHV�FRYHUDJH�IURP������WR��������DQG�WKH�STIS/FUV-MAMA

�SURYLGHV�FRYHUDJH� IURP������WR�����b�� �ZLWK�VRPH�DGGLWLRQDO��EXW� ORZHU� UHVSRQVHSTIS/NUV-MAMA
EHORZ����������7KH�67,6�0$0$�GHWHFWRUV�DUH�SKRWRQ�FRXQWLQJ�GHYLFHV�WKDW�SURFHVV�HYHQWV�VHULDOO\�
7KH\� FDQ�EH� XVHG� WR� WDNH� GDWD� LQ� HLWKHU� DQ� DFFXPXODWH� � ��PRGH� LQ�ZKLFK� D� WLPH�LQWHJUDWHGACCUM
LPDJH�LV�SURGXFHG��RU� LQ�D�WLPH�VHULHV�� �PRGH�LQ�ZKLFK�WKH�GHWHFWRU� ORFDWLRQ�DQG�WLPH�RI�TIME-TAG
DUULYDO�RI�HDFK�SKRWRQbHYHQW�DUH�UHFRUGHG�DV�DQ�HYHQW�VWUHDP��VHH� �DQG� �6HFWLRQ������� 6HFWLRQ�������
UHVSHFWLYHO\���7KH�SULPDU\�EHQHILWV�DIIRUGHG�E\�WKH�67,6�0$0$V��LQ�FRPSDULVRQ�ZLWK�SUHYLRXV� �89+67
VSHFWURVFRSLF� GHWHFWRUV� VXFK� DV� WKRVH� RI� WKH� *+56� DQG� )26�� DUH� KLJK� VSDWLDO� UHVROXWLRQ�� WZR�
GLPHQVLRQDO�LPDJLQJ�RYHU�D�UHODWLYHO\�ODUJH�ILHOG�RI�YLHZ��DQG�ORZ�EDFNJURXQG�IRU�SRLQW�VRXUFHV��7KH
0$0$�GHWHFWRU�ZDV�GHYHORSHG�E\�-�b7LPRWK\�DQG�5�b%\EHH�IRU�;�UD\�DQG�89�LPDJLQJ�DSSOLFDWLRQV��7KH
SURSHUWLHV� RI� WKH� 67,6� 0$0$� GHWHFWRUV� DUH� VXPPDUL]HG� LQ� � DQG� GHVFULEHG� LQ� GHWDLO� LQ�7DEOH� ���

�7LPRWK\�������

7DEOH������67,6�0$0$�'HWHFWRU�&KDUDFWHULVWLFV�

&KDUDFWHULVWLF FUV-MAMA NUV-MAMA

3KRWRFDWKRGH &V, &V 7H�

:DYHOHQJWK�UDQJH ���������� ����������

3L[HO�IRUPDW ����� ������ ����� ������

3L[HO�VL]H ��� ����� ͑P ��� ����� ͑P

,PDJH�PRGH�
SL[HO�SODWH�VFDOH

�������� ����������FOHDU��
�������� ����������ILOWHUHG��

�������� ���������

)LHOG�RI�YLHZ ������ ������b�FOHDU��
������ ������b�ILOWHUHG��

������ �������

4XDQWXP�HIILFLHQF\ ����#������� ���#�������

'DUN�FRXQW �� ��� �WR��� ��� FRXQWV�V�SL[� ಝ� � ಝ�� ������WR�������FRXQWV�V�SL[

*OREDO�FRXQW�UDWH�
OLQHDULW\�OLPLW�

��������FRXQWV�V ��������FRXQWV�V
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/RFDO�FRXQW�UDWH�
OLQHDULW\�OLPLW �� �

a����FRXQWV�V�SL[ a����FRXQWV�V�SL[

��5DWH�DW�ZKLFK�FRXQWLQJ�VKRZV�����GHYLDWLRQ�IURP�OLQHDULW\��7KHVH�FRXQW�UDWHV�DUH�ZHOO�DERYH�WKH
EULJKW�REMHFW�VFUHHQLQJ�OLPLWV��VHH� ��6HFWLRQ������

��7KH�0$0$�/LQHDULW\� UHIHUHQFH� ILOH�ZDV�FKDQJHG� WR�XVH� WKH����GHYLDWLRQ� IURP� OLQHDULW\�YDOXHV�RI
a���FRXQWV�V�SL[��)89�0$0$��DQG�a���FRXQWV�V�SL[��189�0$0$��LQ�6HSWHPEHU������WR�EHWWHU�KDQGOH
VDWXUDWHG� SL[HOV�ZLWK� KLJK� FRXQW� UDWHV� WKDW�ZHUH� QRW� EHLQJ� IODJJHG� XVLQJ� WKH� ����GHYLDWLRQ� IURP
OLQHDULW\�YDOXHV�

)LJXUH� ����� DQG� � LOOXVWUDWH� WKH� GHVLJQ� RI� WKH� � DQG� �� UHVSHFWLYHO\�� $)LJXUH� ���� FUV- NUV-MAMA
SKRWRFDWKRGH� PDWHULDO� LV� GHSRVLWHG� RQ� WKH� IURQW� VXUIDFH�� 7KH� � KDV� DQ� RSDTXH� &V,FUV-MAMA
SKRWRFDWKRGH�GHSRVLWHG�GLUHFWO\�RQ�WKH�IDFH�RI�WKH�FXUYHG�PLFURFKDQQHO�SODWH��0&3���WKH�NUV-MAMA
KDV�D�VHPL�WUDQVSDUHQW�&V 7H�SKRWRFDWKRGH�GHSRVLWHG�RQ� WKH�EDFN�VLGH�RI� WKH�GHWHFWRU
V�HQWUDQFH�
ZLQGRZ�

7DUJHW� SKRWRQV� VWULNH� WKH� SKRWRFDWKRGH�� OLEHUDWLQJ� VLQJOH� SKRWRHOHFWURQV� WKDW� SDVV� LQWR� WKH
PLFURFKDQQHO�SODWH��0&3���7KHUH�WKH\�DUH�PXOWLSOLHG�WR�D�SXOVH�RI�a�� �� �HOHFWURQV��7KH�SXOVH�LV�b �

UHFRUGHG�E\�DQ�DQRGH�DUUD\�EHKLQG�WKH�SKRWRFDWKRGH�DQG�GHWHFWHG�E\�WKH�0$0$�HOHFWURQLFV�ZKLFK
SURFHVV�LW��UHMHFWLQJ�IDOVH�SXOVHV�DQG�GHWHUPLQLQJ�WKH�RULJLQ�RI�WKH�SKRWRQ�HYHQW�RQ�WKH�GHWHFWRU�

7KH� �KDV�D�ILHOG�HOHFWURGH�� ��ZKLFK�LV�XVHG�WR�UHSHO�HOHFWURQV�HPLWWHG�DZD\�IURPFUV-MAMA UHSHOOHU�ZLUH
WKH�PLFURFKDQQHO�SODWH�EDFN�LQWR�WKH�FKDQQHOV��7KLV�SURYLGHV�DQ�LQFUHDVH�LQ�TXDQWXP�HIILFLHQF\�RI�WKH
GHWHFWRU�DW�WKH�SULFH�RI�D�VPDOO�LQFUHDVH�LQ�WKH�GHWHFWRU�36)�KDOR��7KH�UHSHOOHU�ZLUH�LV�QRUPDOO\�RQ�IRU�

�REVHUYDWLRQV��EXW�VHH� ��FUV-MAMA 6HFWLRQ������
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'HVLJQ�RI�WKH� �)LJXUH������� NUV-MAMA

������0$0$�6SHFWUDO�5HVSRQVH
7KH�VSHFWUDO�UHVSRQVHV�RI�WKH�XQILOWHUHG� �DQG� �DUH�LOOXVWUDWHG�LQ� ��7KH�SHDNFUV- NUV-MAMAs )LJXUH����
SKRWRFDWKRGH� UHVSRQVH� RI� WKH� � RFFXUV� DW� /\PDQ�͆� �������� ���� ,WV� VSHFWUDO� UHVSRQVH� LVFUV-MAMA
GHILQHG�E\�WKH�FXWRII�RI�WKH�0J) �ZLQGRZ�DW�����b��DW�VKRUW�ZDYHOHQJWKV��DQG�E\�WKH�UHODWLYHO\�VWHHS�
GHFOLQH� RI� WKH� &V,� SKRWRFDWKRGH� DW� ORQJ� ZDYHOHQJWKV�� 2XW�RI�EDQG� 4(� DW� ORQJHU� ZDYHOHQJWKV
�!����b���LV���� �\LHOGLQJ�H[FHOOHQW�VRODU�EOLQG�SHUIRUPDQFH��7KH� �VSHFWUDO�UHVSRQVH�KDV�D� NUV-MAMA
UHODWLYHO\� IODW�PD[LPXP��a�����WKDW�HQFRPSDVVHV���������b���7KH�SKRWRFDWKRGH�4(�GHFOLQHV�WR
a���DW�����b���ZKLOH�DW�ORQJHU�ZDYHOHQJWKV�WKH�RXW�RI�EDQG�4(�LV�a�� ���6HH�DOVR� ��� 6HFWLRQ������
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������0$0$�6HQVLWLYLW\
7KH�67,6�0$0$�GHWHFWRU�PRGHV��VLPLODUO\�WR�WKRVH�RI�WKH�67,6�&&'��VXIIHU�IURP�FKDQJHV�LQ�VHQVLWLYLW\
WKDW�GHSHQG�RQ�ZDYHOHQJWK��WHPSHUDWXUH��DQG�WLPH��$�67,6�6HQVLWLYLW\�0RQLWRULQJ�SURJUDP�VLPLODU�WR
WKDW�DLPHG�DW�FKDUDFWHUL]LQJ�WKH�&&'�EHKDYLRU�KDV�EHHQ�XVHG�WR�FKDUDFWHUL]H�WKH�0$0$V��VHH�6HFWLRQ
�DERXW�WKH�&&'�SURJUDP���7KH�ZHOO�NQRZQ�VHQVLWLYLW\�RI�WKH� �WR�WHPSHUDWXUH�IRU�WKH�ILUVW���� FUV-MAMA

RUGHU�PRGH� �KDV�EHHQ�FRQILUPHG�WR�EH� ������ &��1R�VLJQLILFDQW�FKDQJH�ZLWK�WHPSHUDWXUH�IRUG140L ಝ rb
WKH� �ILUVW�RUGHU� �PRGH�KDV�EHHQ�UHJLVWHUHG��)ROORZLQJ�D�FRUUHFWLRQ�IRU�WKH�WHPSHUDWXUHNUV-MAMA G230L
GHSHQGHQFH��WKH�VHQVLWLYLWLHV�RI�WKH�)89�ILUVW�RUGHU�PRGHV�GHFUHDVH�OLQHDUO\�ZLWK�WLPH�E\�ZDYHOHQJWK�
GHSHQGHQW�DPRXQWV�UDQJLQJ�XS�WR�D�IHZ�SHUFHQW�SHU�\HDU��)RU�WKH�189�ILUVW�RUGHU�FRQILJXUDWLRQV��WKH
VHQVLWLYLWLHV� LQFUHDVHG� GXULQJ� WKH� ILUVW� ���� \HDUV� RI� 67,6� RSHUDWLRQV� DQG� WKHQ� EHJDQ� WR� GURS�� E\
ZDYHOHQJWK�GHSHQGHQW�DPRXQWV�FRPSDUDEOH�WR�WKRVH�LQ�WKH�)89��7KHUH�ZDV�D�VLJQLILFDQW�VORZ�GRZQ
LQ�WKH�GHFOLQH�RI� WKH�WLPH�GHSHQGHQW�VHQVLWLYLW\� �7'6��RI�DOO�67,6�REVHUYDWLRQDO�PRGHV�EHJLQQLQJ� LQ
������$OO�GHWHFWRUV�FRQWLQXHG�WR�GHFOLQH�GXULQJ�WKH�\HDUV�67,6�ZDV�LQRSHUDWLYH��)RU�WKH�67,6�(FKHOOH
PRGHV�� WKH�7'6�FRUUHFWLRQV�DGRSWHG�DUH� WDNHQ� WR�EH� WKH�VDPH�DV� IRU� WKH�FRUUHVSRQGLQJ� ORZ�RUGHU
PRGHV��1HZ�SKRWRPHWULF� WKURXJKSXW� WDEOHV�ZHUH� FUHDWHG�EDVHG�RQ�&\FOH����GDWD�� DQG� WKHQ�ZHUH
XSGDWHG�DJDLQ�LQ������� ���7'6�FRUUHFWLRQV�IRU�DOO�67,6�VSHFWUD�DUH�LPSOHPHQWHG�LQ�WKH-XO\������67$1
GDWD�UHGXFWLRQ�SLSHOLQH��VHH� ��� �VKRZV�WKH�VHQVLWLYLW\�WUHQGV�IRU�WKH�67,6�1896HFWLRQ����� )LJXUH�����
DQG� )89� 0$0$V� DYHUDJHG� RYHU� ZDYHOHQJWK� FRYHUDJH�� 1RWH� WKDW� VHQVLWLYLW\� FRUUHFWLRQV� DUH
GHWHUPLQHG�XVLQJ�GLVFUHWH�ZDYHOHQJWK�UDQJHV�ZLWKLQ�WKH�RYHUDOO�ZDYHOHQJWK�FRYHUDJH�RI�D�VLQJOH�ORZ�

�� � DQG� WKH� � DOVR� LQFOXGH� 7'6� FRUUHFWLRQV� IRU� 67,6� GDWD�� )RU�&\FOH� ���UHVROXWLRQ�JUDWLQJ 6\QSKRW (7&
WKHVH�GHIDXOW�WR�WKH�HVWLPDWHG�WKURXJKSXWV�IRU�$SULO�������

67,6� 0$0$5HODWLYH� :DYHOHQJWK�$YHUDJHG� 6HQVLWLYLW\� RI�)LJXUH� ������ � )LUVW�2UGHU� /RZ�183
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67,6� 0$0$5HODWLYH� :DYHOHQJWK�$YHUDJHG� 6HQVLWLYLW\� RI�)LJXUH� ������ � )LUVW�2UGHU� /RZ�
��5HVROXWLRQ�0RGHV� �DQG� �DV�D�)XQFWLRQ�RI�7LPHG140L G230L
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������2SWLFDO�3HUIRUPDQFH
%RWK�0$0$V�H[KLELW�ORZ�OHYHO�H[WHQGHG�ZLQJV�LQ�WKHLU�GHWHFWRU�SRLQW�VSUHDG�IXQFWLRQV��36)V���ZLWK�WKH�

�36)�EHLQJ�FRQVLGHUDEO\�ZRUVH��6DPSOH�0$0$�GHWHFWRU�36)V�DUH�VKRZQ�LQ� ��)RUNUV-MAMA )LJXUH�����
WKRVH�ZLVKLQJ�WR�PRGHO�WKHLU�HIIHFW�RQ�DEVRUSWLRQ�RU�HPLVVLRQ�OLQH�HTXLYDOHQW�ZLGWK�PHDVXUHPHQWV�RU
FRURQDJUDSKLF�REVHUYDWLRQV��WKH�/6)V�DQG�GHWHFWRU�36)V�DUH�PDLQWDLQHG�RQ�WKH�676F,�67,6�ZHEVLWH�
'DWD�IRU�VSHFWUDO�PRGHV�/6)V�FDQ�EH�IRXQG�DW�

KWWS���ZZZ�VWVFL�HGX�KVW�LQVWUXPHQWDWLRQ�VWLV�SHUIRUPDQFH�VSHFWUDO�UHVROXWLRQ

/LQNV�WR�WKH�SORWV�RI�WKH�LPDJLQJ�PRGH�36)V�FDQ�EH�IRXQG�LQ�WKH�WDEOH�DW�

KWWS���ZZZ�VWVFL�HGX�KVW�LQVWUXPHQWDWLRQ�VWLV�SHUIRUPDQFH�LPDJH�TXDOLW\�

0$0$�'HWHFWRU�36)V�)LJXUH������� 185
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0$0$�'HWHFWRU�36)V�)LJXUH�������

7KH� �LQFOXGHV�D�UHSHOOHU�ZLUH�WKDW�HVWDEOLVKHV�DQ�HOHFWULF�ILHOG�DERYH�WKH�PLFURFKDQQHO�SODWH�FUV-MAMA
WR� GHIOHFW� IRUZDUG�HMHFWHG� SKRWRHOHFWURQV� EDFN� LQWR� WKH� PLFURFKDQQHO� SRUHV�� 7KH� UHSHOOHU� ZLUH� LV
QRUPDOO\�RQ�IRU� �REVHUYDWLRQV��EXW�DQ�LPSURYHPHQW�WR�WKH� �36)��DW�WKH�H[SHQVH�RIFUV-MAMA FUV-MAMA
D�����GHFUHDVH�LQ�VHQVLWLYLW\��FDQ�EH�PDGH�E\�GLVDEOLQJ�WKH�KLJK�YROWDJH�WR�WKLV�ZLUH��7KLV�SURFHGXUH
LV�RQO\�UHFRPPHQGHG�IRU�REVHUYDWLRQV�WKDW�XVH�WKH� ��DQG�SHUKDSV�DOVR�WKH� ��JUDWLQJV�ZKHQE140H E140M
XVHG�ZLWK�WKH� �DSHUWXUH��VRPHWLPHV�FDOOHG�WKH��-HQNLQV�VOLW���IRU�REVHUYDWLRQV�VKRUWZDUG�RI0.1X0.03
����b �� �VHH� � RQ� WKH� VPDOOHVW� 67,6� DSHUWXUHV�� FDYHDW� GHWDLOHG� LQ� WKH� IRRWQRWH��� ,Q� SUH�6HFWLRQ� ���
ODXQFK�WHVWLQJ��UHVROXWLRQV�DV�KLJK�DV� �a���������ZHUH�REWDLQHG�LQ�REVHUYDWLRQV�RI�D�PRQR�LVRWRSLF5
HPLVVLRQ� OLQH� ODPS� LQ� ��DQG� bab��������KDV�EHHQ�DFKLHYHG�RQ�RUELW� �H�J���KLJKUHV�PRGH 5 -HQNLQV�	

��� � VKRZV� WKH�HIIHFW�RI�GLVDEOLQJ� WKH� UHSHOOHU�YROWDJH� IRU� WKH7ULSS������� �� �� ���$S-6 ��� )LJXUH�����
FDVH�RI�DQ�REVHUYDWLRQ�RI�D� OLQH� ODPS�ZLWK� WKH� � �VHWWLQJ��1RWH� WKDW� WKH�PDLQ E140H CENWAVE=1234 Å
GLIIHUHQFH�LV�QRW�WKH�):+0�RI�WKH�FHQWUDO�FRUH��EXW�D�GHFUHDVH�LQ�WKH�LQWHQVLW\�RI�WKH�OLQH�ZLQJV�

$YHUDJH�3URILOH�RI�&DOLEUDWLRQ�/DPS�/LQH�DW��������ZLWK�WKH�5HSHOOHU�:LUH�2Q)LJXUH������� 186

https://hst-docs.stsci.edu/display/STISIHB/3.2+Instrument+Design#id-3.2InstrumentDesign-Highres
https://ui.adsabs.harvard.edu/abs/2001ApJS..137..297J/abstract
https://ui.adsabs.harvard.edu/abs/2001ApJS..137..297J/abstract


$YHUDJH�3URILOH�RI�&DOLEUDWLRQ�/DPS�/LQH�DW��������ZLWK�WKH�5HSHOOHU�:LUH�2Q)LJXUH�������
DQG�2II�

2QO\�D�VPDOO�QXPEHU�RI�SURSRVDOV�SHU�&\FOHbUHTXHVWLQJ�WKH�UHSHOOHU�RII�PRGH�ZLOO�EH�DFFHSWHG��1RWH
WKDW�UHSHOOHU�RII�REVHUYDWLRQV�ZLOO�UHTXLUH�VSHFLDO�WUHDWPHQW��VR�D�VFLHQWLILF�FDVH�ZLOO�QHHG�WR�EH�PDGH
IRU�ZK\�WKHVH�REVHUYDWLRQV�DUH�QHFHVVDU\�

$OVR�QRWH� WKDW��GXH� WR� WKH� ODUJH�36)�RI� � LQ� LPDJLQJ�PRGH� �FXUUHQWO\����b ORZ�UHVROXWLRQ�SL[HOV��+67
WKHUH� LV�QR�DGYDQWDJH� LQ�SHUIRUPLQJ� � LPDJLQJ�REVHUYDWLRQV�ZLWK� WKH� UHSHOOHU�ZLUH�YROWDJHFUV-MAMA
WXUQHG�RII�
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����0$0$�2SHUDWLRQ�DQG�)HDVLELOLW\�&RQVLGHUDWLRQV
������0$0$�6DWXUDWLRQ2YHUIORZLQJ�WKH����%LW�%XIIHU
������0$0$�'DUNV
������0$0$�6LJQDO�WR�1RLVH�5DWLR�/LPLWDWLRQV
������0$0$�1RQOLQHDULW\

������0$0$�6DWXUDWLRQ2YHUIORZLQJ�WKH����%LW�%XIIHU
7KH� 0$0$� LV� D� SKRWRQ�FRXQWLQJ� GHWHFWRU�� DV� HDFK� HYHQW� LV� UHFRUGHG�� WKH� EXIIHU�PHPRU\� IRU� WKH
FRUUHVSRQGLQJ� SL[HO� LV� LQFUHPHQWHG� E\� RQH� LQWHJHU�� 7KH� EXIIHU� PHPRU\� VWRUHV� YDOXHV� DV� ��� ELW
LQWHJHUV��KHQFH� WKH�PD[LPXP�QXPEHU� LW� FDQ�DFFRPPRGDWH� LV��������FRXQWV�SHU�SL[HO� LQ�D�JLYHQ�

�PRGH�REVHUYDWLRQ��:KHQ�DFFXPXODWHG�FRXQWV�SHU�SL[HO� H[FHHG� WKLV�QXPEHU�� WKH�YDOXHV�ZLOOACCUM
ZUDS�� L�H��� WKH�PHPRU\�UHVHWV�WRb���$V�DQ�H[DPSOH�� LI�\RX�DUH�FRXQWLQJ�DW���bFRXQWV�V�SL[��\RX�ZLOO
UHDFK�WKH�0$0$��DFFXPXODWLRQ��OLPLW�LQ�a���PLQXWHV�

.HHS� DFFXPXODWHG� FRXQWV�SL[� EHORZ� WKLV� YDOXH� E\� EUHDNLQJ� LQGLYLGXDO� H[SRVXUHV� LQWR� PXOWLSOH
LGHQWLFDO�H[SRVXUHV��VHH�DOVR� ���HDFK�RI�ZKLFK�LV�VKRUW�HQRXJK�WKDW�IHZHU�WKDQ�������6HFWLRQ�������
FRXQWV�DUH�DFFXPXODWHG�SHU�SL[HO��7KHUH� LV�QR� UHDG�QRLVH� IRU�0$0$�REVHUYDWLRQV��VR�QR�SHQDOW\� LV
SDLG� LQ� ORVW�VLJQDO�WR�QRLVH�UDWLR�ZKHQ�H[SRVXUHV�DUH�VSOLW��7KHUH� LV�RQO\�D�VPDOO�RYHUKHDG�IRU�HDFK
0$0$�H[SRVXUH�� ���&KDSWHU�� 7KH�WRWDO�FRXQW�OLPLW�GRHV�QRW�DSSO\�ZKHQ�XVLQJ�WKH�0$0$V�LQ�7,0(�7$*

��PRGH��VHH�6HFWLRQb�����%DVLF�2SHUDWLQJ�0RGHV

������0$0$�'DUNV
7KH�67,6�0$0$�GHWHFWRUV�KDYH� LQWULQVLFDOO\�YHU\� ORZ�GDUN�FXUUHQWV��'DUN�FXUUHQWV�PHDVXUHG�GXULQJ
JURXQG�WHVWLQJ�ZHUH�OHVV�WKDQ���bFRXQWV�V�IRU�WKH� �DQG�OHVV�WKDQ���bFRXQWV�V�IRU�WKH�FUV-MAMA NUV-

� RYHU� WKH� ZKROH� GHWHFWRU�� )RU� WKH� �� WKLV� H[FHSWLRQDOO\� ORZ� GDUN� FXUUHQW� ZDV� LQLWLDOO\MAMA FUV-MAMA
DFKLHYHG�RQ�RUELW��)RU�WKH� ��FKDUJHG�SDUWLFOH�LPSDFWV�RQ�WKH�0J) �IDFHSODWH�FDXVH�D�KLJKHUNUV-MAMA �
EDFNJURXQG�WKDW�UHVXOWHG�LQ�D�GDUN�FXUUHQW�RI���������FRXQWV�V��YDU\LQJ�ERWK�ZLWK�WHPSHUDWXUH�DQG
WKH�WKHUPDO�KLVWRU\�RI�WKH�GHWHFWRU��7KLV�SDUWLFXODU�SKHQRPHQRQ�LV�QRW�SUHVHQW�IRU�WKH� ��EXWFUV-MAMA
WKH�GDUN�FXUUHQW�IRU�WKDW�GHWHFWRU�QRZ�DOVR�YDULHV�ZLWK�WLPH��WHPSHUDWXUH�DQG�SRVLWLRQ��7KH�GLIIHUHQW
GDUN� FXUUHQW� EHKDYLRUV� RI� WKH� GHWHFWRUV� DUH� GLVFXVVHG� LQ� PRUH� GHWDLO� EHORZ�� DQG� XS�WR�GDWH
LQIRUPDWLRQ�FDQ�EH�IRXQG�RQ�WKH� �RI�WKH�67,6�ZHEVLWH��0RQLWRULQJ�SDJH :H�VSOLW�WKH�GLVFXVVLRQ�RI�WKH
189�GDUN�FXUUHQW�LQWR�EHIRUH�DQG�DIWHU�VHUYLFLQJ�PLVVLRQ����60���ZKHUH�WKH�HOHFWURQLFV�ZHUH�VZLWFKHG
DQG�67,6�EHFRPH�RSHUDWLRQDO�DJDLQ��

.HHS� WKH� DFFXPXODWHG� FRXQWV� SHU� SL[HO� EHORZ� �������� E\� EUHDNLQJ� VLQJOH� H[SRVXUHV� LQWR
PXOWLSOH�H[SRVXUHV��DV�QHHGHG�
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NUV-MAMA�'DUN�&XUUHQW�%HIRUH�60�

0RVW� RI� WKH�GDUN� FXUUHQW� LQ� WKH� � FRPHV� IURP�SKRVSKRUHVFHQFH� RI� LPSXULWLHV� LQ� WKH�0J)NUV-MAMA �
GHWHFWRU� IDFHSODWH��$�VLPSOH�PRGHO�RI� WKH�SKHQRPHQRQ�ZDV�GHYHORSHG�E\� -HQNLQV�DQG�.LPEOH� WKDW
HQYLVLRQV�D�SRSXODWLRQ�RI�LPSXULW\�VLWHV�HDFK�KDYLQJ�WKUHH�OHYHOV�����bD�JURXQG�VWDWH�����bDQ�H[FLWHG
HQHUJ\�OHYHO�ZKLFK�FDQ�GHFD\�LPPHGLDWHO\�WR�WKH�JURXQG�VWDWH��DQG����bD�PHWD�VWDEOH�OHYHO�WKDW�LV�DW
DQ� HQHUJ\� VOLJKWO\� EHORZ� WKH� RQH� WKDW� FDQ� HPLW� UDGLDWLRQ�� 7KH� PHWD�VWDEOH� VWDWHV� DUH� LQLWLDOO\
SRSXODWHG�E\�FKDUJHG�SDUWLFOH�LPSDFWV�WKDW�PRVWO\�RFFXU�GXULQJ�SDVVDJHV�WKURXJK�WKH�6RXWK�$WODQWLF
$QRPDO\��6$$���+RXUV�RU�GD\V�ODWHU��WKH�HOHFWURQV�WUDSSHG�LQ�WKHVH�PHWD�VWDEOH�VWDWHV�DUH�WKHUPDOO\
H[FLWHG�WR�DQ�XQVWDEOH�XSSHU�OHYHO�DQG�WKHQ�HPLW�D�SKRWRQ�DV�WKH\�GHFD\�WR�WKH�JURXQG�VWDWH��7KLV
WKHUPDO�H[FLWDWLRQ� UDWH� LV�SURSRUWLRQDO� WR� ��ZKHUH� � LV� WKH�HQHUJ\�GLIIHUHQFH�EHWZHHQH[S�ಝ̪ �(�N7 ̪(
WKH�OHYHOV�� ��7KH�EHKDYLRU�RI�WKH�LV�WHPSHUDWXUH�RI�WKH�GHWHFWRU�DQG� � LV�WKH�%ROW]PDQQ
V�FRQVWDQW7 N
FRXQW�UDWH�YV��WHPSHUDWXUH�OHDGV�WR�DQ�HVWLPDWH�RI�����H9�IRU� �̪(

:KLOH�WKLV�WHPSHUDWXUH�GHSHQGHQW�IXQFWLRQ�GRHV�D�JRRG�MRE�RI�SUHGLFWLQJ�WKH�VKRUW�WHUP�UHVSRQVH�RI
WKH� 189� GDUN� FXUUHQW� WR� WHPSHUDWXUH� FKDQJHV�� WKH� ORQJHU� WHUP� UHVSRQVH� LV� PRUH� FRPSOH[�� ,Q
HTXLOLEULXP��WKH�QXPEHU�RI�GHFD\V�ZLOO�PDWFK�WKH�QXPEHU�RI�H[FLWDWLRQ�HYHQWV��$�VXGGHQ�WHPSHUDWXUH
LQFUHDVH�ZRXOG�WKHQ�UHVXOW�LQ�DQ�LQLWLDO�UDSLG�LQFUHDVH�LQ�WKH�GDUN�UDWH��DV�WKH�PHWD�VWDEOH�VWDWHV�DUH
PRUH� HDVLO\� GHSRSXODWHG� DW� KLJKHU� WHPSHUDWXUHV�� +RZHYHU�� DIWHU� VHYHUDO� GD\V�� WKH� SRSXODWLRQ� RI
PHWD�VWDEOH�VWDWHV�ZRXOG�UHDFK�D�QHZ�HTXLOLEULXP��UHVXOWLQJ�LQ�D�GDUN�UDWH�WKDW��ZKLOH�KLJKHU�WKDQ�WKH
HTXLOLEULXP�UDWH�ZDV�DW�WKH�FRROHU�WHPSHUDWXUH��LV�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�VKRUW�WHUP�UHVSRQVH�WR
WKH� VDPH� WHPSHUDWXUH� LQFUHDVH�� 7KH� SUHGLFWHG� ODUJH� WHPSRUDU\� LQFUHDVHV� LQ� WKH� GDUN� UDWH� ZHUH
REVHUYHG�DIWHU�WKH�LQLWLDO�67,6�LQVWDOODWLRQ��DQG�DOVR�DIWHU�6HUYLFLQJ�0LVVLRQ��D��VHH� ��)LJXUH�����

7KH� �'DUN�5DWH�DV�0HDVXUHG�IURP�'DUN�0RQLWRU�([SRVXUHV�%HWZHHQ)LJXUH������� 189�0$0$ 189



7KH� �'DUN�5DWH�DV�0HDVXUHG�IURP�'DUN�0RQLWRU�([SRVXUHV�%HWZHHQ)LJXUH������� 189�0$0$
�����DQG������

1RWH� WKH� ODUJH��EXW� WHPSRUDU\�� LQFUHDVHV� LQ� WKH�GDUN� UDWH�DIWHU� LQLWLDO� LQVWDOODWLRQ�RI�67,6�DQG�DIWHU
60�D��QHDU�0-'b��������ZKHQ�WKH�GHWHFWRU�ZDV�WXUQHG�EDFN�RQ�DIWHU�EHLQJ�FROG�IRU�VHYHUDO�ZHHNV�
$OVR�QRWH�WKH�ORQJ�WHUP�IOXFWXDWLRQV�LQ�WKH�PHDQ�GDUN�FXUUHQW�
$W� D� IL[HG� GHWHFWRU� WHPSHUDWXUH� RI� �� &�� WKH� WLPH�FRQVWDQW� IRU� WKH� GDUN� FXUUHQW� WR� UHDFK� DQrb
HTXLOLEULXP�YDOXH�LV�DERXW��bGD\V��,Q�SUDFWLFH�EHFDXVH�WKH�0$0$�KLJK�YROWDJH�SRZHU�VXSSOLHV�KDYH�WR
EH�VKXW�GRZQ�GXULQJ�6$$�LPSDFWHG�RUELWV��WKH�GHWHFWRU�WHPSHUDWXUH�YDULHV�IURP�DERXW��� &�WR��� &rb rb
RQ�D�URXJKO\�GDLO\�WLPH�VFDOH��DQG�WKH�GDUN�FXUUHQW�QHYHU�UHDFKHV�HTXLOLEULXP�� ,Q�DGGLWLRQ��WKH�UHDO
UDWH�RI�H[FLWDWLRQV�FDXVHG�E\�FKDUJHG�SDUWLFOH�LPSDFWV�LV�QRW�GLUHFWO\�PHDVXUDEOH�DQG�LV�H[SHFWHG�WR
YDU\�XQSUHGLFWDEO\�RQ�DOO�WLPH�VFDOHV��(YHQ�WKH�WLPH�DYHUDJHG�H[FLWDWLRQ�UDWH�PD\�GLIIHU�FRQVLGHUDEO\
IURP�\HDU�WR�\HDU��GHSHQGLQJ�RQ�WKH�ORZ�HDUWK�RUELW�UDGLDWLRQ�HQYLURQPHQW�

'XULQJ�WKH�ODVW�QLQH�PRQWKV�RI�67,6�RSHUDWLRQV�SULRU�WR�WKH�IDLOXUH�LQ�$XJXVW�������WKH�W\SLFDO�NUV-
�GDUN�FXUUHQW�UDQJHG�EHWZHHQ��b �� �DQG����b �� FRXQWV�SL[�V�� ���&KDQJHV�LQMAMA �b ಝ� �b �ಝ� )LJXUH�����

WKH�ORZ�HDUWK�RUELW�UDGLDWLRQ�HQYLURQPHQW�DIIHFW�WKH�UDWH�DW�ZKLFK�WKH�PHWD�VWDEOH�LPSXULW\�VWDWHV�DUH
SRSXODWHG��)RU�&\FOHb���SODQQLQJ�SXUSRVHV�ZH�KDG�JXHVVHG�WKDW�WKH�HTXLOLEULXP�67,6� �GDUNNUV-MAMA
FXUUHQW�ZRXOG�EH�����KLJKHU�WKDQ�LW�ZDV�GXULQJ�����������ZKLFK�LPSOLHG�D�UDQJH�RI�GDUN�FRXQW�UDWH
YDOXHV�EHWZHHQ����b �� �DQG����b[b�� �FRXQWV�SL[�V��+RZHYHU��DV�ZH�ZLOO�VHH�LQ�WKH�QH[W�VHFWLRQ��� ಝ� ಝ�

���WKLV�GUDVWLFDOO\�XQGHUHVWLPDWHG�WKH�DFWXDO�GDUN�UDWH�VHHQ�DIWHU189�0$0$�'DUN�&XUUHQW�DIWHU�60�
60��
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189� 'DUN� &XUUHQW� YV�� � 7HPSHUDWXUH� %HWZHHQ� 1RYHPEHU� ����� DQG)LJXUH� ������ OM2CAT
$XJXVW������

7R�SUHGLFW�WKH�189�GDUN�FXUUHQW�DQG�VXEWUDFW� LW�DV�SDUW�RI�VWDQGDUG�SURFHVVLQJ�bWKH� �SLSHOLQHFDOVWLV
XVHV�D�VLPSOH�WHPSHUDWXUH�GHSHQGHQW�UHODWLRQ�

GDUNUDWH� � �y������b���� by�H[S�ಝ�������� � ��QRUP �� PD[ 7�7PLQ

%RWK� �DQG� �DUH�VORZO\�YDU\LQJ�IXQFWLRQV�RI�WLPH�WKDW�DUH�HPSLULFDOO\�DGMXVWHG�WR�JLYH�D�JRRGQRUP 7PLQ
PDWFK� WR� WKH� REVHUYHG� GDUN� UDWH�� DQG� ZKLFK� DUH� WDEXODWHG� LQ� WKH� WHPSHUDWXUH� GHSHQGHQW� GDUN
FRUUHFWLRQ�WDEOH��7'&7$%��UHIHUHQFH�ILOH��7KH�WHPSHUDWXUH�IRU�D�JLYHQ�REVHUYDWLRQ�LV�WDNHQ�IURP�WKH�

�WHOHPHWU\�YDOXH��ZKLFK� LV� LQFOXGHG�LQ�WKH�H[WHQVLRQ�KHDGHU�RI�HDFK�0$0$�REVHUYDWLRQ��7KLVOM2CAT
DSSURDFK�XVXDOO\�SUHGLFWV�WKH�GDUN�UDWH�ZLWK���WR�����DFFXUDF\��DOWKRXJK�WKH�HUURU�LQ�LQGLYLGXDO�FDVHV
PD\�EH�VXEVWDQWLDOO\�ODUJHU�

%HFDXVH�����RI�WKH� �GDUN�FXUUHQW�LV�GXH�WR�SKRWRQV�KLWWLQJ�WKH�GHWHFWRU��LW�LV�DSSURSULDWH�WRNUV-MAMA
DSSO\� WKH� IODW� ILHOG�SULRU� WR�VXEWUDFWLQJ� WKH�GDUN�FXUUHQW��7KH�GDUN�FXUUHQW�YDULHV�VORZO\�DFURVV� WKH
IDFH�RI�WKH�GHWHFWRU��EHLQJ�DERXW������WLPHV�KLJKHU�QHDU�WKH�ORZHU�OHIW�FRUQHU�� �� � �AXIS1 AXIS2 < 300
WKDQ� DW� WKH� FHQWHU�� 7KLV� VKDSH� YDULHV� ZLWK� WLPH� DQG� WHPSHUDWXUH� HQRXJK� WKDW� VXEWUDFWLRQ� RI� WKH
VFDOHG�GDUN�UHIHUHQFH�PD\�OHDYH�D�UHVLGXDO��VSDWLDOO\�YDU\LQJ�GDUN�FXUUHQW��7KLV�LV�HDVLHVW�WR�UHPRYH
E\�ILWWLQJ�D�ORZ�RUGHU�WZR�GLPHQVLRQDO�IXQFWLRQ�WR�WKH�EDFNJURXQG�YV��SL[HO�SRVLWLRQ�
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NUV-MAMA�'DUN�&XUUHQW�DIWHU�60�

$IWHU�WKH�6LGH���IDLOXUH�LQ�������67,6�ZDV�LQ�VDIH�PRGH�ZLWK�RQO\�WKH�VXUYLYDO�KHDWHUV�SRZHUHG��'XULQJ
WKLV�SHULRG��WKH�0$0$�WXEHV�ZHUH�DW�DQ�DYHUDJH�WHPSHUDWXUH�RI����rb&��PXFK�ORZHU�WKDQ�WKH�QRUPDO
RSHUDWLRQDO�WHPSHUDWXUH�UDQJH�RI�DERXWb�� �WR��� &��:H�WKHUHIRUH�H[SHFWHG�WR�VHH�D�WHPSRUDU\rb& rb
LQFUHDVH� LQ� WKH�GDUN�FXUUHQW�DIWHU� WKH�SRVW�60�� UHFRYHU\�RI� WKH�0$0$� WXEHV�GXH� WR� WKH� LQFUHDVHG
SRSXODWLRQ�RI�PHWD�VWDEOH�VWDWHV�DW�WKH�FROGHU�VDIH�PRGH�WHPSHUDWXUH��'HWDLOHG�PRGHOLQJ� OHG�XV�WR
H[SHFW�WKDW�WKH�SHDN�GDUN�FRXQW�UDWH�ZRXOG�QRW�EH�WRR�PXFK�ELJJHU�WKDQ�WKDW�VHHQ�DIWHU�60�D�ZKHUH
WKH�0$0$V�KDG�EHHQ�RII� IRU�DERXW�WKUHH�PRQWKV��:H�DOVR�H[SHFWHG�WKDW�DQ\�H[FHVV�ZRXOG�GHFOLQH
ZLWK�D�H�IROGLQJ�WLPH�RI�D�ZHHN�RU�VR��DV�KDG�EHHQ�VHHQ�SUHYLRXVO\��7KLV�ZRXOG�KDYH�DOORZHG�WKH�NUV-

�GDUN�UDWH�WR�UHWXUQ�WR�WKH�SUHYLRXV�RSHUDWLRQDO�UDQJH�RI�EHWZHHQ��������DQG��������FRXQWV�SL[MAMA
�V�ZLWKLQ�DERXW�D�PRQWK�RI�WKH�67,6�UHFRYHU\�DIWHU�60��

���'DUN�&XUUHQW�DIWHU�60�)LJXUH�������NUV-MAMA 192



���'DUN�&XUUHQW�DIWHU�60�)LJXUH�������NUV-MAMA

,QVWHDG�ZH�IRXQG�LQLWLDO�GDUN�FRXQW�UDWHV�IRU�WKH� �DV�KLJK�DV�������FRXQWV�SL[�V�� ��NUV-MAMA )LJXUH�����
$V� ZDV� WKH� FDVH� EHIRUH� 60��� WKH� GDUN� FXUUHQW� VKRZV� VKRUW� WLPH� VFDOH� YDULDWLRQV� WKDW� GHSHQG
H[SRQHQWLDOO\�RQ�WKH�GHWHFWRU�WHPSHUDWXUH��ZLWK�WKH�RYHUDOO�OHYHO�DOVR�YDU\LQJ�RQ�ORQJHU�WLPH�VFDOHV�
+RZHYHU�� IRU� WKH� QHZ� FRPSRQHQW� RI� WKH� GDUN� FXUUHQW�� WKH� GHFD\� WLPH�VFDOH� DSSHDUV� WR� EH�PXFK
ORQJHU�WKDQ�WKH�RQH�WR�WZR�ZHHNV�SUHYLRXVO\�VHHQ�� ,QLWLDOO\�WKH�H[FHVV�GDUN�FXUUHQW�DSSHDUHG�WR�EH
GHFOLQLQJ�ZLWK�DQ�H�IROGLQJ� WLPH�RI�DERXW�����GD\V��KRZHYHU�RYHU� VXEVHTXHQW�PRQWKV�� WKH� UDWH�RI
GHFOLQH�KDV�FRQWLQXHG�WR�VORZ��%\�PLG������WKH�GDUN�UDWH�ZDV�IOXFWXDWLQJ�EHWZHHQ�DERXW�b�������DQG
������� FRXQWV�SL[�V�� DQG� LW� DSSHDUV� WKDW� DGGLWLRQDO� VLJQLILFDQW� GHFOLQHV�ZLOO� WDNH� \HDUV� UDWKHU� WKDQ
PRQWKV��)RU�SODQQLQJ�SXUSRVHV�DQG�WKH�67,6� ��ZH�ZLOO�DGRSW�D�PHDQ�b �GDUN�FXUUHQW�RIV(7& NUV-MAMA
�������FRXQWV�SL[�V��'HFHPEHU��������8SGDWHV�RQ�WKH�FXUUHQW�VWDWH�RI�WKH�GDUN�FXUUHQW�DUH�SRVWHG�RQ
WKH�67,6�0$0$�GDUN�PRQLWRU�SDJHV�

)89�0$0$�'DUN�&XUUHQW

7KH� �GDUN�FXUUHQW�LV�VXEVWDQWLDOO\�ORZHU�WKDQ�WKDW�RI�WKH� ��,QLWLDOO\��YDOXHV�DV�ORZFUV-MAMA 189�0$0$
DV��bFRXQWV�V�DFURVV� WKH� IDFH�RI� WKH�GHWHFWRU� ��b �� �FRXQWV�SL[�V�� FRXOG�EH� URXWLQHO\�H[SHFWHG��b �

+RZHYHU��WKHUH� LV�DOVR�DQ� LQWHUPLWWHQW�JORZ�WKDW�FRYHUV�D� ODUJH�IUDFWLRQ�RI�WKH�GHWHFWRU��VHH�)LJXUH
���7KH�VRXUFH�RI� WKH�GDUN�FXUUHQW� LV�QRW�SKRVSKRUHVFHQFH��EXW� LV� LQWULQVLF� WR� WKH�PLFUR�FKDQQHO����

SODWH�DUUD\��LW�ZDV�VHHQ�LQ�JURXQG�WHVWLQJ���7KLV�JORZ�FDQ�VXEVWDQWLDOO\�LQFUHDVH�WKH�GDUN�FXUUHQW�RYHU
D�ODUJH�IUDFWLRQ�RI�WKH�GHWHFWRU��DQG�WKLV�OHDGV�WR�FRXQW�UDWHV�RI�XS�WR�����FRXQWV�V�LQWHJUDWHG�DFURVV
WKH�IDFH�RI�WKH�GHWHFWRU�

$Q�H[DPSOH�RI�WKH�GDUN�FXUUHQW�YDULDWLRQ�DFURVV�WKH�GHWHFWRU�FDQ�EH�VHHQ�LQ� ��ZKLFK�LV�WKH)LJXUH�����
VXP�RI�D�QXPEHU�RI������VHFRQG�GDUN� IUDPHV�WDNHQ�GXULQJ�SHULRGV�RI�KLJK�GDUN�FXUUHQW��7KH�GDUN
FXUUHQW�LQ�WKH�ORZHU�ULJKW�TXDGUDQW�DSSHDUV�WR�EH�VWDEOH�WR�ZLWKLQ�����RYHU�WLPH��7KH�GDUN�FXUUHQW�LQ
WKH� XSSHU� OHIW� TXDGUDQW� YDULHV� ZLWK� WLPH� DQG� WHPSHUDWXUH�� 7KH� WRWDO� GDUN� FXUUHQW� FDQ� EH
DSSUR[LPDWHG�E\�WKH�VXP�RI�D�FRQVWDQW�GDUN�FXUUHQW�SOXV�D��JORZ��LPDJH��VFDOHG�WR�WKH�QHW�UDWH�LQ
WKH�XSSHU�OHIW�TXDGUDQW�

'DUN�&XUUHQW�9DULDWLRQ�$FURVV� �'HWHFWRU�)LJXUH������� FUV-MAMA193
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'DUN�&XUUHQW�9DULDWLRQ�$FURVV� �'HWHFWRU�)LJXUH������� FUV-MAMA

7KH�UHJLRQ�LQ�WKH�XSSHU�OHIW�TXDGUDQW�KDV�WKH�KLJKHU�GDUN�FXUUHQW�
'XULQJ�WKH�ILUVW�WZR�\HDUV�RI�67,6�RSHUDWLRQV��WKLV�JORZ�ZDV�RQO\�SUHVHQW�LQWHUPLWWHQWO\��EXW�VLQFH�PLG�
����� LW� KDV� EHHQ� SUHVHQW�PRUH� RIWHQ� WKDQ� QRW�� 7KH� JORZ� LQFUHDVHV�ZLWK� WKH� DPRXQW� RI� WLPH� WKH
GHWHFWRU�KLJK�YROWDJH�KDV�EHHQ�RQ�VLQFH�WKH�ODVW�6$$�SDVVDJH��7KH�UDWH�RI�LQFUHDVH�LV�JUHDWHU�ZKHQ
WKH�GHWHFWRU� LV�ZDUPHU�� DQG� LW� KDV� DOVR� EHHQ� LQFUHDVLQJ� IURP�\HDU� WR� \HDU�� HYHQ�XQGHU� RWKHUZLVH
FRPSDUDEOH�FRQGLWLRQV��7KH�GDUN�PRQLWRU�PHDVXUHPHQWV�IRU�WKH�ILUVW�IHZ�PRQWKV�RI�67,6�RSHUDWLRQV
DIWHU� WKH� UHSDLU� GXULQJ�60��DUH� VKRZQ� LQ� ��ZKLOH� ORQJ�WHUP�PRQLWRU�PHDVXUHPHQWV�DUH)LJXUH�����
VKRZQ�LQ� �)LJXUH�����

3RVW�60��� �'DUN�0RQLWRU�0HDVXUHPHQWV�REWDLQHG�EHWZHHQ�-XQ����DQG)LJXUH������� )89�0$0$ 194



3RVW�60��� �'DUN�0RQLWRU�0HDVXUHPHQWV�REWDLQHG�EHWZHHQ�-XQ����DQG)LJXUH������� )89�0$0$
2FW����������

7KH�DYHUDJH�FRXQW� UDWH� IRU�D� UHJLRQ� LQ� WKH�XSSHU� OHIW�RI� WKH�)89�GHWHFWRU� WKDW� LV� FHQWHUHG�RQ� WKH
EULJKW�JORZ���SL[HOV�>���������������@��� LV�SORWWHG�DV�D�IXQFWLRQ�RI�WKH�WLPH�VLQFH�WKH�GHWHFWRU�KLJK
YROWDJH�ZDV� WXUQHG� RQ� �ILOOHG� FLUFOHV��� $OVR� VKRZQ� LV� WKH�PHDQ� UDWH� IRU� WKH� ZKROH� GHWHFWRU� �RSHQ
FLUFOHV���DQG�WKH�PHDQ�UDWH�LQ�WKH�GDUN�FRUQHU��SOXVHV���GHOLPLWHG�E\�WKH�VXEDUUD\�>���������������@�
,Q� ��WKH� �GDUN�FXUUHQW�LV�VKRZQ�IRU����GDUN�PRQLWRU�REVHUYDWLRQV�WDNHQ�EHWZHHQ)LJXUH����� FUV-MAMA
�����-XQ����DQG������2FW�����2Q�GD\V�WKDW�WKH� �LV�XVHG��WKH�0$0$�KLJK�YROWDJH�LV�WXUQHGFUV-MAMA
RQ�IRU�WKH�EORFN�RI� �RUELWV�WKDW�LV�XQDIIHFWHG�E\�6$$�SDVVDJHV��DQG�DV�WKH�GHWHFWRU�ZDUPV�XS��WKH+67
JORZ�LQFUHDVHV��)LOOHG�FLUFOHV�VKRZ�WKH�FRXQW�UDWH�LQ�D�UHJLRQ�FHQWHUHG�RQ�WKH�SHDN�RI�WKH�GDUN�JORZ
�SL[HOV�>���������������@���ZKLOH�WKH�RSHQ�FLUFOHV�VKRZ�WKH�DYHUDJH�UDWH�IRU�WKH�HQWLUH�GHWHFWRU��1RWH
WKDW�WKH�ORZHU�ULJKW�FRUQHU�RI�WKH�GHWHFWRU��SL[HOV�>���������������@���GHQRWHG�E\�SOXV�VLJQV��VKRZV
OLWWOH�RU�QR�LQFUHDVH�RYHU�WKH�LQLWLDO�ORZ�GDUN�FXUUHQW�YDOXHV�

�/RQJ�7HUP�'DUN�&XUUHQW�DIWHU�60��)LJXUH�������FUV-MAMA 195



�/RQJ�7HUP�'DUN�&XUUHQW�DIWHU�60��)LJXUH�������FUV-MAMA

� VKRZV� WKH� ORQJ�WHUP� )89� GDUN� FXUUHQW� EHIRUH� DQG� DIWHU� 60��b)LJXUH� ���� 7KH� WRS� SORW� VKRZV� WKH
DYHUDJH� GDUN� UDWH� RYHU� WLPH� IRU� WKH� IXOO� GHWHFWRU�� ZKLOH� WKH� ERWWRP� SORW� LV� UHVWULFWHG� WR� WKH� JORZ

��7KH�GDUNUHJLRQ��7KH�GLIIHUHQW�FRORUV�VKRZ�KRZ�WKH�GDUN�UDWH�WUHQGV�YDU\�ZLWK�KLJK�YROWDJH�RQ�WLPH
FXUUHQW�YDULHV�GHSHQGLQJ�XSRQ�WKH�GHWHFWRU�UHJLRQ��GHWHFWRU� WHPSHUDWXUH��KLJK�YROWDJH�RQ�WLPH��DV
ZHOO�DV�D�ORQJ�WHUP�LQFUHDVH��7KH�YHUWLFDO�GLVWULEXWLRQ�RI�SRLQWV�RQ�WKH�JUDSK�FKDQJHV�LQ�������EXW�WKLV
LV�PHUHO\�GXH�WR�D�FKDQJH�LQ�VFKHGXOLQJ�RI�FDOLEUDWLRQ�REVHUYDWLRQV�UHODWLYH�WR�WKH�KLJK�YROWDJH�WXUQ�
RQ��$IWHU�60���WKH�RYHUDOO�OHYHO�RI�WKH�JORZ�DSSHDUV�WR�EH�VLPLODU�WR�ZKDW�KDG�EHHQ�VHHQ�LQ�������EXW
EHFDXVH� WKH�SK\VLFDO�RULJLQ�RI� WKH�)89�GHWHFWRU�JORZ� LV�SRRUO\�XQGHUVWRRG�� LW� LV�GLIILFXOW� WR�SUHGLFW
ZKDW�WKH�IXWXUH�EHKDYLRU�ZLOO�EH��3DVW�H[SHULHQFH�ZRXOG�LQGLFDWH�WKDW�WKH�RYHUDOO�OHYHO�RI�WKH�JORZ�ZLOO
FRQWLQXH�WR�LQFUHDVH�
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)RU�&\FOH����SODQQLQJ�SXUSRVHV��ZH�UHFRPPHQG�DVVXPLQJ�WKDW�LQ�WKH�FHQWHU�RI�WKH�JORZ�UHJLRQ�WKH
PHDQ�GDUN�FXUUHQW�ZLOO�VWDUW�ZLWK�D�YDOXH�QHDU����� �� �FRXQWV�SL[�V�DW�WKH�EHJLQQLQJ�RI�HDFK�6$$��b ಝ�

IUHH�EORFN�RI�RUELWV��EXW�ZLOO�WKHQ�LQFUHDVH�DW�D�UDWH�RI�DERXW��b �� �FRXQWV�SL[�V� �RUELW��UHDFKLQJ�b ಝ� +67
SHDN�YDOXHV�DV�KLJK�DV�� b�� �FRXQWV�SL[�V��,Q�WKH�GDUN�FRUQHU�RI�WKH�GHWHFWRU��WKH�FRXQW�UDWH�ZLOOb� ಝ�

UHPDLQ�YHU\�ORZ��ZLWK�D�UDWH�QHDU����b �� �FRXQWV�SL[�V��7KH�67,6� �FXUUHQWO\�GHIDXOWV�WR����b ���b ಝ� (7& �b
bFRXQWV�SL[�V� DV�UHSUHVHQWDWLYH�RI�WKH�H[SHFWHG�PHDQ�UDWH�DYHUDJHG�RYHU�WKH�ZKROH�GHWHFWRU�LQ�WKH�� �
ILUVW�����RUELWV��:KLOH�WKH� �FDQ�RQO\�UHIOHFW�WKH�DYHUDJH�RI�WKH�GDUN�FXUUHQW�UDWH��WKH�67,6�)89�GDUN(7&
FXUUHQW�UDWH�LQ�SDUWLFXODU�H[KLELWV�WUHPHQGRXV�YDULDWLRQV�ZLWK�WKH�SRVLWLRQ�RQ�WKH�GHWHFWRU��67,6�FUV-

� XVHUV� ZKRVH� REVHUYDWLRQV� DUH� VHQVLWLYH� WR� GDUN� FXUUHQW� �H�J��� IDLQW� WDUJHWV�� DUH� VWURQJO\MAMA
HQFRXUDJHG� WR� � WR� DVVHVV� WKH� IHDVLELOLW\� RI� WKHLUUHDG� WKH� FRUUHVSRQGLQJ� (7&� GRFXPHQWDWLRQ
REVHUYDWLRQV�DQG�EHWWHU�FRQVWUDLQ�WKH�H[SRVXUH�WLPH�QHHGHG�WR�DFKLHYH�WKH�UHTXLUHG�DFFXUDF\�

7KH�FRXQW�UDWHV�GLVFXVVHG�DERYH�UHIHU�WR�WKH�QDWLYH�0$0$�GHWHFWRU�SL[HOV��:KHQ�FRPSDULQJ�WR�(7&
UHVXOWV� WKHVH� YDOXHV� QHHG� WR� EH� VFDOHG�E\� WKH�QXPEHU� RI� SL[HOV� LQFOXGHG� LQ� DQ� H[WUDFWHG� VSHFWUDO
�SL[HO��RU�UHVROXWLRQ�HOHPHQW��)RU�REVHUYHUV�RI�EULJKW�WDUJHWV��HYHQ�WKH�KLJKHVW� �GDUN�UDWHVFUV-MAMA
ZLOO�KDYH�D�QHJOLJLEOH�LPSDFW�RQ�GDWD�TXDOLW\��)RU�REVHUYHUV�RI�YHU\�IDLQW�WDUJHWV��WKHUH�DUH�D�QXPEHU
RI� SRVVLEOH�PLWLJDWLRQ� VWUDWHJLHV�� )RU� VSHFWUD� RI� IDLQW� SRLQW� VRXUFHV�� WKH� REVHUYHU� VKRXOG� FRQVLGHU
ZKHWKHU�RQH�RI� WKH�&26�)89�FKDQQHOV�PLJKW�EH�D�EHWWHU�FKRLFH��DV� WKHVH�KDYH�ERWK�PXFK�KLJKHU
RYHUDOO� WKURXJKSXW� DQG� PXFK� ORZHU� GHWHFWRU� EDFNJURXQG� WKDQ� FRPSDUDEOH� 67,6� PRGHV�� ,I� 67,6
VSHFWUDO� REVHUYDWLRQV�DUH�QHHGHG� �H�J��� WR�SURYLGH�KLJKHU� VSDWLDO� UHVROXWLRQ� LQ� WKH�FURVV�GLVSHUVLRQ
GLUHFWLRQ���WKH�GDUN�UDWH�FDQ�DOVR�EH�PLQLPL]HG�E\�SXWWLQJ�WKH�VRXUFH�QHDU�WKH�ERWWRP�RI�WKH�FUV-MAMA
GHWHFWRU�EHORZ�WKH�ZRUVW�RI�WKH�H[WUD�GHWHFWRU�JORZ��7KH��'��bDSHUWXUH�SRVLWLRQV�DUH�LQWHQGHG�IRU�WKLV
SXUSRVH��VHH� ���6HFWLRQ������ ,I�QHLWKHU�RI�WKHVH�VWUDWHJLHV�LV�DGHTXDWH��WKH�bSURSRVHUV�VKRXOG�FRQWDFW
WKH� �WR�GLVFXVV��+HOS�'HVN+67 ZKHWKHU�LW�PD\�EH�SUDFWLFDO�WR�VFKHGXOH�WKHLU�REVHUYDWLRQV�LPPHGLDWHO\
DIWHU�WKH�GHWHFWRU�KLJK�YROWDJH�KDV�EHHQ�UDPSHG�XS��ZKHQ�WKH�LQWULQVLF�GHWHFWRU�EDFNJURXQG�LV�ORZHVW�
b%HFDXVH�RI�WKH�QHHG�WR�VFKHGXOH�67,6�0$0$�RSHUDWLRQV�DURXQG�WKH�6RXWK�$WODQWLF�$QRPDO\��6$$���LQ
SUDFWLFH��WKH� �GHWHFWRU�LV�XVXDOO\�WXUQHG�RQ�RQO\�RQH�WLPH�SHU�GD\��DQG�WKHUH�LV�XVXDOO\�RQO\FUV-MAMA

DERXW�RQH�RUELW�SHU�GD\�DYDLODEOH�ZKHUH�D�GHWHFWRU�EDFNJURXQG�FORVH� WR��� ��� �F�V�SL[HO�FDQ�EH� �

H[SHFWHG�� VR� LW� PD\� QRW� EH� SRVVLEOH� WR� VDWLVI\� DOO� VXFK� UHTXHVWV�� -XVWLILFDWLRQ� IRU� WKLV� VFKHGXOLQJ
FRQVWUDLQW�PXVW�EH�SURYLGHG�XQGHU�WKH�6SHFLDO�5HTXLUHPHQWV�VHFWLRQ�RI�WKH�WKH�3KDVH�,�SURSRVDO�

7LPH�YDU\LQJ� GDUN� FXUUHQW� IRU� WKH� � LV� QRW� FXUUHQWO\� VXEWUDFWHG� E\� WKH� SLSHOLQH��FUV-MAMA 6RPH
�DYHUDJH�JORZ�� LPDJHV�DUH�DYDLODEOH�IRU�RII�OLQH�UHGXFWLRQ�WR�UHGXFH�WKH�HIIHFWV�RI�WKH�JORZ�UHJLRQ�
8VHUV�VKRXOG�FRQWDFW�WKH� �WR�REWDLQ�DFFHVV�WR�WKHVH�LPDJHV��+HOS�'HVN+67

%HFDXVH�WKH�GDUN�FXUUHQW�LV�VR�ORZ�LQ�WKH�0$0$�GHWHFWRUV��D�W\SLFDO�67,6� �REVHUYDWLRQ�ZLOOFUV-MAMA
KDYH�OHVV�WKDQ�RQH�FRXQW�SL[�IURP�WKH�GDUN��,W�LV�JRRG�WR�NHHS�WKLV�LQ�PLQG�ZKHQ�UHGXFLQJ�WKH�GDWD��DV
YDULRXV�VWDQGDUG�PHDVXUHV�RI�EDFNJURXQG� �WKH�PHGLDQ� IRU�H[DPSOH��DUH�QRW�JRRG�HVWLPDWHV�ZKHQ
WKH�GDWD�DUH�TXDQWL]HG�LQWR�MXVW�D�IHZ�YDOXHV��7KH�EHVW�ZD\�WR�HVWLPDWH�WKH�EDFNJURXQG�LV�WR�LGHQWLI\
KRW�SL[HOV�XVLQJ�WKH�VWDQGDUG�UHIHUHQFH�ILOHV��WKHQ�XVH�DQ�XQFOLSSHG�PHDQ�IRU�WKH�UHPDLQLQJ�SL[HOV�LQ
D�VRXUFH�IUHH�UHJLRQ�RI�WKH�LPDJH�

������0$0$�6LJQDO�WR�1RLVH�5DWLR�/LPLWDWLRQV
0$0$� GHWHFWRUV� DUH� FDSDEOH� RI� GHOLYHULQJ� VLJQDO�WR�QRLVH� UDWLRV� �6�1�� RI� WKH� RUGHU� RI� ������ SHU
VSHFWUDO� UHVROXWLRQ�HOHPHQW�RU�HYHQ�KLJKHU��7HVWV� LQ�RUELW�KDYH�GHPRQVWUDWHG�WKDW�VXFK�KLJK�6�1� LV
SRVVLEOH�ZLWK�67,6�� ��*LOOLODQG�� ��.DLVHU�HW�DO��������� �� �����3URF��63,( ���� 67,6�,65��������
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+LJK�6�1�REVHUYDWLRQV�RI�VHYHUDO�VWDQGDUG�VWDUV�ZHUH�REWDLQHG�GXULQJ�67,6�FRPPLVVLRQLQJ��DQG�WKH\
ZHUH� UHGXFHG�ZLWK� IODWV�REWDLQHG�GXULQJ�SUHIOLJKW� WHVWLQJ�RI� WKH�GHWHFWRUV��6LJQDO�WR�QRLVH� UDWLRV�RI
����DQG�����SHU�VSHFWUDO�UHVROXWLRQ�HOHPHQW��IRU�DQ���bSL[HO�H[WUDFWLRQ�KHLJKW�LQ�WKH�FURVV�GLVSHUVLRQ
GLUHFWLRQ��ZHUH�DFKLHYHG�IRU�WKH� �DQG� �REVHUYDWLRQV��UHVSHFWLYHO\��VHH� �IRU�DFUV- NUV-MAMA &KDSWHU���
PRUH�GHWDLOHG�GLVFXVVLRQ�

)RU� WDUJHWV� REVHUYHG� DW� D� IL[HG� SRVLWLRQ� RQ� WKH� GHWHFWRU�� WKH� VLJQDO�WR�QRLVH� UDWLR� LV� OLPLWHG� E\
V\VWHPDWLF�XQFHUWDLQWLHV�LQ�WKH�VPDOO�VFDOH�VSDWLDO�DQG�VSHFWUDO�UHVSRQVH�RI�WKH�GHWHFWRU��7KH�0$0$
IODWV�VKRZ�D�IL[HG�SDWWHUQ�WKDW�LV�D�FRPELQDWLRQ�RI�VHYHUDO�HIIHFWV�LQFOXGLQJ�EHDWLQJ�EHWZHHQ�WKH�0&3
DUUD\�DQG�WKH�DQRGH�SL[HO�DUUD\��YDULDWLRQV�LQ�WKH�FKDUJH�FORXG�VWUXFWXUH�DW�WKH�DQRGH��DQG�ORZ�OHYHO
FDSDFLWLYH� FURVV�FRXSOLQJ� EHWZHHQ� WKH� ILQH� DQRGH� HOHPHQWV�� ,QWULQVLF� SL[HO�WR�SL[HO� YDULDWLRQV� DUH
�����DQG������UPV� IRU� WKH� �DQG� �� UHVSHFWLYHO\�� LQ�����b �����SL[HO� IRUPDW�� ,Q� WKHFUV- NUV-MAMA �b
KLJKUHV� ����� ����� IRUPDW� � � WKH� LQWULQVLF� YDULDWLRQV� DUH� PXFK� ODUJHU�� 7KLV� IL[HG�b 6HFWLRQ� ������
SDWWHUQ�DSSHDUV�WR�EH�VWDEOH�DW�WKH�����OHYHO�

7KH�VWUXFWXUH�RI�WKH�IODW�PD\�YDU\�VOLJKWO\�IRU�GLIIHUHQW�PRGHV�GXH�WR�GLIIHUHQW�LQFLGHQFH�DQJOHV�RI�WKH
LQFRPLQJ�SKRWRQV�RQ�WKH�PLFURFKDQQHO�SODWH�SRUHV��$�SRVVLEOH�H[DPSOH�RI�WKLV�LV�VKRZQ�LQ�)LJXUH�����
��ZKHUH�IRU�DQ�HFKHOOH� �REVHUYDWLRQ��WKH�PHDVXUHG�IOX[HV�LQ�WKH�RYHUODSSLQJ�VSHFWUDO�UDQJH�RIE140H
WZR�DGMDFHQW�RUGHUV�DUH�GLVSOD\HG��7KH� LQGLYLGXDO�RUGHUV�VKRZ�EURDG� IHDWXUHV�ZLWK�ZLGWKV�RI���� WR
��b SL[HOV� DQG� DPSOLWXGHV� RIb �� WRb ��� WKDW� DUH� QRW� UHSURGXFHG� LQ� WKH� RWKHU� RUGHU� DW� WKH� VDPH
ZDYHOHQJWKV��1R�FRUUHVSRQGLQJ�IHDWXUHV�DSSHDU� LQ� WKH� IODW� ILHOGV�DW� WKHVH� ORFDWLRQV��7KHVH� IHDWXUHV
DOVR�DSSHDU�WR�EH�YHU\�VHQVLWLYH�WR�WKH�H[DFW�SODFHPHQW�RI�WKH�VSHFWUXP�RQ�WKH�GHWHFWRU��DV�RWKHU
KLJK� VLJQDO�WR�QRLVH� REVHUYDWLRQV� DW� WKH� VDPH� � VHWWLQJ�GR�QRW� VKRZ� WKHP��$W�ZDYHOHQJWKVCENWAVE
WKDW�DUH�QRW� FRYHUHG�E\�PXOWLSOH� VSHFWUDO� RUGHUV�� WKH�RQO\�ZD\� WR�GLVWLQJXLVK� WKLV� NLQG�RI�GHWHFWRU
DUWLIDFW� IURP�D�ZHDN� IHDWXUH� LQ� WKH� WDUJHW� VSHFWUXP� LV� WR�XVH� VRPH�NLQG�RI� GLWKHULQJ� WR�SODFH� WKH
IHDWXUH�DW�PXOWLSOH�ORFDWLRQV�RQ�WKH�GHWHFWRU��VHH� ��6HFWLRQ�������
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)ODW�)LHOG�)HDWXUHV�LQ�D�0$0$�6SHFWUXP�)LJXUH�������

7KH�67,6�HFKHOOH� �VSHFWUXP�GDWDVHW�2��3������RI�+'�������LV�VKRZQ�IRU�WKH�ZDYHOHQJWK�UDQJHE140H
FRYHULQJ� WKH� RYHUODS� EHWZHHQ� VSHFWUDO� RUGHUV�  b ���� �VROLG� OLQH�� DQG�  b ���� �GRWWHG� OLQH��� $Pb Pb
QXPEHU�RI�ZHDN� IHDWXUHV�DSSHDU� LQ� RQO\� RQH�RI� WKH� WZR� VSHFWUDO� RUGHUV�� LQGLFDWLQJ� WKDW� WKHVH�DUH
GHWHFWRU�DUWLIDFWV�UDWKHU�WKDQ�UHDO�IHDWXUHV�LQ�WKH�VWHOODU�VSHFWUXP�
2EVHUYLQJ�VWUDWHJLHV�IRU�DFKLHYLQJ�VSHFWUDO�6�1�KLJKHU�WKDQ�a������DUH�GLVFXVVHG�LQ� ��)RU&KDSWHU���
HFKHOOH�PRGH�VSHFWUD��REVHUYHUV�PD\�ZDQW�WR�FRQVLGHU�WKH�XVH�RI�WKH� �VOLWV��RU�XVH�PXOWLSOH�FP-SPLIT

� VHWWLQJV�ZLWK�RYHUODSSLQJ�ZDYHOHQJWK� UDQJHV�� IRU� ILUVW�RUGHU�PRGH�REVHUYDWLRQV�� WKH\�PD\CENWAVE
ZLVK�WR�GLWKHU�WKH�WDUJHW�DORQJ�WKH�VOLW�

6LQFH�0$0$�REVHUYDWLRQV�FDQ�EH�ELQQHG�LQ�SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ�ZLWK�QR�DGGLWLRQDO�VLJQDO�
WR�QRLVH� SULFH�� WKH� RSWLRQ� WR� REWDLQ� 0$0$� REVHUYDWLRQV� ZLWK� XQHTXDO� ELQQLQJ� �H�J��� ��=1BINAXIS1

��ZDV�GLVDEOHG�VWDUWLQJ�LQ�&\FOHb��=2BINAXIS2
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������0$0$�1RQOLQHDULW\
*OREDO

7KH� 0$0$� GHWHFWRUV� H[KLELW� QRQOLQHDULW\� �SKRWRQ� LQFLGHQFH� UDWH� QRW� HTXDO� WR� SKRWRQ� FRXQW� UDWH�
JUHDWHU� WKDQ����DW�JOREDO� �DFURVV� WKH�HQWLUH�GHWHFWRU�� FRXQW� UDWHV�RI� RUGHU���������FRXQWV�V�� 7KH
QRQOLQHDULW\�FDQ�EH�DSSUR[LPDWHO\�FRUUHFWHG�LQ�SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ�IRU�UDWHV�XS�WR�a����
����FRXQWV�V�b�7KH�0$0$�GHWHFWRUV��SOXV�SURFHVVLQJ�VRIWZDUH��DUH�QRW�DEOH�WR�FRXQW�UHOLDEO\�DW�UDWHV
H[FHHGLQJ���������FRXQW�V�b�)RU�WKLV�UHDVRQ�DQG�WR�SURWHFW�WKH�GHWHFWRUV�IURP�GDPDJH��REVHUYDWLRQV
DW�VXFK�KLJK�UDWHV�DUH�QRW�DOORZHG��VHH� ��6HFWLRQ����

/RFDO

7KH�0$0$�GHWHFWRUV�UHPDLQ�OLQHDU�WR�EHWWHU�WKDQ����LQ�WKHLU�FRXQWLQJ�XS�WR�a����FRXQWV�V�SL[�IRU�WKH�
�DQG�����FRXQWV�V�SL[�IRU�WKH� ��$W�KLJKHU�UDWHV��WKH\�H[SHULHQFH�ORFDO��DW�D�JLYHQFUV-MAMA NUV-MAMA

SL[HO��QRQOLQHDULW\��7KH�QRQOLQHDULW\�HIIHFW�LV�LPDJH�GHSHQGHQWWKDW�LV��WKH�QRQOLQHDULW\�REVHUYHG�DW�D
JLYHQ� SL[HO� GHSHQGV� RQ� WKH� SKRWRQ� UDWH� DIIHFWLQJ� QHLJKERULQJ� SL[HOV�� 7KLV� SURSHUW\� PDNHV� LW
LPSRVVLEOH� WR� FRUUHFW� UHOLDEO\� IRU� WKH� ORFDO� QRQOLQHDULW\� LQ� SRVW�REVHUYDWLRQ� GDWD� SURFHVVLQJ�� ,Q
DGGLWLRQ��WKH�0$0$�GHWHFWRUV�DUH�VXEMHFW�WR�GDPDJH�DW�KLJK�ORFDO�FRXQW�UDWHV��VHH� ��6HFWLRQ����

200



����0$0$�6SHFWUDO�DQG�6SDWLDO�2IIVHWWLQJ
������)89�)LUVW�2UGHU�6SDWLDO�2IIVHW�WR�$YRLG�5HSHOOHU�:LUH
������0RQWKO\�6SDWLDO�DQG�6SHFWUDO�2IIVHWWLQJ�RI�0$0$�0RGHV

������)89�)LUVW�2UGHU�6SDWLDO�2IIVHW�WR�$YRLG�5HSHOOHU�:LUH
)RU�WKH� ��WKH�UHSHOOHU�ZLUH�SURGXFHV�D�VPDOO�VKDGRZ�RQ�WKH�GHWHFWRU��ZLWK�D�GHSWK�RI�a����FUV-MAMA
ZKLFK�LV�DSSDUHQW�RQ� �IODW�ILHOG�LPDJHV��VHH� ���7R�DYRLG�ILUVW�RUGHU�PRGH�VSHFWUDFUV-MAMA 6HFWLRQ������
IDOOLQJ�RQ�WKH�UHSHOOHU�ZLUH�VKDGRZ��DOO�GDWD�WDNHQ�ZLWK�WKH� �DQG� �JUDWLQJV�DUH�SURMHFWHG�WRG140L G140M
IDOO�a�����DUFVHFRQGV��RU�a��������ORZ�UHVROXWLRQ�SL[HOV��GHSHQGLQJ�RQ�WKH�H[DFW�VHWWLQJ��EHORZ�WKH
GHWHFWRU�FHQWHU��VHH�DOVR� ���7KLV�RIIVHWWLQJ�LV�GRQH�XVLQJ�WKH�0RGH�6HOHFW�0HFKDQLVP�WR6HFWLRQ�������
WLOW�WKH�JUDWLQJ��)RU�WKHVH�PRGHV�WKH�SURMHFWHG�ILHOG�RI�YLHZ�LV�WKHUHIRUH�DV\PPHWULF�ZLWK�UHVSHFW�WR
WKH�VSHFLILHG�WDUJHW�FRRUGLQDWHV��1RWH�WKDW� LQ�&\FOH����SULRU�WR�0DUFK�����������WKH�RIIVHW� IURP�WKH
GHWHFWRU�FHQWHU�ZDV�GRQH� LQ� WKH�RSSRVLWH�GLUHFWLRQ� �WR�QHDU� ���+RZHYHU��DV� WKLV�FDXVHG�=632AXIS2

�DQG� �SRLQW�VRXUFHbVSHFWUD�WR�IDOO�RQWR�WKH�UHJLRQ�RI�WKH� �ZLWK�WKH�KLJKHVW�GDUNG140L G140M FUV-MAMA
FXUUHQW��VHH� ���WKLV�ZDV�FKDQJHG�WR�WKH�FXUUHQW�VHWWLQJ��2EVHUYHUV�ZKR�ZLVK)89�0$0$�'DUN�&XUUHQW
WR�PDWFK�WKH�ILHOGV�RI�YLHZ�RI�&\FOH���REVHUYDWLRQV�ZLOO�QHHG�WR�WDNH�WKLV�GLIIHUHQFH�LQWR�DFFRXQW�

������0RQWKO\�6SDWLDO�DQG�6SHFWUDO�2IIVHWWLQJ�RI�0$0$�0RGHV
%HJLQQLQJ�LQ�-DQXDU\������WKH�SURMHFWLRQV�RI�WKH�VSHFWUD�RQ�WKH�GHWHFWRU�IRU� � ��DQG�DOOb NUV FUV-MAMA
VSHFWURVFRSLF�PRGHV� ZHUH� VKLIWHG� VOLJKWO\� HDFK�PRQWK�� 7KLV� SURFHGXUH� ZDV� LQVWLWXWHG� LQ� RUGHU� WR
PLQLPL]H�XQHYHQ�FKDUJH�GHSOHWLRQ�LQ�WKH�PLFURFKDQQHO�SODWHV�WKDW�ZRXOG�LQFUHDVH�WKH�QRQ�XQLIRUPLW\
RI�WKH�IODW�ILHOGV��7KHVH�PRQWKO\�FKDUJH�RIIVHWWLQJ�VKLIWV��UHFRUGHG�LQ�KHDGHU�NH\ZRUGV� �DQG�MOFFSET1

��FDQ�VKLIW�WKH�VSHFWUXP�E\�XS�WR� �ORZ�UHVROXWLRQ�SL[HOV�LQ� ��GLVSHUVLRQ��DQG�XS�WR�MOFFSET2 s�� AXIS1
ORZ�UHVROXWLRQ�SL[HOV� LQ� � �FURVV�GLVSHUVLRQ���2EVHUYHUV�DUH�DGYLVHG� WR�VHOHFW�VHWWLQJV� WKDWs��� AXIS2

NHHS�ZDYHOHQJWK�UDQJHV�DQG�WDUJHWV�RI� LQWHUHVW�DZD\�IURP�WKH�H[WUHPH�HQGV�RI� WKH� ORQJ�VOLWV�� OHVW
WKH\�EH�LQDGYHUWHQWO\�VKLIWHG�RII�WKH�HGJH�RI�WKH�GHWHFWRU�

6LQFH�$XJXVW�������KRZHYHU��WKLV�PRQWKO\�RIIVHWWLQJ�KDV�EHHQ�GLVDEOHG�IRU�WKH�0$0$�HFKHOOH�PRGHV�
WKRXJK�LW�FRQWLQXHV�WR�EH�GRQH�IRU��VW�RUGHU�0$0$�VSHFWURVFRSLF�PRGHV��,W�ZDV�UHDOL]HG�WKDW�PRYLQJ
WKH�HFKHOOH�VSHFWUXP�LQ�WKH� �GLUHFWLRQ�VKLIWV� WKH�HFKHOOH�EOD]H�IXQFWLRQ�E\�D�GLIIHUHQW�DPRXQWAXIS1
WKDQ�LW�VKLIWV�WKH�ZDYHOHQJWK�VFDOH��7KLV�PLVDOLJQPHQW�RI�WKH�EOD]H�IXQFWLRQ�ZLWK�WKH�ZDYHOHQJWK�VFDOH
PDNHV�SURSHU�IOX[�FDOLEUDWLRQ�RI�WKH�H[WUDFWHG�VSHFWUXP�VLJQLILFDQWO\�PRUH�GLIILFXOW�b�,Q�DGGLWLRQ��WKH
ODUJHU�VKLIWV�LQ�WKH�VSDWLDO�GLUHFWLRQ�FRXOG�FKDQJH�WKH�VHW�RI�HFKHOOH�RUGHUV�LQFOXGHG�RQ�WKH�GHWHFWRU�

67,6� IOX[� FDOLEUDWLRQ� SURJUDPV� URXWLQHO\� GLVDEOH� WKH� XVXDO�PRQWKO\� RIIVHWV�ZLWK� XVH� RI� WKH� MSMOFF
PRGH��%HFDXVH�WKH�0$0$�GHWHFWRUV�KDYH�QRW�VKRZQ�DQ\�HYLGHQFH�RI�XQHYHQ�FKDUJH�GHSOHWLRQ��VHHb
,65� ���������� EHJLQQLQJ� LQ� &\FOH� ��� WKLV� SUHYLRXVO\� UHVWULFWHG� FDSDELOLW\� ZDV�PDGH� DYDLODEOH�EXW�
XQVXSSRUWHG� IRU� WKRVH� *2� SURJUDPV� XVLQJ� $&&80� PRGH� DQG� UHTXLULQJ� YHU\� KLJK� SKRWRPHWULF
DFFXUDF\�RU�UHSURGXFLELOLW\��7KH�FRPELQDWLRQ�0602))�DQG�7,0(�7$*�PRGH�LV�FXUUHQWO\�QRW�SHUPLWWHG
E\� WKH� VRIWZDUH� WKDW� WUDQVODWHV� 3KDVH� ,,� LQ� GHWDLOHG� SODQV� IRU� H[HFXWLQJ� REVHUYDWLRQV�� 6FLHQWLILF
MXVWLILFDWLRQ�IRU�WKH�XVH�RI�WKH� �PRGH�LV�UHTXLUHG�LQ�WKH�3KDVH�,�IRU�LW�WR�EH�DSSURYHG��FRQWDFWMSMOFF
WKH� �IRU�KHOS�LPSOHPHQWLQJ�WKLV�PRGH���6HH� �IRU�PRUH�LQIRUPDWLRQ�+HOS�'HVN 6HFWLRQ�$��
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����0$0$�%ULJKW�2EMHFW�/LPLWV
������2YHUYLHZ
������2EVHUYDWLRQDO�/LPLWV
������+RZ�'R�<RX�'HWHUPLQH�LI�<RX�9LRODWH�D�%ULJKW�2EMHFW�/LPLW"
������3ROLF\�DQG�2EVHUYHUV
�5HVSRQVLELOLWLHV�LQ�3KDVH�,�DQG�3KDVH�,,
������3ROLF\�RQ�2EVHUYDWLRQV�WKDW�)DLO�%HFDXVH�7KH\�([FHHG�%ULJKW�2EMHFW�/LPLWV
������:KDW�7R�'R�,I�<RXU�6RXUFH�LV�7RR�%ULJKW�IRU�<RXU�&KRVHQ�&RQILJXUDWLRQ"
������%ULJKW�2EMHFW�3URWHFWLRQ�IRU�6RODU�6\VWHP�2EVHUYDWLRQV

676F,� KDV� UHVSRQVLELOLW\� WR� HQVXUH� WKDW� WKH� 0$0$� GHWHFWRUV� DUH� QRW� GDPDJHG� WKURXJK� RYHU�
LOOXPLQDWLRQ��&RQVHTXHQWO\��ZH�KDYH�GHYHORSHG�SURFHGXUHV�DQG�UXOHV�WR�SURWHFW�WKH�0$0$V��:H�DVN
DOO�SRWHQWLDO�XVHUV�WR�VKDUH�LQ�WKLV�UHVSRQVLELOLW\�E\�UHDGLQJ�DQG�WDNLQJ�QRWH�RI�WKH�LQIRUPDWLRQ�LQ�WKLV
VHFWLRQ�DQG�GHVLJQLQJ�REVHUYLQJ�SURJUDPV�WKDW�RSHUDWH�LQ�WKH�VDIH�UHJLPH�IRU�WKHVH�GHWHFWRUV�

������2YHUYLHZ
7KH�0$0$�GHWHFWRUV�DUH�VXEMHFW�WR�FDWDVWURSKLF�GDPDJH�DW�KLJK�JOREDO�DQG�RU�ORFDO�FRXQW�UDWHV�DQG
WKHUHIRUH� FDQQRW� EH� XVHG� WR� REVHUYH� VRXUFHV� WKDW� H[FHHG� WKH� GHILQHG� VDIHW\� OLPLWV�� 6SHFLILFDOO\�
FKDUJH� LV�H[WUDFWHG� IURP� WKH�PLFURFKDQQHO�SODWH�GXULQJ�89�REVHUYDWLRQV��DQG�RYHULOOXPLQDWLRQ�FDQ
FDXVH�D�GHFUHDVH�RI� TXDQWXP�HIILFLHQF\� LQ� WKH�RYHUH[SRVHG� UHJLRQ�� RU� HYHQ� FDWDVWURSKLF� IDLOXUH� LI
H[FHVV�JDV�JHQHUDWLRQ�IURP�WKH�PLFURFKDQQHO�SODWHV�FDXVHV�DUFLQJ�LQ�WKH�VHDOHG�WXEH�

7R� VDIHJXDUG� WKH� GHWHFWRUV�� FKHFNV� RI� WKH� JOREDO� �RYHU� WKH� ZKROH� GHWHFWRU�� DQG� ORFDO� �SHU� SL[HO�
LOOXPLQDWLRQ� UDWHV� DUH� DXWRPDWLFDOO\� SHUIRUPHG� LQ� IOLJKW� IRU� DOO� 0$0$� H[SRVXUHV�� 7KH� JOREDO

� LV� PRQLWRUHG� FRQWLQXRXVO\�b � ,I� WKH� JOREDO� UDWH� DSSURDFKHV� WKH� OHYHO� ZKHUH� WKHLOOXPLQDWLRQ� UDWH
GHWHFWRU�FDQ�EH�GDPDJHG�� WKH�KLJK�YROWDJH�RQ� WKH�GHWHFWRU� LV�DXWRPDWLFDOO\� WXUQHG�RII��7KLV�HYHQW
FDQ�UHVXOW�LQ�WKH�ORVV�RI�DOO�REVHUYDWLRQV�VFKHGXOHG�WR�EH�WDNHQ�ZLWK�WKDW�GHWHFWRU�IRU�WKH�UHPDLQGHU�RI
WKH� FXUUHQW� REVHUYLQJ� FDOHQGDU� �a��ZHHN��� 7KH� � LV�PHDVXUHG� RYHU� WKHSHDN� ORFDO� LOOXPLQDWLRQ� UDWH
0$0$�ILHOG�DW� WKH�VWDUW�RI�HDFK�QHZ�H[SRVXUH�b � ,I� WKH� ORFDO� UDWH�DSSURDFKHV�WKH�GDPDJH� OHYHO�� WKH
67,6�VKXWWHU�ZLOO�FORVH��DQG�WKDW�H[SRVXUH�ZLOO�EH�ORVW�b�'HWDLOV�RI�WKHVH�SURFHGXUHV�PD\�EH�IRXQG�LQ
67,6�,65V� �� ��DQG� �������� ������� �������

������2EVHUYDWLRQDO�/LPLWV
7R�HQVXUH�ERWK�WKH�VDIHW\�RI�WKH�0$0$�GHWHFWRUV�DQG�WKH�UREXVWQHVV�RI�WKH�REVHUYLQJ�WLPHOLQH��ZH
KDYH� HVWDEOLVKHG� REVHUYDWLRQDO� OLPLWV� RQ� WKH� LQFLGHQW� FRXQW� UDWHV�� 2EVHUYDWLRQV� WKDW� H[FHHG� WKH
DOORZHG�OLPLWV�ZLOO�QRW�EH�VFKHGXOHG�

6RXUFHV� WKDW� ZRXOG� RYHU�LOOXPLQDWH� WKH� 0$0$� GHWHFWRUV� FDQQRW� EH� REVHUYHG�� ,W� LV� WKH
UHVSRQVLELOLW\� RI� WKH� REVHUYHU� WR� DYRLG� VSHFLI\LQJ� REVHUYDWLRQV� WKDW� H[FHHG� WKH� OLPLWV
GHVFULEHG�EHORZ�
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7KH�GHILQLWLYH�JXLGHOLQHV�IRU�EULJKW�REMHFW�OLPLWV�DUH�JLYHQ�LQ ��EXW�WKH�IROORZLQJ�EULHI�67,6�,65��������
GLVFXVVLRQ�LV�LQFOXGHG�KHUH�IRU�FRQYHQLHQFH��7KH�DOORZHG�OLPLWV�DUH�JLYHQ�LQ� ��ZKLFK�LQFOXGHV7DEOH����
VHSDUDWH� OLPLWV� IRU� QRQ�YDULDEOH� DQG� LUUHJXODUO\�YDULDEOH� VRXUFHV�� 7KH� JOREDO� OLPLWV� IRU� LUUHJXODUO\
YDULDEOH� VRXUFHV� DUH� D� IDFWRU� ���� PRUH� FRQVHUYDWLYH� WKDQ� IRU� VRXUFHV� ZLWK� SUHGLFWDEOH� IOX[HV�
3UHGLFWDEOH�YDULDEOH�VRXUFHV�DUH�WUHDWHG�DV�QRQ�YDULDEOH�IRU�WKLV�SXUSRVH��([DPSOHV�RI�VRXUFHV�ZKRVH
YDULDELOLW\� LV� SUHGLFWDEOH� DUH� &HSKHLGV� RU� HFOLSVLQJ� ELQDULHV�� ,UUHJXODUO\� YDULDEOH� VRXUFHV� DUH�� IRU
LQVWDQFH��FDWDFO\VPLF�YDULDEOHV�RU�$*1��+HUH�DQG�LQ�JHQHUDO���SL[HO��UHIHUV�WR�WKH�����b �����IRUPDW�b
�ORZ�UHV�SL[HOV��

$EVROXWH�0$0$�&RXQW�5DWH�/LPLWV7DEOH������

7DUJHW /LPLW�7\SH 0RGH &KDQQHO 6FUHHQLQJ�/LPLW

1RQ�YDULDEOH *OREDO $OO�PRGHV�RWKHU�WKDQ�
�VW�RUGHU�VSHFWURVFRS\

)89�	�189 ��������FRXQWV�V

1RQ�YDULDEOH *OREDO �VW�RUGHU�VSHFWURVFRS\ )89�	�189 �������FRXQWV�V

1RQ�YDULDEOH /RFDO ,PDJLQJ )89�	�189 ����FRXQWV�V�SL[

1RQ�YDULDEOH /RFDO 6SHFWURVFRS\ )89�	�189 ���FRXQWV�V�SL[

,UUHJXODUO\�9DULDEOH *OREDO $OO�PRGHV�RWKHU�WKDQ�
�VW�RUGHU�VSHFWURVFRS\

)89�	�189 �������FRXQWV�V�

,UUHJXODUO\�9DULDEOH *OREDO �VW�RUGHU�VSHFWURVFRS\ )89�	�189 �������FRXQWV�V�

,UUHJXODUO\�9DULDEOH /RFDO ,PDJLQJ )89�	�189 ����FRXQWV�V�SL[�

,UUHJXODUO\�9DULDEOH /RFDO 6SHFWURVFRS\ )89�	�189 ���FRXQWV�V�SL[�

��$SSOLHV�WR�WKH�SKDVH�ZKHQ�WKH�WDUJHW�LV�EULJKWHVW�

������+RZ�'R�<RX�'HWHUPLQH�LI�<RX�9LRODWH�D�%ULJKW�2EMHFW�/LPLW"
$V� D� ILUVW� VWHS�� \RX� FDQ� FKHFN� \RXU� VRXUFH� bPDJQLWXGH� DQG� SHDN� IOX[� DJDLQVW� WKH� EULJKW� REMHFW9
VFUHHQLQJ�PDJQLWXGHV�LQ� �RU� �IRU�\RXU�FKRVHQ�REVHUYLQJ�FRQILJXUDWLRQ��,Q�PDQ\7DEOH������ 7DEOH������
FDVHV��\RXU�VRXUFH�SURSHUWLHV�ZLOO�EH�PXFK�IDLQWHU�WKDQ�WKHVH�OLPLWV�

+RZHYHU��LI�\RX�DUH�QHDU�WKHVH�OLPLWV��WKHQ�\RX�QHHG�WR�FDUHIXOO\�FRQVLGHU�ZKHWKHU�\RXU�VRXUFH�ZLOO�EH
REVHUYDEOH�LQ�WKDW�FRQILJXUDWLRQ��1RWH�WKDW�WKH�OLPLWV�LQ�WKHVH�WDEOHV�DVVXPH�]HUR�H[WLQFWLRQ��DQG�IRU
VSHFWURVFRSLF� REVHUYDWLRQV� GR� QRW� LQFOXGH� VOLW� ORVVHV�� 7KXV� \RX� ZLOO� ZDQW� WR� FRUUHFW� WKH� OLPLWV
DSSURSULDWHO\�IRU�\RXU�VRXUFH
V�UHGGHQLQJ�DQG�WKH�DSHUWXUH�WKURXJKSXW�

<RX�FDQ�XVH�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ� �WR�FDOFXODWH�\RXU�SHDN�DQG�JOREDO�FRXQW�UDWHV�RU6HFWLRQ����
�PRUH� FRQYHQLHQWO\�� \RX� FDQ� XVH� WKH� 67,6� WR� FDOFXODWH� WKH� H[SHFWHG� FRXQW� UDWHV� IURP� \RXU�V(7&
VRXUFH��7KH� V�KDYH�D�KRVW�RI�WHPSODWH�VSHFWUD�DYDLODEOH��,I�\RX�KDYH�D�89�VSHFWUXP�RI�WKH�VRXUFH�(7&
\RX�FDQ�DOVR�LQSXW�LW�GLUHFWO\�LQWR�WKH�FDOFXODWRUV��7KH�FDOFXODWRUV�ZLOO�HYDOXDWH�ERWK�WKH�JOREDO�DQG�SHU
SL[HO�FRXQW�UDWHV�DQG�ZLOO�ZDUQ�\RX�LI�WKH�H[SRVXUH�H[FHHGV�WKH�DEVROXWH�EULJKW�REMHFW�OLPLWV�
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<RX�VKRXOG�DOVR�EH�DZDUH�WKDW�WKH�ORFDO�UDWH�PRQLWRU�GRHV�QRW�SHUIRUP�D�PHDVXUHPHQW�RI�WKH�DFWXDO
IOX[�SHU�SL[HO�� ,QVWHDG��WKH�FKHFN�LPDJH�LV�ELQQHG�LQWR��VXSHUSL[HOV���HDFK�RQH�ZLWK�D�VL]H�RI��b ��b
�LPDJLQJ��RU��b ���VSHFWURVFRS\��UHJXODU��ORZ�UHV��SL[HOV��DQG�WKH�UHVXOWLQJ�PHDVXUHG�IOX[�IRU�HDFK�b
VXSHUSL[HO� LV� WUDQVIRUPHG� LQWR� D� SHDN� IOX[� SHU� SL[HO�� DVVXPLQJ� WKDW� D� VLQJOH� LVRODWHG� SRLQW� VRXUFH
FRQWULEXWHV�WR�WKH�IOX[�LQ�WKDW�ELQ��7KHUHIRUH��\RX�VKRXOG�EH�H[WUD�FDUHIXO�ZKHQ�REVHUYLQJ�D�FURZGHG
ILHOG�RU�D�VOLJKWO\�UHVROYHG�VRXUFH�LQ�LPDJLQJ�PRGH��VLQFH�LW�LV�SRVVLEOH�IRU�WKH�H[SRVXUH�WR�EH�DERUWHG
HYHQ�ZKHQ�QR�VLQJOH�VRXUFH�YLRODWHV�WKH�ORFDO�UDWH�OLPLW��H�J���WZR�RU�PRUH�VWDUV�IDOO�LQVLGH�WKH�VDPH
ELQ�RU�D�VRXUFH�ZLWK�D�QRQ�SRLQW�VRXUFH�UDGLDO�SURILOH�LV�SUHVHQW�LQ�WKH�ILHOG���6HH� �IRU67,6�,65��������
PRUH�GHWDLOV�

������3ROLF\�DQG�2EVHUYHUV
�5HVSRQVLELOLWLHV�LQ�3KDVH� �DQG�3KDVH�I II

b

,W� LV� \RXU� UHVSRQVLELOLW\� WR� HQVXUH� WKDW� \RX� KDYH� FKHFNHG� \RXU� SODQQHG� REVHUYDWLRQV� DJDLQVW� WKH
EULJKWQHVV� OLPLWV� SULRU� WR� SURSRVLQJ� IRU� 3KDVHb �� ,I� \RXU� SURSRVDO� LV� DFFHSWHG� DQG� ZH� �RU� \RX�I
VXEVHTXHQWO\�GHWHUPLQH� LQ�3KDVH� � WKDW�D�VRXUFH�YLRODWHV�WKH�DEVROXWH� OLPLWV�� WKHQ�\RX�ZLOO�HLWKHUII
KDYH�WR��D��FKRRVH�D�GLIIHUHQW�FRQILJXUDWLRQ��LI�SRVVLEOH��E��FKDQJH�WKH�WDUJHW��LI�DOORZHG��RU�F��ORVH�WKH
JUDQWHG�REVHUYLQJ� WLPH��:H�HQFRXUDJH�\RX� WR� LQFOXGH�D� MXVWLILFDWLRQ� LQ�\RXU�3KDVH� �SURSRVDO� LI� DI
WDUJHW� LV�ZLWKLQ���PDJQLWXGH�RI� WKH�EULJKW�REMHFW� OLPLWV� IRU�\RXU�REVHUYLQJ�FRQILJXUDWLRQ��)RU�0$0$
WDUJHW�RI�RSSRUWXQLW\�SURSRVDOV��SOHDVH�SURYLGH�DQ�H[SODQDWLRQ�RU�VWUDWHJ\�RI�KRZ�\RX�ZLOO�HQVXUH�WKDW
\RXU�WDUJHW�FDQ�EH�VDIHO\�REVHUYHG�LQ�\RXU�3KDVH� �SURSRVDO��7KH�REVHUYLQJ�VWUDWHJ\�PLJKW� LQFOXGHI
DGGLWLRQDO�REVHUYDWLRQV��REWDLQHG�RYHU�D�WLPH�VFDOH�DSSURSULDWH�WR�WKH�SDUWLFXODU�W\SH�RI�REMHFW��ZLWK
HLWKHU� � RU� JURXQG�EDVHG� WHOHVFRSHV�� 3URSRVHUV� VKRXOG� EH� DZDUH� WKDW� WKLV� W\SH� RI� REVHUYDWLRQ+67
UHTXLUHV�H[WUD�UHVRXUFHV��676F,�UHVHUYHV�WKH�ULJKW�WR�OLPLW�WKH�QXPEHU�RI�YLVLWV�UHTXLULQJ�TXLHVFHQFH
YHULILFDWLRQ�REVHUYDWLRQV�ZLWKLQ���bGD\V�RU�OHVV�RI�DQ� �REVHUYDWLRQ�WR�QR�PRUH�WKDQ���bVXFK�YLVLWV+67
SHU�&\FOH�LQFOXGLQJ�DOO� �LQVWUXPHQWV�+67

)ROORZLQJ�WKHLU�3KDVHb �DSSURYDO��SURSRVHUV�RI�0$0$�REVHUYDWLRQV�DUH�UHTXLUHG�WR�FKHFN�ERWK�WKHLUI
WDUJHWV�DQG� WKH� ILHOGV� VXUURXQGLQJ� WKRVH� WDUJHWV� �DV�GHILQHG�EHORZ�� LQ�GHWDLO� IRU�H[FHVVLYHO\�EULJKW
VRXUFHV��E\�WKH�3KDVH� �GHDGOLQH��7KH�UHOHYDQW�SROLFLHV�DQG�SURFHGXUHV�DUH�GHVFULEHG�KHUH�II

676F,� KDV� GHYHORSHG� EULJKW� REMHFW� WRROV� � �� WR� FRQGXFW� GHWDLOHG� ILHOG� FKHFNLQJ� SULRU� WR� 0$0$%27
SURJUDP�LPSOHPHQWDWLRQ��7KHVH�WRROV�DUH�EDVHG�RQ�DQ�DXWRPDWHG�DQDO\VLV�RI�WKH�ILHOGV�E\�PHDQV�RI
GDWD�IURP�WKH�6HFRQG�*XLGH�6WDU�&DWDORJb�*6&���DQG�GLVSOD\V�RI�WKH�'LJLWDO�6N\�6XUYH\��'66���*6&�
SURYLGHV�WZR�PDJQLWXGHV��SKRWRJUDSKLF� DQG� ���KHQFH�RQH�FRORU��IRU�PRVW�ILHOGV�GRZQ�WR�DERXW���QG�- )
PDJ�� ZKLFK�� FRPELQHG� ZLWK� FRQVHUYDWLYH� VSHFWUDO� W\SH� YV�� FRORU� UHODWLRQVKLSV�� VXSSRUWV
GHWHUPLQDWLRQV� RI� VDIHW\� �RU� RWKHUZLVH�� IRU� LQGLYLGXDO� REMHFWV�� ,Q� WKH� EHVW� FDVHV�� WKHVH� SURFHGXUHV
DOORZ�H[SHGLWLRXV�VDIHW\�FOHDULQJ��EXW�LQ�VRPH�FDVHV�WKH�*6&��LV�LQDGHTXDWH��H�J���GXH�WR�FURZGLQJ�RU
WR� WKH�DEVHQFH�RI�GDWD� IRU� RQH�RI� WKH� ILOWHUV��� ,Q� VXFK� FDVHV�b � VXSSOHPHQWDU\� LQIRUPDWLRQ�PXVW�EH
SURYLGHG�E\�WKH�SURSRVHUV�WR�VXSSRUW�WKH�EULJKW�REMHFW�SURWHFWLRQ��%23��SURFHVV��7KH�WDUJHW�VKRXOG
DOZD\V�EH�FKHFNHG�GLUHFWO\� LQ�WKH� �ZLWK�WKH�PRUH�GHWDLOHG�LQIRUPDWLRQ�JHQHUDOO\�DYDLODEOH�IRU� LW�(7&
UDWKHU�WKDQ�UHO\LQJ�RQ�LWV� �ILHOG�UHSRUW�GDWD�%27

,W� LV� WKH�REVHUYHUV
� UHVSRQVLELOLW\� WR�HQVXUH�WKDW� WKHLU�REVHUYDWLRQV�GR�QRW�H[FHHG�WKH�EULJKW
REMHFW�FRXQW�OLPLWV�VWDWHG�LQ� �7DEOH����
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6XEVHTXHQWO\��DXWRPDWHG� �VFUHHQLQJ�ZDV�DGGHG�DV�D�VHOHFWDEOH�RSWLRQ�LQ�WKH� ��7KH�$,6��DOO�*$/(; %27
VN\��VRXUFHV�DUH�VFUHHQHG�DV�XQUHGGHQHG�2��VWDUV�DQG�UHSRUWHG�DV�HLWKHU�VDIH�RU�XQVDIH��7KLV� LV�D
SRZHUIXO�WRRO��EHFDXVH�LW�LV�EDVHG�GLUHFWO\�RQ�89�IOX[HV��H�J���SUHYLRXVO\�XQNQRZQ�KRW�FRPSDQLRQV�WR
ODWH�W\SH�VWDUV�ZLOO�EH�UHYHDOHG��7KH�WDUJHW�VKRXOG�VWLOO�EH�FKHFNHG�ZLWK�WKH� ��EXW�LI�WKH�ILHOG�SDVVHV(7&
LW� FDQ� EH� FOHDUHG�� VXEMHFW� WR� YHULILFDWLRQ� ZLWK� WKH� � LPDJH� RU� FDWDORJb GLVSOD\� WKDW� WKHUH� LV*$/(;
FRPSOHWH� FRYHUDJH�RI� WKH�PDFUR�DSHUWXUH� ILHOG��8QVDIH�REMHFWV� UHTXLUH� IXUWKHU� LQYHVWLJDWLRQ�b � 7KH�

�IOX[HV�DUH�XSSHU�OLPLWV�LQ�FURZGHG�UHJLRQV�EHFDXVH�RI�WKH�UHODWLYHO\�ORZ�VSDWLDO�UHVROXWLRQ��DQG*$/(;
WKH� VRXUFH�PD\� FOHDU� ZLWK�PRUH� VSHFLILF� SDUDPHWHU� LQIRUPDWLRQ�� 3OHDVH� QRWH� WKDW� WKH� IOX[HV� DQG
PDJQLWXGHV�JLYHQ�LQ�WKH�FXUUHQW�YHUVLRQ�RI�WKH� �FDWDORJ�GR�QRW�LQFOXGH�DQ\�FRUUHFWLRQ�IRU�WKH*$/(;
ORFDO� FRXQW� UDWH� QRQ�OLQHDULW\� WKDW� DIIHFWV� KLJK� FRXQW� UDWH� VRXUFHV�� 7KLV� FDQ� OHDG� WR� VHULRXV
XQGHUHVWLPDWHV�RI�WKH�IOX[�IRU�WKH�EULJKWHVW�VWDUV�LQ�WKH� �FDWDORJ��$Q�HVWLPDWH�RI�WKH�SRVVLEOH*$/(;
VL]H� RI� WKLV� HIIHFW� LV� GHWDLOHG� LQ� VHFWLRQb ���� RI� ��b 7KH�0RUULVVH\� HWb DO�� ����� �$S-6�� ����� ��� *$/(;
VFUHHQLQJ�GRQH�E\�WKH� �QRZ�LQFOXGHV�WKLV�HVWLPDWHG�FRUUHFWLRQ��7KLV�ZLOO�VRPHWLPHV�UHVXOW�LQ�WKH�%27

�UHSRUWLQJ� �PDJQLWXGHV�WKDW�DUH�EULJKWHU�WKDQ�WKRVH�JLYHQ�LQ�WKH� �FDWDORJ�LWVHOI�%27 *$/(; *$/(;

:KLOH� 676F,�ZLOO� FKHFN�DOO� WDUJHWV� DQG� ILHOGV�EHIRUH� DQ\�0$0$�REVHUYDWLRQV� DUH� FOHDUHG�� E\�SROLF\
REVHUYHUV�PXVW�SURYLGH�VFUHHQHG��VDIH�WDUJHWV� IRU�0$0$�SURJUDPV��DV�ZHOO�DV�VXSSOHPHQWDU\�GDWD
�DV�QHHGHG��WR�YHULI\�WDUJHW�DQG�ILHOG�VDIHW\��7KHb ��LQFOXGLQJ�DQ� �LQWHUIDFH��PDNHV�WKH$37�%27 $ODGLQ
%23�SURFHGXUHV�DFFHVVLEOH�IRU�*2�XVH��([WHQVLYH�KHOS�ILOHV�DQG�WUDLQLQJ�PRYLHV�DUH�DYDLODEOH��:KLOH
WKH� SURFHGXUHV� PD\� DSSHDU� FRPSOH[� DW� ILUVW�� WKHLU� FRQYHQLHQFH� DQG� VWUDLJKWIRUZDUG� DSSOLFDWLRQ
UDSLGO\�EHFRPH�DSSDUHQW��$OO�0$0$�SURSRVHUV�PXVW�FRQGXFW�%23�UHYLHZV�RI�WKHLU�WDUJHWV�DQG�ILHOGV�LQ
FRQMXQFWLRQ�ZLWK�WKHLU�3KDVH� �SUHSDUDWLRQV��%\�GRLQJ�VR��WKH\�ZLOO�PRUH�TXLFNO\�EHFRPH�DZDUH�RIII
DQ\� SUREOHPV�� VXFK� DV� WKH� QHHG� IRU� VXSSOHPHQWDU\� GDWD�� ZKLFK� PLJKW� RWKHUZLVH� HQWDLO� OHQJWK\
LPSOHPHQWDWLRQ�GHOD\V� IROORZLQJ�WKH�3KDVH� �GHDGOLQH�� �2QH�H[FHSWLRQ� LV� IRU�PRYLQJ�WDUJHW� ILHOGV�II
ZKLFK�PXVW�EH� FOHDUHG�DIWHU� WKH� VFKHGXOLQJ�ZLQGRZV�KDYH�EHHQ�HVWDEOLVKHG��� 7R�DVVLVW�ZLWK� WKHVH
SURFHGXUHV��D�&RQWDFW�6FLHQWLVW� �&6��ZKR� LV�D�0$0$�%23�VSHFLDOLVW�ZLOO�EH�DVVLJQHG� WR�HDFK�0$0$
SURJUDP�b �7KH�&6�ZLOO� LQWHUDFW�ZLWK� WKH�*2�DV�QHFHVVDU\�DQG�UHTXHVWHG��ERWK�GXULQJ� WKH�3KDVH�II
SUHSDUDWLRQV�DQG�WKURXJK�SURJUDP�H[HFXWLRQ��DQG�ZLOO�SHUIRUP�LQGHSHQGHQW�FKHFNV�RQ�WKH�VDIHW\�RI
WKH�REVHUYDWLRQV�

)RU�D�VLQJOH�GHIDXOW�0$0$�SRLQWLQJ�ZLWK�XQFRQVWUDLQHG�RULHQWDWLRQ��D�FLUFXODU�ILHOG�LQFOXGLQJ�D�EXIIHU
DURXQG�WKH�URWDWHG�DSHUWXUH�PXVW�EH�FOHDUHG��7KH� �DXWRPDWLFDOO\�UHSRUWV�RQ�DOO�*6&��VWDUV�RU�$37�%27

� VRXUFHV� ZLWKLQ� WKDW� ILHOG�� ,I� DQ\� GLVSODFHPHQWV� IURP� WKH� GHIDXOW� SRLQWLQJ� �H�J��� V�*$/(; POSTARG
SDWWHUQV�� RU� PRVDLFV�� DUH� VSHFLILHG�� WKH� ILHOG� WR� EH� FOHDUHG� LQFUHDVHV� FRPPHQVXUDWHO\�� POSTARG
YHFWRUV�DQG� WKH�HQODUJHG�� URWDWHG� ILHOG�FLUFOHV�DUH�FRQYHQLHQWO\�GLVSOD\HG� LQ� ��1R�XQVDIH$37�$ODGLQ
VWDU� RU� VWDU� ZLWK� XQNQRZQ� SURSHUWLHV� PD\� OLH� ZLWKLQ� �� DUFVHFRQGV� RI� WKH� GHWHFWRU� HGJH� DW� DQ\
RULHQWDWLRQ� �RU� ����� DUFVHFRQGV� IRU� YHU\� EULJKW� VRXUFHV�� VHH� EHORZ��b � V� DQG�RU� RULHQWDWLRQPOSTARG
UHVWULFWLRQV�PD\�EH�LQWURGXFHG�WR�DYRLG�EULJKW�REMHFWV�LQ�WKH�ILHOGV��KRZHYHU�
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$�*2�SURSRVLQJ�0$0$�REVHUYDWLRQV�PXVW�VHQG�WR�WKH�GHVLJQDWHG�&6��E\�WKH�3KDVH� �GHDGOLQH��WKH�II
�FDOFXODWLRQV�IRU�HDFK�GLVFUHWH�WDUJHW��DV�ZHOO�DV�UHSRUWV�RQ�DQ\�XQVDIH�RU�XQNQRZQ�VWDUV�IURP�(7& $37
� IRU� HDFK� ILHOG�� HLWKHU� VKRZLQJ� WKDW� WKH� REVHUYDWLRQV� DUH� LQ� IDFW� VDIH� RU� GRFXPHQWLQJ� DQ\�%27

XQUHVROYHG� LVVXHV�� ,Q� WKH� ODWWHU� FDVH�� LQFOXGLQJ� LQDGHTXDF\� RI� �*6&�� � WR� FOHDU� WKH%27 *$/(;
REVHUYDWLRQV��RWKHU�SKRWRPHWULF�RU�VSHFWURVFRSLF�GDWD�VRXUFHV�PXVW�EH�VRXJKW�E\�WKH�*2�WR�FOHDU�WKH
ILHOGV��$OWKRXJK�DXWRPDWLF�%23�FDOFXODWLRQV�DUH�FXUUHQWO\�DYDLODEOH�RQO\�IRU�*6&��DQG� ��PDQ\*$/(;
DGGLWLRQDO�GDWD�VRXUFHV�DUH�DYDLODEOH�GLUHFWO\� WKURXJK� WKH� � LQWHUIDFH�� LQFOXGLQJ� WKH�676F,$37�$ODGLQ
0LNXOVNL� $UFKLYH� �0$67��� ZKLFK� FRQWDLQV� GDWD� IURP� � DV� ZHOO� DV� IURP� �� $Q� H[LVWLQJ� 89,8( +67
VSHFWURJUDP�RI�WKH�WDUJHW��RU�RI�D�VLPLODU�REMHFW��PD\�EH�LPSRUWHG�GLUHFWO\�LQWR�WKH� �b� �VSHFWUDO(7& ,8(
GDWD�XVHG�IRU�%23�FDOFXODWLRQV�PXVW�EH�ORZ�UHVROXWLRQ��WDNHQ�WKURXJK�WKH�ODUJH� �DSHUWXUH��,I�PRGHO,8(
VSHFWUD� DUH�XVHG� LQ� WKH� �� WKH� ��ZKLFK�ZHUH�XVHG� WR� GHILQH�EULJKW� REMHFW(7& RULJLQDO� .XUXF]�PRGHOV
OLPLWDWLRQV�bVKRXOG�EH�XVHG�IRU�HDUO\�W\SH�VWDUV��UDWKHU�WKDQ�WKH�PRUH�UHFHQW� �&DVWHOOL�	�.XUXF]�PRGHOV
)RU� VWDUV� ODWHU� WKDQ� WKH� 6XQ�� QRQH� RI� WKH� SURYLGHG� PRGHOV� LV� DGHTXDWH�� VLQFH� WKH\� ODFN� WKH
FKURPRVSKHULF� HPLVVLRQ� OLQHV� WKDW� GRPLQDWH� WKH� DFWXDO� )89� IOX[�b � ,Q� VXFK� FDVHV�� DFWXDO� 89� GDWD�
HLWKHU� IRU� WKH� WDUJHW� RU� IRU� D� YHU\� VLPLODU� REMHFW�� PXVW� EH� XVHG�� ,Q� WKH� ZRUVW� FDVHV�� QHZ� +67
REVHUYDWLRQV� LQ� VDIH� FRQILJXUDWLRQV� RU� JURXQG� EDVHG� GDWD�PD\� EH� UHTXLUHG� WR� FOHDU� WKH� ILHOGV� IRU
%23�b�,Q�JHQHUDO��DQ\�VXFK�VXSSRUWLQJ� �REVHUYDWLRQV�PXVW�EH�REWDLQHG�ZLWKLQ�WKH�H[LVWLQJ�3KDVH�+67 I
WLPH�DOORFDWLRQ�

,I� D�JLYHQ� VWDU�KDV�RQO\�D� bPDJQLWXGH�� LW�PXVW�EH� WUHDWHG�DV�DQ�XQUHGGHQHG�2�b VWDU�� �7KH�ROGHU9
.XUXF]� 2�b PRGHO� ZLWK� KLJKHU� � LQ� WKH� � VKRXOG� EH� XVHG� IRU� %23� SXUSRVHV��� ,I� RQH� FRORU� LV7HII (7&
DYDLODEOH��LW�PD\�EH�SURFHVVHG�DV�D�UHGGHQHG�2���ZKLFK�ZLOO�DOZD\V�KDYH�D�JUHDWHU�89�IOX[�WKDQ�DQ
XQUHGGHQHG�VWDU�RI� WKH� VDPH�FRORU��� ,I� WZR�FRORUV�DUH�DYDLODEOH�� WKHQ� WKH�DFWXDO� VSHFWUDO� W\SH�DQG
UHGGHQLQJ� FDQ� EH� HVWLPDWHG� VHSDUDWHO\�� 7KH� � QRZ� DXWRPDWLFDOO\� FOHDUV� VWDUV� ZLWK� RQO\� D$37�%27
VLQJOH� *6&�� PDJQLWXGH�� LI� WKH\� DUH� VDIH� ZKHQ� DVVXPHG� WR� EH� XQUHGGHQHG� 2�� VWDUV�� $Q\� RWKHU
�XQNQRZQV��PXVW�EH�FOHDUHG�H[SOLFLWO\�b�6HH�DOVR�WKH�VSHFLDO�FRQVLGHUDWLRQV�IRU�0�GZDUIV��EHORZ��

,W�LV�QRW�H[SHFWHG�WKDW�DOO�VXFK�LVVXHV�ZLOO�EH�UHVROYHG�E\�WKH�3KDVHb �GHDGOLQH��EXW�WKH\�VKRXOG�DWII
OHDVW�EH�LGHQWLILHG�DQG�KDYH�SODQQHG�UHVROXWLRQV�E\�WKHQ��$QRWKHU�SRVVLEOH�UHVROXWLRQ�LV�D�FKDQJH�WR�D
OHVV� VHQVLWLYH� 0$0$� RU� WR� D� &&'� FRQILJXUDWLRQ�� $Q\� 0$0$� WDUJHWV� RU� ILHOGV� WKDW� FDQQRW� EH
GHPRQVWUDWHG� WR�EH�VDIH� WR�D� UHDVRQDEOH� OHYHO�RI�FHUWDLQW\� LQ� WKH� MXGJHPHQW�RI� WKH�&6�ZLOO�QRW�EH
REVHUYHG�� ,W� LV� SRVVLEOH� WKDW� HTXLYDOHQW� DOWHUQDWLYH� WDUJHWV�PD\�EH� DSSURYHG�XSRQ� UHTXHVW� LQ� WKDW
FDVH��EXW�DQ\�REVHUYDWLRQV�WKDW�WULJJHU�WKH�RQERDUG�VDIHW\�PHFKDQLVPV�ZLOO�QRW�EH�UHSODFHG�

$� UHODWHG� LVVXH� LV�0$0$�SRLQWLQJ� RU� FRQILJXUDWLRQ� FKDQJHV� DIWHU� WKH� WDUJHWV� DQG� ILHOGV� KDYH�EHHQ
FOHDUHG�E\�WKH�676F,�%23�UHYLHZ��$Q\�VXFK�FKDQJHV�PXVW�EH�DSSURYHG�E\�WKH�67,6�7HDP�RQ�WKH�EDVLV
RI�D�VSHFLILF�VFLHQWLILF�MXVWLILFDWLRQ�DQG�D�QHZ�%23�UHYLHZ�E\�WKH�*2��ZKLFK�PD\�EH�VXEPLWWHG�YLD�WKH
&6� LI�DEVROXWHO\�QHFHVVDU\��+RZHYHU�� LQ�JHQHUDO�VXFK� UHTXHVWV�VKRXOG�EH�DYRLGHG�E\�HQVXULQJ� WKDW
VXEPLWWHG�0$0$�VSHFLILFDWLRQV�DUH�ILQDO��WR�SUHYHQW�D�QHHG�IRU�PXOWLSOH�%23�UHYLHZV�

*2V�SODQQLQJ�0$0$�REVHUYDWLRQV�RI� XQSUHGLFWDEO\� YDULDEOH� WDUJHWV�� VXFK�DV� FDWDFO\VPLF�YDULDEOHV�
DUH�UHPLQGHG�RI�WKH�VSHFLDO�%23�SURFHGXUHV�LQ�HIIHFW�IRU�WKHP��ZKLFK�DUH�GHWDLOHG�LQ�$&6�,65��������
�� 2EVHUYHUV� VKRXOG� FRQWDFW� WKH� � IRU� PRUH� LQIRUPDWLRQ� DERXW� LPSOHPHQWLQJ� WKHVH� +HOS� 'HVN+67
SURFHGXUHV�
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6SHFLDO�&RQVLGHUDWLRQV�IRU�0�'ZDUIV

%HFDXVH� 0� GZDUIV� FDQ� H[KLELW� VWURQJb DQG� XQSUHGLFWDEOHb IODULQJ�� VSHFLDO� SURFHGXUHV� KDYH� EHHQ
GHYHORSHG� � �� WR� FKHFN� DQ\� NQRZQ� RU� SRWHQWLDO� VXFK� REMHFWV�ZLWKLQ� WKH� FOHDUDQFH67,6� ,65� �������
UHJLRQV�b�)RU�SURJUDPV�WDUJHWLQJ�NQRZQ�0�GZDUIV��WKH�&6�ZLOO�SURYLGH�D�VSUHDGVKHHW�EDVHG�RQ�WKRVH
SURFHGXUHV�IRU�WKH�*2�WR�XVH�WR�DVVHVV�WKH�VDIHW\�RI�WKH�SURSRVHG�REVHUYDWLRQV�b�6RPHZKDW�FUXGHU
DVVHVVPHQWV��EDVHG�RQ�DYDLODEOH�SKRWRPHWU\��PD\�EH�XVHG�WR��FRQVHUYDWLYHO\��HYDOXDWH�DQ\�SRVVLEOH
DGGLWLRQDO� 0� GZDUIV� LQ� WKH� FOHDUDQFH� UHJLRQV� DURXQG� WKH� GHVLJQDWHG� WDUJHWV�� LI� WKH� LQIRUPDWLRQ
UHTXLUHG�IRU�WKH�IXOO�VSUHDGVKHHW�DQDO\VLV�LV�QRW�DYDLODEOH�

,Q�VRPH�FDVHV�� WKH��0$66� -+.�PDJQLWXGHV�PD\�EH�WKH�RQO\�SKRWRPHWU\�DYDLODEOH� IRU�DQ�RWKHUZLVH
�XQNQRZQ�� VWDU�� ,W� LV� SRVVLEOH� WR� HVWLPDWHb � DQG� � IURP� WKRVH� GDWD� RQ� WKH� DVVXPSWLRQ� RI� D9 �( %ಝ �9
UHGGHQHG�2�bVWDU��DQG�WKXV�GHWHUPLQH�LWV�FRXQW�UDWHV�LQ�WKH� ��(7& )�b0DUWLQVb	�%�b3OH]��$	$����������

��GHULYH� b b �����IRU�DOO�2bVWDUV��DQG� b b ������ b b �����IRU�HDUO\�2bW\SHV������ �-ಝ �+ � ಝ �9ಝ �- � ಝ �9ಝ �+ � ಝ
�7KH� b EDQG� VKRXOG� EH� DYRLGHG� IRU� %23� EHFDXVH� RI� YDULRXV� LQVWUXPHQWDO� DQG� DVWURSK\VLFDO.
FRPSOLFDWLRQV��b ��$SSHQGL[b%��JLYH� UHODWLRQVKLSV0�b6��%HVVHOO�	� -�b0��%UHWW��3$63������������ ������
EHWZHHQ�WKH�1,5�UHGGHQLQJV�DQG� ��7KHVH�GDWD�GHWHUPLQH�WKH�QHFHVVDU\�SDUDPHWHUV��1RWH�WKDW�( %ಝ �9
WKH� �DOVR�VXSSRUWV�GLUHFW�HQWU\�RI�REVHUYHG�PDJQLWXGHV�DORQJ�ZLWK�DQ\�VSHFLILHG�YDOXH�IRU�(7& �( %ಝ �9
�b �0DJQLWXGHV�� FRORUV�� DQG�SDUDOOD[HV� IURP�*DLD�� WRJHWKHU�ZLWK� WKH� LQWULQVLF� YDOXHV� WDEXODWHG�E\�(�
0DPDMHN� ��PD\�DOVR�EH�RI�XVH��SDUWLFXODUO\� IRU� ODWHU�W\SH�VWDUV� �WKRXJK�WKHVH�DUH�QRW�FXUUHQWO\KHUH
VXSSRUWHG�LQ�WKH� ��(7&

3RLQWLQJV�&ORVH�7R�2EMHFWV�9LRODWLQJ�6DIHW\�/LPLWV

3RLQWLQJV� FORVH� WR� REMHFWV� YLRODWLQJ� VDIHW\� OLPLWV�PXVW� EH� VFUHHQHG� VLQFH� �L�� WKH� SRVVLELOLW\� RI� +67
SRLQWLQJ� HUURUV� H[LVWV�� DQG� �LL�� WKH� OLJKW� RI� D� EULJKW� SRLQW� VRXUFH�PD\�SRVH� D� VDIHW\� WKUHDW� HYHQ� LI
REVHUYHG�DW�D�GLVWDQFH�RI�VHYHUDO�DUFVHFRQGV�

$Q\� ILHOG� REMHFW�ZLWKLQ� �� DUFVHFRQGV� RI� WKH� HGJH� RI� DQ� DSHUWXUH� XVHG� IRU� D�0$0$� REVHUYDWLRQ� LV
VXEMHFW�WR�WKH�VDPH�EULJKW�REMHFW� OLPLWV�DV�WDUJHWV�WKDW�DUH�LQ�WKH�DSHUWXUH��7DUJHWV�RU�ILHOG�REMHFWV
IDOOLQJ�LQ�DQ�DQQXODU�UHJLRQ�H[WHQGLQJ�IURP��bWR������DUFVHFRQGV�IURP�WKH�HGJH�RI�WKH�DSHUWXUH�DUH
DOVR� VXEMHFW� WR� VRPH� UHVWULFWLRQV�� $Q\� REMHFW� LQ� WKLV� ]RQH� SURGXFLQJ� HLWKHU� D� JOREDO� FRXQW� UDWH� LQ
H[FHVV�RI����b[b FRXQWV�V�RU�D�ORFDO�FRXQW�UDWH�JUHDWHU�WKDQ�����FRXQWV�V�SL[�LV�QRW�SHUPLWWHG��6HH��� ��

�IRU�D�GLVFXVVLRQ�RI�WKH�FXUUHQW�VFUHHQLQJ�SURFHGXUHV�67,6�,65��������

������ 3ROLF\� RQ� 2EVHUYDWLRQV� WKDW� )DLO� %HFDXVH� 7KH\� ([FHHG� %ULJKW
2EMHFW�/LPLWV
,I�\RXU�VRXUFH�SDVVHV�VFUHHQLQJ��EXW�FDXVHV�WKH�DXWRPDWLF�IOLJKW�FKHFNLQJ�WR�VKXWWHU�\RXU�H[SRVXUHV
RU�VKXW�GRZQ�WKH�GHWHFWRU�YROWDJH�FDXVLQJ�WKH�ORVV�RI�\RXU�REVHUYLQJ�WLPH��WKHQ�WKDW�ORVW�WLPH�ZLOO�QRW

��LW�LV�WKH�REVHUYHU
V�UHVSRQVLELOLW\�WR�HQVXUH�WKDW�REVHUYDWLRQV�GR�QRW�H[FHHG�WKHEH�UHWXUQHG�WR�\RX
EULJKW�REMHFW�OLPLWV�
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������ :KDW� 7R� 'R� ,I� <RXU� 6RXUFH� LV� 7RR� %ULJKW� IRU� <RXU� &KRVHQ
&RQILJXUDWLRQ"
,I�\RXU�VRXUFH�LV�WRR�EULJKW�IRU�RQH�FRQILJXUDWLRQ��LW�PD\�EH�REVHUYDEOH�LQ�DQRWKHU�FRQILJXUDWLRQ�H�J��
LQ�D�KLJKHU�GLVSHUVLRQ�FRQILJXUDWLRQ��7KH�RSWLRQV�RSHQ�WR�\RX�LI�\RXU�VRXUFH�FRXQW�UDWH�LV�WRR�KLJK�LQ�D
JLYHQ�FRQILJXUDWLRQ�LQFOXGH�

6HOHFW� D� QDUURZHU� VOLW� WKDW� SDVVHV� RQO\� D� IUDFWLRQ� RI� WKH� VRXUFH� IOX[�� IRU� VSHFWURVFRSLF
REVHUYDWLRQV�
6HOHFW�D�KLJKHU�GLVSHUVLRQ�JUDWLQJ�
)RU�189� ORZ�UHVROXWLRQ�DQG�PHGLXP�UHVROXWLRQ� VSHFWURVFRS\�� FRQVLGHU�XVLQJ� WKH�&&'�G230LB
DQG� �PRGHV��VHH� ��G230MB 6HFWLRQ������
(PSOR\�D�QHXWUDO�GHQVLW\�ILOWHU�
&KDQJH� FRQILJXUDWLRQV� WR� REVHUYH� D� GLIIHUHQW� SRUWLRQ� RI� WKH� VSHFWUXP� RI� \RXU� WDUJHW� �H�J��
FKDQJH�WKH�FHQWUDO�ZDYHOHQJWK��

,W�PD\�EH�SRVVLEOH�WR�DYRLG�EULJKW�ILHOG�REMHFWV�E\�VSHFLI\LQJ� �UHVWULFWLRQV�WR�WKH�YLVLW�DQG�RU�ORIENT POS
V�IRU�WKH�H[SRVXUHV��TARG

)RU�IXUWKHU�DGYLFH��VHH� �6HFWLRQ�����

������%ULJKW�2EMHFW�3URWHFWLRQ�IRU�6RODU�6\VWHP�2EVHUYDWLRQV
2EVHUYDWLRQV� RI� SODQHWV� ZLWK� 67,6� UHTXLUH� SDUWLFXODUO\� FDUHIXO� SODQQLQJ� GXH� WR� WKH� YHU\� VWULQJHQW
RYHUOLJKW�OLPLWV�RI�WKH�0$0$V��,Q�SULQFLSOH�� �DQG� �FDQ�EH�XVHG�WR�GHWHUPLQH�LI�D7DEOH������ 7DEOH������
SDUWLFXODU�REVHUYDWLRQ�RI�D�VRODU�V\VWHP�WDUJHW�H[FHHGV�WKH�VDIHW\�OLPLW��,Q�SUDFWLFH��WKH�VLPSOHVW�DQG
PRVW�VWUDLJKWIRUZDUG�PHWKRG�RI�FKHFNLQJ�WKH�EULJKW�REMHFW�OLPLWV�IRU�D�SDUWLFXODU�REVHUYDWLRQ�LV�WR�XVH
WKH�67,6� ��:LWK�D�XVHU�VXSSOLHG� LQSXW�VSHFWUXP��RU�ZLWK�DVVXPSWLRQV�DERXW� WKH�VSHFWUDO�HQHUJ\(7&
GLVWULEXWLRQ�RI�WKH�WDUJHW��WKH� �ZLOO�GHWHUPLQH�ZKHWKHU�D�VSHFLILHG�REVHUYDWLRQ�YLRODWHV�DQ\�EULJKW(7&
REMHFW�OLPLWV�

*HQHUDOO\�VSHDNLQJ��IRU�VPDOO���a����bDUFVHFRQG��VRODU�V\VWHP�REMHFWV�WKH�ORFDO�FRXQW�UDWH�OLPLW�LV
WKH�PRUH�UHVWULFWLYH�FRQVWUDLQW��ZKLOH�IRU� ODUJH�REMHFWV��!a��bDUFVHFRQGV��WKH�JOREDO� OLPLW� LV�PXFK
PRUH�UHVWULFWLYH�

$V�D�ILUVW�DSSUR[LPDWLRQ��VPDOO�VRODU�V\VWHP�WDUJHWV�FDQ�EH�UHJDUGHG�DV�SRLQW�VRXUFHV�ZLWK�D�VRODU��*�
9��VSHFWUXP��DQG�LI�WKH� bPDJQLWXGH�LV�NQRZQ�� �DQG� �FDQ�EH�XVHG�WR�HVWLPDWH9 7DEOH������ 7DEOH������
ZKHWKHU� DQ� REVHUYDWLRQ� ZLWK� D� SDUWLFXODU� 67,6� JUDWLQJ� RU� ILOWHU� LV� QHDU� WKH� EULJKW� REMHFW� OLPLWV�� 9
PDJQLWXGHV�IRU�WKH�PRVW�FRPPRQ�VRODU�V\VWHP�WDUJHWV��DOO�SODQHWV�DQG�VDWHOOLWHV��DQG�WKH�SULQFLSDO
PLQRU� SODQHWV�� FDQ� EH� IRXQG� LQ� WKH� �� 7KLV� DSSUR[LPDWLRQ� VKRXOG� SURYLGH� D$VWURQRPLFDO� $OPDQDF
FRQVHUYDWLYH�HVWLPDWH��SDUWLFXODUO\�IRU�WKH�ORFDO�OLPLW��EHFDXVH�LW�LV�HTXLYDOHQW�WR�DVVXPLQJ�WKDW�DOO�WKH
IOX[�IURP�WKH�WDUJHW�IDOOV�RQ�D�VLQJOH�SL[HO��ZKLFK�LV�DQ�RYHUHVWLPDWH��DQG�EHFDXVH�WKH�DOEHGRV�RI�VRODU
V\VWHP�REMHFWV�DUH�DOPRVW�DOZD\V�����PHDQLQJ�WKDW�WKH�IOX[�RI�WKH�REMHFW�ZLOO�EH�OHVV�WKDQ�WKDW�RI�WKH
DVVXPHG�VRODU�VSHFWUXP�DW�89�ZDYHOHQJWKV�ZKHUH�WKH�EULJKW�REMHFW�OLPLWV�DSSO\���$�YHU\�FRQVHUYDWLYH
HVWLPDWH�RI�WKH�JOREDO�FRXQW�UDWH�FDQ�EH�REWDLQHG�E\�HVWLPDWLQJ�WKH�SHDN��ORFDO��FRXQW�UDWH�DVVXPLQJ
DOO�WKH�IOX[�IDOOV�RQ�RQH�SL[HO��DQG�WKHQ�PXOWLSO\LQJ�E\�WKH�QXPEHU�RI�SL[HOV�VXEWHQGHG�E\�WKH�WDUJHW��,I
WKHVH�VLPSOH�HVWLPDWHV�SURGXFH�QXPEHUV�QHDU�WKH�EULJKW�REMHFW�OLPLWV��PRUH�VRSKLVWLFDWHG�HVWLPDWHV
PD\�EH� UHTXLUHG� WR� SURYLGH� DVVXUDQFH� WKDW� WKH� REMHFW� LV� QRW� WRR� EULJKW� WR� REVHUYH� LQ� D� SDUWLFXODU
FRQILJXUDWLRQ�
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)RU� ODUJH� VRODU� V\VWHP� WDUJHWV�� FKHFNLQJ� RI� WKH� EULJKW� REMHFW� OLPLWV� LV�PRVW� FRQYHQLHQWO\� GRQH� E\
FRQYHUWLQJ�WKH� LQWHJUDWHG� bPDJQLWXGH�� ��ZKLFK�FDQ�EH�IRXQG� LQ�WKH� �� WR�9 9R $VWURQRPLFDO�$OPDQDF 9

bPDJQLWXGH�DUFVHF �DV�IROORZV��

9�DUFVHF � � ������ORJ��� ���� 9R DUHD

ZKHUH� � LV� WKH� DUHD� RI� WKH� WDUJHW� LQ� DUFVHF �� 7KLV� �DUFVHF � DQG� WKH�GLDPHWHU� RI� WKH� WDUJHW� LQDUHD � 9 �

DUFVHF�FDQ�WKHQ�EH� LQSXW� LQWR� WKH� � �XVH�WKH�6RODU�6SHFWUXP�WHPSODWH� LQ� WKH� �6WDQGDUG�6WDU(7& +67
PHQX�IRU�WKH�VSHFWUDO�HQHUJ\�GLVWULEXWLRQ��WR�WHVW�ZKHWKHU�WKH�EULJKW�REMHFW�OLPLWV�FDQ�EH�VDWLVILHG�

$OWHUQDWLYHO\��DQ�REVHUYHG�VSHFWUXP�REWDLQHG�ZLWK�D�NQRZQ�VOLW�VL]H�FDQ�EH�XVHG�DV�LQSXW�WR�WKH� �(7&
0RVW� FDOLEUDWLRQ� WHFKQLTXHV� SURGXFH� XQLWV� RI� IOX[� �H�J��� HUJV�V�FP ����� HYHQ� IRU� H[WHQGHG� WDUJHWV��

6XFK� D� FDOLEUDWLRQ� LPSOLFLWO\� DVVXPHV� D� IOX[� SHU� VROLG� DQJOH� �L�H��� WKH� DQJOH� VXEWHQGHG� E\� WKH
REVHUYLQJ� VOLW� RU� REMHFW�� ZKLFKHYHU� LV� VPDOOHU��� DQG� LW� LV� PRUH� DSSURSULDWH� WR� FRQYHUW� WR� XQLWV� RI
VXUIDFH�EULJKWQHVV��HUJV�V�FP ���DUFVHF ��E\�GLYLGLQJ�WKH�FDOLEUDWHG�IOX[�E\�WKH�DSSURSULDWH�DUHD��VOLW� �

VL]H� RU� REMHFW� VL]H�� ZKLFKHYHU� LV� ��� ,I� VXFK� D� VSHFWUXP� LV� DYDLODEOH�� LW� FDQ� EH� LPPHGLDWHO\VPDOOHU
H[DPLQHG�DQG�FRPSDUHG�ZLWK�WKH�ORFDO�OLPLW�LQ�XQLWV�RI�VXUIDFH�EULJKWQHVV�JLYHQ�LQ� �DQG�7DEOH������

��RU�SDVVHG� WR� WKH� �DV�D�XVHU�VXSSOLHG�VSHFWUXP�� ,W�FDQ�DOVR�EH�HDVLO\�FRQYHUWHG� WR7DEOH������ (7&
FRXQWV�V�SL[�E\�XVLQJ�WKH�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�IRU�WKH�DSSURSULDWH�JUDWLQJ�RU�ILOWHU�SURYLGHG�LQ
WKLV� ��1RWH�WKDW�WKH�VHQVLWLYLWLHV�LQ�WKLV� �DVVXPH�D�VSHFLILF�VOLW� ��VR�WKH\�QHHG+DQGERRN +DQGERRN ZLGWK
WR�EH�VFDOHG�E\�WKH�GHVLUHG�VOLW�ZLGWK��7KH� SURYLGHV�DQRWKHU�FKHFN�RI�WKH�ORFDO�OLPLW��LI�WKH�SHDN(7&�
FRXQW�UDWH�SHU�SL[HO�H[FHHGV�WKH�ORFDO�OLPLW�RI�����IRU�VSHFWURVFRSLF�REVHUYDWLRQV��RU������IRU�LPDJLQJ
REVHUYDWLRQV�� FRXQWV�V�SL[�� VXFK� DQ� REVHUYDWLRQ� ZRXOG� QRW� EH� DOORZHG�� 7KH� JOREDO� OLPLW� FDQ� EH
FKHFNHG�E\�VXPPLQJ�WKH�FRXQW�UDWH�SHU�SL[HO�RYHU�ZDYHOHQJWK��DQG�PXOWLSO\LQJ�E\�WKH�GHVLUHG�VOLW
OHQJWK� �LQ� DUFVHFRQGV�� GLYLGHG� E\� WKH� SL[HO� VL]H� �������� DUFVHFRQG�� WR� SURGXFH� WRWDO� FRXQWV� SHU
VHFRQG�IRU�WKH�REVHUYDWLRQ��,I�WKLV�QXPEHU�LV�ODUJHU�WKDQ�WKH�DSSURSULDWH�JOREDO�OLPLW��WKH�REVHUYDWLRQ
VKRXOG�QRW�EH�SHUIRUPHG�EHFDXVH�LW�ZLOO�FDXVH�WKH�LQVWUXPHQW�WR�HQWHU�VDIH�PRGH��)RU�VXFK�FDVHV��D
VPDOOHU�VOLW�VL]H�RU�KLJKHU�UHVROXWLRQ�JUDWLQJ�FRXOG�WKHQ�EH�FRQVLGHUHG�

-XSLWHU�DQG�6DWXUQ

'HWDLOHG� FDOFXODWLRQV� DQG� REVHUYDWLRQDO� H[SHULHQFH� VKRZ� WKDW� IRU� -XSLWHU� DQG� 6DWXUQ�� DOO� FUV-MAMA
LPDJLQJ�DQG�VSHFWURVFRSLF�PRGHV�DUH�VDIH��0RVW�189�VSHFWURVFRSLF�PRGHV�FDQ�DOVR�EH�XVHG��EXW�LQ
PDQ\�FDVHV� LW�ZLOO�EH�QHFHVVDU\�WR�XVH�D�YHU\�VPDOO�RU�QHXWUDO�GHQVLW\�DSHUWXUH�WR�DYRLG�H[FHVVLYH
FRXQW� UDWHV��2I� FRXUVH� WKH�67,6�&&'� � DQG� � JUDWLQJV� FDQ�EH�XVHG�ZLWKRXW� DQ\�EULJKWG230LB G230MB
REMHFW� OLPLWDWLRQV�� EXW� IRU� D� UHG� SODQHWDU\� REMHFW� WKHVH� &&'� VSHFWUD� ZLOO� VXIIHU� VXEVWDQWLDO
FRQWDPLQDWLRQ�IURP�VFDWWHUHG�OLJKW�DW�VKRUWHU�ZDYHOHQJWKV�

1RWH�WKDW�WKH�JOREDO�UDWH�OLPLW�RI��������FRXQWV�V�IRU�ILUVW�RUGHU�VSHFWURVFRS\�ZDV�LPSRVHG�EHFDXVH�RI
WKH�67,6�%ULJKW�6FHQH�'HWHFWLRQ�0RQLWRU� �VHH� ���ZKLFK�VDPSOHV�WKH�RXWSXW�RI�HYHU\67,6� ,65�������
��QG�URZ��,W�FRXOG�EH�WULJJHUHG�LI�D�EULJKW�SRLQW�VRXUFH�VSHFWUXP�IHOO�GLUHFWO\�RQ�RQH�RI�WKH�PRQLWRUHG
URZV��)RU�H[WHQGHG�VRXUFHV�REVHUYHG�ZLWK�D�ORQJ�VOLW��WKH�ODUJHU�JOREDO�OLPLW�RI���������FRXQWV�V�LV�WKH
UHOHYDQW�RQH�IRU�ERWK�HFKHOOH�DQG�ILUVW�RUGHU�VSHFWURVFRSLF�REVHUYDWLRQV�

-XSLWHU� DQG� 6DWXUQ� DUH�PXFK� WRR� EULJKW� WR� EH� REVHUYHG�ZLWK�PRVW� 67,6� � LPDJLQJ�PRGHV�NUV-MAMA
+RZHYHU�� WKH� 89,6� FKDQQHO� RI� WKH�:LGH� )LHOG� &DPHUDb �� �:)&��� KDV� D� QXPEHU� RI� 89� ILOWHUV� WKDW
SURYLGH�D�EHWWHU�DOWHUQDWLYH�IRU�PRVW�189�LPDJLQJ�VFLHQFH��DV�WKH\�KDYH�D�ODUJHU�ILHOG�RI�YLHZ�DQG�QR
VDIHW\�UHODWHG�EULJKW�REMHFW�OLPLWV�
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)LHOG�6DIHW\�&KHFNV�IRU�0RYLQJ�7DUJHWV

0XOWLSOH�VWHOODU�ILHOGV�DORQJ�WKHLU�SDWKV�PXVW�DOVR�EH�FOHDUHG�IRU�VDIHW\�RI�PRYLQJ�WDUJHW�REVHUYDWLRQV�
2I�FRXUVH��WKLV�FDQQRW�EH�DFFRPSOLVKHG�XQWLO�VFKHGXOLQJ�ZLQGRZV�DUH�DVVLJQHG��DQG�LW�PD\�KDYH�WR�EH
LWHUDWHG�LI�WKH�ZLQGRZV�FKDQJH��$Q�DXWRPDWHG�FDSDELOLW\�WR�GR�WKDW�KDV�EHHQ�DGGHG�WR�WKH�$37�%27
�b�<RXU�&RQWDFW�6FLHQWLVW�ZLOO�DGYLVH�DQG�DVVLVW�ZLWK�WKLV�SURFHGXUH�
b
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&KDSWHU����7DUJHW�$FTXLVLWLRQ
&KDSWHU�&RQWHQWV

����,QWURGXFWLRQ
����67,6�2QERDUG�&&'�7DUJHW�$FTXLVLWLRQV���$&4
����2QERDUG�7DUJHW�$FTXLVLWLRQ�3HDNXSV���$&4�3($.
����'HWHUPLQLQJ�&RRUGLQDWHV�LQ�WKH�,QWHUQDWLRQDO�&HOHVWLDO�5HIHUHQFH�6\VWHP��,&56��5HIHUHQFH
)UDPH
����$FTXLVLWLRQ�([DPSOHV
����67,6�3RVW�2EVHUYDWLRQ�7DUJHW�$FTXLVLWLRQ�$QDO\VLV
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����,QWURGXFWLRQ
������,QLWLDO�3RLQWLQJ
������$FTXLVLWLRQV
������3HDNXSV
������'ULIW�5DWHV

$OO� 67,6� VSHFWURVFRS\� XVLQJ� DSHUWXUHV� OHVV� WKDQ� �� DUFVHFRQGV� LQ� VL]H� DQG� DOO� FRURQDJUDSKLF
REVHUYDWLRQV�ZLOO�UHTXLUH�DQ�RQERDUG�67,6�WDUJHW�DFTXLVLWLRQ�� ��DQG�SRVVLEO\�DQ�DFTXLVLWLRQ�SHDNXS��ACQ

��H[SRVXUH�WR�FHQWHU�WKH�WDUJHW�LQ�WKH�VFLHQWLILF�DSHUWXUH� ��,Q�WKLVACQ/PEAK DW�HDFK�QHZ�YLVLW�WR�D�WDUJHW
&KDSWHU�� ZH� SURYLGH� WKH� EDVLF� LQIRUPDWLRQ� \RX� QHHG� WR� FKRRVH� DQ� DFTXLVLWLRQ� VWUDWHJ\� IRU� \RXU
SURJUDP�

67,6� WDUJHW� DFTXLVLWLRQV� HPSOR\� WKH� &&'� FDPHUD� WR� LPDJH� WKH� WDUJHW
V� ILHOG� GLUHFWO\� DQG� RQERDUG
IOLJKW�VRIWZDUH�SURFHVVHV� WKH� LPDJH� WR� ORFDWH� WKH�SRVLWLRQ�RI� WKH� WDUJHW��67,6�DFTXLVLWLRQV�DUH�YHU\
UHOLDEOH��DFFXUDWH��W\SLFDOO\ ����bDUFVHFRQG�IRU� b�b���SRLQW�VRXUFHV���DQG�TXLFN��a��PLQXWHV���)RU�s 9
WKH�QDUURZ�VOLWV�� ���bDUFVHFRQG���DQ� �LV�UHTXLUHG��ZKLFK�LV�DFFXUDWH�WR�a���RI�WKH�VOLW�ZLGWK೯ ACQ/PEAK
XVHG�LQ�WKH�SHDNXS��DQG�WDNHV�W\SLFDOO\�a�bPLQXWHV��)RU�SDUWLFXODUO\�IDLQW�WDUJHWV�� b!b����RU�FRPSOH[9
GLIIXVH� VRXUFHV�� RYHUKHDGV�ZLOO� EH� VRPHZKDW�PRUH�DQG�DFFXUDFLHV� VRPHZKDW� UHGXFHG� �VHH�GHWDLOV
EHORZ��

)RU�3KDVHb �SURSRVDOV��\RX�GR�QRW�QHHG�WR�GHWHUPLQH�WKH�GHWDLOV�RI�\RXU�DFTXLVLWLRQ��EXW�QHHG�RQO\�WRI
GHWHUPLQH�LI�DQ� ��DQG�SRVVLEO\�DQ� ��LV�UHTXLUHG��LQFOXGH�WKH�QHFHVVDU\�RUELWDO�WLPH��ZKLFKACQ ACQ/PEAK
LV�QRUPDOO\�GRPLQDWHG�E\�WKH�DVVRFLDWHG�RYHUKHDGV���DQG�DVVXUH�\RXUVHOI�WKDW�\RXU�SURJUDP�FDQ�EH
DFFRPSOLVKHG�

)RU�3KDVHb ��\RX�ZLOO�QHHG�WR�ZRUN�RXW�WKH�GHWDLOV�RI�\RXU�DFTXLVLWLRQ�SURFHGXUH��DQG�ZH�SURYLGH�WZRII
WRROV� WR�DVVLVW� LQ� WKLV� WDVN��DV�ZHOO�DV�H[DPSOHV�RI�GLIIHUHQW� WDUJHW�DFTXLVLWLRQ� �7$�� VFHQDULRV� �VHH�

���7R�GHWHUPLQH�WKH�FRUUHFW�H[SRVXUH�WLPH��ZH�SURYLGH��YLD� WKH�67,6�ZHESDJH��D�6HFWLRQ���� 7DUJHW
�7LPH�&DOFXODWRU�� ���7KH�LQSXW�DQG�RXWSXW�SDUDPHWHUV� LQ�WKH� ��DV$FTXLVLWLRQ�([SRVXUH 7$�(7& 7$�(7&

FRPSDUHG�ZLWK�WKH� ��DUH�VSHFLILFDOO\�GHVLJQHG�WR� IDFLOLWDWH�H[SRVXUH�WLPH�HVWLPDWHV� IRU,PDJLQJ�(7&
WDUJHW�DFTXLVLWLRQ�SXUSRVHV��)RU�H[DPSOH��WKH� �LQSXW�DQG�RXWSXW�SDUDPHWHUV�WDNH�LQWR�DFFRXQW7$�(7&
WKH�IROORZLQJ�

7KH�WDUJHW�DFTXLVLWLRQ�FDQ�EH�GRQH�RQO\�ZLWK�WKH�&&'�GHWHFWRU�
7KH� ��VHH�EHORZ��VL]H�LV�DOZD\V��� ���SL[HOV�IRU�D�SRLQW�VRXUFH��DQG� � � ��ZKHUH� �LVCHECKBOX � Q � Q Q
DQ�RGG�QXPEHU�EHWZHHQ���DQG������IRU�GLIIXVH�VRXUFHV�
7KH� �LV�DOZD\V���CCDGAIN
7KH�GHIDXOW�6�1�LV����IRU�WKH�FDOFXODWLRQ�RI�H[SRVXUH�WLPH�

7R� GHWHUPLQH� WKH� FRUUHFW� � VL]H� IRU� � WDUJHWV�� ZH� SURYLGH� D�CHECKBOX DIFFUSE 7DUJHW� $FTXLVLWLRQ
� �7$6���ZKLFK� LPSOHPHQWV� WKH�VDPH�DOJRULWKPV�DV� WKH� IOLJKW�VRIWZDUH��DQG�VR�VKRXOG�JLYH6LPXODWRU

UHVXOWV�LQ�JRRG�DJUHHPHQW�ZLWK�ZKDW�ZLOO�KDSSHQ�LQ�RUELW��7KH�7$6�WDNHV�DV�LQSXW�DQ�LPDJH��H[WUDFWV�D
VXEDUUD\�FHQWHUHG�RQ�WKH�FRRUGLQDWHV�SURYLGHG��DQG�VHDUFKHV�IRU�WKH�EULJKWHVW�ORFDWLRQ�E\�SDVVLQJ�D�

�RYHU�WKH�VXEDUUD\�CHECKBOX

%HORZ�ZH�GHVFULEH�DFTXLVLWLRQ�DQG�SHDNXS�H[SRVXUHV�IRU�VSHFWURVFRS\��0RUH�GHWDLOV�RQ�FHQWHULQJ�RI
WDUJHWV�EHKLQG�WKH�FRURQDJUDSKLF�EDUV�DQG�ZHGJHV�DUH�GHVFULEHG�LQ� ��EXW�H[DPSOHV�DUH6HFWLRQ������
SURYLGHG�DW�WKH�HQG�RI�WKLV�FKDSWHU�
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������,QLWLDO�3RLQWLQJ
7KH�HUURU�LQ�LQLWLDO�SODFHPHQW�RI�WKH�WDUJHW�RQ�WKH�GHWHFWRU�LV�GXH�WR�HUURU�LQ�WKH�JXLGH�VWDU�FDWDORJ
SRVLWLRQV��HUURU�LQ�WKH�DOLJQPHQW�RI�WKH�VFLHQFH�LQVWUXPHQW��6,��WR�WKH�ILQH�JXLGDQFH�VHQVRUV��)*6V��
DQG�HUURU�LQ�WKH�WDUJHW�SRVLWLRQ�LWVHOI��*XLGH�VWDU�SRVLWLRQV�LQ�WKH�*XLGH�6WDU�&DWDORJ����*6&����VWLOO�LQ
XVH� ZKHQ� 67,6� RSHUDWLRQV� ZHUH� VXVSHQGHG� GXULQJ� &\FOH� ��� LQ� $XJXVW� ������ KDG� HUURUV� a��
DUFVHFRQGV��:LWK�WKH�LQWURGXFWLRQ�RI�*6&��FRRUGLQDWHV�LQ�&\FOH�����WKRVH�HUURUV�ZHUH�UHGXFHG�WR�a��
��� DUFVHFRQGV�b � 7KH� UHFHQW� LQFRUSRUDWLRQ� RI� FRRUGLQDWHV� IURP� *DLD� '5�� KDV� IXUWKHU� UHGXFHG� WKH
SRVLWLRQDO�HUURUV�RI�WKH�JXLGH�VWDUV�WR�a����DUFVHFRQGV��ZLWK�UHODWLYH�HUURUV�RI�RUGHU�D�IHZ�PDV�

)*6�WR�6,�DOLJQPHQW�WHQGV�WR�GULIW��HVSHFLDOO\�LQ�WKH�ILUVW�\HDU�IROORZLQJ�WKH�LQVWDOODWLRQ�RI�DQ�)*6��8S
XQWLO�67,6�RSHUDWLRQV�ZHUH�VXVSHQGHG��DOLJQPHQW�HUURUV�ZHUH�W\SLFDOO\�OHVV�WKDQ��bDUFVHFRQG��EXW�DV
JUHDW�DV����bDUFVHFRQGV�IRU�RQH�)*6��)ROORZLQJ�6HUYLFLQJ�0LVVLRQb��� WKH�67,6�WR�)*6�DOLJQPHQW�ZDV
IRXQG�WR�EH�ZLWKLQ����bDUFVHFRQGV�RI�LWV�H[SHFWHG�SRVLWLRQ��,Q�0DUFK������WKH�67,6�SRVLWLRQ�ZDV�UH�
PHDVXUHG� XVLQJ� D� QHZ� )*6� FDOLEUDWLRQ� SHUIRUPHG� LQ� -DQXDU\� RI� WKH� VDPH� \HDU�� 7KH� SUHYLRXVO\
PHQWLRQHG����bDUFVHFRQG�RIIVHW�ZDV�FRUUHFWHG�DQG� WKH�DFFXUDF\�RI� WKH�67,6�WR�)*6�DOLJQPHQW�ZDV
LPSURYHG�WR�a�����bDUFVHFRQG��+RZHYHU��QHZ�GDWD�REWDLQHG�LQ����������LQGLFDWH�WKH�67,6�WR�)*6
DOLJQPHQW�GULIWHG�DJDLQ�LQ�HDUO\�������$V�RI�6HSW��������WKH�HUURU�ZDV��DJDLQ��DURXQG����bDUFVHFRQGV�
$W� WKH�SUHVHQW� WLPH� WKH�)*6�WR�6,�DOLJQPHQW�HUURU� LV�VLPLODU� LQ�VL]H� WR� WKH�*6&��FDWDORJ�HUURU��$Q\
IXWXUH�XSGDWHV�ZLOO�EH�SRVWHG�WR�WKH�67,6�ZHE�SDJHV�

)RU�VFLHQWLILF�REVHUYDWLRQV�WDNHQ�WKURXJK�VSHFWURVFRSLF�VOLWV�DQG�IRU�LPDJLQJ�REVHUYDWLRQV�ZLWK�RQH�RI
WKH�FRURQDJUDSKLF�DSHUWXUHV��\RX�ZLOO�QHHG�WR�XVH�DQ�RQERDUG�67,6�WDUJHW�DFTXLVLWLRQ�DQG�SRVVLEO\�DQ
DFTXLVLWLRQ�SHDNXS�WR�FHQWHU�\RXU�WDUJHW�� �VKRZV�D�GHFLVLRQ�IORZ�IRU�GHWHUPLQLQJ�ZKHWKHU)LJXUH����
\RX�UHTXLUH�DQ�DFTXLVLWLRQ�RU�ERWK�DQ�DFTXLVLWLRQ�DQG�D�SHDNXS�WR�FHQWHU�\RXU�WDUJHW��5HPHPEHU�WKDW
DFFXUDWH�WDUJHW�SODFHPHQW�LV�QHFHVVDU\�WR�HQVXUH�DFFXUDWH�ZDYHOHQJWK�FDOLEUDWLRQ�RI�VSHFWUD�DV�ZHOO
DV� JRRG� WKURXJKSXW� DQG� DFFXUDWH� IOX[� FDOLEUDWLRQ� RI� WDUJHWV� YLHZHG� WKURXJK� VPDOO� DSHUWXUHV�� �6HH
6HFWLRQb����LQ�WKH� �IRU�D�PRUH�FRPSUHKHQVLYH�GLVFXVVLRQ�RI�WKH�DFFXUDF\�RI�IOX[67,6�'DWD�+DQGERRN
DQG�ZDYHOHQJWK�FDOLEUDWLRQ��
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������$FTXLVLWLRQV
67,6� WDUJHW�DFTXLVLWLRQ�H[SRVXUHV� � ��DOZD\V�XVH� WKH� ��RQH�RI� WKH� ILOWHUHG�RU�XQILOWHUHGMODE=ACQ &&'
DSHUWXUHV� IRU� � LPDJLQJ�� DQG� D�PLUURU� DV� WKH� RSWLFDO� HOHPHQW� LQ� WKH� JUDWLQJ�ZKHHO�� $FTXLVLWLRQ&&'
H[SRVXUHV�FHQWHU�\RXU� WDUJHW� LQ� WKH�VOLW�RU�EHKLQG�D�FRURQDJUDSKLF�EDU� WR�DQ�DFFXUDF\� �� ��RI�a��͘
��bDUFVHFRQG�IRU�D�SRLQW�VRXUFH��DQG������WR�����DUFVHFRQG�IRU�D�GLIIXVH�REMHFW��ODUJHU�WDUJHWV�KDYH
ODUJHU�HUURUV���$�W\SLFDO�67,6�SRLQW�VRXUFH�WDUJHW�DFTXLVLWLRQ�WDNHV�a��PLQXWHV�
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������3HDNXSV
$Q�DFTXLVLWLRQ�SHDNXS�H[SRVXUH� � ��PXVW�EH� WDNHQ� IROORZLQJ� WKH� WDUJHW�DFTXLVLWLRQMODE=ACQ/PEAKUP
H[SRVXUH� WR� UHILQH� WKH� FHQWHULQJ� RI� SRLQW� RU� SRLQW�OLNH� VRXUFHV� LQ� VOLWV� OHVV� WKDQ� RU� HTXDO� WR
���bDUFVHFRQG�ZLGH��RU�WDOO���3HDNXS�H[SRVXUHV�XVH�D�VOLW��DUH�WDNHQ�ZLWK�WKH�&&'�DV�WKH�GHWHFWRU��DQG
ZLWK� HLWKHU� D� PLUURU� RU� D� VSHFWURVFRSLF� HOHPHQW� LQ� SRVLWLRQ� RQ� WKH� JUDWLQJ� ZKHHO�� 7\SLFDO� WDUJHW
DFTXLVLWLRQ�FHQWHULQJ�DFFXUDFLHV�IROORZLQJ�D�SHDNXS�VHTXHQFH�DUH������WLPHV�WKH�GLPHQVLRQ�RI�WKH�VOLW
RU� EDU�� 7\SLFDO� 67,6� LPDJLQJ� SRLQW� VRXUFH� SHDNXSV� WDNH� a���� PLQXWHV�� VHH� � IRU� WKH7DEOH� ���
IRUPXODH�QHHGHG�WR�GHWHUPLQH�WKH�GXUDWLRQ�RI�D�SHDNXS�DFTXLVLWLRQ��$Q\�XQFHUWDLQW\�LQ�WKH�WDUJHWૼV
SRVLWLRQ�DORQJ�WKH�GLVSHUVLRQ�GLUHFWLRQ�WUDQVODWHV�GLUHFWO\�LQWR�DQ�XQFHUWDLQW\�LQ�WKH�]HUR�SRLQW�RI�WKH
ZDYHOHQJWK�VFDOH��6R�REVHUYHUV�ZKR�QHHG�WKH�EHVW�SRVVLEOH�DEVROXWH�ZDYHOHQJWK�DFFXUDF\�ZLOO�QHHG
WR�SHUIRUP�DQ� �HYHQ�LI�WKHLU�VFLHQFH�REVHUYDWLRQV�ZLOO�EH�SHUIRUPHG�XVLQJ�D�ZLGH�DSHUWXUH�ACQ/PEAKUP
+RZHYHU��WKH� �H[SRVXUH�LWVHOI�VKRXOG�QHYHU�XVH�DQ�DSHUWXUH�ZLGHU�WKDQ�����DUFVHFRQG�LQACQ/PEAKUP
WKH�GLVSHUVLRQ�GLUHFWLRQ�b�$�SHDNXS�RQ�WKH�WDUJHW�PD\�DOVR�EH�ZDUUDQWHG�LI�WKH�LQLWLDO�DFTXLVLWLRQ�ZDV
RI�DQ�RIIVHW�VWDU�

)LJXUH�����VKRZV�WKH�FRPSOHWH�GHFLVLRQ�WUHH�IRU�67,6�WDUJHW�DFTXLVLWLRQV�
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������'ULIW�5DWHV
)RU�PRVW�H[SRVXUHV��WZR�JXLGH�VWDUV�ZLOO�EH�XVHG�WR�VXSSRUW�WKH�REVHUYDWLRQ��HQDEOLQJ�FRUUHFWLRQ�RI
GULIW�� ,Q� VRPH� FDVHV�� KRZHYHU�� LW� PD\� QRW� EH� SRVVLEOH� WR� ILQG� D� JXLGH� VWDU� SDLU� WR� VXSSRUW� WKH
REVHUYDWLRQ��RU�WKH�REVHUYDWLRQ�PD\�GURS�WR�VLQJOH�JXLGH�VWDU�PRGH�EHFDXVH�RQH�RI�WKH�JXLGH�VWDUV
FDQQRW�EH�DFTXLUHG��,Q�WKDW�FDVH��WKH�UROO�RI�WKH�WHOHVFRSH�LV�XQGHU�*<52�FRQWURO��ZKLFK�ZLOO�DOORZ�D
VORZ�GULIW�RI�WKH�WDUJHW�RQ�D�FLUFXODU�DUF�FHQWHUHG�RQ�WKH�VLQJOH�JXLGH�VWDU�� ,I�\RX�DUH�LQIRUPHG�WKDW
RQO\�VLQJOH�JXLGH�VWDUV�FDQ�EH� IRXQG� IRU�\RXU�REVHUYDWLRQ��\RX�FDQ� WU\� WR�JHW�D�JXLGH�VWDU�SDLU�E\
UHOD[LQJ�WKH�VFKHGXOLQJ�UHTXLUHPHQWV��H�J���H[SDQG�WKH� �UDQJH���,I�\RX�PXVW�XVH�D�VLQJOH�JXLGHORIENT
VWDU� IRU� D� PXOWLSOH�RUELW� YLVLW�� RU� LI� \RXU� REVHUYDWLRQ� LV� HVSHFLDOO\� WLPH�FULWLFDO� DQG� ZRXOG� EH
VLJQLILFDQWO\� GHJUDGHG� E\� IDLOXUH� WR� VLQJOH� JXLGH� VWDU� PRGH�� \RX� VKRXOG� FRQVLGHU� LQFOXGLQJ� D� UH�
FHQWHULQJ� �GXULQJ�WKH�YLVLW�ACQ/PEAK

7DEOH�����JLYHV�ZKDW� LV�JHQHUDOO\� WKH�ZRUVW�FDVH�REMHFW�PRWLRQ�RI� WKH� WDUJHW�RQ� WKH�GHWHFWRU� IRU�D
VLQJOH�JXLGH�VWDU�REVHUYDWLRQ��)RU�H[DPSOH��LI�D�VFLHQFH�REVHUYDWLRQ�LQ�DQ����bDUFVHFRQG�VOLW�LV��bRUELWV
LQ�GXUDWLRQ��WKHQ�WKH�WDUJHW�ZRXOG�PRYH�WR�WKH�HGJH�RI�WKH�DSHUWXUH��D��bRUELW�YLVLW�ZRXOG�OHDYH�WKH
WDUJHW�KDOIZD\�WRZDUG�WKH�HGJH��7KXV��RQO\�VLQJOH�RUELW�YLVLWV�VKRXOG�EH�GRQH�RQ�D�VLQJOH�JXLGH�VWDU�
+RZHYHU��IRU�VFLHQFH�LQ�D��bDUFVHFRQG�VOLW��WKH�PRWLRQ�RYHU��bRUELWV�RQO\�WDNHV�WKH�WDUJHW�����RI�WKH
ZD\�WR� WKH�HGJH�RI� WKH�VOLW��7KXV�� LI�KLJK�SKRWRPHWULF�DFFXUDF\� LV�QRW� UHTXLUHG��D�VLQJOH�JXLGH�VWDU
VKRXOG�EH�VXIILFLHQW�IRU�WKH�ODUJHU�VOLWV�

7DEOH������6LQJOH�*XLGH�6WDU�7DUJHW�3RVLWLRQ�6KLIW�LQ�$UFVHFRQGV�YV��7LPH�DQG�2UELWV�

'ULIW��DUFVHFRQGV�

6HFRQGV��[����� 2UELWV

� � � �� �� �� � � � �

����� ���� ���� ���� ���� ���� ���� ���� ���� ����

)RU�D�FRPSOHWHG�REVHUYDWLRQ��\RX�FDQ�XVH�LQIRUPDWLRQ�LQ�WKH�KHDGHUV�RI�WKH�DUFKLYHG�ILOHV�WR�PDNH�D
EHWWHU�HVWLPDWH�RI�WKH�GULIW�RI�WKH�WDUJHW�IRU�D�VLQJOH�JXLGH�VWDU�REVHUYDWLRQ��7KH�UDWH�RI�WKH�GULIW�RI�WKH
UDGLDQW��UDGLXV��RI�WKH�FLUFOH�WUDFHG�E\�WKH�WDUJHW�DERXW�WKH�JXLGH�VWDU�LV�XQNQRZQ�IRU�DQ\�SDUWLFXODU
REVHUYDWLRQ��EXW�W\SLFDOO\�LV�H[SHFWHG�WR�EH�LQ�WKH�UDQJH�RI�����WR����bPLOOLDUFVHF�V��7R�FDOFXODWH�WKH
DSSUR[LPDWH�PDJQLWXGH�RI�WKH�GULIW�RI�WKH�WDUJHW�RQ�WKH�GHWHFWRU��\RX�ZLOO�QHHG�WR�ILQG�WKH�GLVWDQFH�RI
WKH�WDUJHW� IURP�WKH�DFTXLUHG�JXLGH�VWDU��7KH�KHDGHU�RI� WKH�REVHUYDWLRQ� ORJ� ILOH� MLI�ILWV� LGHQWLILHV� WKH
DFTXLUHG� JXLGH� VWDU� � �� DQG� JLYHV� LWV� ULJKW� DVFHQVLRQ� � �� DQG� GHFOLQDWLRQ� � �� LQGSD_ID GSD_RA GSD_DEC
GHJUHHV��)RU�H[DPSOH��IRU�D�WDUJHW���bDUFPLQ�IURP�WKH�JXLGH�VWDU��D�GULIW�RI�WKH�JXLGH�VWDU�WR�WDUJHW
UDGLDQW� RI� �bPLOOLDUFVHF�V� GXULQJ�D������ VHFRQG�H[SRVXUH�ZRXOG� FDXVH� WKH� WDUJHW� WR�PRYH�������
DUFVHFRQG�RQ�WKH�GHWHFWRU��7KH�GLUHFWLRQ�RI�WKH�PRWLRQ�RQ�WKH�GHWHFWRU�FDQ�EH�GHGXFHG�IURP�KHDGHU
NH\ZRUGV� LQ� WKH� VFLHQFH� GDWD� GHVFULELQJ� WKH� SRVLWLRQ� DQJOH� RI� WKH� GHWHFWRU� �H�J��� ��� LQPA_APER
FRPELQDWLRQ�ZLWK�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�UDGLDQW�
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����67,6�2QERDUG�&&'�7DUJHW�$FTXLVLWLRQV���$&4
������+RZ�,W�:RUNV
������7DUJHW�/RFDWLRQ�$OJRULWKPV
������6HOHFWLQJ�7DUJHW�$FTXLVLWLRQ�3DUDPHWHUV
������6SHFLI\LQJ�$FTXLVLWLRQV�LQ�3KDVH�,,
������6RODU�6\VWHP�$FTXLVLWLRQV

������+RZ�,W�:RUNV
��DQG$�WDUJHW�DFTXLVLWLRQ�LV�SHUIRUPHG�DW�WKH�EHJLQQLQJ�RI�D�YLVLW �DFTXLVLWLRQ�H[SRVXUHV�DUH�FRQWUROOHG

E\� WKH�)OLJKW�6RIWZDUH� �)6:��� � KLJKOLJKWV� WKH�EDVLF� VWHSV� LQ� WKH�DFTXLVLWLRQ�SURFHVV�� 7KH)LJXUH����
VHTXHQFH� FRPSULVHV� WZR� GLVFUHWH� VWDJHV�� WKH� FRDUVH�ORFDWH� SKDVH� �VWHSV� ���� DQG� WKH� ILQH�ORFDWH
SKDVH��VWHSV������D�VL[WK�VWHS�FHQWHUV�WKH�WDUJHW�LQ�WKH�VFLHQFH�DSHUWXUH��7KH�FRDUVH�ORFDWH�SKDVH�LV
SHUIRUPHG�WR�SODFH�WKH�WDUJHW�DV�FORVH�DV�SRVVLEOH�WR�WKH�DSHUWXUH�FHQWHU�SULRU�WR�WKH�ILQDO�WHOHVFRSH
PRYH��7KLV�VWHS�HQVXUHV�WKDW�WKH�ILQDO�VOHZ�QHHGHG�WR�PRYH�WKH�WDUJHW� LQWR�WKH�DSHUWXUH�LV�D�VPDOO
RQH�� DQG� LW�PLQLPL]HV� XQFHUWDLQWLHV� LQ� WKH� FDOFXODWLRQ� RI� WKH� UHTXLUHG� VOHZ� FDXVHG� E\� GHWHFWRU� RU
RSWLFDO�GLVWRUWLRQV��7KH�WDUJHW�DFTXLVLWLRQ�VWHSV�DUH�GLVFXVVHG�LQ�GHWDLO�EHORZ�

7KH�WDUJHW�LV�ORFDWHG��$�SDLU�RI��b ��DUFVHFRQG�����b ����SL[HO��&&'�LPDJHV�LV�WDNHQ�RI�WKH�b �b
VN\�XVLQJ�D�XVHU�VHOHFWHG� ILOWHUHG�RU�XQILOWHUHG� LPDJLQJ�DSHUWXUH�� IRU�GLIIXVH�DFTXLVLWLRQV�� WKH
ILHOG�ZLOO�EH�ODUJHU��VHH� ���7KH�LPDJHV�DUH�RIIVHW�E\��bSL[HOV�LQ�ERWK�;bDQGb<�WR�DOORZ6HFWLRQ������
IRU�UHPRYDO�RI�KRW�SL[HOV�YLD�GLWKHULQJ��7KH�IOLJKW�VRIWZDUH�SURFHVVHV�WKH�LPDJHV�DV�QHHGHG��WR
UHDOLJQ� WKH� LPDJHV�� UHPRYH� WKH� ELDV� OHYHO�� IODJ� EDG� SL[HOV�� DQG� UHPRYH� FRVPLF� UD\V� � DQG�

DSSOLHV�RQH�RI�WZR�SRVVLEOH�ILQGLQJ�DOJRULWKPV�WR�GHWHUPLQH�WKH�FRRUGLQDWHV�RI�WKH�WDUJHW��7KH
�EULJKW��FROXPQ�DW�WKH�HGJH�RI�WKH�DFTXLVLWLRQ�ILHOG�LV�DQ�DUWLIDFW�RI�WKH�VXEDUUD\�UHDGRXW�DQG�LV
LJQRUHG�E\�WKH�IOLJKW�VRIWZDUH�
7KH�VSDFHFUDIW�LV�WKHQ�PRYHG�WR�SODFH�WKH�WDUJHW�DW�WKH�QRPLQDO�FHQWHU�RI�WKH� �VOLW�0.2X0.2
7KH� WDUJHW� LV� UH�LPDJHG� DQG� WKH� WDUJHW� FRRUGLQDWHV� DUH� UHGHWHUPLQHG�� 7KLV� VHFRQG� WDUJHW
ORFDWLRQ�LV�SHUIRUPHG�WR�PLQLPL]H�WKH�ILQDO�VOHZ�LQ�VWHSb���DQG�WR�UHGXFH�WKH�HUURU�DVVRFLDWHG
ZLWK�WKDW�VOHZ�
7KH� ORFDWLRQ�RI� WKH� VOLW� LV�GHWHUPLQHG� UHODWLYH� WR� WKH� WDUJHW��7KH�H[WHUQDO� VKXWWHU� LV0.2X0.2 
FORVHG� �WR�SUHYHQW�D�SRVVLEOH�RYHUOLJKW�FRQGLWLRQ��� WKH� �VOLW� LV� URWDWHG� LQWR�SRVLWLRQ�E\0.2X0.2
WKH� VOLW�ZKHHO�� DQG�DQ� LPDJH� LV� REWDLQHG�ZLWK� WKH� VOLW� LOOXPLQDWHG�E\�D�+,70� OLQH� ODPS� �VHH�

b IRU� D� GHVFULSWLRQ� RI� WKH�+,70� RSWLFDO� SDWK��� 7KH� VOLW� LPDJH� LV� SURFHVVHG� DQG� D6HFWLRQ� �����
ILQGLQJ�DOJRULWKP�LV�WKHQ�XVHG�WR�GHWHUPLQH�WKH�FRRUGLQDWHV�RI�WKH�FHQWHU�RI�WKH�VOLW�
7KH�IOLJKW�VRIWZDUH�FDOFXODWHV�WKH�RIIVHW�EHWZHHQ�WKH�WDUJHW�ORFDWLRQ�DQG�WKH� �VOLW��DQG0.2X0.2
SHUIRUPV�D�VPDOO�DQJOH�PDQHXYHU�RI� �WR�SODFH�WKH�WDUJHW�LQ�WKH�FHQWHU�RI�WKH�DSHUWXUH�+67
7KH�REMHFW�LV�SODFHG�LQ�WKH�VFLHQFH�DSHUWXUH��E\�D�VPDOO�DQJOH�PDQHXYHU�XVLQJ�WKH�NQRZQ�RIIVHW
EHWZHHQ�WKH�WZR�VOLWV��MXVW�SULRU�WR�WKH�H[HFXWLRQ�RI�WKH�VFLHQWLILF�H[SRVXUH��,I�DQRWKHU�VFLHQFH
H[SRVXUH� LV�PDGH�ZLWK�D�GLIIHUHQW�DSHUWXUH��WKH�SRLQWLQJ� LV�DXWRPDWLFDOO\�DGMXVWHG�WR�DFFRXQW
IRU�DQ\�GLIIHUHQFH�LQ�WKH�ORFDWLRQV�RI�WKH�VFLHQFH�DSHUWXUHV�
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7DUJHW�$FTXLVLWLRQ�6FKHPDWLF�)LJXUH������

$Q�DFTXLVLWLRQ�H[SRVXUH�SURGXFHV�GDWD��ZKLFK�LQFOXGH�WKH�LPDJHV�RI�WKH�WDUJHW�SURGXFHG�LQ�VWHSVb�
DQGb���DQG�WKH�LPDJH�RI�WKH� �VOLW�SURGXFHG�LQ�VWHSb���7KHVH�GDWD�ZLOO�EH�UHWXUQHG�WR�\RX�ZLWK0.2X0.2
\RXU�VFLHQWLILF�GDWD�DV�SDUW�RI�WKH�SLSHOLQH�SURGXFWV��DQG�WKH\�FDQ�EH�DQDO\]HG�ZLWK�WKH� �LQ��WRROWDVWLV

�VWLVWRROV

������7DUJHW�/RFDWLRQ�$OJRULWKPV
67,6�VXSSRUWV�WZR�EDVLF�W\SHV�RI�DFTXLVLWLRQV��SRLQW�VRXUFH�DFTXLVLWLRQV�b� �DQG�GLIIXVHACQTYPE=POINT�
VRXUFH�DFTXLVLWLRQV�� 'LIIXVH�VRXUFH�DFTXLVLWLRQV�DUH�DSSURSULDWH�IRU�VRXUFHV�WKDW$&47<3( ',))86(���
H[KLELW�VPRRWK�RU�SHDNHG�VXUIDFH�EULJKWQHVV� VXFK�DV�FHQWHUV�RI�JDOD[LHV��VRPH��RQ�VRPH�VL]H�VFDOH
SODQHWV�DQG�SODQHWDU\�VDWHOOLWHV��VHH� ���RU�QHEXODH�6HFWLRQ������
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SODQHWV�DQG�SODQHWDU\�VDWHOOLWHV��VHH� ���RU�QHEXODH�6HFWLRQ������

7R� ORFDWH� WKH� WDUJHW�� WKH� IOLJKW� VRIWZDUH� ILUVW� SDVVHV� D� VTXDUH� � RYHU� WKH� LPDJH� DQGFKHFNER[
GHWHUPLQHV�WKH�IOX[�FRQWDLQHG�ZLWKLQ�WKH�FKHFNER[�DW�HDFK�SL[HO�LQ�WKH�VXEDUUD\��7KH�IOLJKW�VRIWZDUH
WKHQ� VHOHFWV� WKH� FKHFNER[� ZLWK� WKH� PD[LPXP� IOX[� DQG� GHWHUPLQHV� WKH� WDUJHW� FHQWHU� ZLWKLQ� WKDW
FKHFNER[�DFFRUGLQJ�WR�WKH�W\SH�RI�DFTXLVLWLRQ�VSHFLILHG�

3RLQW�6RXUFH�$FTXLVLWLRQ

)RU�SRLQW�VRXUFH�DFTXLVLWLRQV�� ���WKH�FKHFNER[�VL]H�LV�IL[HG�DW��b ��SL[HOV������b ����ACQTYPE=POINT �b �b
DUFVHFRQG�� DQG� WKH� IOLJKW� VRIWZDUH� GHWHUPLQHV� WKH� WDUJHW� ORFDWLRQ� E\� ILQGLQJ� WKH� IOX[�ZHLJKWHG
FHQWURLG�RI�WKH�SL[HOV�LQ�WKH�EULJKWHVW�FKHFNER[��VHH� ��)LJXUH����

+RZ�WKH�&KHFNER[�:RUNV�IRU�3RLQW�6RXUFH�$FTXLVLWLRQV�)LJXUH������ 220



+RZ�WKH�&KHFNER[�:RUNV�IRU�3RLQW�6RXUFH�$FTXLVLWLRQV�)LJXUH������

'LIIXVH�$FTXLVLWLRQ

)RU�GLIIXVH�DFTXLVLWLRQV�� ���WKH�IOLJKW�VRIWZDUH�GHWHUPLQHV�WKH�WDUJHW�ORFDWLRQ�HLWKHUACQTYPE=DIFFUSE
E\�ILQGLQJ�WKH�IOX[�ZHLJKWHG�FHQWURLG�RI� WKH�SL[HOV� LQ�WKH�EULJKWHVW�FKHFNER[�RU�E\�GHWHUPLQLQJ�WKH
JHRPHWULF�FHQWHU�RI�WKH�EULJKWHVW�FKHFNER[��VHH� ��)LJXUH����

+RZ�WKH�&KHFNER[�:RUNV�IRU�'LIIXVH�$FTXLVLWLRQV�)LJXUH������ 221



+RZ�WKH�&KHFNER[�:RUNV�IRU�'LIIXVH�$FTXLVLWLRQV�)LJXUH������

)RU�GLIIXVH�DFTXLVLWLRQV��WKH�XVHU�PXVW�VSHFLI\�ERWK�WKH�WDUJHW�DFTXLVLWLRQ�FHQWHULQJ�PHWKRG��DIFFUSE-
�RU� ��DQG� WKH�FKHFNER[�VL]H��7KH�XVHU�VHWV� �CENTER= GEOMETRIC-CENTER FLUX-CENTROID CHECKBOX=Q

ZKHUH� �PXVW�EH�DQ�RGG�QXPEHU�EHWZHHQ���DQG������WKH�FKHFNER[�ZLOO�WKHQ�KDYH�GLPHQVLRQ�Q Qb�bQ
SL[HOV�� VKRXOG�EH�VHW�WR�WKH�PLQLPXP�VL]H�ZKLFK�HQVXUHV�WKDW�WKH�EULJKWHVW�FKHFNER[�ZLOOCHECKBOX�
EH� WKH� RQH� FHQWHUHG� RQ� WKH� UHJLRQ� RI� LQWHUHVW� �L�H��� LI� \RXU� REMHFW� LV� SHDNHG�ZLWKLQ� D� UHJLRQ� RI� �
DUFVHFRQG��VHW� �> ���DUFVHFRQG��������DUFVHF�SL[�b�b�@��7KH�PD[LPXP�FKHFNER[�LV����CHECKBOX=21
SL[HOV�RQ�HDFK�VLGH��RU�a�b ��DUFVHFRQGV��7KH�VXEDUUD\�XVHG�IRU�D�GLIIXVH�VRXUFH�DFTXLVLWLRQ�WDUJHW�b
LPDJH� LV� �SL[HOV�RQ�HDFK�VLGH��7KH� � FDQ�EH�XVHG� WR+101CHECKBOX 67,6�7DUJHW�$FTXLVLWLRQ�6LPXODWRU
GHWHUPLQH�WKH�RSWLPDO� �VL]H��)RU�PRUH�LQIRUPDWLRQ�DERXW�GHWHUPLQLQJ�WKH�RSWLPDO�FKHFNER[CHECKBOX
VL]H��SOHDVH�VHH�VHFWLRQ�WZR�RI�WKHb �b1RYHPEHU������67,6�67$1
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6LPXODWHG�'LIIXVH�$FTXLVLWLRQ�RI�(OOLSWLFDO�*DOD[\�0���)LJXUH������

&UHDWHG� E\� UXQQLQJ� WKH� IOLJKW�VRIWZDUH� DOJRULWKP� RQ� D� 67,6� LPDJH�� � SURGXFHG� JRRGCHECKBOX=25
FHQWHULQJ��6PDOOHU�YDOXHV�FDXVHG�FKHFNER[�WR�FHQWHU�RQ�ORFDO�EULJKWQHVV�HQKDQFHPHQWV�RIIVHW�IURP
JDOD[\�FHQWHU�

������6HOHFWLQJ�7DUJHW�$FTXLVLWLRQ�3DUDPHWHUV
7R�SODQ�\RXU�DFTXLVLWLRQ��\RX�PXVW�VHOHFW�

7KH�WDUJHW�\RX�DUH�JRLQJ�WR�DFTXLUH��VFLHQWLILF�WDUJHW�RU�RIIVHW�REMHFW��
7KH� W\SH�RI� DFTXLVLWLRQ��SRLQW� RU�GLIIXVH�� DQG� LI� \RX�DUH�SHUIRUPLQJ�D�GLIIXVH�DFTXLVLWLRQ�� WKH
WDUJHW�DFTXLVLWLRQ�FHQWHULQJ�DOJRULWKP�DQG�FKHFNER[�VL]H�
7KH�ILOWHUHG� �WR�EH�XVHG�IRU�WDUJHW�LPDJLQJ�GXULQJ�WKH�DFTXLVLWLRQ�APERTURE
7KH�H[SRVXUH�WLPH�IRU�WKH�LPDJH�XVHG�WR�GHWHUPLQH�WKH�ORFDWLRQ�RI�WKH�oWDUJHW�
7KH�SURJUDP�DSHUWXUH��ZKLFK�GHWHUPLQHV�LI�\RX�QHHG�D�SHDNXS�DFTXLVLWLRQ�

)LJXUH�����VKRZV�WKH�IORZ�RI�VSHFLI\LQJ�D�WDUJHW�DFTXLVLWLRQ�VFKHPH�

224

https://hst-docs.stsci.edu/display/STISIHB/8.1+Introduction#id-8.1Introduction-Figure8.2


6HOHFWLQJ�WKH�$FTXLVLWLRQ�2EMHFW

7KH�ILUVW�VWHS�LV�WR�GHWHUPLQH�ZKDW�REMHFW�\RX�DUH�JRLQJ�WR�XVH�IRU�\RXU�WDUJHW�DFTXLVLWLRQ��1RWH�WKDW
WKH�67,6�VRIWZDUH�ZLOO�DOZD\V�DFTXLUH�WKH�EULJKWHVW�REMHFW�LQ�WKH��b ��DUFVHFRQG�VHDUFK�DUHD��,I�\RXU�b
WDUJHW� LV� LVRODWHG��RU� LI� WKHUH�DUH�QR�EULJKWHU�REMHFWV� � \RX�KDYH�VHOHFWHG� �VHHLQ� WKH�67,6�EDQGSDVV
EHORZ��ZLWKLQ� �b DUFVHFRQGV� RI� \RXU� WDUJHW�� WKHQ� \RX� FDQ� DFTXLUH� \RXU� WDUJHW� GLUHFWO\�� ,I� WKHUH� DUH
EULJKWHU�WDUJHWV�QHDUE\��WKHQ�\RX�ZLOO�QHHG�WR�DFTXLUH�DQ�RIIVHW�WDUJHW��JHQHUDOO\�WKH�EULJKWHVW�QHDUE\
VWDU���DQG�WKHQ�SHUIRUP�D�VOHZ�WR�WKH�VFLHQWLILF�WDUJHW��7KH�RIIVHW�WHFKQLTXH�LV�DOVR�UHFRPPHQGHG�IRU
SUHFLVH� SRLQWLQJ� WR� VSHFLILF� VXUIDFH� RU� DWPRVSKHULF� IHDWXUHV� IRU� ODUJH� �!a�b DUFVHFRQGV�� SODQHWDU\
WDUJHWV� VXFK� DV�0DUV�� -XSLWHU�� DQG� 6DWXUQ�� ZLWK� WKH� RIIVHW� WDUJHW� EHLQJ� D� SODQHWDU\� VDWHOOLWH� �VHH�

� IRU� IXUWKHU� GHWDLOV��� 1RWH� WKDW� � SHUIRUPV� VPDOO� DQJOH� PDQHXYHUV� �6$0�� TXLWH6HFWLRQ� ����� +67
DFFXUDWHO\��ZLWK�D��bDUFVHFRQG�PDQHXYHU�KDYLQJ�DQ�HUURU�RI�������DUFVHFRQG��ZKLOH�D��bDUFPLQXWH
PDQHXYHU� �WKH�PD[LPXP� WR�HQVXUH� WKDW�D� VLQJOH� VHW�RI�JXLGH� VWDUV� FDQ�EH�XVHG� IRU�ERWK� WDUJHWV�
\LHOGV�D������DUFVHFRQG�HUURU��7KH�RIIVHW�VKRXOG�QRW�VLJQLILFDQWO\�DIIHFW� WDUJHW�DFTXLVLWLRQ�FHQWHULQJ
DFFXUDF\� HYHQ� LQ� WKH� VPDOOHVW� HFKHOOH� VOLWV�� DQG� \RXU� WDUJHW� DFTXLVLWLRQ� FHQWHULQJ� XQFHUWDLQW\� ZLOO
JHQHUDOO\�EH�GRPLQDWHG�E\�\RXU�NQRZOHGJH�RI�WKH�DEVROXWH�RIIVHW�EHWZHHQ�WKH�DFTXLVLWLRQ�VWDU�DQG
\RXU� WDUJHW�� ,I� \RX�DUH�XQFHUWDLQ�ZKHWKHU�D�QHDUE\�REMHFW� LV� EULJKWHU� WKDQ�\RXU� WDUJHW� LQ� WKH�67,6
EDQGSDVV��LW�LV�VDIHVW�WR�VHOHFW�DQ�LVRODWHG�REMHFW�DQG�SHUIRUP�\RXU�DFTXLVLWLRQ�RQ�LW�

,I�\RX�DUH�REVHUYLQJ�D�GLIIXVH�VRXUFH��\RX�VKRXOG�ILUVW�FKHFN�WR�VHH�LI�WKHUH�LV�D�VXLWDEOH�VWDU�ZKLFK�\RX
FDQ�XVH� DV� DQ� DFTXLVLWLRQ� WDUJHW�� DQ� RIIVHW� FDQ� WKHQ� EH� XVHG� WR�PRYH� WR� WKH� GHVLUHG� SRVLWLRQ�� DV
QHHGHG�� ,I� \RX�ZLVK� WR� DFTXLUH� D� GLIIXVH� REMHFW� GLUHFWO\�� WKHQ� LW� LV� LPSRUWDQW� WR� NQRZ� \RXU� VRXUFH
VWUXFWXUH�DV�VHHQ�DW�a���bDUFVHFRQG�UHVROXWLRQ�WR�SURSHUO\�SODQ�\RXU�DFTXLVLWLRQ�VWUDWHJ\�LI�\RX�QHHG
DFFXUDWH� �D� IHZ� WHQWKV� RI� DQ� DUFVHFRQG�� FHQWHULQJ��:H� UHFRPPHQG� WKDW� \RX� ILUVW� FKHFN� WKH� +67
DUFKLYH�WR�GHWHUPLQH�LI�\RXU�WDUJHW�KDV�EHHQ�REVHUYHG�E\� �ZLWK�:)3&���:)3&���:)&���)2&��67,6+67
RU�$&6��,I�LW�KDV��WKDW�H[SRVXUH�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�RSWLPDO�DFTXLVLWLRQ�VWUDWHJ\�XVLQJ�WKH�

��,I�LW�KDV�QRW�\HW�EHHQ�REVHUYHG�ZLWK� ��ZH�VXJJHVW�\RX�WDNH�DQ�HDUO\7DUJHW�$FTXLVLWLRQ�6LPXODWRU +67
DFTXLVLWLRQ�LPDJH��HLWKHU�ZLWK�WKH�67,6�RU�ZLWK�:)&���ZKLFK�\RX�FDQ�XVH�WR�GHWHUPLQH�\RXU�RSWLPDO
DFTXLVLWLRQ�VWUDWHJ\��7KLV�LV�SDUWLFXODUO\�LPSRUWDQW�LI�\RXU�SURJUDP�UHTXLUHV�SODFHPHQW�RI�D�QDUURZ�VOLW
DFFXUDWHO\�RQ�D�GLIIXVH�REMHFW�

2QFH�\RX�KDYH�VHOHFWHG�\RXU�DFTXLVLWLRQ�REMHFW��\RX�QHHG�WR�PHDVXUH�LWV�FRRUGLQDWHV��ZKHQ�SRVVLEOH�
L�H���QRW�IRU�PRYLQJ�WDUJHWV��LQ�WKH�*XLGH�6WDU�UHIHUHQFH�IUDPH��LQIRUPDWLRQ�RQ�PHDVXULQJ�FRRUGLQDWHV
FDQ�EH�IRXQG�LQ�6HFWLRQ����

7R�GHULYH�DEVROXWH� FRRUGLQDWHV�� \RX� FDQ�XVH� � IURP� WKH� � SDFNDJH� WR�DOLJQ�\RXU7ZHDN5HJ GUL]]OHSDF
GDWD�WR�WKH�*$,$�FDWDORJ��7KLV�SURFHGXUH�LV�GHPRQVWUDWHG�LQ� �WKLV�QRWHERRN

1RWH�WKDW�WKH�LQLWLDO�DFTXLVLWLRQ�VXEDUUD\�LV���DUFVHFRQGV�RQ�HDFK�VLGH��\RXU�WDUJHW�FRRUGLQDWHV
PXVW�EH�VXSSOLHG�DFFXUDWHO\�LQ�WKH�,&56�IUDPH�GXULQJ�3KDVH� WR�DVVXUH�\RXU�WDUJHW�ZLOO�EH�LQII 
WKH� LQLWLDO� � LPDJH��JLYHQ� WKDW� WKH� LQLWLDO�JXLGH�VWDU�SRLQWLQJ�DFFXUDF\� LV�XVXDOO\�a������ACQ
DUFVHFRQGV�EXW�RFFDVLRQDOO\�DV�ODUJH�DV��bDUFVHFRQG�
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6HOHFWLQJ�WKH�$FTXLVLWLRQ�7\SH

,I�\RX�DUH�DFTXLULQJ�D�SRLQW�OLNH�REMHFW��\RX�VKRXOG�VHOHFW�WKH�RSWLRQDO�SDUDPHWHU�IRU�D�SRLQW�VRXUFH
DFTXLVLWLRQb� ���7KLV�VHOHFWLRQ�ZLOO�ILQG�WKH�IOX[�ZHLJKWHG�FHQWURLG�RI�WKH�REMHFW�XVLQJ�D��bACQTYPE=POINT
��FKHFNER[��,I�\RX�DUH�DFTXLULQJ�D�GLIIXVH�REMHFW��\RX�VKRXOG�VHOHFW�WKH�GLIIXVH�VRXUFH�DFTXLVLWLRQ���b

��� $� GLIIXVH� DFTXLVLWLRQ�ZLOO� DOVR� UHTXLUH� VHOHFWLQJ� WKH� WDUJHW� DFTXLVLWLRQ� FHQWHULQJACQTYPE=DIFFUSE
DOJRULWKP� � � RU� �� DQG� D� FKHFNER[� VL]H� ��DIFFUSE-CENTER= FLUX-CENTROID GEOMETRIC-CENTER

��� 1RWH� WKDW� VHOHFWLQJ� D� � DFTXLVLWLRQ� ZLWK� � DQG�CHECKBOX=3-105 DIFFUSE CHECKBOX=3 DIFFUSE-
� LV�HTXLYDOHQW� WR�VHOHFWLQJ� WKH� � VRXUFH�DOJRULWKP��$�CENTER=FLUX-CENTROID POINT 7DUJHW�$FTXLVLWLRQ

� LV�DYDLODEOH� WR�DVVLVW�\RX� LQ� VHOHFWLQJ� WKH�EHVW� FKHFNER[�VL]H� LI� \RX�KDYH�DQ� LPDJH�DW�D6LPXODWRU
VLPLODU�UHVROXWLRQ�WR�WKDW�RI�67,6�DQG�LQ�D�VLPLODU�EDQGSDVV�

6HOHFWLQJ�WKH�,PDJLQJ�$SHUWXUH

7KH�DSHUWXUHV�DYDLODEOH�IRU�WDUJHW�DFTXLVLWLRQV�DUH�WKH�VDPH�VHW�WKDW�FDQ�EH�XVHG�IRU�&&'�LPDJLQJ
DQG� DUH� OLVWHG� LQ� � EHORZ�� 7KH\� LQFOXGH� WKH� YLVLEOH� ORQJSDVV� ILOWHU�� WKH� FOHDU� XQILOWHUHG7DEOH� ���
DSHUWXUH��WKH�>2b @�QDUURZEDQG�ILOWHU��WKH�>2b @�QDUURZEDQG�ILOWHU��DQG�WKH�QHXWUDO�GHQVLW\�ILOWHUVIII II

ZKLFK� SURYLGH� DWWHQXDWLRQV� IRU� EULJKW� VRXUFHV� RI� �� � DQG� �� �� � LV� WKH� SUHIHUUHG� WDUJHW� � F28X50LP
DFTXLVLWLRQ�DSHUWXUH��7KH�ORQJSDVV�ILOWHU�LV�SUHIHUUHG��FRPSDUHG�WR�WKH�FOHDU� �DSHUWXUH��EHFDXVH50CCD
LW� EORFNV� WKH�89�SKRWRQV��ZKLFK� FDQ�RWKHUZLVH�HOHYDWH� WKH�GHWHFWRU� GDUN� FRXQW� LQ� WKH� VXEVHTXHQW
VFLHQWLILF�H[SRVXUHV� �VHH� ���)RU�EULJKW�VRXUFHV�ZKLFK�VDWXUDWH� WKH�&&'� LQ�����VHFRQG6HFWLRQ�������
ZLWK�WKH�ORQJSDVV�ILOWHU��VHH� ���\RX�FDQ�XVH�HLWKHU�WKH�QDUURZEDQG�>2b @�� ��RU7DEOH���� III F28X50OIII
>2b @�� ��ILOWHUV�DV�WKH�DFTXLVLWLRQ�DSHUWXUH��RU�RQH�RI�WKH�QHXWUDO�GHQVLW\�ILOWHUV��7KH�>2b @II F28X50OII II
DQG�>2b @�ILOWHUV�FDQ�DOVR�EH�XVHG�WR�ORFDWH�WKH�WDUJHW�LQ�WKH�OLJKW�RI�DQ�HPLVVLRQ�OLQH��1RWH�WKDW�WKHIII
>2b @�ILOWHU�KDV�D�ODUJH�UHG�OHDN�DW�͐b!b������b���VHH� ���VR�LW�VKRXOG�EH�XVHG�ZLWK�FDXWLRQ�III &KDSWHU���
WKH�>2b @�ILOWHU�KDV�QR�PHDVXUDEOH�UHG�OHDN�II

7DEOH������$SHUWXUHV�IRU�7DUJHW�$FTXLVLWLRQV�

$SHUWXUH
1DPH

)LOWHU�7\SH &RPPHQW

F28X50LP 2SWLFDO�ORQJSDVV 3UHIHUUHG�WDUJHW�DFTXLVLWLRQ�DSHUWXUH

F28X50OII >2� @II 8VH� IRU� EULJKW� VRXUFHV� RU� WR� FHQWHU� RQ� HPLVVLRQ� OLQH
VWUXFWXUH

F28X50OIII >2� @� �KDV� VHYHUH� UHGIII
OHDN�

8VH� IRU� EULJKW� VRXUFHV� RU� WR� FHQWHU� RQ� HPLVVLRQ� OLQH
VWUXFWXUH

F25ND3 1HXWUDO�GHQVLW\��1' ��� 8VH�RQO\�IRU�WDUJHWV�WRR�EULJKW�IRU�RWKHU�ILOWHUV

F25ND5 1HXWUDO�GHQVLW\��1' ��� 8VH�RQO\�IRU�WDUJHWV�WRR�EULJKW�IRU�RWKHU�ILOWHUV

50CCD &OHDU 8VH�IRU�DFTXLVLWLRQV�RI�IDLQWHVW�VRXUFHV�RQO\

:H� UHFRPPHQG� WKH� ORQJSDVV� � ILOWHU� IRU� DOO� WDUJHW� DFTXLVLWLRQV� RI� VRXUFHV� ZLWK� 9F28X50LP
PDJQLWXGHV�EHWZHHQ����DQG����
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'HWHUPLQLQJ�([SRVXUH�7LPH�IRU�WKH� �([SRVXUHACQ

7R�DFKLHYH�UREXVW�WDUJHW�ORFDWLRQ�

$� �VLJQDO�WR�QRLVH�UDWLR�RI�DW�OHDVW�����RYHU�WKH�FKHFNER[��RU������HOHFWURQV������'1�PLQLPXP
PXVW�EH�REWDLQHG�RQ�HDFK� WDUJHW� LPDJH�REWDLQHG�GXULQJ� WKH� H[SRVXUH��+LJKHU� VLJQDO�WR�ACQ�
QRLVH�UDWLRV�VKRXOG�EH�FRQVLGHUHG�LI�SUDFWLFDO��VHH�EHORZ��
)RU� �DFTXLVLWLRQV�ZLWK�ODUJH�FKHFNER[�VL]HV��L�H��� !b����D�FRQWUDVW�UHODWLYH�WRDIFFUSE CHECKBOX 

VXUURXQGLQJ�UHJLRQV�RI� ���bH �SL[��RU�HTXLYDOHQWO\���b'1�SL[��PXVW�EH�REWDLQHG�IRU�WKHDW�OHDVW 

UHJLRQ�RI�WKH�VRXUFH�EHLQJ��IRXQG��
7KH�WDUJHW�LPDJH�FDQQRW�EH�DOORZHG�WR�VDWXUDWH�WKH�&&'�IXOO�ZHOO����������HOHFWURQV��
7KH�H[SRVXUH�WLPH�PXVW�EH�OHVV�WKDQ��bPLQXWHV�IRU�SRLQW�VRXUFH�DFTXLVLWLRQV�DQG�OHVV�WKDQ�WKH
PD[LPXP�DOORZHG��VHH�EHORZ��IRU�GLIIXVH�DFTXLVLWLRQV�
$� �RI���LV�XVHG�IRU�DOO�DFTXLVLWLRQ�LPDJHV�CCDGAIN

,W� VKRXOG� EH� FRQVLGHUHG� WKDW� WKH� FRXQW� UDWHV� UHFRPPHQGHG� DERYH� DUH� WKH� � FRXQW� UDWHVPLQLPXP
QHHGHG� IRU� WKH�DFTXLVLWLRQ� WR�KDYH�D�KLJK�FKDQFH�RI� VXFFHVV��+RZHYHU��REWDLQLQJ� � LPDJHV�ZLWKACQ
VLJQLILFDQWO\� KLJKHU� VLJQDO�WR�QRLVH� UDWLRV� WKDQ� WKHVH� PLQLPD� GR� SURYLGH� DQ� DGGLWLRQDO� GHJUHH� RI
SURWHFWLRQ�DJDLQVW� IDLOXUHV� FDXVHG�E\�D�SRRU� HVWLPDWH�RI� WKH� VRXUFH� FRXQW� UDWH�RU� E\�D�EDG� LQLWLDO
SRLQWLQJ�WKDW�SXWV�WKH�WDUJHW�MXVW�RXWVLGH�WKH�DFTXLVLWLRQ�VXEDUUD\��LQ�WKH�ODWWHU�FDVH��WKH�GLIIUDFWLRQ
VSLNHV�RU�WKH�ZLQJV�RI�WKH�36)�PD\�ZHOO�EH�GHWHFWHG�LQ�WKH�LQLWLDO�LPDJH�DQG�PRYHG�WR�WKH�GHWHFWRU
FHQWHU�� DOORZLQJ� WKH� � WR� VXFFHHG� GXULQJ� WKH� ILQH�ORFDWH� SKDVH��� 6XFK� GHHSHU� H[SRVXUHV� DUHACQ
WKHUHIRUH�UHFRPPHQGHG�LI�WKH�DGGLWLRQDO�RYHUKHDGV�DUH�VPDOO�FRPSDUHG�WR�WKH�RYHUKHDG�WLPH�IRU�ACQ
H[SRVXUHV��W\SLFDOO\���PLQXWHV���DQG�LI�WKHUH�LV�QR�FKDQFH�RI�VDWXUDWLQJ�WKH�&&'��)RU�D�SRLQW�VRXUFH�
WKH� IXOO�ZHOO� OLPLW� RI���������HOHFWURQV� LQ� WKH� FHQWUDO� SL[HO� FRUUHVSRQGV� WR�DQ� �6�1�HVWLPDWH�RI(7&
DERXW�������

7KH�PD[LPXP�SRVVLEOH� H[SRVXUH� WLPH� IRU� D� SRLQW� VRXUFH� DFTXLVLWLRQ� � �� H[SRVXUH� LVACQTYPE=POINT
�b PLQXWHV�� WKLV� OLPLW� UHVWULFWV� DFTXLVLWLRQV� WR� VRXUFHV� EULJKWHU� WKDQ� ����b PDJ� LQ� �� 7KLV� OLPLW� LV9
LPSRVHG� EHFDXVH�� IRU� ORQJHU� H[SRVXUH� WLPHV�� WKH� WDUJHW� DFTXLVLWLRQV� EHFRPH� FRPSURPLVHG� E\
FRLQFLGHQW� FRVPLF� UD\� LPSDFWV�� ZKLFK� ZLOO� OHDG� WR� DFTXLVLWLRQ� IDLOXUHV�� 7KH� PD[LPXP� SRVVLEOH
H[SRVXUH�WLPH�IRU�D�GLIIXVH�DFTXLVLWLRQ�GHSHQGV�RQ�WKH�FKHFNER[�DQG�LV�JLYHQ�E\�

7KH�PLQLPXP�H[SRVXUH� WLPH�DOORZHG� IRU�DQ�DFTXLVLWLRQ� LV����� VHFRQG�� �JLYHV� WKH� OLPLWLQJ7DEOH����
PDJQLWXGHV�DW�ZKLFK� WKH�&&'�ZLOO� VDWXUDWH� LQ�D����b VHFRQG�H[SRVXUH�� VRXUFHV�EULJKWHU� WKDQ� WKHVH
OLPLWV�FDQQRW�EH�DFTXLUHG�ZLWK�WKH�&&'�XVLQJ�WKHVH�ILOWHUV��5HPHPEHU�WKDW�WKH�1'�ILOWHUV�FDQ�DOVR�EH
XVHG� WR� DFTXLUH� WDUJHWV�� WKHVH� ILOWHUV� SURYLGH� DWWHQXDWLRQV� RI� �� � ����b PDJQLWXGHV�� DQG� ��� �

�����bPDJQLWXGHV��UHODWLYH�WR�WKH�FOHDU�� ��ILOWHU��1RWH�WKDW�WKH�1'�ILOWHUV�DUH�FRQWDLQHG�LQ�WKH�VOLW50CCD
ZKHHO�ZLWK�RWKHU� VOLWV� DQG�DSHUWXUHV�� DQG� VR� FDQQRW�EH�XVHG� LQ� FRQMXQFWLRQ�ZLWK�RWKHU� ILOWHUV�� 7KH
WDEOH�LOOXVWUDWHV�WKDW�LW�LV�SRVVLEOH�WR�LPDJH�DQ\�VWDU�XVLQJ�D�ILOWHU�IURP�WKH�VXLWH��LQFOXGLQJ�WKH�QHXWUDO�
GHQVLW\�ILOWHUV��DYDLODEOH�IRU�67,6�

7DEOH������ �0DJQLWXGH�/LPLWV� IRU�6DWXUDWLRQ�RI�D�����6HFRQG�&&'�([SRVXUH�7LPH�DV�D�)XQFWLRQ�RI9
$SHUWXUH�

6SHFWUDO�7\SH /LPLWLQJ�0DJQLWXGH

50CCD F28X50LP F28X50OII F28X50OIII F25ND3/5
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3RZHU�/DZ ��� ��� ��� ��� �������

��&DOFXODWLRQV�SHUIRUPHG�XVLQJ�WKH�6RODU�WHPSODWH�DYDLODEOH�LQ�WKH�67,6� ��(7&
�&DOFXODWLRQV�SHUIRUPHG�XVLQJ� �GDWD�IRU�WKH�VWDU�7DX�&HWL��� ,8(
�&DOFXODWLRQV�SHUIRUPHG�XVLQJ� �GDWD�IRU�WKH�VWDU�(SVLORQ�(UL��bb� ,8(
�&DOFXODWLRQV�SHUIRUPHG�XVLQJ� �GDWD�IRU�QLQH� �VWDUV�RI�WKHVH�W\SHV�� ,8( ,8(

)LJXUH�����DQG� �FDQ�KHOS�\RX�HVWLPDWH�H[SRVXUH�WLPHVWKH\�SORW�H[SRVXUH�WLPH�YHUVXV�)LJXUH���� 9
bPDJQLWXGH�WR�DFKLHYH�D�VLJQDO�WR�QRLVH�UDWLR�RIb���IRU�VWDUV�KDYLQJ�D�UDQJH�RI�VSHFWUDO�W\SHV��IRU�WKH
FOHDU��ORQJSDVV��>2b @��DQG�>2b @�ILOWHUV��7R�GHWHUPLQH�WKH�H[DFW�H[SRVXUH�WLPH�IRU�\RXU�WDUJHW��\RXIII II
VKRXOG� XVH� WKH � �VHH� ��� 1RWH� WKDW� WKH� RYHUKHDGV� LQ� WDUJHW� DFTXLVLWLRQV� DUH� 67,6� 7$� (7& 6HFWLRQ� ���
VXEVWDQWLDOO\� ORQJHU� WKDQ�PRVW�H[SRVXUH� WLPHV��VR�DV� ORQJ�DV�\RX�GR�QRW�DSSURDFK�VDWXUDWLRQ� �L�H��
FRPH�ZLWKLQ�����RI�WKH�IXOO�ZHOO��\RX�VKRXOG�LQFUHDVH�\RXU�H[SRVXUH�WLPH�E\�D�IDFWRU�RI�DW�OHDVW�D�IHZ
DERYH�WKH�PLQLPXP�UHTXLUHG��H�J���LI�WKH�H[SRVXUH�WLPH�WR�REWDLQ�D�6�1�RI����LV�����VHFRQG��WKHQ�\RX
VKRXOG�OHQJWKHQ�LW�WR���VHFRQG�LI�QR�VDWXUDWLRQ�RFFXUV���$OVR�FRQVLGHU�ZKHWKHU�D�VKRUWHU�H[SRVXUH�LQ�D
KLJKHU� WKURXJKSXW� ILOWHU� PLJKW� JLYH� EHWWHU� 6�1� �VHH� � IRU� WKH� EULJKWHVW� PDJQLWXGH� DV� D7DEOH� ���
IXQFWLRQ�RI� ILOWHU�DQG�WDUJHW�VSHFWUDO� W\SH�ZKLFK�FDQ�EH�REVHUYHG�ZLWKRXW�VDWXUDWLQJ�WKH�DFTXLVLWLRQ
H[SRVXUH���7KH�H[SRVXUH�WLPH�HQWHUHG�LQWR�\RXU�3KDVH �WHPSODWH�LV�WKH�WLPH�IRU�HDFK�RI�WKH�WZR II
H[SRVXUHV�LQ�WKH� �VHTXHQFH��XQOLNH�WKH�FDVH�RI� �REVHUYDWLRQV�ZKHUH�LW�LV�WKH�WRWDO�WLPH�ACQ CR-SPLIT
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7LPH�WR�$FKLHYH�D�6LJQDO�WR�1RLVH�5DWLR�RI����IRU�&&'�$FTXLVLWLRQV�)LJXUH������

������6SHFLI\LQJ�$FTXLVLWLRQV�LQ�3KDVH�II
$FTXLVLWLRQ�H[SRVXUHV�PXVW�EH� VSHFLILHG�GXULQJ�3KDVH� �EHIRUH� WKH� VFLHQWLILF�H[SRVXUHV� IRU�ZKLFKII
WKH\�DUH�LQWHQGHG��7KH�XVHU�UHTXHVWV�D�WDUJHW�DFTXLVLWLRQ�H[SRVXUH�E\�VSHFLI\LQJ�02'( $&4�RQ�WKH
$37�3KDVH� ,,�H[SRVXUH�SDUDPHWHUV�SDJH�DQG�VHWWLQJ� ��7KH�GHIDXOW� LV� EXWbACQTYPE ACQTYPE=POINT, 

b,I� �LV�VHOHFWHG��WKH�REVHUYHU�PXVW�DOVR�VSHFLI\��LV�DOVR�DQ�RSWLRQ�ACQTYPE=DIFFUSE ACQTYPE=DIFFUSE
�DQG� �DIFFUSE-CENTER CHECKBOX
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(7&�DQG�3KDVHb �H[DPSOHV�DUH�SURYLGHG�LQ� �II 6HFWLRQ����

������6RODU�6\VWHP�$FTXLVLWLRQV
7KH� �SURFHGXUH�FDQ�EH�XVHG�IRU�VRODU�V\VWHP�WDUJHWV�DV�ZHOO�DV�IL[HG�WDUJHWV��7KH�GLIIHUHQFH�LV�LQACQ
WKH�VSHFLILFDWLRQ�RI�WKH�WDUJHW�SRVLWLRQ��ZKLFK�LV�RXWOLQHG�LQ�&KDSWHU���RI�WKH�+67�3KDVH� �3URSRVDOII

��)RU�VDWHOOLWHV� OHVV�WKDQ����bDUFVHFRQG� LQ�GLDPHWHU��D�SRLQW�VRXUFH� � LV�VXIILFLHQW��)RU,QVWUXFWLRQV ACQ
VDWHOOLWHV� RI� JUHDWHU� GLDPHWHU�� �ZLWK� � DQG� D�ACQTYPE=DIFFUSE DIFFUSE-CENTER=GEOMETRIC CHECKBOX
VL]H�FKRVHQ�WR�PDWFK�WKH�VDWHOOLWH�GLDPHWHU�DUH�UHFRPPHQGHG��7R�DFTXLUH�D�SODQHWDU\�IHDWXUH�RU�D
VDWHOOLWH� WUDQVLWLQJ� WKH� SODQHW�� DQRWKHU� VDWHOOLWH� LQ� WKH� V\VWHP� FDQ� JHQHUDOO\� EH� XVHG� DV� DQ� RIIVHW
WDUJHW��,I�SUHFLVH�SRLQWLQJ�WR�D�VSHFLILF�IHDWXUH�LV�QRW�UHTXLUHG��WKHQ�EOLQG�SRLQWLQJ��ZKLFK�LV�JHQHUDOO\
DFFXUDWH�WR�a�������DUFVHFRQGV��FDQ�EH�XVHG�IRU� ODUJHU�WDUJHWV�VXFK�DV�0DUV�� -XSLWHU��DQG�6DWXUQ�
7KH�W\SHV�RI�DFTXLVLWLRQV�UHFRPPHQGHG�IRU�WKH�PRVW�FRPPRQ�VRODU�V\VWHP�WDUJHWV�LV�VXPPDUL]HG�LQ�

�7DEOH����

b

7DEOH������6RODU�6\VWHP�$FTXLVLWLRQV�

7DUJHW 7\SH�RI�$FTXLVLWLRQ 2IIVHW�7DUJHW

9HQXV 2IIVHW�WDUJHW 6WDU

0DUV 2IIVHW�WDUJHW 'HLPRV

-XSLWHU 2IIVHW�WDUJHW *DOLOHDQ�VDWHOOLWH

6DWXUQ 2IIVHW�WDUJHW 6DWHOOLWH

8UDQXV 'LIIXVH�VRXUFH

1HSWXQH 'LIIXVH�VRXUFH

6DWHOOLWH� RU� DVWHURLG� �a���
DUFVHFRQGV

3RLQW�VRXUFH
b

6DWHOOLWH� RU� DVWHURLG� !a���
DUFVHFRQGV

'LIIXVH�VRXUFH
b

7UDQVLWLQJ�VDWHOOLWH 2IIVHW�WDUJHW $QRWKHU�VDWHOOLWH

&RPHW 'LIIXVH�VRXUFH

7KH�FRRUGLQDWHV�RI�WKH�SODQHWV�DQG�WKHLU�VDWHOOLWHV�DUH�GHULYHG�IURP�HSKHPHULGHV�REWDLQHG�E\�676F,
IURP� -3/�� 7KH� DFFXUDFLHV� RI� WKH� HSKHPHULGHV� DUH� PDLQWDLQHG� E\� -3/� RQ� WKHLUb 3ODQHWDU\� 6DWHOOLWH

�SDJH�(SKHPHULGHV bVHH�DOVR�WKH�-3/� �VHUYLFH�IRU�FRPSXWLQJ�HSKHPHULGHV�+RUL]RQV

<RXU� 3URJUDP�&RRUGLQDWRU� FDQ� SURYLGH� GHWDLOHG� LQIRUPDWLRQ� RQ� HSKHPHULGHV� DQG� WUDFNLQJ� IRU� \RXU
REVHUYDWLRQV�
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6SHFLDO� FDUH� PXVW� EH� WDNHQ� ZKHQ� WUDFNLQJ� VDWHOOLWHV� ZLWK� UDSLGO\� FKDQJLQJ� GLUHFWLRQ� RU� YHORFLW\�
2EVHUYHUV� VKRXOG�EH�DZDUH� WKDW�PRYLQJ� WDUJHWV�DUH� WUDFNHG�E\� �ZLWK� WKH�DVVXPSWLRQ� WKDW� WKH+67
REMHFW�LV�PRYLQJ�RQ�D�OLQHDU�WUDFN�ZLWK�FRQVWDQW�YHORFLW\��'HSHQGLQJ�RQ�WKH�YLVLW�VWUXFWXUH��WKH�VDPH
OLQHDU� WUDFN� PD\� FRQWLQXH� WKURXJK� VHYHUDO� H[SRVXUHV�� 7KH� VFKHGXOLQJ� VRIWZDUH� VHWV� D� JHQHUDOO\
DSSURSULDWH�OLPLW�RQ�WKH�GXUDWLRQ�RI�D�OLQHDU�WUDFN�ZKLFK�GHSHQGV�RQ�WKH�WDUJHW�EHLQJ�WUDFNHG��EXW�QRW
RQ�GHWDLOV�RI�WKH�WDUJHW�PRWLRQ�DW�WKH�WLPH��,Q�VRPH�VLWXDWLRQV��IRU�H[DPSOH��QHDU�WKH�LQIOHFWLRQ�SRLQW
RI�DQ�RUELW��� WKH�DSSUR[LPDWLRQ�FRXOG�UHVXOW� LQ� LQDGHTXDWH�WUDFNLQJ�ZKHQ�XVLQJ�D�QDUURZ�VOLW�� ,I� WKLV
PD\�EH�D�SUREOHP��WKH�REVHUYHU�FDQ�FRQVXOW�WKH�SURSRVDOૼV�GHVLJQDWHG�3URJUDP�&RRUGLQDWRU�WR�ILQG
RXW�KRZ�ORQJ�WKH�VDPH�WUDFN�ZLOO�EH�XVHG�IRU�D�VHULHV�RI�H[SRVXUHV��DQG�ZKHWKHU�LW�LV�SRVVLEOH�WR�EUHDN
WKH�YLVLW� LQWR�VKRUWHU�WUDFNV��$OWHUQDWLYHO\��RQH�FDQ�SODQ�WR�REVHUYH�GXULQJ�D�PRUH�OLQHDU�SDUW�RI�WKH
RUELW�

$FTXLVLWLRQ�H[SRVXUH�WLPHV�FDQ�EH�DFFXUDWHO\�HVWLPDWHG�XVLQJ�WKH� ��XVH67,6�7DUJHW�$FTXLVLWLRQ�(7&
WKH�.XUXF]�PRGHO�*�b9��VRODU�VSHFWUXP���DQG�QRUPDOL]H�LW�XVLQJ�WKH� PDJQLWXGH�IRU�SRLQW�OLNH��೯��9b
�b DUFVHFRQG�� REMHFWV� RU� WKH� PDJQLWXGH� SHU� DUFVHFRQG � DQG� WKH� DSSURSULDWH� WDUJHW� VL]H� LQ9b �

DUFVHFRQGV�IRU�PRUH�H[WHQGHG�WDUJHWV�

�� 7KH� SURFHVVLQJ� GRQH� E\� WKH� )6:� LV� UXGLPHQWDU\�� D� VLQJOH�� SUH�GHWHUPLQHG�� ELDV� QXPEHU� LV
VXEWUDFWHG��EDG�SL[HOV�DUH�VHW�WR�WKH�DYHUDJH�RI�WKH���DGMDFHQW�SL[HOV��QHJDWLYH�YDOXHG�SL[HOV�DUH�VHW
WR�]HUR��DQG�HDFK�SL[HO�LV�DVVLJQHG�WKH�PLQLPXP�IURP�WKH�WZR�LPDJHV��DV�D�IRUP�RI�FRVPLF�UD\�DQG
KRW�SL[HO�UHMHFWLRQ���+HQFH�� �H[SRVXUHV�DUH� �VXLWHG�IRU�DFFXUDWH�SKRWRPHWU\�ACQ QRW
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����2QERDUG�7DUJHW�$FTXLVLWLRQ�3HDNXSV���$&4�3($.
������6HOHFWLQJ�3HDNXS�3DUDPHWHUV
������6SHFLI\LQJ�$FTXLVLWLRQ�3HDNXSV�LQ�3KDVH�,,

:KHQ�VOLWV�RI�ZLGWK� OHVV� WKDQ�RU�HTXDO� WR�����DUFVHFRQG�DUH�XVHG��DQ�DFTXLVLWLRQ�SHDNXS�H[SRVXUH
VKRXOG�EH�SHUIRUPHG��IROORZLQJ�WKH�DFTXLVLWLRQ�H[SRVXUH��WR�FHQWHU�WKH�WDUJHW�LQ�WKH�VOLW��<RX�VKRXOG
DOVR�FRQVLGHU�SHUIRUPLQJ�D�SHDNXS�RQ�WKH�WDUJHW�LI�\RX�KDYH�LQLWLDOO\�DFTXLUHG�DQ�RIIVHW�VWDU��UDWKHU
WKDQ�\RXU�WDUJHW��� WR�FRPSHQVDWH�IRU�DQ\�DGGLWLRQDO�XQFHUWDLQWLHV� LQ�\RXU�NQRZOHGJH�RI� WKH�RIIVHWV�
:H�DOVR� UHFRPPHQG�WKDW� IRU�D� ORQJ�VHULHV�RI�H[SRVXUHV� WDNHQ�WKURXJK�VOLWV�ZKLFK�DUH� OHVV� WKDQ�RU
HTXDO�WR�����DUFVHFRQG�LQ�HLWKHU�GLPHQVLRQ��D�SHDNXS�EH�SHUIRUPHG�DW�OHDVW�HYHU\����RUELWV��7KLV�ZLOO
HQVXUH�WKDW�GULIWV��VHH� ��GR�QRW�FDXVH�WKH�WDUJHW�WR�PRYH�RXW�RI�WKH�VOLW��3URJUDPV�ZLWK6HFWLRQ������
PRUH�VWULQJHQW�UHTXLUHPHQWV�RQ�SRVLWLRQ�RU�ZDYHOHQJWK�VWDELOLW\�ZLOO�QHHG�PRUH�IUHTXHQW�SHDNXSV�

)LJXUH� ���� LOOXVWUDWHV� WKH� EDVLF� SHDNXS� VHTXHQFH�� :KHQ� Db SHDNXS� H[SRVXUH� LV� SHUIRUPHG�� WKH
WHOHVFRSH�LV�PRYHG�WR�VWHS�WKH�WDUJHW�DFURVV�WKH�VOLW��$W�HDFK�VWHS��RU�GZHOO�SRLQW���DQ�LPDJH �RI�WKH�

VN\� LV� WDNHQ�DQG�WKH�WRWDO� IOX[� LQ�D�VSHFLILHG�VXEDUUD\� LV�GHWHUPLQHG��7R�DOORZ�IRU�D�PRUH�DFFXUDWH
FDOFXODWLRQ��WKH�PLQLPXP�IOX[�YDOXH�LQ�WKH�SHDNXS��WKH� ��LV�VXEWUDFWHG�IURP�HDFK�VWHS��7KHPEDESTAL
IOLJKW� VRIWZDUH� WKHQ� VHOHFWV� WKH� SRVLWLRQ� RI� PD[LPXP� IOX[�� XVLQJ� D� IOX[�ZHLJKWHG� FHQWURLGLQJ
WHFKQLTXH�WR�GHWHUPLQH�WKH�RSWLPXP�SRVLWLRQ�WR�D�IUDFWLRQ�RI�D�GZHOO�VWHS��$W�WKH�FRQFOXVLRQ�RI�WKH�ACQ

�H[SRVXUH��WKH�)OLJKW�6RIWZDUH��)6:��PRYHV�WKH�WHOHVFRSH�WR�SRVLWLRQ�WKH�WDUJHW�DW�WKH�GHULYHG/PEAK
RSWLPDO�SRVLWLRQ�ZLWKLQ�WKH�DSHUWXUH��$��FRQILUPDWLRQ� LPDJH�� LV�WKHQ�WDNHQ�WKURXJK�WKH�DSHUWXUH�RQ
WKH�VXEDUUD\�DQG�LV�LQFOXGHG�LQ�WKH� �GDWD�VHW�ACQ/PEAK
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6FKHPDWLF�RI�3HDNXS�6HTXHQFH�)LJXUH������

3HDNXS� H[SRVXUHV� FDQ� EH� WDNHQ�ZLWK� HLWKHU� D�PLUURU� �WR� SHDN� XS� LQ� XQGLVSHUVHG�ZKLWH� OLJKW�� RU� D
JUDWLQJ��WR�SHDN�XS�LQ�GLVSHUVHG�OLJKW���DQG�ZLWK�WKH�&&'�GHWHFWRU�RQO\��6XEDUUD\V�FDQ�EH�VSHFLILHG�WR
OLPLW� WKH� UHJLRQ� RI� WKH� GHWHFWRU� �VN\�� RYHU�ZKLFK� WKH� IOX[� LV� GHWHUPLQHG� DW� HDFK� GZHOO� SRLQW�� 7KH
GHIDXOW� VXEDUUD\� VL]HV�� ��b ��� IRU� ZKLWH�OLJKW� �PLUURU�� SHDNXSV� DQG� ��b �SHUSHQGLFXODU� WR� WKH�b
GLVSHUVLRQ�b b ����� �LQ� WKH� GLVSHUVLRQ� GLUHFWLRQ�� IRU� GLVSHUVHG�OLJKW� SHDNXSV�� DUH� DSSURSULDWH� IRU�
SHDNXSV�RQ�SRLQW�VRXUFHV��7KH\�VKRXOG�EH�FKDQJHG�RQO\�LI�\RX�DUH�SHUIRUPLQJ�GLIIXVH�VRXUFH�SHDNXSV
RU�LI�\RX�ZLVK�WR�LVRODWH�D�VLQJOH�OLQH�LQ�GLVSHUVHG�OLJKW�SHDNXSV��DQG�RQO\�XSRQ�FRQVXOWDWLRQ�ZLWK�DQ
,QVWUXPHQW�6FLHQWLVW�

:H�UHFRPPHQG�SHUIRUPLQJ�DOO�&&'�SHDNXSV�XVLQJ�WKH�PLUURU�XQOHVV�\RXU�WDUJHW�LV�WRR�EULJKW�
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<RX� GR� QRW� VSHFLI\� WKH� SDUDPHWHUV� RI� WKH� VWHSSLQJ� VHTXHQFH� HPSOR\HG� GXULQJ� WKH� SHDNXS�� LW� LV
SUHGHWHUPLQHG��EDVHG�RQ�WKH�DSHUWXUH�\RX�KDYH�FKRVHQ�� �EHORZ�VKRZV�WKH�VFDQ�VHTXHQFH7DEOH����
HPSOR\HG�IRU�DOO�RI�WKH�ORQJ�DQG�HFKHOOH�VOLWV��7KH�VFDQ�VHTXHQFH�IRU�D�SHDNXS�PD\�LQFOXGH�D�OLQHDU
VFDQ�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�� ���D�OLQHDU�VFDQ�SHUSHQGLFXODU�WR�WKH�GLVSHUVLRQSEARCH=LINEARAXIS1
D[LV� � ���RU�D�VSLUDO� VHDUFK�SDWWHUQ� � ���$GGLWLRQDO�SDUDPHWHUV�DUHSEARCH=LINEARAXIS2 SEARCH=SPIRAL
WKH�QXPEHU�RI�VWHSV�� ��DQG�WKH�VWHS� LQWHUYDOV�EHWZHHQ�HDFK�GZHOO�SRLQW� � ���1RWHNUMSTEPS STEPSIZE
WKDW�DOO� V�DUH�VLQJOH�VWDJH�SHDNXSV��H[FHSW�IRU�WKH�VPDOOHVW�VOLW�� ���:KHQ�XVLQJ�WKH�ACQ/PEAK 0.1X0.03

�VOLW��XVHUV�DUH�DGYLVHG�WR�DGG�WZR� V�DV�VKRZQ�LQ� �0.1X0.03 ACQ/PEAK 7DEOH����

3HDNXS�6FDQ�6HTXHQFHV�DQG�3DUDPHWHUV�IRU�6XSSRUWHG�6SHFWURVFRSLF�6OLWV�7DEOH������
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�7KH� �RU�WKH� �VOLWV�FDQ�EH�XVHG�LQ�SODFH�RI�WKH� �VOLW�2 0.2X0.05ND 0.3X0.05ND 0.2X0.09

������6HOHFWLQJ�3HDNXS�3DUDPHWHUV
7R�SODQ�\RXU�DFTXLVLWLRQ�SHDNXS��\RX�PXVW�VSHFLI\�

7KH�RSWLFDO�HOHPHQW�
7KH� ��SURJUDP�VOLW��XSRQ�ZKLFK�WR�SHDN�XS�APERTURE
7KH�H[SRVXUH�WLPH�IRU�WKH�SHDNXS�LPDJH�

6HOHFWLQJ�WKH�2SWLFDO�(OHPHQW

3HDNXSV�FDQ�EH�SHUIRUPHG�E\�XVLQJ�WKH�67,6�&&'�HLWKHU�ZLWK�D�GLVSHUVLYH�HOHPHQW�LQ�D�VSHFWURVFRSLF
FRQILJXUDWLRQ� ZLWK� DQ\� RI� WKH� DOORZHG� JUDWLQJ� FRPELQDWLRQV�� RU� LQ� XQGLVSHUVHG� ZKLWH� OLJKW� LQ� DQ
LPDJLQJ�FRQILJXUDWLRQ��0RVW�SHDNXS�H[SRVXUHV�VKRXOG�EH�SHUIRUPHG�LQ�LPDJLQJ�PRGH��ZKLWH�OLJKW��
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,I�\RXU�WDUJHW�LV�RWKHUZLVH�WRR�EULJKW�WR�SHUIRUP�D�SHDNXS�ZLWK�WKH�&&'�FDPHUD�PLUURU�LQ�SODFH��\RX
FDQ�XVH�WKH�HFKHOOH�VOLW� ��ZKLFK�KDV�DQ�1'�ILOWHU�ZLWK�D�IDFWRU�RI�����DWWHQXDWLRQ��RU�WKH�0.2X0.05ND

��ZLWK�DWWHQXDWLRQ�E\�D�IDFWRU�RI��������RU�XVH�D�GLVSHUVHG�OLJKW�SHDNXS��$OVR�QRWH�WKDW�LI0.3X0.05ND
\RX�ZLVK�WR�SHDN�XS�LQ�D�SDUWLFXODU�OLQH�IRU�ZKLFK�WKHUH�LV�QR�LPDJLQJ�ILOWHU��D�GLVSHUVHG�OLJKW�SHDNXS
XVLQJ�D�JUDWLQJ�VKRXOG�EH�XVHG��2EVHUYHUV�VKRXOG�JHQHUDOO\�SHUIRUP�GLVSHUVHG�OLJKW�SHDNXSV�ZLWK�WKH
VDPH�JUDWLQJV�DQG�DSHUWXUHV�WKH\�LQWHQG�WR�XVH�IRU�WKHLU�VFLHQWLILF�REVHUYDWLRQV��,I�D�GLVSHUVHG�OLJKW
SHDNXS� ZLOO� EH� SHUIRUPHG� ZLWK� D� JUDWLQJ� RWKHU� WKDQ� WKDW� XVHG� IRU� WKH� VFLHQWLILF� REVHUYDWLRQ�� DQ
DGGLWLRQDO�RYHUKHDG�RI�a�bPLQ�VKRXOG�EH�LQFOXGHG�WR�DFFRXQW�IRU�PRYHPHQW�RI�WKH�JUDWLQJ�ZKHHO�

6HOHFWLQJ�WKH�$SHUWXUH

$�SHDNXS�FDQ�EH�GRQH�XVLQJ�DQ\�RI�WKH�ORQJ�RU�HFKHOOH�VOLWV�OLVWHG�LQ� �DV�WKH� ��<RX7DEOH���� APERTURE
ZLOO��W\SLFDOO\��ZDQW�WR�VSHFLI\�WKH�SHDNXS�DSHUWXUH�DV�WKH�DSHUWXUH�XVHG�IRU�WKH�VXEVHTXHQW�VFLHQWLILF
REVHUYDWLRQV��DOWKRXJK�LW�LV�SRVVLEOH�WR�VSHFLI\�D�VPDOOHU�DSHUWXUH�WKDQ�\RXU�SURJUDP�DSHUWXUH�LI�\RX
UHTXLUH� KLJKHU� WDUJHW� DFTXLVLWLRQ� FHQWHULQJ� DFFXUDF\� LQ� ZLGHU� VOLWV� �ZKLFK� QRUPDOO\� GR� QRW� UHTXLUH
SHDN�XSV���7KH�VOLW�WR�VOLW�SRVLWLRQLQJ�DFFXUDF\�LV�������DUFVHFRQG��,QVWDQFHV�LQ�ZKLFK�\RX�PD\�ZLVK
WR� XWLOL]H� D� VPDOOHU� DSHUWXUH� IRU� WKH� DFTXLVLWLRQ� DUH� REVHUYDWLRQV� UHTXLULQJ� DFFXUDWH� SKRWRPHWU\
�ZKHUH� WKH�VRXUFH�VKRXOG�EH�SURSHUO\� FHQWHUHG� LQ�D�ZLGH�VOLW�� DQG�EULJKW�VRXUFH�DFTXLVLWLRQV��1RWH
WKDW� SHDNXSV� XVLQJ� WKH� � DSHUWXUHV� �WKRVH� ZLWK� ZLGWKV� RI� ���� DUFVHFRQGV� LQ� WKH� GLVSHUVLRQNX0.2
GLUHFWLRQ��DUH�QR�ORQJHU�UHFRPPHQGHG�DV�WKH\�SURYLGH�QR�UHILQHPHQW�LQ�SRLQWLQJ�RYHU�WKDW�URXWLQHO\
DFKLHYHG�LQ�D�QRUPDO� ��,I�DQ� �LV�QHHGHG�IRU�DQ� �VFLHQFH�H[SRVXUH��H�J���DIWHU�DQ�ACQ ACQ/PEAK NX0.2 ACQ
RQ�DQ�RIIVHW� WDUJHW�RU� WR�UH�FHQWHU�DIWHU�D� IHZ�RUELWV���EHWWHU�SRVLWLRQLQJ�DFFXUDF\�FDQ�EH�DFKLHYHG
ZLWK�D�QDUURZHU�DSHUWXUH��VXFK�DV� �NX0.1

7KH�VXIIL[�(��RQ�DQ�DSHUWXUH�QDPH��H�J��� ��LQGLFDWHV�WKDW�WKH�WDUJHW�ZLOO�EH�SRVLWLRQHG�KLJK52X0.2E1
RQ� WKH� &&'� GHWHFWRU�� DW� DERXW� URZ� ����� LQ� WKDW� DSHUWXUH�� 7KLV� LV� XVHIXO� IRU� JUHDWO\� UHGXFLQJ� &7(
HIIHFWV��VLQFH�WKDW�ORFDWLRQ�LV�FORVH�WR�WKH�GHIDXOW�UHDGRXW�DPSOLILHU��,I�DQ�(��DSHUWXUH�LV�XVHG�IRU�WKH
VFLHQFH�H[SRVXUH��LW�LV�EHVW�WR�XVH�DQ�(��DSHUWXUH�IRU�WKH�SHDNXS��WR�HOLPLQDWH�VPDOO�HUURUV�LQ�VOHZLQJ
DQG�SRVVLEOH�VPDOO�HUURUV�LQ�WKH�GHILQLWLRQV�RI�WKH�(��SRVLWLRQV�

)RU� FRURQDJUDSKLF� LPDJLQJ�� WKH� EDU� DQG� ZHGJH� SRVLWLRQV� RQ� WKH� � DSHUWXUH� DUH� DOO� ODUJH50CORON
HQRXJK�WKDW�D�SHDNXS�LV�QRW�UHTXLUHG��+RZHYHU��LI�\RX�UHTXLUH�HVSHFLDOO\�DFFXUDWH�WDUJHW�DFTXLVLWLRQ
FHQWHULQJ��IRU�H[DPSOH�� WR�SODFH�D�FDOLEUDWLRQ�VWDU�DW� WKH�VDPH�SRVLWLRQ�XQGHU�WKH�EDU�RU�ZHGJH�WR
PHDVXUH�WKH�VFDWWHUHG�OLJKW�SURILOH���WKHQ�D�SHDNXS�PD\�EH�XVHIXO��1RWH�WKDW�D�SHDNGRZQ�DFTXLVLWLRQ
LV�QRW�UHTXLUHGb�VHH� ��6HFWLRQ������

'HWHUPLQLQJ�WKH�3HDNXS�([SRVXUH�7LPH

7KH� � UHTXLUHG� H[SRVXUH� WLPH� IRU� &&'� LPDJLQJ� �PLUURU�� SHDNXSV� LV� WKH� WLPH� WR� REWDLQ� DPLQLPXP
PLQLPXP�RI������HOHFWURQV������b'1��IURP�D�SRLQW�VRXUFH��RU�HTXLYDOHQWO\�������HOHFWURQV�IURP�WKH
SHDN� RI� D� GLIIXVH� VRXUFH�ZKLFK� LV� FRQWDLQHG� LQ� D� �b �� SL[HO� UHJLRQ�� )RU�&&'�GLVSHUVLYH� �JUDWLQJ��b
SHDNXSV��WKH� �H[SRVXUH�WLPH�LV�WKH�WLPH�WR�REWDLQ�D�PLQLPXP�RI��������HOHFWURQV��������PLQLPXP
'1��LQWHJUDWHG�DFURVV�WKH�VSHFWUXP�IURP�D�SRLQW�VRXUFH��RU�HTXLYDOHQWO\���������HOHFWURQV�IURP�WKH
SHDN� RI� D� GLIIXVH� VRXUFH� LQWHJUDWHG� RYHU� �b SL[HOV� SHUSHQGLFXODU� WR� WKH� GLVSHUVLRQ� D[LV�� )RU� &&'
GLVSHUVLYH�SHDNXSV�RQ�D�VLQJOH�HPLVVLRQ�OLQH��WKH�H[SRVXUH�WLPH�LV�WKH�WLPH�WR�REWDLQ�D�PLQLPXP�RI
�����HOHFWURQV�LQ�WKH�FKRVHQ�OLQH��D�VPDOO�VXEDUUD\�LV�VHOHFWHG�WR�LVRODWH�WKH�OLQH�
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7R�GHWHUPLQH�WKH�H[DFW�H[SRVXUH�WLPH��\RX�VKRXOG�XVH�WKH ��IRU�DFTXLVLWLRQV�DQG�LPDJLQJ�67,6�7$�(7&
SHDNXSV��RU�WKH� ��IRU�GLVSHUVLYH�SHDNXSV���)RU�DFTXLVLWLRQV�DQG�SHDNXSV�6SHFWURVFRSLF�(7& \RX�PXVW

�WKH�&&'�GXULQJ�\RXU�H[SRVXUH�� �OLVWV��IRU�D�UDQJH�RI�VSHFWUDO�W\SHV�EH�VXUH�QRW�WR�VDWXUDWH 7DEOH����
WKH�EULJKWHVW�PDJQLWXGH�DW�ZKLFK�D�&&'�SHDNXS�H[SRVXUH�FDQ�EH�SHUIRUPHG�LQ�ZKLWH�OLJKW��DVVXPLQJ
]HUR� VOLW� ORVVHV�� 1RWH� WKDW� WKH� RYHUKHDGV� LQ� WDUJHW� DFTXLVLWLRQ� DUH� VXEVWDQWLDOO\� ORQJHU� WKDQ�PRVW
H[SRVXUH� WLPHV�� VR� DV� ORQJ� DV� \RX� GR� QRW� DSSURDFK� VDWXUDWLRQ� �ZLWKLQ� ���� RI� WKH� IXOO� ZHOO�� \RXU
WDUJHW��\RX�VKRXOG�LQFUHDVH�\RXU�H[SRVXUH�WLPH�E\�D�IDFWRU�RI����DERYH�WKH�PLQLPXP�UHTXLUHG��H�J��
LI�WKH�H[SRVXUH�WLPH�WR�REWDLQ�WKH�UHTXLVLWH�QXPEHU�RI�HOHFWURQV�LV����bVHFRQG��WKHQ�\RX�FDQ�OHQJWKHQ
LW�WR��bVHFRQG�LI�QR�VDWXUDWLRQ�RFFXUV���7KLV�LV�HVSHFLDOO\�LPSRUWDQW�IRU�SHDNXSV��ZKHUH�ORZ�VLJQDO�WR�
QRLVH�LV�WKH�OHDGLQJ�FDXVH�RI�SRRU�FHQWHULQJ�

7KHUH�LV�D�OLPLW�RQ�WKH�PD[LPXP�H[SRVXUH�WLPH�DOORZHG�IRU�&&'�SHDNXSV��ZKLFK�LV�LPSRVHG�WR�HQVXUH
WKDW�PXOWLSOH�FRLQFLGHQW�FRVPLF�UD\V�GR�QRW�DIIHFW�WKH�WDUJHW�DFTXLVLWLRQ�FHQWHULQJ�DFFXUDF\��7DEOH����
OLVWV� WKH�PD[LPXP�&&'�H[SRVXUH� WLPH� IRU�SRLQW�VRXUFH�ZKLWH�OLJKW�DQG�GLVSHUVHG�OLJKW�SHDNXSV� IRU
HDFK�DSHUWXUH��0RUH�JHQHUDOO\��WKH�PD[LPXP�DOORZHG�H[SRVXUH�WLPH�IRU�&&'� V�LQ�PLQXWHV�LV�ACQ/PEAK

7DEOH������0D[LPXP�$OORZHG�([SRVXUH�7LPHV�IRU�&&'�3HDNXSV�

6OLW��$3(5785(� 0D[LPXP�([SRVXUH�
7LPH�

IRU�'ZHOO��PLQXWHV�

,PDJLQJ 6SHFWURVFRSLF

�� ��52X0.1 52X0.1E1 52X0.1D1 ��� ���

0.2X0.06 ��� ���

0.2X0.09 ��� ���

0.2X0.05ND ��� ���

������6SHFLI\LQJ�$FTXLVLWLRQ�3HDNXSV�LQ�3KDVH�,,b
7KH�XVHU�UHTXHVWV�D�SHDNXS�DFTXLVLWLRQ�H[SRVXUH�GXULQJ�3KDVHb �E\�VSHFLI\LQJ� �RQII MODE=ACQ/PEAK
WKH� �3KDVHb �H[SRVXUH�SDUDPHWHUV�SDJH��7KH�GHIDXOW�VHWWLQJV�IRU�WKH�VFDQ�� �� ��$37 II SEARCH NUMSTEPS

��IRU�\RXU�FKRVHQ� �DUH�WKHQ�DXWRPDWLFDOO\�VHOHFWHG�IURP�WKH�ORRNXS�WDEOH�STEPSIZE APERTURE

��)RU�&&'� V�WKH�VDPH�W\SH�RI�SURFHVVLQJ�LV�DSSOLHG�DV�LQ�DFTXLVLWLRQV�E\�WKH�)6:�WR�UHPRYHACQ/PEAK
WKH�ELDV�DQG�FRVPLF�UD\V��ZLWK�WKH�RQO\�GLIIHUHQFH�EHLQJ�WKDW�WKHUH�LV�QR�RIIVHW�SHUIRUPHG�EHWZHHQ
WKH�WZR�LPDJHV�WDNHQ�DW�HDFK�SRLQWLQJ��IRU�REYLRXV�UHDVRQV�
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���� 'HWHUPLQLQJ� &RRUGLQDWHV� LQ� WKH� ,QWHUQDWLRQDO
&HOHVWLDO�5HIHUHQFH�6\VWHP��,&56��5HIHUHQFH�)UDPH
7KH� �UHIHUHQFH�IUDPH�LV�HIIHFWLYHO\�GHILQHG�E\�WKH�SRVLWLRQV�RI�WKH�*XLGH�6WDUV�WKDW�DUH�VHOHFWHG+67
IRU�HDFK�SRLQWLQJ��7KH�LQLWLDO�*XLGH�6WDU�&DWDORJ��*6&���ZDV�DQ�DOO�VN\�FDWDORJ�RI�VWDUV�GRZQ�WR���WK
PDJQLWXGH� EXLOW� IURP�6FKPLGW� 6N\� 6XUYH\� SODWHV�� ,Q�0DUFK� ������ DQ� XSGDWHG� FDWDORJ� �*6&���ZDV
LQWURGXFHG�� *6&�� ZDV� GHULYHG� IURP� PRUH� UHFHQW� HSRFK� SODWHV� DQG� ZDV� FDOLEUDWHG� WR� EH� RQ� WKH
,QWHUQDWLRQDO� &HOHVWLDO� 5HIHUHQFH� 6\VWHP� �,&56��� ZKLFK� KDG� EHHQ� DGRSWHG� E\� WKH� ,$8� DV� WKH� QHZ
IXQGDPHQWDO� UHIHUHQFH� IUDPH�� 7KLV� VLPSOLILHG� WKH�SURFHGXUH� IRU� SURYLGLQJ� � FRRUGLQDWHV� VLQFH� LW+67
UHPRYHG� WKH� QHFHVVLW\� WR� WLH� WKH� REMHFW� FRRUGLQDWHV� EDFN� WR� WKH� *6&�� DQG� WKH� SODWHV� XVHG� WR
FRQVWUXFW� LW�� 0RUH� UHFHQWO\�� FRRUGLQDWHV� IURP� � KDYH� EHHQ� LQFRUSRUDWHG� � IXUWKHU� UHGXFLQJ� WKH*DLD
UHODWLYH�SRVLWLRQDO�HUURUV�EHWZHHQ�JXLGH�VWDUV��*XLGHOLQHV�IRU�REWDLQLQJ�WKH�FRRUGLQDWHV�RI�\RXU�WDUJHW
LQ�WKH�,&56�DUH�JLYHQ�LQ�&KDSWHUV�����DQG�����RI�WKHb �+67�3KDVH�,,�3URSRVDO�,QVWUXFWLRQV
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����$FTXLVLWLRQ�([DPSOHV
������3RLQW�6RXUFH�$FTXLVLWLRQ�RI�DQ�,VRODWHG�2EMHFW
������3RLQW�6RXUFH�$FTXLVLWLRQ�RI�%ULJKW��,VRODWHG�2EMHFW�ZLWK�&&'�'LVSHUVHG�/LJKW�3HDNXS
������'LIIXVH�6RXUFH�$FTXLVLWLRQ�RI�D�6SLUDO�*DOD[\
������3RLQW�6RXUFH�$FTXLVLWLRQ�LQ�D�&URZGHG�)LHOG
������3RLQW�6RXUFH�$FTXLVLWLRQ�RI�D�462�ZLWK�)X]]�%HKLQG�WKH�)LGXFLDO�%DU
������3RLQW�6RXUFH�$FTXLVLWLRQ�RI�D�%ULJKW��,VRODWHG�6WDU�LQWR�WKH�:HGJH

7KH� IROORZLQJ� DUH� H[DPSOHV� RI� KRZ� WR� GHWHUPLQH� WKH� DFTXLVLWLRQ� VFHQDULR�� DQG� KRZ� WR� GHULYH� WKH
FRUUHFW�H[SRVXUH�WLPHV��(DFK�H[DPSOH�VKRZV�DQ�LPDJH�RI�WKH�WDUJHW��WKH�LQSXW�SDUDPHWHUV�IRU�WKH�(7&
V��DQG�WKH�SDUDPHWHUV�WKDW�\RX�ZLOO�QHHG�WR�SURYLGH�LQ�\RXU�3KDVHb �SURSRVDO�bII

������3RLQW�6RXUFH�$FTXLVLWLRQ�RI�DQ�,VRODWHG�2EMHFW
,Q� WKLV� ILUVW� H[DPSOH� DQ� LVRODWHG�  b���PDJ�462� � b b����� LV� WR� EH� DFTXLUHG��ZLWK� WKH� VFLHQWLILFb9 ]
H[SRVXUHV�WR�EH�REWDLQHG�LQ�WKH� VOLW�52X0.5 

7KH�WDUJHW�LV�LVRODWHG��VR�LW�ZLOO�EH�DFTXLUHG�ZLWK�D�SRLQW�VRXUFH�DFTXLVLWLRQ��7KH�REMHFW�LV�IDLQW��VR�ZH
FDQ�XVH�WKH�SUHIHUUHG� �ILOWHU��7KH� �LV�WKHQ�XVHG�WR�GHWHUPLQH�DQ�H[SRVXUH�WLPH�RI�����F28X50LP 7$�(7&
VHFRQGV��1RWH�WKDW�WKH� �DQG� IRU�WKH� �WR�HQVXUH�WKDW�\RX�KDYH�D�6GAIN=4 CR-SPLIT=1�PXVW�EH�XVHG� (7&
�1�RI�DW� OHDVW���� LQ�HDFK�RI� WKH� WZR� LPDJHV�REWDLQHG�GXULQJ� WKH� �SURFHVV��7KH�REMHFW�GRHV�QRWACQ
VDWXUDWH�WKH�&&'��DQG�WKH�H[SRVXUH�WLPH�LV�OHVV�WKDQ��bPLQXWHV��VR�ZH�KDYH�GHYLVHG�D�YDOLG�WDUJHW
DFTXLVLWLRQ�� *LYHQ� WKDW� WKH� H[SRVXUH� WLPH� LV� VR� VKRUW�� ZH� FDQ� OHQJWKHQ� WKH� WLPH� WR� ����� VHFRQGV
�ZKLFK�\LHOGV�D�SHDN�YDOXH�RI������HOHFWURQV��ZHOO�EHORZ�VDWXUDWLRQ��WR�PDNH�FHUWDLQ�ZH�KDYH�HQRXJK
VLJQDO� IRU�D�JRRG�DFTXLVLWLRQ��6LQFH� WKH�GDWD�DUH�EHLQJ�REWDLQHG� LQ�D�ZLGH�VOLW��ZH�GR�QRW�QHHG� WR
SHUIRUP�DQ� ��DQG�RXU�DFTXLVLWLRQ�LV�FRPSOHWH�ACQ/PEAKUP

7DUJHW�$FTXLVLWLRQ�(7&�3DUDPHWHUV���$&4

'HWHFWRU���&&'�
)LOWHU���/RQJ3DVV�
*DLQ� ���H �$'8�

&KHFN�%R[�����[���
7DUJHW�ZDV�D�SRLQW�VRXUFH�

1RWH�WKDW�WKH�ILQDO�QXPEHUV�LQ�WKH�H[DPSOHV�LQ�WKLV�VHFWLRQ�DUH�IURP�D�SUHYLRXV�YHUVLRQ�RI�WKH�
�DQG�ZLOO�QRW�PDWFK�XS�H[DFWO\�LI�UHUXQQLQJ�WKHVH�FDOFXODWLRQV�ZLWK�WKH�FXUUHQW� �(7& (7&

1RWH�DOVR�WKDW�WKH� �SUHYLHZ�IRUPDW�XVHG�WKURXJKRXW�WKLV�VHFWLRQ�PD\�QRW�EH�WKH�RQH�LQ�XVH$37
DW�WKH�WLPH�\RX�DUH�FUDIWLQJ�\RXU�SURSRVDO�
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7DUJHW�ZDV�D�SRLQW�VRXUFH�
6SHFWUXP��462�ZLWK� � �����]
6RXUFH�)OX[�� � ����9
$YHUDJH�*DODFWLF�([WLQFWLRQ�RI� � �� �����( %�9
7KH�=RGLFDO�/LJKW�LV�DYHUDJH�
7KH�HDUWKVKLQH�LV�DYHUDJH�

3KDVH� �3DUDPHWHUV�IRU�$&4�([SRVXUH�II

������ 3RLQW� 6RXUFH� $FTXLVLWLRQ� RI� %ULJKW�� ,VRODWHG� 2EMHFW� ZLWK� &&'
'LVSHUVHG�/LJKW�3HDNXS
,Q� WKLV� H[DPSOHSRLQW� VRXUFH� DFTXLVLWLRQ� RI� D� EULJKW�� LVRODWHG� REMHFW� ZLWK� D� &&'� GLVSHUVHG� OLJKW
SHDNXSDQ� LVRODWHG�  b����PDJ�0�b ,� VWDU� LV� WR�EH�DFTXLUHG��ZLWK� WKH� VFLHQWLILF� H[SRVXUHV� WR�EHb9
REWDLQHG�LQ�WKH� HFKHOOH VOLW�0.2X0.06 �

7KH� VFLHQWLILF� WDUJHW�ZLOO� EH�DFTXLUHG�ZLWK�D�SRLQW� VRXUFH�DFTXLVLWLRQ��EXW�EHFDXVH� WKH�REMHFW� LV� VR
EULJKW��ZH�FDQQRW�XVH�WKH�SUHIHUUHG� �ILOWHU��,QVWHDG��ZH�ZLOO�XVH�WKH� �ILOWHU��DQG�WKH�F28X50LP F28X50OII

�\LHOGV�DQ�H[SRVXUH�WLPH�RI������VHFRQG��ZKLFK�LV�OHVV�WKDQ�WKH�PLQLPXP�DOORZHG�WLPH�RI����7$�(7&
VHFRQG��1RWH�WKDW�WKH� �DQG� IRU�WKH� �WR�DVVXUH�WKDW�\RX�KDYH�D�6GAIN=4 CR-SPLIT=1�PXVW�EH�XVHG� (7&
�1�RI�DW� OHDVW���� LQ�HDFK�RI� WKH� WZR� LPDJHV�REWDLQHG�GXULQJ� WKH� �SURFHVV��:H�ZLOO� LQFUHDVH� WKHACQ
H[SRVXUH�WLPH�WR�����VHFRQG��7KH�REMHFW�GRHV�QRW�VDWXUDWH�WKH�&&'��DQG�WKH�H[SRVXUH�WLPH�LV� OHVV
WKDQ��bPLQXWHV��VR�ZH�KDYH�GHYLVHG�D�YDOLG�WDUJHW�DFTXLVLWLRQ�
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7KH�GDWD�DUH�EHLQJ�REWDLQHG� LQ�D�QDUURZ�VOLW��VR�ZH�QHHG�WR�SHUIRUP�DQ� �DFTXLVLWLRQ��7KHACQ/PEAK
WDUJHW�LV�IDU�WRR�EULJKW�WR�SHUIRUP�WKH�SHDNXS�ZLWK�WKH� ��VR�ZH�ZLOO�GR�D�GLVSHUVHG�OLJKW�SHDNXS�MIRROR
6LQFH�ZH�FDQQRW�SHUIRUP�D�&&'�SHDNXS�ZLWK�DQ�HFKHOOH�JUDWLQJ��ZH�ZLOO�XVH�WKH� �JUDWLQJ�ZLWKG430M
WKH�&&'�DQG�WKH�SURJUDP�VOLW�� ���QRWH�WKDW�IRU�DQ� ��WKLV�FRPELQDWLRQ�LV�DOORZHG�b)RU0.2X0.06 ACQ/PEAK
D��bVHFRQG�H[SRVXUH�ZLWK��b ��ELQQLQJ��WKH� �JLYHV�D�SHDN�FRXQW�RI������HOHFWURQV��ZHOO�EHORZ�b (7&
VDWXUDWLRQ��DQG�D�WRWDO�FRXQW�RI����b b�� bHOHFWURQV�� �

7DUJHW�$FTXLVLWLRQ�(7&�3DUDPHWHUV���$&4�

'HWHFWRU� �&&'�
)LOWHU� �2b �II

*DLQ� ���H �$'8�

&KHFN�%R[� ���[���
7DUJHW�ZDV�D�SRLQW�VRXUFH�
6SHFWUXP��0�,��0RGHO�6SHFWUXP��
6RXUFH�)OX[�� � �����9
$YHUDJH�*DODFWLF�([WLQFWLRQ�RI� � �� �����( %�9
7KH�=RGLFDO�/LJKW�LV�DYHUDJH�
7KH�HDUWKVKLQH�LV�DYHUDJH�

6SHFWURVFRSLF�(7&�3DUDPHWHUV���$&4�3($.�

*UDWLQJ� �J���P�
&HQWUDO�:DYHOHQJWK� ������
6OLW� � �0.2X0.06
6SHFLILHG�:DYHOHQJWK� ��������DQJVWURPV�
*DLQ� ���H �$'8�

&5�63/,7��7RWDO�QXPEHU�RI�LPDJHV�� ���
7DUJHW�ZDV�D�SRLQW�VRXUFH�
6SHFWUXP��0��,��0RGHO�6SHFWUXP��
6RXUFH�)OX[�� � �����9
$YHUDJH�*DOD[WLF�([WLQFWLRQ�RI� � �� �����( %�9
7KH�=RGLFDO�/LJKW�LV�DYHUDJH�
7KH�HDUWKVKLQH�LV�DYHUDJH�

3KDVH� �3DUDPHWHUV�IRU�$&4�DQG�$&4�3($.�([SRVXUHV�II
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������'LIIXVH�6RXUFH�$FTXLVLWLRQ�RI�D�6SLUDO�*DOD[\

,Q�WKLV�H[DPSOH�DQ�LVRODWHG�JDOD[\�ZLWK�D�IOX[�RI����� ��� HUJ�FP �V����DUFVHF �DW�����b��LV�WR�EH� ��� � �

DFTXLUHG��ZLWK�WKH�VFLHQWLILF�H[SRVXUHV�WR�EH�REWDLQHG�LQ�WKH� �VOLW�52X0.2

7KH� WDUJHW� LV� LVRODWHG�� VR� LW�ZLOO�EH�DFTXLUHG�XVLQJ�D�GLIIXVH�VRXUFH�DFTXLVLWLRQ��$IWHU� WU\LQJ�YDULRXV
FKHFNER[�VL]HV�LQ�WKH� ��WKH�LPDJH�LV�IURP�:)3&����ZH�GHWHUPLQH�WKDW�WKH�DSSURSULDWH�7$6 CHECKBOX
VL]H�LVb���DQG�WKDW�ZH�ZLOO�XVH�WKH� �DOJRULWKP��7KH�REMHFW� LV�IDLQW��VR�ZH�FDQ�XVH�WKHFLUX-CENTROID
SUHIHUUHG� � ILOWHU��7KH� � LV� WKHQ�XVHG�WR�GHWHUPLQH�DQ�H[SRVXUH�WLPH�RI������VHFRQG�F28X50LP 7$�(7&
1RWH�WKDW�WKH� �DQG� � IRU�WKH WR�HQVXUH�WKDW�\RX�KDYH�D�6�1�RI�DWGAIN=4 CR-SPLIT=1 PXVW�EH�XVHG� �(7&�
OHDVW����LQ�HDFK�RI�WKH�WZR�LPDJHV�REWDLQHG�GXULQJ�WKH� �SURFHVV��7KH�REMHFW�GRHV�QRW�VDWXUDWH�WKHACQ
&&'��DQG�WKH�H[SRVXUH�WLPH� LV� OHVV�WKDQ��bPLQXWHV��VR�ZH�KDYH�GHYLVHG�D�YDOLG�WDUJHW�DFTXLVLWLRQ�
*LYHQ�WKDW�WKH�H[SRVXUH�WLPH�LV�VR�VKRUW��ZH�FDQ�OHQJWKHQ�LW�WR�����VHFRQGV�WR�PDNH�FHUWDLQ�ZH�KDYH
HQRXJK�VLJQDO�IRU�D�JRRG�DFTXLVLWLRQ��6LQFH�WKH�GDWD�DUH�EHLQJ�REWDLQHG�LQ�D�ZLGH�VOLW��ZH�GR�QRW�QHHG
WR�SHUIRUP�DQ� ��DQG�RXU�DFTXLVLWLRQ�LV�FRPSOHWH�ACQ/PEAKUP

7DUJHW�$FTXLVLWLRQ�(7&�3DUDPHWHUV���$&4�

'HWHFWRU���&&'�
)LOWHU� �/RQJ3DVV�
*DLQ� ���H �$'8�

&KHFN�%R[� ���[���
7DUJHW�ZDV�DQ�H[WHQGHG�VRXUFH�ZLWK�D�GLDPHWHU�RI���DUFVHFRQGV�
6SHFWUXP��6SLUDO�6SHFWUXP�
6RXUFH�)OX[������H ���HUJ�FP �V���DW�������� �

$YHUDJH�*DODFWLF�([WLQFWLRQ�RI� � �� �����( %�9
7KH�=RGLFDO�/LJKW�LV�DYHUDJH�
7KH�HDUWKVKLQH�LV�DYHUDJH�

3KDVH� �3DUDPHWHUV�IRU�$&4�([SRVXUH�II
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������3RLQW�6RXUFH�$FTXLVLWLRQ�LQ�D�&URZGHG�)LHOG
,Q�WKLV�H[DPSOH�D�  b���PDJ�QRYD�LQ�D�ILHOG�ZLWK�D�EULJKWHU�FRPSDQLRQ�LV�WR�EH�DFTXLUHG��ZLWK�WKHb9
VFLHQWLILF�H[SRVXUHV�WR�EH�REWDLQHG�LQ�WKH� VOLW��:H�KDYH�D�VSHFWUXP�RI�WKH�QRYD�WKDW�ZH�ZLOO52X0.1 
XVH�WR�SHUIRUP�WKH�H[SRVXUH�WLPH�FDOFXODWLRQV��DFFRUGLQJ�WR�WKH� �LQVWUXFWLRQV�(7&

7KH� WDUJHW� LV� LQ� D� FURZGHG� ILHOG� DQG� WKH� RQ�ERDUG� DFTXLVLWLRQ� SURFHGXUH�ZLOO� DFTXLUH� WKH�EULJKWHVW
REMHFW�LQ�WKH�ILHOG��QRW�RXU�WDUJHW��,I�D�JURXQG�EDVHG�LPDJH�ZHUH�WKH�RQO\�LPDJH�RI�WKLV�ILHOG�DYDLODEOH
DQG�WKH�VSHFWUDO�W\SHV�RI�WKH�QHLJKERULQJ�VWDUV�ZHUH�XQNQRZQ��WKHQ�DQ�LVRODWHG�RIIVHW�VWDU�RXWVLGH�RI
WKH�LPPHGLDWH�ILHOG�RI�WKH�QRYD�ZRXOG�QHHG�WR�EH�DFTXLUHG��+RZHYHU��WKH�DERYH�LPDJH�ZDV�REWDLQHG
ZLWK�:)3&�� DQG� WKH� ILOWHU�� ZKLFK� KDV� D� VLPLODU� EDQGSDVV� WR� WKH� 67,6� � ILOWHU�� :HF555W F28X50LP
WKHUHIRUH�NQRZ�WKDW�WKH�REMHFW�WR�WKH�VRXWKHDVW�RI�WKH�QRYD�LV�FOHDUO\�WKH�EULJKWHVW�REMHFW�LQ�WKH�ILHOG��
 b ������� DQG� LW� ZLOO� EH� RXU� DFTXLVLWLRQ� REMHFW�� 7KH� REMHFW� LV� IDLQW� HQRXJK� WKDW� ZH� FDQ� XVH� WKHb9

SUHIHUUHG� � ILOWHU�� 6LQFH�ZH� GR� QRW� NQRZ� WKH� VSHFWUDO� W\SH� RI� WKH� DFTXLVLWLRQ� VWDU��ZH�ZLOOF28X50LP
PDNH� D� ZRUVW�FDVH� �L�H��� IHZHVW� FRXQWV�� DVVXPSWLRQ� WKDW� WKH� VWDU� LV� RI� VSHFWUDO� W\SH� 2�� DQG
XQUHGGHQHG��7KH LV�WKHQ�XVHG�WR�GHWHUPLQH�DQ�H[SRVXUH�WLPH�RI�����VHFRQGV��1RWH�WKDW�WKH��7$�(7&�

�DQG� � IRU� WKH WR�HQVXUH�WKDW�\RX�KDYH�D�6�1�RI�DW� OHDVW���� LQGAIN=4 CR-SPLIT=1�PXVW�EH�XVHG �(7&�
HDFK�RI�WKH�WZR�LPDJHV�REWDLQHG�GXULQJ�WKH� �SURFHVV��7KH�REMHFW�GRHV�QRW�VDWXUDWH�WKH�&&'��DQGACQ
WKH�H[SRVXUH�WLPH� LV� OHVV�WKDQ��bPLQXWHV��VR�ZH�KDYH�GHYLVHG�D�YDOLG�WDUJHW�DFTXLVLWLRQ��1RWH�WKDW
VLQFH�ZH� GR� QRW� NQRZ� WKH� VSHFWUDO� W\SH� RI� WKH� REMHFW��ZH� QHHG� WR� FRQILUP� WKDW� LI� WKH� VWDU� KDG� D
VSHFWUDO� W\SH� RI�0�b9� �ZKLFK� JLYHV� WKH�PRVW� FRXQWV� LQ� WKH� � EDQGSDVV��� LW�ZRXOG� VWLOO� QRWF28X50LP
VDWXUDWH��*LYHQ�WKDW�WKH�H[SRVXUH�WLPH�LV�VR�VKRUW��ZH�FDQ�OHQJWKHQ�LW�WR�����VHFRQGV�WR�PDNH�FHUWDLQ
ZH�KDYH�HQRXJK�VLJQDO�IRU�D�JRRG�DFTXLVLWLRQ�
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$IWHU�DFTXLULQJ�WKH�RIIVHW�VWDU��ZH�QHHG�WR�VOHZ�WKH�WHOHVFRSH�WR�WKH�QRYD��DQG�VLQFH�WKH�GDWD�ZLOO�EH
WDNHQ�ZLWK�D�QDUURZ�VOLW��ZH�QHHG�WR�SHUIRUP�DQ� �DFTXLVLWLRQ��7KH�SHDNXS�ZLOO�EH�SHUIRUPHGACQ/PEAK
LQ�WKH�SURJUDP�VOLW�� ���DQG�ZH�ZLOO�XVH�WKH�&&'�DQG�WKH� ��$��bVHFRQG�H[SRVXUH�ZLWK��b52X0.1 MIRROR �b
��ELQQLQJ�\LHOGV�����HOHFWURQV�LQ�WKH�FHQWUDO����SL[HOV�RI�WKH�WDUJHW��VR�DQ�H[SRVXUH�WLPH�RI��bVHFRQGV
\LHOGV������HOHFWURQV��ZKLFK�PHHWV� WKH�PLQLPXP�UHTXLUHPHQW�RI������HOHFWURQV��:H�WKHQ�QHHG�WR
OHQJWKHQ�WKH�H[SRVXUH�WLPH�WR���bVHFRQGV�WR�HQVXUH�ZH�JHW�PRUH�WKDQ�WKH�PLQLPXP�UHTXLUHG��7KH
REMHFW�GRHV�QRW�VDWXUDWH�WKH�&&'��DQG�WKH�H[SRVXUH�WLPH�LV�OHVV�WKDQ�����PLQXWHV��WKH�PD[LPXP�WLPH
IRU�D�SHDNXS�ZLWK�WKH� �VOLW���VR�ZH�KDYH�GHYLVHG�D�YDOLG�SHDNXS�WDUJHW�DFTXLVLWLRQ�52X0.1
b
7DUJHW�$FTXLVLWLRQ�(7&�3DUDPHWHUV���$&4�

'HWHFWRU� �&&'�
)LOWHU� �/RQJ3DVV�
*DLQ� ���H �$'8�

&KHFN�%R[� ���[���
7DUJHW�ZDV�D�SRLQW�VRXUFH�
6SHFWUXP��2�9��0RGHO�6SHFWUXP��
6RXUFH�)OX[�� � ������9
$YHUDJH�*DODFWLF�([WLQFWLRQ�RI� � �� �����( %�9
7KH�=RGLFDO�/LJKW�LV�DYHUDJH�
7KH�HDUWKVKLQH�LV�DYHUDJH�

,PDJLQJ�(7&�3DUDPHWHUV���$&4�3($.�

'HWHFWRU� �&&'�
)LOWHU� �&OHDU�
*DLQ� ���H �$'8�

&5�63/,7��7RWDO�QXPEHU�RI�LPDJHV�� ���
7DUJHW�ZDV�D�SRLQW�VRXUFH�
6SHFWUXP��QRYD��8VHU
V��
6RXUFH�)OX[�� � ����9
$YHUDJH�*DODFWLF�([WLQFWLRQ�RI� � �� �����( %�9
7KH�=RGLDFDO�/LJKW�LV�DYHUDJH�
WKH�HDUWKVKLQH�LV�DYHUDJH�

3KDVH� �3DUDPHWHUV�IRU�$&4�DQG�$&4�3($.�([SRVXUHV�II
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������3RLQW�6RXUFH�$FTXLVLWLRQ�RI�D�462�ZLWK�)X]]�%HKLQG�WKH�)LGXFLDO�%DU
,Q� WKLV� H[DPSOH� DQ� LVRODWHG�  b ����� PDJ� 462� � b  b ����� LV� WR� EH� DFTXLUHG�� ZLWK� WKH� VFLHQWLILFb9 ]
H[SRVXUHV�WR�EH�REWDLQHG�ZLWK�WKH�462�EHKLQG�WKH� ILGXFLDO�EDU���;���)��

7KH�WDUJHW�LV�LVRODWHG��VR�LW�ZLOO�EH�DFTXLUHG�XVLQJ�D�SRLQW�VRXUFH�DFTXLVLWLRQ��7KH�REMHFW�LV�IDLQW��VR�ZH
FDQ�XVH�WKH�SUHIHUUHG� �ILOWHU��7KH �LV�WKHQ�XVHG�WR�GHWHUPLQH�DQ�H[SRVXUH�WLPH�RI����F28X50LP �7$�(7&
VHFRQGV��1RWH�WKDW�WKH� �DQG� � �IRU�WKH� �WR�HQVXUH�WKDW�\RX�KDYH�D�6GAIN=4 CR-SPLIT=1 PXVW�EH�XVHG (7&
�1�RI�DW� OHDVW���� LQ�HDFK�RI� WKH�WZR� LPDJHV�REWDLQHG�GXULQJ�WKH� SURFHVV��7KH�REMHFW�GRHV�QRW ACQ
VDWXUDWH�WKH�&&'��DQG�WKH�H[SRVXUH�WLPH�LV�OHVV�WKDQ��bPLQXWHV��VR�ZH�KDYH�GHYLVHG�D�YDOLG�WDUJHW
DFTXLVLWLRQ��*LYHQ� WKDW� WKH�H[SRVXUH� WLPH� LV� VR� VKRUW��ZH� FDQ� OHQJWKHQ� LW� WR� ���� VHFRQGV� WR�PDNH
FHUWDLQ�ZH�KDYH�HQRXJK�VLJQDO�IRU�D�JRRG�DFTXLVLWLRQ�

7KH� �DSHUWXUH�LV�ZLGH�HQRXJK�WKDW�D�SHDNXS�LV�QRW�QHHGHG��b7KH�RFFXOWLQJ�EDU�LV�HYHQ�ZLGHU52X0.2F1
�����DUFVHFRQG���VR�WKH� �H[SRVXUH�VKRXOG�SODFH�WKH�WDUJHW�EHKLQG�WKH�RFFXOWLQJ�EDU��bACQ

7DUJHW�$FTXLVLWLRQ�(7&�3DUDPHWHUV���$&4�

'HWHFWRU� �&&'
)LOWHU� �/RQJ3DVV
*DLQ� ���H �$'8

&KHFN�%R[� ���[��
7DUJHW�ZDV�D�SRLQW�VRXUFH
6SHFWUXP��462�ZLWK� � ����]
6RXUFH�)OX[�� � �����9
$YHUDJH�*DODFWLF�([WLQFWLRQ�RI� � �� ����( %�9
7KH�=RGLFDO�/LJKW�LV�DYHUDJH
7KH�HDUWKVKLQH�LV�DYHUDJH

3KDVH� �3DUDPHWHUV�IRU�$&4�([SRVXUH�II
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������3RLQW�6RXUFH�$FTXLVLWLRQ�RI�D�%ULJKW��,VRODWHG�6WDU�LQWR�WKH�:HGJH
,Q�WKLV�H[DPSOH�DQ�LVRODWHG�  b����PDJ�*��9�VWDU�LV�WR�EH�DFTXLUHG��ZLWK�WKH�VFLHQWLILF�H[SRVXUHV�WRb9
EH�REWDLQHG�ZLWK�WKH�VWDU�EHKLQG�WKH� �PDVN�WEDGEA1.8

7KH�WDUJHW�ZLOO�EH�DFTXLUHG�ZLWK�D�SRLQW�VRXUFH�DFTXLVLWLRQ��EXW�EHFDXVH�WKH�REMHFW� LV�VR�EULJKW��ZH
FDQQRW�XVH�WKH�SUHIHUUHG� �ILOWHU�� ,QVWHDG��ZH�ZLOO�XVH�WKH� �QHXWUDO�GHQVLW\�ILOWHU��DQGF28X50LP F25ND3
WKH� \LHOGV�DQ�H[SRVXUH�WLPH�RI������VHFRQG��ZKLFK�LV�OHVV�WKDQ�WKH�PLQLPXP�DOORZHG�WLPH�RI�7$�(7&
���bVHFRQG��1RWH�WKDW�WKH� �DQG� �IRU�WKH WR�DVVXUH�WKDW�\RX�KDYHGAIN=4 CR-SPLIT=1�PXVW�EH�XVHG �(7&�
D�6�1�RI�DW� OHDVW���� LQ�HDFK�RI� WKH�WZR� LPDJHV�REWDLQHG�GXULQJ�WKH� �SURFHVV��:H�ZLOO� WKHUHIRUHACQ
LQFUHDVH�WKH�H[SRVXUH�WLPH�WR�����VHFRQG��7KH�REMHFW�GRHV�QRW�VDWXUDWH�WKH�&&'��DQG�WKH�H[SRVXUH
WLPH�LV�OHVV�WKDQ��bPLQXWHV��VR�ZH�KDYH�GHYLVHG�D�YDOLG�WDUJHW�DFTXLVLWLRQ�

7KH�VWDU� LV� WR�EH�DFFXUDWHO\�SODFHG�EHKLQG� WKH� �ZKLFK� LV�����DUFVHFRQGV� LQ�VL]H�DQG� LQ� WKLV:('*(
H[DPSOH��ZH�ZLOO�SHUIRUP�DQ� �DFTXLVLWLRQ��7KH�SHDNXS�ZLOO�EH�SHUIRUPHG�LQ�WKH�ACQ/PEAK 0.3X0.05ND
VOLW��SHDNGRZQ�DFTXLVLWLRQV�DUH�QRW�UHFRPPHQGHG��VHH� ���DQG�ZH�ZLOO�XVH�WKH�&&'�DQG6HFWLRQ������
WKH� �$���VHFRQG�H[SRVXUH�\LHOGV��������HOHFWURQV�LQ�WKH�WDUJHW� �\RX�FRUUHFW� LW�IRU�WKHMIRROR.� DIWHU
DSHUWXUH�WKURXJKSXW�>ERWK�WKH�QHXWUDO�GHQVLW\���� ��DQG�WKH�VOLW�WKURXJKSXW������@��:H�KDYH�PRUH�

WKDQ�WKH�PLQLPXP�UHTXLUHPHQW�RI������HOHFWURQV�LQ�WKH�WDUJHW��WKH�REMHFW�GRHV�QRW�VDWXUDWH�WKH�&&'�
DQG�WKH�H[SRVXUH�WLPH�LV�OHVV�WKDQ�����PLQXWHV��WKH�PD[LPXP�WLPH�IRU�D�SHDNXS�ZLWK�WKH�0.3X0.05ND
VOLW���VR�ZH�KDYH�GHYLVHG�D�YDOLG�SHDNXS�WDUJHW�DFTXLVLWLRQ�

7DUJHW�$FTXLVLWLRQ�(7&�3DUDPHWHUV���$&4�

'HWHFWRU� �&&'� 247
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'HWHFWRU� �&&'�
)LOWHU� �1'��
*DLQ� ���H �$'8�

&KHFN�%R[� ���[���
7DUJHW�ZDV�D�SRLQW�VRXUFH�
6SHFWUXP��*�9��0RGHO�6SHFWUXP��
6RXUFH�)OX[�� � �����9
$YHUDJH�*DODFWLF�([WLQFWLRQ�RI� � �� �����( %�9
7KH�=RGLFDO�/LJKW�LV�DYHUDJH�
7KH�HDUWKVKLQH�LV�DYHUDJH�

,PDJLQJ�(7&�3DUDPHWHUV���$&4�3($.�

'HWHFWRU� �&&'�
)LOWHU� �&OHDU�
*DLQ� ���H �$'8�

&5�63/,7��7RWDO�QXPEHU�RI�LPDJHV�� ���
7DUJHW�ZDV�D�SRLQW�VRXUFH�
6SHFWUXP�*�9��0RGHO�6SHFWUXP��
6RXUFH�)OX[�� � �����9
$YHUDJH�*DODFWLF�([WLQFWLRQ�RI� � �� �����( %�9
7KH�=RGLFDO�/LJKW�LV�DYHUDJH�
7KH�HDUWKVKLQH�LV�DYHUDJH�

3KDVH� �3DUDPHWHUV�IRU�$&4�DQG�$&4�3($.�([SRVXUHV�II

��1RWH�WKDW�SHDN�XSV�DUH�RQO\�UHDOO\�QHHGHG�LI�WKH�3,�ZDQWV�D�SRLQWLQJ�DFFXUDF\�EHWWHU�WKDQ�a���PDV�
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����67,6�3RVW�2EVHUYDWLRQ�7DUJHW�$FTXLVLWLRQ�$QDO\VLV
������'LG�WKH�$FTXLVLWLRQ�6XFFHHG"

8QOLNH�ZLWK�HDUOLHU� �VSHFWURJUDSKV��LW�LV�QRZ�SRVVLEOH�WR�GHWHUPLQH�ZKDW�WKH�LQVWUXPHQW�DFTXLUHG+67
GXULQJ�DQ�REVHUYDWLRQ��7KH�PHWKRGV�GHVFULEHG�EHORZ�FDQ�EH�XVHG�WR�PDNH�HLWKHU�D�FRDUVH��H\HEDOO
HVWLPDWH��RU�D�ILQH��H[DFW�SL[HO��GHWHUPLQDWLRQ�

������'LG�WKH�$FTXLVLWLRQ�6XFFHHG"
6HFWLRQ� ���� RI� WKH� GHVFULEHV� LQ� GHWDLO� KRZ� WR� GHWHUPLQH� LI� DQ� DFTXLVLWLRQ67,6� 'DWD� +DQGERRNb
VXFFHHGHG��:H�UHFRPPHQG�WKH�XVH�RI� WKH� � LQ� bDV�D�TXLFN�ZD\�WR�GHWHUPLQH�KRZ�WRROWDVWLV VWLVWRROV
ZHOO�DQ�DFTXLVLWLRQ�ZRUNHG��)RU� �H[SRVXUHV��WKLV�WRRO�ZLOO�UHSRUW�ZKHUH�WKH�WDUJHW�ZDV�IRXQG�DW�WKHACQ
EHJLQQLQJ� RI� WKH� FRDUVH� DQG� ILQH� ORFDWH� VWDJHV�� ZKHUH� WKH� UHIHUHQFH� DSHUWXUH� SURMHFWHG� RQWR� WKH
GHWHFWRU��DQG�ZLOO�DOVR�JLYH�WKH�LQGLYLGXDO�DQG�WRWDO�VOHZV�LQ�XQLWV�RI�ERWK�&&'�SL[HOV�DQG�DUFVHFRQGV�
)RU� �H[SRVXUHV��WKH�WRRO�ZLOO�UHSRUW�WKH�UHODWLYH�IOX[�DW�HDFK�SRLQWLQJ�RI�WKH�SHDNXS��WKH�VOHZACQ/PEAK
PDGH��DQG�WKH�IOX[�LQ�WKH�FRQILUPDWLRQ�LPDJH��)RU�ERWK�NLQGV�RI�DFTXLVLWLRQ�H[SRVXUHV�WKH� �WDVNWDVWLV
ZLOO�LVVXH�D�ZDUQLQJ�PHVVDJH�LI�WKH�IOX[HV�RU�VOHZV�UHSRUWHG�DSSHDU�WR�IDOO�RXWVLGH�WKH�QRUPDO�UDQJH�RI
YDOXHV�H[SHFWHG�IRU�D�VXFFHVVIXO�DFTXLVLWLRQ�

&RQWHQWV�RI� �DQG� LPDJH�ILOHVACQ ACQ/PEAK 

,W�FDQ�DOVR�EH�XVHIXO�WR�GLUHFWO\�H[DPLQH�WKH�LPDJHV�SURYLGHG�LQ�WKH�DFTXLVLWLRQ�GDWD�ILOHV��7KH�676F,
FDOLEUDWLRQ� SLSHOLQH� ZLOO� SURGXFH� UDZ� GDWD� ILOHV� WKDW� FRQWDLQ� LPDJHV� WDNHQ� GXULQJ� WKH� DFTXLVLWLRQ
VHTXHQFH�DV�ZHOO�DV�LQIRUPDWLRQ�DERXW�WKH�PHDVXUHPHQWV�GRQH�DW�HDFK�VWDJH�RI�WKH�DFTXLVLWLRQ�

)RU� �H[SRVXUHV��HDFK�UDZ�ILOH�ZLOO�FRQWDLQ�WKUHH�LPDJHV��HDFK�LQ�D�VHSDUDWH�ILWV�LPDJH�H[WHQVLRQ�ACQ
7KH�ILUVW�VFLHQFH�LPDJH�H[WHQVLRQ�VKRZV�WKH�LPDJH�WDNHQ�DW�WKH�EHJLQQLQJ�RI�WKH�FRDUVH�ORFDWH�SKDVH
DQG� VKRZV� ZKHUH� WKH� WDUJHW� ZDV� LQLWLDOO\� IRXQG�� 7KH� VHFRQG� VFLHQFH� LPDJH� H[WHQVLRQ� VKRZV� WKH
LPDJH�UHFRUGHG�DIWHU�WKH�FRDUVH�ORFDWH�VOHZ�KDV�EHHQ�GRQH��7KH�WKLUG�VFLHQFH�H[WHQVLRQ�VKRZV�ZKHUH
WKH�LPDJH�RI�WKH�VWDQGDUG�UHIHUHQFH�DSHUWXUH��DV�LOOXPLQDWHG�E\�D�WXQJVWHQ�ODPS��SURMHFWV�RQWR�WKH
GHWHFWRU�� 7KH� � UDZ� ILWV� ILOH� FRQWDLQV� WKH� ILQDO� �FRQILUPDWLRQ�� LPDJH� RI� WKH� WDUJHW� YLHZHGACQ/PEAK
WKURXJK�WKH�DSHUWXUH�LQ�WKH�ILUVW�LPDJH�H[WHQVLRQ�DQG�WKH�IOX[HV�PHDVXUHG�LQ�WKH�VWHSSLQJ�SDWWHUQ�LQ

LQb �RIWKH�IRXUWK�H[WHQVLRQ��)XUWKHU�GHWDLOV�RI�WKHVH�ILOHV�DQG�WKHLU�FRQWHQWV�DUH�GLVFXVVHG� 6HFWLRQ����
WKH�67,6�'DWD�+DQGERRN�

7DUJHW�$FTXLVLWLRQ�6LPXODWRU

:KLOH�WKH� �WRRO� LQ�WDVWLV VWLVWRROVb LV�QRUPDOO\�DGHTXDWH�WR�GHWHUPLQH�ZKHWKHU�RU�QRW�\RXU�DFTXLVLWLRQ
VXFFHHGHG��VRPHWLPHV��HVSHFLDOO\�IRU�FRPSOH[�H[WHQGHG�REMHFWV��D�PRUH�FRPSOHWH�VLPXODWLRQ�RI�WKH

2QFH�\RX�KDYH�\RXU�GDWD��\RX�FDQ�XVH�WKH�DFTXLVLWLRQ�VHTXHQFH�PD\�EH�XVHIXO�� 7DUJHW�$FTXLVLWLRQ
WR�GHWHUPLQH�WKH�H[DFW�SRVLWLRQ�RI�WKH�VRXUFH�WKDW�ZDV�DFTXLUHG��7KH� �ZLOO�WDNH�WKH�67,6�6LPXODWRU 7$6

LPDJH�RI�WKH�LQLWLDO�SRLQWLQJ�DQG��XVLQJ�WKH�VDPH�DOJRULWKP�DV�WKH�IOLJKW�VRIWZDUH��WHOO�\RX�WKH�ORFDWLRQ
RI�WKH�WDUJHW��LQ�SL[HO�FRRUGLQDWHV�
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&KDSWHU����2YHUKHDGV�DQG�2UELW�7LPH�'HWHUPLQDWLRQ
&KDSWHU�&RQWHQWV

����2YHUYLHZ
����67,6�([SRVXUH�2YHUKHDGV
����2UELW�8VH�'HWHUPLQDWLRQ�([DPSOHV
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����2YHUYLHZ
$IWHU�\RX�HVWDEOLVK�WKH�VHW�RI�VFLHQWLILF�H[SRVXUHV�DQG�DQ\�DGGLWLRQDO�WDUJHW�DFTXLVLWLRQ�RU�FDOLEUDWLRQ
H[SRVXUHV�WKDW�\RX�UHTXLUH�IRU�\RXU�SURJUDP��\RX�DUH�UHDG\�WR�GHWHUPLQH�WKH�WRWDO�QXPEHU�RI�RUELWV
WR�UHTXHVW��*HQHUDOO\��WKLV�LV�D�VWUDLJKWIRUZDUG�H[HUFLVH�LQYROYLQJ�FRPSLODWLRQ�RI�WKH�RYHUKHDGV�RQ�WKH
LQGLYLGXDO�H[SRVXUHV��SDFNLQJ�WKH�H[SRVXUHbSOXV�RYHUKHDG�WLPH�LQWR�LQGLYLGXDO�RUELWV��DQG�WDOO\LQJ�XS
WKH�UHVXOWV�WR�GHWHUPLQH�\RXU�WRWDO�RUELW�UHTXHVW��,Q�VRPH�FDVHV��LW�PD\�EH�DQ�LWHUDWLYH�SURFHVV�DV�\RX
UHILQH�\RXU�H[SRVXUH�UHTXHVWV�WR�PRUH�IXOO\�H[SORLW�WKH�RUELWV�

7KH� bDQG�WKH� bSURYLGH�LQIRUPDWLRQ�RQ�WKH�2EVHUYDWRU\�SROLFLHV�DQG+67�&DOO�IRU�3URSRVDOV +67�3ULPHU
SUDFWLFHV�ZLWK�UHVSHFW�WR�RUELW�WLPH�UHTXHVWV��,Q�WKH�IROORZLQJ�VHFWLRQV��ZH�SURYLGH�D�VXPPDU\�RI�WKH
67,6�VSHFLILF� RYHUKHDGV� DQG� JLYH� VHYHUDO� H[DPSOHV� WKDW� LOOXVWUDWH� KRZ� WR� FDOFXODWH� \RXU� RUELW
UHTXLUHPHQWV�IRU�3KDVHb �3URSRVDOV��1RWH�WKDW�WKH� bSURYLGHV�D�PRUH�OLPLWHG�VXPPDU\�RII +67�3ULPHU
RYHUKHDGV� WKDW�DUH� LQWHQGHG� WR�EH�FRQVHUYDWLYH�� ,Q� WKH�XQOLNHO\� FDVH� WKDW�DQ�RYHUKHDG�FDOFXODWLRQ
XVLQJ�WKH� UHTXLUHV�OHVV�WLPH�WKDQ�RQH�FDOFXODWHG�XVLQJ�WKH�LQIRUPDWLRQ�LQ�WKLV�FKDSWHU��\RX�+67�3ULPHU
VKRXOG�XVH�WKH�UHVXOW�IURP�WKLV�FKDSWHU�WR�HQVXUH�WKDW�\RX�GR�QRW�HQG�XS�ZLWK�D�WLPH�DOORFDWLRQ�WKDW�LV
LQVXIILFLHQW�WR�FDUU\�RXW�\RXU�SURJUDP�LQ�3KDVHb �II

$OWHUQDWLYHO\��\RX�FRXOG�DOVR�XVH� WKH� � WR�FUHDWH�D�VLPSOH�SURJUDP�� �DXWRPDWLFDOO\� WDNHV� WKH$37 $37
DSSURSULDWH� RYHUKHDGV� LQWR� DFFRXQW� DQG�SURYLGHV� D� VWDWLVWLFDOO\� HVWLPDWHG� RUELW� OHQJWK� WR� DVVLVW� LQ
FRQVWUXFWLQJ�WKH�REVHUYDWLRQ�SURJUDP�
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����67,6�([SRVXUH�2YHUKHDGV
2XU�FXUUHQW�HVWLPDWHV�RI�WKH�RYHUKHDGV�RQ�67,6�H[SRVXUHV�DUH�VXPPDUL]HG�LQ� �DQG�7DEOH���� 7DEOH����
�� $OO� QXPEHUV� JLYHQ� DUH� DSSUR[LPDWH� DQG� URXQGHG� XS� WR� WKH� QHDUHVW� KDOI� PLQXWH�� WKH\� GR� QRW
GLIIHUHQWLDWH� LQ� GHWDLO� WKH� RYHUKHDGV� IRU� GLIIHUHQW� 67,6�PRGHV� DQG� FRQILJXUDWLRQV�� 7KHVH� RYHUKHDG
WLPHV�DUH�WR�EH�XVHG��LQ�FRQMXQFWLRQ�ZLWK�WKH�DFWXDO�H[SRVXUH�WLPHV�DQG�WKH� ��WR�HVWLPDWH+67�3ULPHU
WKH�WRWDO�QXPEHU�RI�RUELWV�IRU�\RXU�SURSRVDO��$IWHU�\RXU� �SURSRVDO�LV�DFFHSWHG��\RX�ZLOO�EH�DVNHG�WR+67
VXEPLW�D�3KDVHb �SURSRVDO�WR�VXSSRUW�VFKHGXOLQJ�RI�\RXU�DSSURYHG�REVHUYDWLRQV��$W�WKDW�WLPH�\RXII
ZLOO�EH�SUHVHQWHG�ZLWK�DFWXDO��XS�WR�GDWH�RYHUKHDGV�E\� WKH�VFKHGXOLQJ�VRIWZDUH��$OORZLQJ�VXIILFLHQW
WLPH� IRU� RYHUKHDGV� LQ� \RXU� 3KDVHb � SURSRVDO� LV� LPSRUWDQW�� DGGLWLRQDO� WLPH� WR� FRYHU� XQSODQQHGI
RYHUKHDGV�ZLOO�QRW�EH�JUDQWHG�ODWHU�

7KH�IROORZLQJ�OLVW�SUHVHQWV�LPSRUWDQW�SRLQWV�IRU�HDFK�W\SH�RI�RYHUKHDG�

�� ��*HQHULF 2EVHUYDWRU\�/HYHO 2YHUKHDGV�
7KH� ILUVW� WLPH�\RX�DFTXLUH�DQ�REMHFW� \RX�PXVW� LQFOXGH� WKH�RYHUKHDG� IRU� WKH�JXLGH�VWDU
DFTXLVLWLRQ���bPLQXWHV��
,Q� VXEVHTXHQW� FRQWLJXRXV� RUELWV� \RX� PXVW� LQFOXGH� WKH� RYHUKHDG� IRU� WKH� JXLGH�VWDU
UHDFTXLVLWLRQ���bPLQXWHV���,I�\RX�DUH�REVHUYLQJ�LQ�WKH�&RQWLQXRXV�9LHZLQJ�=RQH��VHH�WKH�

���QR�JXLGH�VWDU �DUH�UHTXLUHG�+67�3ULPHU �UHDFTXLVLWLRQV
7LPH�QHHGV�WR�EH�DOORZHG�IRU�HDFK�GHOLEHUDWH�PRYHPHQW�RI�WKH�WHOHVFRSH��H�J���LI�\RX�DUH
SHUIRUPLQJ� D� WDUJHW� DFTXLVLWLRQ� H[SRVXUH� RQ� D� QHDUE\� VWDU� DQG� WKHQ� RIIVHWWLQJ� WR� \RXU
WDUJHW��RU�LI�\RX�DUH�WDNLQJ�D�VHULHV�RI�H[SRVXUHV�LQ�ZKLFK�\RX�PRYH�WKH�WDUJHW�UHODWLYH�WR
WKH� VOLW�� \RX�PXVW� DOORZ� WLPH� IRU� WKH�PRYHV� ���b VHFRQGV� WR� ��b VHFRQGV� GHSHQGLQJ� RQ
OHQJWK�RI�VOHZ��VHH� �DQG� ��7DEOH���� 7DEOH����
5HPHPEHU�WKH�SROLF\�ZLWK�UHJDUG�WR�0$0$�DQG�&&'�REVHUYDWLRQV�LQ�WKH�VDPH�YLVLW��VHH�

��&KDSWHU��
6FLHQWLILF�([SRVXUHV�

7KH�RYHUKHDG�WLPHV�DUH�GRPLQDWHG�E\�WKH�WLPH�WR�PRYH�WKH�JUDWLQJ�ZKHHO��060���ZKLFK
LV�a���bPLQXWHV�SHU�PRYH��ZRUVW�FDVH��DQG�WKH�UHDGRXW�WLPH��&&'���$JDLQ��ZH�VWUHVV�WKDW
LQ�3KDVHb �WKH�RYHUKHDGV�ZLOO�IUHTXHQWO\�EH�OHVV��EXW�LW�LV�LPSRUWDQW�WR�SODQ�3KDVHb �XVLQJII I
WKH�FRQVHUYDWLYH�RYHUKHDGV�JLYHQ�LQ� �WR�HQVXUH�WKDW�\RX�ZLOO�KDYH�DGHTXDWH�WLPH7DEOH����
IRU�\RXU�VFLHQWLILF�JRDOV�

&&'�DQG�0$0$�6SHFWURVFRSLF�([SRVXUHV�DQG�:DYHFDOV�
7KH�TXRWHG�RYHUKHDGV�RQ�WKH� ILUVW�VSHFWURVFRSLF�H[SRVXUH� LQ�D�YLVLW��RU�D�VSHFWURVFRSLF
H[SRVXUH�ZLWKLQ�D�YLVLW�FRQWDLQLQJ�D�FKDQJH�RI�JUDWLQJ�RU�JUDWLQJ�WLOW��DOORZ�IRU�WKH�WDNLQJ
RI�D�VLQJOH�DXWRPDWLF�ZDYHFDO�H[SRVXUH�WR�SHUPLW�SRVW�REVHUYDWLRQ�GHWHUPLQDWLRQ�RI�WKH
]HUR�SRLQW�RI�WKH�ZDYHOHQJWK��DQG�VSDWLDO��VFDOHV�� ,I�\RX�SODQ�D�VHULHV�RI�H[SRVXUHV�DW�D
JLYHQ�JUDWLQJ�VHWWLQJ�ZKLFK�H[WHQGV�RYHU���bPLQXWHV�LQ�H[SRVXUH�WLPH��WKHQ�\RX�QHHG�WR
LQFOXGH�WLPH�IRU�DQ�DGGLWLRQDO�DXWRPDWLF�ZDYHFDO�IRU�HDFK����PLQXWH�SHULRG��+RZHYHU�IRU
FHUWDLQ�W\SHV�RI�REVHUYLQJ�SURJUDPV��FDUHIXO�FUDIWLQJ�RI�WKH�3KDVHb �SURSRVDO�FDQ�IRUFHII
WKH� DGGLWLRQDO� DXWRPDWLF� ZDYHFDOV� DVVRFLDWHG� ZLWK� ORQJ� REVHUYDWLRQV� �JUHDWHU� WKDQ
a��bPLQXWHV��LQWR�RFFXOWDWLRQ��VHH� ��6HFWLRQ�������

0RYLQJ�7DUJHWV�
$GGLWLRQDO� RYHUKHDGV� ZLOO� EH� LQFXUUHG� IRU� REVHUYDWLRQV� RI� VRODU� V\VWHP� WDUJHWV�� 7KH
PRYLQJ�WDUJHW�RYHUKHDGV��a�bPLQXWH�LQ�GXUDWLRQ��DUH�GHSHQGHQW�XSRQ�FXUUHQW�VOHZ�UDWHV
DQG�DUH�XSGDWHG�DV�QHFHVVDU\�b

b

7DEOH������6FLHQWLILF�([SRVXUH�2YHUKHDGV��*HQHUDO��$FTXLVLWLRQ��DQG�3HDNXS
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$FWLRQ 2YHUKHDG

� �*HQHULF� 2EVHUYDWRU\�/HYHO

*XLGH�6WDU�DFTXLVLWLRQ ,QLWLDO�DFTXLVLWLRQ�RYHUKHDGb ��bPLQXWHV�
5HDFTXLVLWLRQV�RQ�VXEVHTXHQW�RUELWV� ���PLQXWHV�SHU�RUELW�

6SDFHFUDIW� POS-TARG
PRYHV

��PLQXWH�IRU�RIIVHWV����DUFPLQXWH�DQG�!��bDUFVHFRQGV�
����PLQXWH�IRU�RIIVHWV�EHWZHHQ�����DUFVHFRQGV��
���VHFRQGV�IRU�RIIVHWV����DUFVHFRQG�LQ�VL]H�

$FTXLVLWLRQV�DQG�3HDNXSV

7DUJHW� DFTXLVLWLRQ� �WR
SODFH� WDUJHW� LQ� 67,6
DSHUWXUH��� VHH� DOVR�

�&KDSWHU��

)RU�9b ���SRLQW�VRXUFHV���bPLQXWHV�೯�
)RU� GLIIXVH� DFTV�� DGG� ���b b FKHFNER[b VHFRQGV� WR� WKH� QRPLQDO� �b
�bPLQXWHV�

$FTXLVLWLRQ� SHDNXSV�
VHH�DOVR� �&KDSWHU��

)RU�9� ���� ��PLQXWHV� IRU� RQH�SHDNXS�� QRWH� WKDW� D� VHFRQG�SHDNXS� LV೯�
UHTXLUHG� IRU� WKH� � DSHUWXUH�� GLVSHUVHG� OLJKW� SHDNXSV� PD\0.1X0.03
UHTXLUH�DQ�DGGLWLRQDO��bPLQXWHV�RYHUKHDG�IRU�FKDQJH�LQ�RSWLFDO�HOHPHQW�
0RUH�JHQHUDOO\��VHH� �7DEOH����

(QG�RI�&9=�9LVLW

(QG�RI�&9=�YLVLW )LQDO�67,6�EXIIHU�GXPSb ��bPLQXWHV�
5HWXUQ�PHFKDQLVPV�WR�QRUPDOb ����bPLQXWHV�
)RU� QRQ�&9=� REVHUYDWLRQV�� WKHVH� DFWLYLWLHV� RFFXU� GXULQJ� WKH� ILQDO
RFFXOWDWLRQ�SHULRG��ZLWK�QR�LPSDFW�RQ�WDUJHW�YLVLELOLW\�

67,6�6FLHQWLILF�([SRVXUH�2YHUKHDGV��,PDJLQJ�DQG�6SHFWURVFRS\b7DEOH������

$FWLRQ 2YHUKHDG

,PDJLQJ 6SHFWURVFRS\

&&'
�PLQXWHV�

0$0$
�PLQXWHV�

&&'
�PLQXWHV�

0$0$
�PLQXWHV�

)LUVW�VFLHQWLILF�H[SRVXUH ��� ��� ���� ����

,GHQWLFDO�H[SRVXUH�LQ�VHULHV
�ZLWKLQ�DQ�RUELW� ���� ��� ��� ���

([SRVXUH�LQ�VHULHV�ZLWK�JUDWLQJ�PRYH�RQO\ ��� ��� ���� ����

0RYH�RI�DSHUWXUH�ZKHHO�
FKDQJH�RI�VOLW�RU�DSHUWXUH�
FKDQJH�RI�ILOWHU

��� ��� ��� ���

$GGLWLRQDO�DXWRPDWLF�ZDYHFDO� IRU� VHULHV�RI� LGHQWLFDO
H[SRVXUHV�H[WHQGLQJ�PRUH�WKDQ�a���PLQXWHV

Q�D Q�D ��� ���
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2YHUKHDG� IRU� GDWD� PDQDJHPHQW� IRU� H[SRVXUHV� !�
PLQXWHV�LQ�GXUDWLRQ

� � � �

2YHUKHDG�IRU�GDWD�PDQDJHPHQW��IRU�D�VHULHV�RI�IXOO�
IUDPH�H[SRVXUHV��HDFK�6+257(5�WKDQ���PLQXWHV� LQ
GXUDWLRQ��VHH� �IRU�VXEDUUD\�UXOHV�&&'�6XEDUUD\V

�
PLQXWHV
HYHU\� �
H[SRVXUHV

�
PLQXWHV
HYHU\
H[SRVXUH

�
PLQXWHV
HYHU\� �
H[SRVXUHV

�
PLQXWHV
HYHU\
H[SRVXUH

$GGLWLRQDO�&DOLEUDWLRQ�([SRVXUHV��([WUD�*2�:DYHFDOV��DQG�)ULQJH�)ODWV

0$0$�ZDYHFDO�H[SRVXUH ����PLQXWHV

&&'�ZDYHFDO�H[SRVXUH ����PLQXWHV

&&'�IULQJH�IODW�H[SRVXUH ��PLQXWHV

6OLWOHVV� 6SHFWURVFRS\� �LPDJH� RI� ILHOG�� LPDJH� RI� VOLW�
ZDYHFDO�

��PLQXWHV

�,QFOXGHV�DXWR�ZDYHFDO��$W�3KDVHb ��ZDYHFDOV�RFFXUULQJ�DW�WKH�EHJLQQLQJ�RU�HQG�RI�DQ�RUELW�ZLOO�EH� II
SXVKHG�LQWR�RFFXOWDWLRQ��SURYLGLQJ�LQFUHDVHG�WLPH�IRU�VFLHQWLILF�REVHUYLQJ��
�)RU� ��HDFK�H[SRVXUH�KDV�D��bPLQXWH�RYHUKHDG��VR�WKHUH�ZLOO�EH�� bb���PLQXWHV�RI�� � �CR-SPLIT Q Q H[WUD
RYHUKHDG��,I�VPDOO�&&'�VXEDUUD\V�DUH�XVHG��WKH�RYHUKHDG�SHU�H[SRVXUH�GHFUHDVHV�WR���bVHFRQGV��
�8VH�WKHVH�RQO\�IRU�DGGLWLRQDO�ZDYHFDO�H[SRVXUHV�EH\RQG�WKRVH�WDNHQ�DXWRPDWLFDOO\��
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����2UELW�8VH�'HWHUPLQDWLRQ�([DPSOHV
������6DPSOH�2UELW�&DOFXODWLRQ����/RQJ�6OLW�6SHFWURVFRS\�RI�WKH�*DOD[\�0��
������6DPSOH�2UELW�&DOFXODWLRQ����/RZ�'LVSHUVLRQ�6SHFWURVFRS\�RI�6RODU�$QDORJ�6WDU�3����&
������ 6DPSOH� 2UELW� &DOFXODWLRQ� ��� ,PDJLQJ� DQG� 6SHFWURVFRS\� RI� WKH� &DW
V� (\H� 3ODQHWDU\
1HEXOD��1*&�����
������6DPSOH�2UELW�&DOFXODWLRQ����0$0$�(FKHOOH�6SHFWURVFRSLF�([SRVXUHV�LQ�WKH�&9=
������6DPSOH�2UELW�&DOFXODWLRQ����)DLQW�&&'�,PDJLQJ

7KH�HDVLHVW�ZD\�WR�OHDUQ�WR�FRPSXWH�WRWDO�RUELW�WLPH�UHTXHVWV�LV�WR�ZRUN�WKURXJK�D�IHZ�H[DPSOHV��7KH
ILYH�H[DPSOHV�SURYLGHG�EHORZ�KDYH�EHHQ�FDOFXODWHG�XVLQJ� ��ZKLFK�ZLOO�EH�VRPHZKDW�RXW�RI�$37�����
GDWH��7KH�UHVXOWV�IRU�WKH�ODWHVW�YHUVLRQ�RI� ��ZKLFK�VKRXOG�EH�XVHG�E\�SURSRVHUV��ZLOO�EH�VLPLODU�EXW$37
VOLJKW�GLIIHUHQFHV�PLJKW�DSSHDU��$OO�WLPHV�DUH�URXQGHG�WR�WKH�QHDUHVW�WHQWK�RI�D�PLQXWH��$OVR�QRWH�WKH
VOLJKW�GLIIHUHQFHV�LQ�WKH�WDUJHW�DFTXLVLWLRQV�

([DPSOH��� LV�D�SDWWHUQ�VWHSSHG�VHULHV�RI� ORQJ�VOLW�&&'�VSHFWURVFRSLF�H[SRVXUHV�PDSSLQJ�RXW
WKH�+ �QHEXOD� LQ�WKH�FHQWHU�RI�WKH�JDOD[\�0����7KLV�XVHV�D�GLIIXVH�VRXUFH�DFTXLVLWLRQ�DQG�QR͆
SHDNXS�
([DPSOH���LV�D�VHULHV�RI�VSHFWURVFRSLF�REVHUYDWLRQV�RI�WKH�VRODU�DQDORJ��&9=�VWDU�3����&��XVLQJ
DOO�RI�WKH�ILUVW�RUGHU��ORZ�UHVROXWLRQ�&&'�JUDWLQJV��7KLV�H[DPSOH�XVHV�D�SRLQW�VRXUFH�DFTXLVLWLRQ
DQG�QR�SHDNXS�RQ�WKH�WDUJHW�
([DPSOH� �� LV� DQ� LPDJLQJ� DQG� VSHFWURVFRSLF� SURJUDP� REVHUYLQJ� 1*&b ������ WKH� &DW
V� (\H
1HEXOD��7KLV�XVHV�D�SRLQW�VRXUFH�DFTXLVLWLRQ�
([DPSOH� �� LV� D� VHW� RI� ORQJ�0$0$� VSHFWURVFRSLF� H[SRVXUHV� RI� 6N� ��rb ���� XVLQJ� WKH� E230H
JUDWLQJ�WKURXJK�D�QDUURZ�HFKHOOH�VOLW��WDNHQ�LQ�WKH�&9=��7KLV�XVHV�D�SRLQW�VRXUFH�DFTXLVLWLRQ�DQG
SHDNXS�RQ�WKH�WDUJHW��DQG�LQFOXGHV�UH�SHDNXSV�GXULQJ�WKH�FRXUVH�RI�WKH�ORQJ�REVHUYDWLRQV�
([DPSOH� �� LV� D� IDLQW� &&'� LPDJLQJ� SURJUDP� RI� SRLQW� VRXUFHV� DURXQG� WKH� VWDU� **+���� (,6
-��������������������7KLV�XVHV�QR�DFTXLVLWLRQ�

������6DPSOH�2UELW�&DOFXODWLRQ����/RQJ�6OLW�6SHFWURVFRS\�RI� WKH�*DOD[\
0��
7KLV�H[DPSOH�LV�IRU�DQ�REVHUYDWLRQ�RI�WKH�+ �QHEXOD�LQ�WKH�FHQWHU�RI�WKH�9LUJR�HOOLSWLFDO�0����XVLQJ�WKH͆
&&'��WKH� �VOLW�DQG�WKH� �JUDWLQJ��$�VHULHV�RI�H[SRVXUHV�LV�WDNHQ��HDFK�VWHSSHG�UHODWLYH�WR52X0.2 G750M
WKH� QH[W� E\� ���b DUFVHFRQG�� LQ� WKH� GLUHFWLRQ� SHUSHQGLFXODU� WR� WKH� VOLW�� LQ� RUGHU� WR� FRYHU� WKH� LQQHU
���bDUFVHFRQGV�RI�WKH�JDOD[\�FRPSOHWHO\��%DVHG�RQ�WKH�VLJQDO�WR�QRLVH�UDWLR�FDOFXODWLRQ�SUHVHQWHG�LQ�

��ZH�UHTXLUH�DQ�LQWHJUDWLRQ�WLPH�RI�a���PLQXWHV�SHU�SRVLWLRQ�WR�REWDLQ�D�VLJQDO�WR�QRLVH6HFWLRQ������
UDWLR�RIba����7KH�VFLHQWLILF�H[SRVXUHV�IRU�WKLV�SURSRVDO��WKHUHIRUH��FRPSULVH� �RI�WKH�IROORZLQJ�DOO

$� �a���PLQXWH�VSHFWURVFRSLF�H[SRVXUH �ZLWK� �DW�D�FHQWUDO�ZDYHOHQJWK�RI� ��CR-SPLIT � *���0 ͐
 ����b��DW�ORFDWLRQ���
$� ��a���PLQXWH�VSHFWURVFRSLF�H[SRVXUH�ZLWK� �DW�D�FHQWUDO�ZDYHOHQJWK�RI� �CR-SPLIT *���0 ͐
 ����b��DW�ORFDWLRQb��
$� ��a���PLQXWH�VSHFWURVFRSLF�H[SRVXUH�ZLWK� �DW�D�FHQWUDO�ZDYHOHQJWK�RI� �CR-SPLIT *���0 ͐
 ����b��DW�ORFDWLRQb��
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:H�QHHG�WR� LQFOXGH�WLPH�IRU�WKH�JXLGH�VWDU�DFTXLVLWLRQ�DW�WKH�VWDUW�RI�WKH�ILUVW�RUELW�� IROORZHG�E\�DQ
DFTXLVLWLRQ�H[SRVXUH��1R�SHDNXS�ZLOO�EH�GRQH��VLQFH�ZH�DUH�FRYHULQJ�WKH�QHEXOD�E\�VWHSSLQJ�WKH�VOLW
DQG�WKH�VOLW�LV�ZLGHU�WKDQ����bDUFVHFRQG��,Q�WKLV�H[DPSOH��ZH�DVVXPH�D�GLIIXVH�VRXUFH�DFTXLVLWLRQ��ZLWK
D� FKHFNER[� VL]H� RI� ��b SL[HOV� �URXJKO\� ����� DUFVHFRQGV��� 7KH� FKHFNER[� QHHGV� WR� EH� ODUJH� DV� WKLV
JDOD[\�KDV�D�YHU\�IODW�DQG�GXVW\�SURILOH��VHH� �)LJXUH����

7KH�PHDQ� VXUIDFH�EULJKWQHVV�RI� WKH�JDOD[\�ZLWKLQ� WKLV� UHJLRQ� LV�a�� � �� �HUJV�V�FP ���DUFVHF �� �� � �

EDVHG�RQ�:)3&�� �EDQG�LPDJHV�LQ�WKH� �DUFKLYH��8VLQJ�WKH�LQIRUPDWLRQ�LQ� �RU�WKH�9 +67 6HFWLRQ���� 67,6
�ZH�GHWHUPLQH�WKDW��XVLQJ�WKH�&&'�ORQJSDVV�ILOWHU�� ��IRU�W b ��bVHFRQG��ZH�DFKLHYH7$�(7& F28X50LP H[S

PRUH�WKDQ�WKH�UHTXLUHG�VLJQDO�WR�QRLVH�UDWLR�QHHGHG�RYHU�WKH�FKHFNER[�IRU�WKH�WDUJHW�DFTXLVLWLRQ��:H
XVH� WKH� IRUPXOD� LQ� �� SOXJ� LQ� &+(&.%2; ��� DQG� H[SWLPH ����� DQG� GHWHUPLQH� WKDW� WKH7DEOH� ���
DFTXLVLWLRQ�ZLOO�WDNH�URXJKO\��bPLQXWHV�

7KLV�LV�QRW�D�&9=�REVHUYDWLRQ��VR�EHFDXVH�PRUH�WKDQ���RUELW�LV�UHTXLUHG�ZH�QHHG�WR�LQFOXGH�WLPH�IRU
WKH�JXLGH�VWDU�UHDFTXLVLWLRQ�DW�WKH�EHJLQQLQJ�RI�HDFK�RUELW��7KH�LQGLYLGXDO�H[SRVXUHV�LQ�WKLV�H[DPSOH
DUH� ORQJ� HQRXJK� WKDW� ZH� GR� QRW� QHHG� WR� LQFOXGH� H[WUD� RYHUKHDG� IRU� GDWD�PDQDJHPHQW�� :H� DUH
VDWLVILHG�ZLWK�WKH�DXWRPDWLF�ZDYHFDO�H[SRVXUHV�ZKLFK�DUH�WDNHQ�IRU�HDFK�VSHFWURVFRSLF�REVHUYDWLRQ
DW�D�QHZ�060�SRVLWLRQ��:H�GR�QRW�UHTXLUH�IULQJH�IODWV�DV�ZH�DUH�REVHUYLQJ�DW�ZDYHOHQJWKV�VKRUWZDUG
RI�����b��

:H�DVVXPH�D�YLVLELOLW\�SHULRG�RI����PLQXWHV�SHU�RUELW��DSSURSULDWH�IRU�D�WDUJHW�DW�0��
V�GHFOLQDWLRQ�RI
��� ��VHH�WKH� ���%DVHG�RQ�WKH�UHDVRQLQJ�SUHVHQWHG�LQ� ��EHORZ��ZH�FRQFOXGH�WKDWr +67�3ULPHU 7DEOH����
WKH�REVHUYDWLRQV�FDQ�EH�VTXHH]HG�LQWR�a��RUELWV�ZLWK�VRPH�ORVV�RI�VHQVLWLYLW\��$OWHUQDWHO\��RQH�FRXOG
FKRRVH�WR�LQFUHDVH�WKH�VLJQDO�WR�QRLVH��DQG�DVN�IRU��bRUELWV�

$37�SURYLGHV�WKH�FDSDELOLW\�WR�VHOHFW�SUHVHW�SDWWHUQV�ZLWK�XVHU�VXSSOLHG�RSWLRQV�WR�IDFLOLWDWH�SODQQLQJ�
)RU� WKLV� H[DPSOH�� D� PRVDLF� RI� WKH� LQQHU� ���� DUFVHFRQGV� RI� 0��� FDQ� EH� REWDLQHG� E\� VSHFLI\LQJ�

�� � �ZKLFK� ZLOO� VWHS� WKH� DSHUWXUH� RQ� WKHPattern Type=“STIS-PERP-TO-SLIT” Purpose=“Mosaic”
WDUJHW��� �� �� � �ZKLFK� �Number of Points=“3” �Point Spacing=“0.2” �Coordinate Frame=“POS-TARG”
VSHFLILHV�SDWWHUQ�H[HFXWLRQ�LQ�WKH�VSDFHFUDIW�IUDPH��DQG�FOLFN�&HQWHU�3DWWHUQ�

7DEOH������2UELW�&DOFXODWLRQ�IRU�([DPSOH���

$FWLRQ 7 L P H
�PLQXWHV�

([SODQDWLRQ

2UELW��

,QLWLDO�*XLGH�6WDU�DFTXLVLWLRQ b���� 1HHGHG� DW� VWDUW� RI� REVHUYDWLRQ� RI� QHZ
WDUJHW

7DUJHW�DFTXLVLWLRQ b���� 'LIIXVH�DFTXLVLWLRQ�ZLWK�FKHFNER[ ����WH[S
 ���bV

2IIVHW� WDUJHW� ���� DUFVHFRQGV� WR� LQLWLDO
SRVLWLRQ

b���� 0RYH�WR�SRVLWLRQ���LQ�SDWWHUQ

$XWR�ZDYHFDO b���� $XWR�ZDYHFDO�EHIRUH�ILUVW�VFLHQFH�H[SRVXUH

6FLHQWLILF�H[SRVXUH�� �G750M
b b��������SRVLWLRQ��͐F

���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�IRU�H[SRVXUH�RYHUKHDG�IRU�CR-
SPLIT
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2IIVHW� WDUJHW� ���� DUFVHFRQGV� WR
SRVLWLRQ��

b���� 0RYH�WR�SRVLWLRQ���LQ�SDWWHUQ

2UELW��

*XLGH�6WDU�5HDFTXLVLWLRQ b���� 6WDUW�RI�QHZ�RUELW

$GGLWLRQDO�ZDYHFDO b���� 1HZ�RUELW

6FLHQWLILF�H[SRVXUH�� �G750M
 b��������SRVLWLRQ��͐ bF

���� �����PLQXWHV�H[SRVXUH�WLPH�
����PLQXWHV�IRU�H[SRVXUH�RYHUKHDG�IRU�CR-
SPLIT

6WHS�WDUJHW�����DUFVHFRQGV� �WR�VOLWര b���� 0RYH�WR�SRVLWLRQ���LQ�SDWWHUQ

6FLHQWLILF�H[SRVXUH�� �G750M
 b��������SRVLWLRQ��͐ bF

���� �����PLQXWHV�H[SRVXUH�WLPH�
����PLQXWHV�IRU�H[SRVXUH�RYHUKHDG�IRU�CR-
SPLIT

������6DPSOH�2UELW�&DOFXODWLRQ����/RZ�'LVSHUVLRQ�6SHFWURVFRS\�RI�6RODU
$QDORJ�6WDU�3����&
,Q�WKLV�H[DPSOH�WKH�VFLHQWLILF�REMHFWLYH�LV�WR�REVHUYH�WKH�VRODU�DQDORJ�&9=�VWDU�3����&�IURP�WKH�QHDU�
LQIUDUHG��1,5��WR�WKH�QHDU�XOWUDYLROHW��189��ZLWK�67,6
�ORZ�UHVROXWLRQ��ILUVW�RUGHU�JUDWLQJV�DQG�WKH�52X0.
�DUFVHFRQG�VOLW��7KH�VHULHV�RI�H[SRVXUHV�LQFOXGHV�5

 �CR-SPLIT ��a��PLQXWH� VSHFWURVFRSLF�H[SRVXUH�ZLWK �DW� WKH�FHQWUDO�ZDYHOHQJWK�RI� G430L ͐b
 b����b��

 �CR-SPLIT ��a���PLQXWH�VSHFWURVFRSLF�H[SRVXUH�ZLWK� �DW�WKH�FHQWUDO�ZDYHOHQJWK�RI�G230LB ͐b
 b����b��

 ��CR-SPLIT �a��PLQXWH� VSHFWURVFRSLF� H[SRVXUH�ZLWK� � DW� WKH� FHQWUDO�ZDYHOHQJWK� RI�G750L ͐b
 b����b��

:H�QHHG�WR� LQFOXGH�WLPH�IRU�WKH�JXLGH�VWDU�DFTXLVLWLRQ�DW�WKH�VWDUW�RI�WKH�ILUVW�RUELW�� IROORZHG�E\�DQ
DFTXLVLWLRQ�H[SRVXUH��7KLV�WDUJHW�LV�D�EULJKW�SRLQW�VRXUFH��:H�ZLOO�XVH�WKH�ORQJSDVV�ILOWHU� �IRUF28X50LP
WKH�WDUJHW�DFTXLVLWLRQ��8VLQJ�WKH� �ZH�ILQG�WKDW�DQ�H[SRVXUH�WLPH�RI�����VHFRQGV�JLYHV�D67,6�7$�(7&
615�!����ZLWKRXW�VDWXUDWLQJ�WKH�&&'��1R�SHDNXS�LV�QHHGHG�DV�ZH�DUH�XVLQJ�WKH�����DUFVHFRQG�ZLGH
VOLW��7KLV�LV�D�&9=�REVHUYDWLRQ�VR�HDFK�RUELW�LV�a���PLQXWHV��:H�QHHG�WR�LQFOXGH�WLPH�IRU�WKH�&&'�ORQJ�
ZDYHOHQJWK�IULQJH�IODWV��VHH� ���DQG�VLQFH�WKLV�LV�D�&9=�REVHUYDWLRQ�WKH�IULQJH�IODW�ZLOO�QRW6HFWLRQ�������
PRYH�LQWR�WKH�RFFXOWDWLRQ��$V�VKRZQ�LQ� ��ZH�FDQ�HDVLO\�SHUIRUP�WKLV�REVHUYDWLRQ�LQ�D�VLQJOH7DEOH����
RUELW�

2UELW�&DOFXODWLRQ�IRU�([DPSOH���7DEOH������

$FWLRQ 7LPH��PLQXWHV� ([SODQDWLRQ

2UELW��

,QLWLDO�*XLGH�6WDU�DFTXLVLWLRQ b���� 1HHGHG�DW�VWDUW�RI�REVHUYDWLRQ�RI�QHZ�WDUJHW

7DUJHW�DFTXLVLWLRQ b���� 3RLQW�VRXUFH�DFTXLVLWLRQ�RQ�WDUJHW
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$XWR�ZDYHFDO b���� ����PLQXWHV�IRU�DXWR�ZDYHFDO�IRU�G430L

6FLHQWLILF�H[SRVXUH�� �G430L
 b������͐b

b���� ����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�IRU� H[SRVXUH�RYHUKHDGCR-SPLIT=2 

$XWR�ZDYHFDO b���� ����PLQXWHV�IRU�DXWR�ZDYHFDO�DIWHU�IRU�G230LB

6FLHQWLILF�H[SRVXUH�� �G230LB
 b������͐b

���� ���PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�IRU� �H[SRVXUH�RYHUKHDGCR-SPLIT=3

$XWR�ZDYHFDO b���� ����PLQXWHV�IRU�DXWR�ZDYHFDO�DIWHU����PLQXWHV

$XWR�ZDYHFDO b���� ����PLQXWHV�IRU�DXWR�ZDYHFDO�IRU�G750L

6FLHQWLILF�H[SRVXUH�� �G750L
 b������͐b

b���� ����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�IRU� �H[SRVXUH�RYHUKHDGCR-SPLIT=2

&&'�IULQJH�IODW�G750L b���� ����PLQXWHV�)ULQJH�IODW�H[SRVXUH�WLPH
����PLQXWH�)ULQJH�IODW�RYHUKHDG

������6DPSOH�2UELW�&DOFXODWLRQ����,PDJLQJ�DQG�6SHFWURVFRS\�RI�WKH�&DW
V
(\H�3ODQHWDU\�1HEXOD��1*&b����
,Q�WKLV�H[DPSOH�WKH�VFLHQWLILF�REMHFWLYHV�DUH�WR�REWDLQ�>2b @�LPDJHV�RI�SODQHWDU\�QHEXOD�1*&b������DVII
ZHOO� DV� DQ� RSWLFDO� VSHFWUXP� DW� + DQG� DQ� XOWUDYLROHW� �89�� VSHFWUXP� DW� &b 7KH� H[SRVXUH� WLPH͇� IV��
FDOFXODWLRQV� IRU� WKHVH� REVHUYDWLRQV� DUH� SUHVHQWHG� LQ� �� 7KH� VSHFLILF� H[SRVXUHV� LQ� WKLV6HFWLRQ� �����
VHULHV�LQFOXGH�

$� �a��PLQXWH�H[SRVXUH�ZLWK�WKH� �ILOWHU��CR-SPLIT=2 F28X50OII
$� ��a���PLQXWH�H[SRVXUH�ZLWK� �DW�D�FHQWUDO�ZDYHOHQJWK�RI�  b����b��XVLQJCR-SPLIT=2 G430M ͐b
WKH� �ORQJ�VOLW�52X0.1
$�a���PLQXWH�H[SRVXUH�ZLWK� �DW�&b DQG�WKH� ORQJ�VOLWG140L IV� 52X0.1 �

:H�QHHG�WR� LQFOXGH�WLPH�IRU�WKH�JXLGH�VWDU�DFTXLVLWLRQ�DW�WKH�VWDUW�RI�WKH�ILUVW�RUELW�� IROORZHG�E\�DQ
DFTXLVLWLRQ�H[SRVXUH��7KH�FHQWUDO�VWDU�RI�WKH�&DW
V�(\H�1HEXOD�LV�XVHG�DV�WKH�DFTXLVLWLRQ�WDUJHW��,W�KDV
D� bPDJQLWXGH�a������&KHFNLQJ� ��ZH�FRQFOXGH�WKDW�WKH�VWDU�LV�IDLQW�HQRXJK�WR�QRW�VDWXUDWH9 7DEOH����
WKH� &&'� LQ� LPDJLQJ� PRGH� ZLWK� WKH� ORQJSDVV� DSHUWXUH� DQG� DQ� H[SRVXUH� WLPH� RIF28X50LP 
���bVHFRQGV��:H�WKHUHIRUH�XVH�LW�IRU�WKH�WDUJHW�DFTXLVLWLRQ��:H�ZLVK�WR�SHUIRUP�D�SHDNXS�H[SRVXUH�DV
ZHOO�� WR�FHQWHU� WKH�VWDU� LQ� WKH����bDUFVHFRQG�ZLGH�VOLW��:H�FRQVXOW� �DQG�FRQFOXGH�WKDW� WKH7DEOH����
VRXUFH�LV�QRW�EULJKW�HQRXJK�WR�VDWXUDWH�WKH�&&'�LI�ZH�SHUIRUP�DQ�XQGLVSHUVHG��ZKLWH�OLJKW��SHDNXS
ZLWK�WKH�PLUURU�DQG�DQ�H[SRVXUH�WLPH�RI����bVHFRQGV�

7KLV�LV�QRW�D�&9=�REVHUYDWLRQ��VR�EHFDXVH�PRUH�WKDQ��bRUELW�LV�UHTXLUHG�ZH�QHHG�WR�LQFOXGH�WLPH�IRU
WKH�JXLGH�VWDU�UHDFTXLVLWLRQ�DW�WKH�EHJLQQLQJ�RI�HDFK�RUELW��7KH�LQGLYLGXDO�H[SRVXUHV�LQ�WKLV�H[DPSOH
DUH� ORQJ� HQRXJK� WKDW� ZH� GR� QRW� QHHG� WR� LQFOXGH� H[WUD� RYHUKHDG� IRU� GDWD�PDQDJHPHQW�� :H� DUH
VDWLVILHG�ZLWK�WKH�DXWRPDWLF�ZDYHFDO�H[SRVXUHV�WKDW�DUH�WDNHQ�IRU�HDFK�VSHFWURVFRSLF�REVHUYDWLRQ�DW
D�QHZ�060�SRVLWLRQ�
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:H� DVVXPH� D� YLVLELOLW\� SHULRG� RI� ��b PLQXWHV� SHU� RUELW�� DSSURSULDWH� IRU� D� WDUJHW� DW� RXU� VRXUFH
V
GHFOLQDWLRQ�RI��� ��VHH�WKH� ���%DVHG�RQ�WKH�UHDVRQLQJ�SUHVHQWHG� LQ� �EHORZ��ZHr +67�3ULPHU 7DEOH����
FRQFOXGH�WKDW�D�WRWDO�RI��bRUELWV�LV�UHTXLUHG�WR�SHUIRUP�WKHVH�REVHUYDWLRQV��1RWH�WKDW�WKH�0$0$�DQG
&&'� REVHUYDWLRQV� KDYH� EHHQ� VSOLW� LQWR� VHSDUDWH� YLVLWV� LQ� DFFRUGDQFH�ZLWK� WKH� VWDWHG� SROLF\� �6HH�

��6HFWLRQ����

7DEOH������2UELW�&DOFXODWLRQ�IRU�([DPSOH���

$FWLRQ 7 L P H
�PLQXWHV�

([SODQDWLRQ

2UELW��

,QLWLDO�*XLGH�6WDU�DFTXLVLWLRQ b���� 1HHGHG�DW�VWDUW�RI�REVHUYDWLRQ�RI�QHZ�WDUJHW

7DUJHW�DFTXLVLWLRQ b���� 3HUIRUPHG�RQ�FHQWUDO�VWDU

3RLQWLQJ�0DQHXYHU b����

3HDNXS�DFTXLVLWLRQ b���� :KLWH�OLJKW�SHDNXS�SHUIRUPHG�RQ�FHQWUDO�VWDU

$XWR�ZDYHFDO b���� ���� VHFRQG� DXWR�ZDYHFDO� IRU� WKH� � VFLHQFHG140L
H[SRVXUH

G140L�VFLHQWLILF�H[SRVXUH ���� ���PLQXWHV�WRWDO�VFLHQWLILF�H[SRVXUHV�WLPH�
����VHFRQG�RYHUKHDG

�� �2UELW�� $�ZKROH�QHZ�YLVLW�WR�NHHS�0$0$�DQG�&&'�H[SRVXUHV�VHSDUDWH

*XLGH�6WDU�UHDFTXLVLWLRQ b���� 1HHGHG�DW�VWDUW�RI�REVHUYDWLRQ�RI�QHZ�WDUJHW

7DUJHW�DFTXLVLWLRQ b���� 3HUIRUPHG�RQ�FHQWUDO�VWDU

3RLQWLQJ�0DQHXYHU b����

3HDNXS�DFTXLVLWLRQ b���� :KLWH�OLJKW�SHDNXS�SHUIRUPHG�RQ�FHQWUDO�VWDU

$XWR�ZDYHFDO b���� ����VHFRQG�DXWR�ZDYHFDO�IRU� �VFLHQFH�H[SRVXUHG430M

CR-SPLIT=2� VFLHQWLILF
H[SRVXUH
ZLWK� �DW� b b������G430M ͐

���� �����PLQXWHV�WRWDO�VFLHQWLILF�H[SRVXUH�WLPH
����PLQXWHV�IRU�H[SRVXUH�RYHUKHDG�IRU�CR-SPLIT

3RLQWLQJ�0DQHXYHU b����

CR-SPLIT=2�>2� @�LPDJLQJII
XVLQJ�F28X50OII

b���� ����PLQXWHV�WRWDO�VFLHQWLILF�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG�IRU�LPDJLQJ�H[SRVXUH�DQG�CR-
SPLIT
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������ 6DPSOH� 2UELW� &DOFXODWLRQ� ��� 0$0$� (FKHOOH� 6SHFWURVFRSLF
([SRVXUHV�LQ�WKH�&9=
,Q�WKLV�H[DPSOH�ZH�ZLVK�WR�REWDLQ�D�ORQJ�WRWDO�LQWHJUDWLRQ��a����PLQXWHV��LQ�WKH�&9=�XVLQJ� �DQGE230H
WKH� �VOLW��7KH�H[SRVXUH�WLPH�FDOFXODWLRQV�IRU�WKLV�H[DPSOH�DUH�SUHVHQWHG�LQ� �0.2X0.09 6HFWLRQ������

:H�FKRRVH�WR�EUHDN�WKH�REVHUYDWLRQ�XS�LQWR�URXJKO\�LGHQWLFDO����PLQXWH�H[SRVXUHV��:H�DFTXLUH�WKH
WDUJHW�XVLQJ�D�&&'�SRLQW�VRXUFH�DFTXLVLWLRQ�DQG�WKHQ�SHDNXS�LQ�GLVSHUVHG�OLJKW�XVLQJ�WKH�&&'�DQG�WKH
VDPH�VOLW�DV� LQWHQGHG� IRU� WKH�VFLHQWLILF�REVHUYDWLRQV��7KH�VWDU� LV�6Nb��rb�����DQ�2��VWDU�ZLWK�D�9
bPDJQLWXGH�RIb������&KHFNLQJ� ��ZH�FRQFOXGH� WKDW� WKH� VRXUFH�ZLOO� QRW� VDWXUDWH� WKH�&&'� LI7DEOH����
REVHUYHG�IRU�����VHFRQGV�LQ�WKH�ORQJSDVV�ILOWHU� ��DQG�ZH�FKRRVH�WR�SHUIRUP�WKH�DFTXLVLWLRQF28X50LP
WKHQ�RQ�6Nb��rb����ZLWK�WKLV�ILOWHU�DV�WKH�DSHUWXUH�

:H�WKHQ�SHUIRUP�D�GLVSHUVHG�OLJKW�SHDNXS�XVLQJ�WKH� �JUDWLQJ�ZLWK�WKH�&&'�GHWHFWRU��:H�FDQG230LB
HVWLPDWH�WKH�H[SRVXUH�WLPH�UHTXLUHG�E\�GHWHUPLQLQJ�ZLWK�WKH� �WKH�WRWDO�FRXQWV�RYHU6SHFWURVFRSLF�(7&
WKH�GHWHFWRU�LQ��bVHFRQG�IRU�WKH�FOHDU�ILOWHU�DQG�VFDOLQJ�E\�����IRU�WKH�VOLW�WKURXJKSXW�IRU�0.2x0.09
�VHH ���6LQFH�ZH�PXVW�DWWDLQ��������FRXQWV�RYHU�WKH�GHWHFWRU��ZH�UHTXLUH�OHVV�WKDQb���;�����$SHUWXUH
�bVHFRQG�SHU�GZHOO�SRLQW�RI�WKH�SHDNXS��:H�FKRRVH�D��bVHFRQG�H[SRVXUH�WLPH��7KH�SHDNXS�RYHUKHDG
IRU�WKLV�VOLW�LV����b�b��b W ��:H�WKXV�FRQFOXGH�WKDW�WKH�SHDNXS�ZLOO�UHTXLUH����b�b��b �b b����b H[S �b
VHFRQGV�RU�a���bPLQXWHV��,Q�SUDFWLFH��XVLQJ� ��WKH�SHDN�XSV�UDQ�EHWZHHQb����DQG����bPLQXWHV�$37�����

6LQFH�WKLV�LV�D�&9=�REVHUYDWLRQ��ZH�GR�QRW�QHHG�WR�LQFOXGH�WLPH�IRU�UHDFTXLVLWLRQV��+RZHYHU��VLQFH�LW�LV
D� ORQJ�REVHUYDWLRQ�DQG�D�QDUURZ�VOLW��ZH�GHFLGH�ZH�ZLOO� UH�SHUIRUP�D�SHDNXS�PLGZD\� WKURXJK� WKH
REVHUYDWLRQ�

$GGLWLRQDOO\�� VLQFH� WKLV� LV�D� ORQJ�REVHUYDWLRQ� WDNHQ�DW�D�JLYHQ�JUDWLQJ�SRVLWLRQ��ZH�QHHG� WR� LQFOXGH
WLPH�IRU�WKH�DXWRPDWLF�ZDYHFDOV�ZKLFK�ZLOO�EH�WDNHQ�HYHU\���bPLQXWHV�RI�HODSVHG�SRLQWHG�WLPH��6LQFH
WKH�DXWR�ZDYHFDO�H[SRVXUHV�DUH�VKRUW�IRU�WKLV�FRQILJXUDWLRQ��WLPH�PXVW�EH�DOORFDWHG�IRU�D�EXIIHU�GXPS
SULRU�WR�HDFK�DXWR�ZDYHFDO�

)RU�&9=�WDUJHWV��DQ�RUELW� LV���bPLQXWHV��:H�FRQFOXGH�ZH�UHTXLUH�D�WRWDO�RI��b&9=�RUELWV�WR�SHUIRUP
WKLV�SURJUDP��DV�VXPPDUL]HG�LQ� �7DEOH����

7DEOH������2UELW�&DOFXODWLRQ�IRU�([DPSOH���b

$FWLRQ 7LPH��PLQXWHV� ([SODQDWLRQ

&9=�2EVHUYDWLRQV����RUELWV�#����PLQXWHV�RUELW

,QLWLDO�*XLGH�6WDU�DFTXLVLWLRQ b���� 1HHGHG�DW�VWDUW�RI�REVHUYDWLRQ�RI�QHZ�WDUJHW

7DUJHW�DFTXLVLWLRQ b���� 3RLQW�VRXUFH�DFTXLVLWLRQ�RQ�WDUJHW

3RLQWLQJ b����

3HDNXS�H[SRVXUH�LQ� �VOLW0.2X0.09 b���� (FKHOOH�VOLW�GLVSHUVHG�OLJKW�SHDNXS

$XWRPDWLF�ZDYHFDO b���� $XWRPDWLF�ZDYHFDO�IRU�ILUVW�VFLHQFH�H[SRVXUH

)LUVW�VFLHQWLILF�H[SRVXUH�E230H ���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG
����PLQXWHV�EXIIHU�GXPS
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$XWRPDWLF�ZDYHFDO�DIWHU����PLQXWHV b���� ����PLQXWHV�LQFOXGLQJ�RYHUKHDG

6HFRQG�VFLHQWLILF�H[SRVXUH�E230H ���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG
����PLQXWHV�EXIIHU�GXPS

$XWRPDWLF�ZDYHFDO�DIWHU����PLQXWHV b���� ����PLQXWHV

7KLUG�VFLHQWLILF�H[SRVXUH ���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG
����PLQXWHV�EXIIHU�GXPS

$XWRPDWLF�ZDYHFDO�DIWHU����PLQXWHV b���� ����PLQXWHV�LQFOXGLQJ�RYHUKHDG

)RXUWK�VFLHQWLILF�H[SRVXUH ���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG
����PLQXWHV�EXIIHU�GXPS

$XWRPDWLF�ZDYHFDO�DIWHU����PLQXWHV b���� ����PLQXWHV�LQFOXGLQJ�RYHUKHDG

)LIWK�VFLHQWLILF�H[SRVXUH ���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG
����PLQXWHV�EXIIHU�GXPS

$XWRPDWLF�ZDYHFDO�DIWHU����PLQXWHV b���� ����PLQXWHV�LQFOXGLQJ�RYHUKHDG

3HDNXS�WR�UHFHQWHU�WDUJHW b���� (FKHOOH�VOLW�SHDNXS

$XWRPDWLF�ZDYHFDO b���� )RU�VFLHQFH�H[SRVXUH�DIWHU�SHDNXS

6L[WK�VFLHQWLILF�H[SRVXUH ���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG
����PLQXWHV�EXIIHU�GXPS

$XWRPDWLF�ZDYHFDO�DIWHU����PLQXWHV b���� ����PLQXWHV�LQFOXGLQJ�RYHUKHDG

6HYHQWK�VFLHQWLILF�H[SRVXUH ���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG
����PLQXWHV�EXIIHU�GXPS

$XWRPDWLF�ZDYHFDO�DIWHU����PLQXWHV b���� ����PLQXWHV�LQFOXGLQJ�RYHUKHDG

(LJKWK�VFLHQWLILF�H[SRVXUH ���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG
����PLQXWHV�EXIIHU�GXPS

$XWRPDWLF�ZDYHFDO�DIWHU����PLQXWHV b���� ����PLQXWHV�LQFOXGLQJ�RYHUKHDG

1LQWK�VFLHQWLILF�H[SRVXUH ���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG
����PLQXWHV�EXIIHU�GXPS

$XWRPDWLF�ZDYHFDO�DIWHU����PLQXWHV b���� ����PLQXWHV�LQFOXGLQJ�RYHUKHDG
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7HQWK�VFLHQWLILF�H[SRVXUH ���� �����PLQXWHV�H[SRVXUH�WLPH
����PLQXWHV�RYHUKHDG
����PLQXWHV�EXIIHU�GXPS

$XWRPDWLF�ZDYHFDO�DIWHU����PLQXWHV b���� ����PLQXWHV�LQFOXGLQJ�RYHUKHDG

������6DPSOH�2UELW�&DOFXODWLRQ����)DLQW�&&'�,PDJLQJ
,Q�WKLV�SURJUDP�ZH�ZLVK�WR�WDNH�GHHS�LPDJHV�RI�D�ILHOG�WR�ORRN�IRU�IDLQW�SRLQW�VRXUFHV��DV�GHVFULEHG�LQ�

��:H� ORRN�DW� WKH�ILHOG�DURXQG�**+�����(,6� -��������������������D�.�9�VWDU�ZLWK�D�6HFWLRQ������ 9
PDJQLWXGH� RI� ������� :H� UHTXHVW� b � DV� WKLV� REVHUYDWLRQ� LV� EDFNJURXQG� OLPLWHG�� $W� RXULOW-SKY
GHFOLQDWLRQ�� ZH� ILQG� IURP� WKH� b WKDW� WKHUH� DUH� ��b PLQXWHV� RI� YLVLELOLW\� SHU� RUELW�� 7KH+67� 3ULPHU
REVHUYDWLRQV�FRQVLVW�RI�

$�VLQJOH� �a���PLQXWH�H[SRVXUH�XVLQJ�WKH� �FOHDU�DSHUWXUH�ZLWK�WKH�&&'�&5�63/,7 �� ��&&'

:H�GHWHUPLQH�WKDW�ZH�FDQ�H[HFXWH�WKLV�SURJUDP�LQ��bRUELW��DV�VXPPDUL]HG�LQ� �7DEOH����

7DEOH������2UELW�&DOFXODWLRQ�IRU�([DPSOH���

$FWLRQ 7 L P H
�PLQXWHV�

([SODQDWLRQ

2UELW��

,QLWLDO�*XLGH�6WDU�DFTXLVLWLRQ b���� 1HHGHG�DW�VWDUW�RI�REVHUYDWLRQ�RI�QHZ
WDUJHW

CR-SPLIT=4� H[SRVXUH�� XVLQJ� � LQ50CCD
LPDJLQJ�PRGH�

���� �����PLQXWHV�H[SRVXUH�WLPH
���� PLQXWHV� RYHUKHDG� IRU� CR-SPLIT
H[SRVXUHV
����PLQXWHV�EXIIHU�GXPS

��+HUH�DQG�EHORZ�� �� �PLQXWHbH[SRVXUH�LPSOLHV�WKHUH�ZLOO�EH� H[SRVXUHV�ZLWK�D�WRWDO�RI�CR-SPLIT=Q P Qb P
bPLQXWHV�DFURVV�WKH�H[SRVXUHV�� ,Q�WKLV�H[DPSOH�WKHUH�ZLOO�EH��bH[SRVXUHV�HDFK�RI���bPLQXWHV�IRU�D
WRWDO�RI���bPLQXWHV�
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&KDSWHU�����6XPPDU\�DQG�&KHFNOLVW
&KDSWHU�&RQWHQWV

�����3KDVH�,�3URSRVLQJ
�����3KDVH�,,���6FKHGXOLQJ�$SSURYHG�2EVHUYDWLRQV
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�����3KDVH�,�3URSRVLQJ
�������3KDVH�,�2UELW�$OORFDWLRQ�([DPSOHV

$W�WKLV�SRLQW�\RX�VKRXOG�KDYH�DVVHPEOHG�DOO� WKH� LQIRUPDWLRQ�\RX�QHHG�WR�VXEPLW�\RXU�3KDVHb �I +67
REVHUYLQJ�SURSRVDO��'XULQJ�WKH�FRXUVH�RI�WKLV�SURFHVV�\RX�VKRXOG�UHYLHZ�WKH�LWHPV�OLVWHG�EHORZ�

)RU�$OO�3URSRVDOV�

&KHFN� WKH� FDWDORJ� RI� SUHYLRXVO\� H[HFXWHG� DQG� DFFHSWHG� SURJUDPV� WR� VHDUFK� IRU� DQ\
GXSOLFDWLRQV��DQG�LI�SUHVHQW��SURYLGH�D�MXVWLILFDWLRQ�IRU�GXSOLFDWH�REVHUYDWLRQV�
-XVWLI\� DQ\� VSHFLDO� UHTXLUHPHQWV� �H�J��� �� LQWHUDFWLYH� DFTXLVLWLRQ�� &9=�� WDUJHW�RI�SHADOW
RSSRUWXQLW\��WLPH�FULWLFDO�VFKHGXOLQJ��RU�WKH�UH�XVH�WDUJHW�FDSDELOLW\��
&RQVLGHU�DQ\�VSHFLDO�FDOLEUDWLRQV��H�J���XQXVXDOO\�DFFXUDWH�ZDYHOHQJWK�GHWHUPLQDWLRQ�UHTXLULQJ
DGGLWLRQDO�QRQ�DXWRPDWLFbZDYHFDO�H[SRVXUHV��IULQJH�IODWV��RU�VOLWOHVV�VSHFWURVFRS\���DQG�DFFRXQW
IRU�WKHLU�WLPH�LQ�\RXU�UHTXHVW�
&KHFN� \RXU� H[SRVXUH� WLPHV� DQG� FRQILJXUDWLRQV� WR� HQVXUH� WKH\� DUH� VXIILFLHQW� WR� SURYLGH� WKH
GHVLUHG�VLJQDO�WR�QRLVH�UDWLRV�DQG�DFFXUDFLHV��ZLWKRXW�VDWXUDWLRQ�
&KHFN�WKDW�QR�YLVLW�LV�ORQJHU�WKDQ���RUELWV�
$OORFDWH�WLPH�IRU�D�WDUJHW�DFTXLVLWLRQ�ZLWK�DSSURSULDWH�FHQWHULQJ�DFFXUDF\��,Q�H[FHSWLRQDO�FDVHV�
DQDO\VLV�RI�D�SUHYLRXV�+67�LPDJH�LV�QHFHVVDU\�IRU�VHWWLQJ�XS�WKH�DFTXLVLWLRQ�SDUDPHWHUV��VHH�

���7KH�RUELW� UHTXHVW� IRU�WDNLQJ�WKHVH�SUH�DFTXLVLWLRQ� LPDJHV�PXVW�EH� LQFOXGHG� LQ&KDSWHU������
WKH�3KDVH�,�SURSRVDO�
,QFOXGH�DOO� DSSOLFDEOH� RYHUKHDGV� VR� WKDW� LQ� 3KDVH� ,,� \RX�ZLOO� KDYH�HQRXJK�RUELWV� DYDLODEOH� WR
VXFFHVVIXOO\�LPSOHPHQW�\RXU�REVHUYDWLRQV�
0DNH�VXUH�WKDW�DOO�FRQILJXUDWLRQV�XVHG�LQ�\RXU�SURSRVDO�DUH�LQFOXGHG�LQ�WKH�VXPPDU\�WDEOH�
,I�DSSOLFDEOH��MXVWLI\�WKH�XVH�RI�DQ\�DYDLODEOH�EXW�XQVXSSRUWHG�PRGHV��DQG�H[SODLQ�KRZ�\RX�SODQ
WR�GHDO�ZLWK�FDOLEUDWLRQ�LVVXHV�

)RU�&&'�2EVHUYDWLRQV�

&KHFN�WKDW�\RX�DUH�QRW�H[FHHGLQJ�WKH�&&'�IXOO�ZHOO�FRXQWV�SL[�OLPLW�IRU�SL[HOV��HPLVVLRQ�OLQHV�RU
REMHFWV��RI�LQWHUHVW��VHH�&KDSWHU��������
$OORZ�WLPH�IRU� �REVHUYDWLRQV�DQG�GLWKHULQJ��DV�QHHGHG�CR-SPLIT

)RU�0$0$�2EVHUYDWLRQV�

&KHFN�WKDW�\RXU�VRXUFH�GRHV�QRW�H[FHHG�WKH�DEVROXWH�EULJKW�REMHFW�FRXQW�UDWH�OLPLWV�IRU�0$0$
H[SRVXUHV��)RU� WDUJHW�RI�RSSRUWXQLW\�SURJUDPV��H[SODLQ�KRZ�\RX�SODQ� WR�VKRZ�WKDW� WKH� WDUJHW
GRHV�QRW�H[FHHG�WKH�EULJKW�REMHFW�OLPLWV��6HH�&KDSWHU������
&KHFN�WKDW�\RX�DUH�QRW�H[FHHGLQJ�WKH�0$0$��������FRXQWV�SL[�EXIIHU�LPSRVHG�OLPLW�RYHU�SL[HOV
�HPLVVLRQ�OLQHV�RU�REMHFWV��RI�LQWHUHVW�
&KHFN�WKDW�\RXU�SURSRVDO�GRHV�QRW�YLRODWH�WKH�SROLF\�WKDW�UHVWULFWV�WKH�PL[LQJ�RI�&&'�DQG�0$0$
REVHUYDWLRQV� LQ� WKH� VDPH� YLVLW�� �VHH� ��� %H� VXUH� WKDW� \RX� DUH� UHTXHVWLQJ� VXIILFLHQW6HFWLRQ� ���
RUELWV� WR� DOORZ� WKH� 0$0$� DQG� &&'� REVHUYDWLRQV� WR� EH� GRQH� LQ� VHSDUDWH� YLVLWV�� 3URYLGH� D
MXVWLILFDWLRQ�LI�WKH�VFLHQWLILF�QHHGV�RI�\RXU�SURJUDP�UHTXLUH�YLRODWLQJ�WKLV�SROLF\�
,I�HDUO\�DFTXLVLWLRQ�LPDJHV�LQ�VXSSRUW�RI�0$0$�EULJKW�REMHFW�FKHFNLQJ�DUH�QHFHVVDU\��WKH\�PXVW
EH�LQFOXGHG�LQ�WKH�3KDVH�,�RUELW�UHTXHVW�
5HPHPEHU�WKDW�0$0$�SXUH�SDUDOOHOV�DUH�QRW�DOORZHG��VHH� ��6HFWLRQ����
%H�DZDUH�RI�WKH�OLPLWV�RQ�WKH�QXPEHU�RI�WDUJHWV�IRU�67,6�0$0$�DQG�&26�VQDSVKRW�DQG�VXUYH\
SURJUDPV��VHH� ��6HFWLRQ����
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,I�\RX�KDYH�YLVLWV�ZLWK�ERWK�&&'�DQG�0$0$�REVHUYDWLRQV��FKHFN�WKDW�WKHUH�LV�OHVV�WKDQ����PLQXWHV�RI
VFLHQFH�REVHUYLQJ�WLPH��LQFOXGLQJ�RYHUKHDGV��ZLWK� WKH�&&'��RU� WKDW� WKH�WDUJHW� LV�REVHUYHG� IRU�RQO\
RQH�RUELW��6HH�6HFWLRQ������

�������3KDVH� �2UELW�$OORFDWLRQ�([DPSOHVI

3KDVH� �RUELW�DOORFDWLRQ�H[DPSOHV�DUH�SUHVHQWHG�LQ�WKH� ��$GGLWLRQDO�H[DPSOHV�RI�3KDVHbI +67�3ULPHU I
RUELW�HVWLPDWLRQV�DUH�ZRUNHG�WKURXJK�LQ�WKLV�+DQGERRN��VHH� �� ��DQG�6HFWLRQ������ 6HFWLRQ���� 6HFWLRQ����
��
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�����3KDVH�,,���6FKHGXOLQJ�$SSURYHG�2EVHUYDWLRQV
%HORZ��ZH�SURYLGH�D�FKHFNOLVW�IRU�REVHUYHUV�ILOOLQJ�RXW�3KDVH� �SURSRVDOV��<RX�VKRXOG�GR�WKH�IROORZLQJII
SULRU�WR�VXEPLWWLQJ�\RXU�SURJUDP�

)RU�$OO�3URSRVDOV�

8SGDWH�WKH�WH[W�LQ�WKH�3KDVHb �WHPSODWH��2EVHUYLQJ�'HVFULSWLRQ��DQG��6SHFLDO�5HTXLUHPHQWV�II
WKH\� ZHUH� FRSLHG� IURP� \RXU� 3KDVHb � SURSRVDO� DQG� PD\� QHHG� PRGLILFDWLRQ� EDVHG� RQ� 7$&I
FRPPHQWV�DQG�GHILQLWLRQ�RI�WKH�REVHUYDWLRQ�GHWDLOV�
6SHFLI\�\RXU�FRRUGLQDWHV��HVSHFLDOO\�IRU�VSHFWURVFRSLF�REVHUYDWLRQV��LQ�WKH�*XLGH�6WDU�UHIHUHQFH
IUDPH�� �� ,I� \RXU� WDUJHW� KDV� VLJQLILFDQW� SURSHU%H� VXUH� WR� VSHFLI\� WKH� FRRUGLQDWH� VRXUFH� XVHG
PRWLRQ�� EH� VXUH� WR� DOVR� LQFOXGH� WKLV� LQIRUPDWLRQ� LQ� WKH� DSSURSULDWH� ILHOGV� LQ� WKH� 3KDVHb II
SURSRVDO� ILOH�� &KHFN� WKDW� WKH� XQLWV� RI� WKH� SURSHU� PRWLRQ� DUH� FRUUHFW�� DQG� WKDW� WKH� HSRFK
VSHFLILHG�LV�FRQVLVWHQW�ZLWK�WKH�FRRUGLQDWHV�VXSSOLHG��6HH�DOVR�6HFWLRQV� �DQG�����)L[HG�7DUJHWV

�LQ�WKH�+67�3KDVH�,,�3URSRVDO�,QVWUXFWLRQV�IRU�PRUH�GHWDLOV�����6RODU�6\VWHP�7DUJHWV
6SHFLI\�DFFXUDWH� �PDJQLWXGH��IOX[HV��VSHFWUDO�W\SH��DQG�FRORUV�IRU�\RXU�WDUJHW��7KLV�LV�9 UHTXLUHG�
IRU�0$0$�WDUJHWV�WR�DOORZ�IRU�EULJKW�REMHFW�FKHFNLQJ�DQG�VFUHHQLQJ��,I�\RX�DUH�XVLQJ�WKH�0$0$V
DQG�KDYH�89�SKRWRPHWU\��H�J���IURP� ��IRU�\RXU�WDUJHW��SURYLGH�LW�*$/(;
3URSHUO\�VSHFLI\�\RXU�H[SRVXUHV�
,QFOXGH�WDUJHW�DFTXLVLWLRQV�DQG�SHDNXSV�DV�QHHGHG�
6SHFLI\� DQ\� QHHGHG� RULHQWDWLRQ� DQG�RU� WLPLQJ� UHTXLUHPHQWV�� 7R� IDFLOLWDWH� VFKHGXOLQJ�� SOHDVH
SURYLGH� WKH� EURDGHVW� SRVVLEOH� UDQJHV� IRU� WKHVH� UHTXLUHPHQWV� WKDW� DUH� FRQVLVWHQW� ZLWK� \RXU
VFLHQWLILF�QHHGV��,I�PXOWLSOH� V�DUH�SRVVLEOH��SOHDVH�LQFOXGH�WKH�DOWHUQDWLYHV�ORIENT
6SHFLI\�DQ\�DOORFDWHG�FRRUGLQDWHG�SDUDOOHO�H[SRVXUHV�
,QFOXGH�DQ\�DGGLWLRQDO�ZDYHFDO�H[SRVXUHV�LI�QHHGHG�
9HULI\�WKH�FRUUHFW�XVDJH��L�H���GLUHFWLRQ��RI�\RXU� �RSWLRQDO�UHTXLUHPHQW�RU� V��LIPATTERN 326�7$5*
XVHG��
)RU� VOLWOHVV� VSHFWURVFRS\�RU� SULVP�REVHUYDWLRQV�� UHPHPEHU� WR� WDNH�DQ� LPDJH�DQG� WKH�SURSHU
FDOLEUDWLRQ�VHTXHQFH�LI�QHHGHG��VHH�&KDSWHUV� �DQG� ������ ���
&KHFN� WKH� ZHESDJH� IRU� DQ\� XSGDWHV�� <RX� FDQ� DOVR� ILQG� WKHUH� LQVWUXFWLRQV� IRU�3KDVH� II
UHTXHVWLQJ�FKDQJHV�WR�\RXU�SURJUDP�DQG�REVHUYLQJ�SROLFLHV�

)RU�&&'�2EVHUYDWLRQV�

CR-SPLIT�&&'�H[SRVXUHV��DV�DSSURSULDWH��.HHS�LQGLYLGXDO�H[SRVXUH�WLPHV������bV� LI�SRVVLEOH
WR�DYRLG�H[FHVVLYH�FRVPLF�UD\�HYHQWV�
$GG�IULQJH�IODW�H[SRVXUHV�IRU� DQG� �REVHUYDWLRQV�DW� !b����b�� G750L G750M ͐b
&RQVLGHU� WKH� XVH� RI� GLWKHULQJ� IRU� LPDJLQJ� REVHUYDWLRQV�� RU� VWHSSLQJ� DORQJ� WKH� VOLW� IRU
VSHFWURVFRSLF�REVHUYDWLRQV�
&RQVLGHU� ZKHWKHU� PRYLQJ� WKH� WDUJHW� FORVHU� WR� WKH� &&'� UHDGRXW� E\� XVLQJ� WKH� (�� SVHXGR�
DSHUWXUH� SRVLWLRQV� WR� UHGXFH� FKDUJH� WUDQVIHU� HIILFLHQF\� �&7(�� HIIHFWV� ZRXOG� EHQHILW� \RXU
SURJUDP�� ,I� REVHUYLQJ� LQ� WKH� IDU� UHG�� FRQVLGHU� WKH� (�� SVHXGR�DSHUWXUHV� WR� LPSURYH� IULQJH
UHPRYDO�

)RU�0$0$�2EVHUYDWLRQV�

5H�YHULI\�WKDW�\RXU�WDUJHW�IDOOV�EHORZ�WKH�EULJKW�REMHFW�OLPLWV�
)RU� �REVHUYDWLRQV��YHULI\�WKH�YDOXH�IRU� �TIME-TAG BUFFER-TIME
&RQVLGHU�WKH�XVH�RI�GLWKHULQJ�IRU�LPDJLQJ�REVHUYDWLRQV�
&RQVLGHU�WKH�XVH�RI�VWHSSLQJ�DORQJ�WKH�VOLW�IRU�ILUVW�RUGHU�PRGHV�RU�WKH�XVH�RI� �VOLWV�IRUFP-SPLIT
HFKHOOH�PRGHV��ZKHQ�KLJK�VLJQDO�WR�QRLVH�LV�UHTXLUHG�

)RU� IDLQW� REMHFWV�� FRQVLGHU� XVLQJ� WKH� '�� SVHXGR�DSHUWXUHV� WR� PLWLJDWH� WKH� � GDUNFUV-MAMA266
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)RU� IDLQW� REMHFWV�� FRQVLGHU� XVLQJ� WKH� '�� SVHXGR�DSHUWXUHV� WR� PLWLJDWH� WKH� � GDUNFUV-MAMA
FXUUHQW�
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&KDSWHU�����'DWD�7DNLQJ
&KDSWHU�&RQWHQWV

�����%DVLF�2SHUDWLQJ�0RGHV
�����([SRVXUH�6HTXHQFHV�DQG�&RQWHPSRUDQHRXV�&DOLEUDWLRQV
�����3DWWHUQV�DQG�'LWKHULQJ
�����)L[LQJ�2ULHQWDWLRQ�RQ�WKH�6N\
�����7DUJHW�3RVLWLRQLQJ
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�����%DVLF�2SHUDWLQJ�0RGHV
�������&&'�$&&80�0RGH
�������0$0$�$&&80�0RGH
�������0$0$�7,0(�7$*�0RGH

67,6�FXUUHQWO\�VXSSRUWV�IRXU�EDVLF�RSHUDWLQJ�PRGHV�

ACCUM�RSHUDWLQJ�PRGHV�IRU�WKH�&&'�DQG�0$0$V��ZKLFK�SURGXFH�D�WLPH�LQWHJUDWHG�DFFXPXODWHG
LPDJH��7KHVH�KDYH�EHHQ�WKH�PRVW�FRPPRQO\�XVHG�PRGHV�
TIME-TAG�RSHUDWLQJ�PRGH�IRU�WKH�0$0$�GHWHFWRUV��ZKLFK�RXWSXWV�DQ�HYHQW�VWUHDP�RI�KLJK�WLPH�
UHVROXWLRQ�REVHUYDWLRQV�LQ�WKH�XOWUDYLROHW��89��b�:KHQ�IHDVLEOH��REVHUYHUV�DUH�HQFRXUDJHG�WR�XVH
7,0(�7$*� PRGH�� DV� LW� RIIHUV� VHYHUDO� DGYDQWDJHV� DQG� LQFUHDVHV� WKH� OHJDF\� YDOXH� RI� WKH
REVHUYDWLRQV�
ACQ��DFTXLVLWLRQ��DQG� �RSHUDWLQJ�PRGHV�IRU�WKH�&&'�DQG�0$0$V��ZKLFK�DUH�XVHG�WRACQ/PEAKUP
DFTXLUH� WDUJHWV� LQ� WKH� VSHFWURVFRSLF� VOLWV� DQG� EHKLQG� FRURQDJUDSKLF� EDUV� DQG�PDVNV�� 7DUJHW
DFTXLVLWLRQV�DUH�GHVFULEHG�LQ� �&KDSWHU��

�������&&'� �0RGHACCUM

7KH�67,6�&&'�KDV�RQO\�D�VLQJOH�RSHUDWLQJ�PRGH�� ��IRU�VFLHQFH�GDWD��7KH�&&'�SL[HOV�DFFXPXODWHACCUM
FKDUJH� GXULQJ� WKH� H[SRVXUH� LQ� UHVSRQVH� WR� SKRWRQV�� 7KH� FKDUJH� LV� UHDG� RXW� DW� WKH� HQG� RI� WKH
H[SRVXUH�DW�D�VHOHFWDEOH�JDLQ��QXPEHU�RI�H �'1��DQG�FRQYHUWHG�WR����ELW�GDWD�QXPEHUV��'1��E\�WKH�$�

WR�'�FRQYHUWHU��7KH�'1�DUH�VWRUHG�DV����ELW�ZRUGV��ZLWK�D�UDQJH���WR���������LQ�WKH�67,6�GDWD�EXIIHU
PHPRU\�DUUD\��$W�WKH�GHIDXOW� ��WKH�JDLQ�DPSOLILHU�VDWXUDWLRQ�OHYHO���������HOHFWURQV���DQGCCDGAIN=1
QRW� WKH� ���ELW� IRUPDW�� OLPLWV� WKH� WRWDO� FRXQWV� WKDW� FDQ� EH� VXVWDLQHG� LQ� D� VLQJOH� H[SRVXUH� ZLWKRXW
VDWXUDWLQJ� �VHH� DOVR� b ��� $W� WKH� RWKHU� VXSSRUWHG�6HFWLRQ� ������ �� DQG�6HFWLRQ� ����� 67,6� ,65� �������
JDLQ�� ��WKH� �IXOO�ZHOO��ZKLFK�FDQ�EH�DV�ORZ�DV��������bH �RU�������'1�LQ�VRPH�UHJLRQVCCDGAIN=4 &&' 

RI�WKH�GHWHFWRU��GHWHUPLQHV�WKH�VDWXUDWLRQ�OLPLW�

$�IXOO�GHWHFWRU�UHDGRXW�LV�DFWXDOO\�����b �����SL[HOV��ZLWK�SK\VLFDO�DQG�YLUWXDO�RYHUVFDQV��6FLHQWLILF�b
GDWD�DUH�REWDLQHG�RQ������ �����SL[HOV��HDFK�SURMHFWLQJ�WR�a����b �����DUFVHFRQG�RQ�WKH�VN\��7KH�b �b
GLVSHUVLRQ�D[LV�UXQV�DORQJ� ��LPDJHb;�RU�DORQJ�D�URZ�RI�WKH�&&'���DQG�WKH�VSDWLDO�GLPHQVLRQ�RIAXIS1
WKH�VOLW�UXQV�DORQJ� ��LPDJHb<�RU�DORQJ�D�FROXPQ�RI�WKH�&&'��� �LOOXVWUDWHV�WKH�IXOO�&&'AXIS2 )LJXUH�����
IRUPDW� DQG� LWV� RULHQWDWLRQ�ZLWK� UHVSHFW� WR� WKH� VSDFHFUDIW� �8�� DQG�8�� RU�9�� DQG�9��� D[HV�� $UURZV
LQGLFDWH� WKH� RULHQWDWLRQ� RI� WKH� SDUDOOHO� DQG� VHULDO� FORFNLQJ�� 7KH� UHDGRXW� GLUHFWLRQV� GHSHQG� RQ� WKH
DPSOLILHU� XVHG�� )RU� WKH� GHIDXOW� DPSOLILHUb '�� WKH� UHDGRXW� LV� DW� WKH� XSSHU� ULJKW� FRUQHU�� ,W� LQFOXGHV
��bFROXPQV�RI�OHDGLQJ�DQG���bFROXPQV�RI�WUDLOLQJ�SK\VLFDO�RYHUVFDQ�LQ� ��DQG���bWUDLOLQJ�URZV�RIAXIS1
YLUWXDO�RYHUVFDQ�LQ� ��7KH�WUDLOLQJ�VHULDO�RYHUVFDQ�DV�ZHOO�DV�WKH�SDUDOOHO�RYHUVFDQ�SL[HOV�DUH�XVHGAXIS2
WR�GHWHUPLQH� WKH�ELDV� OHYHO� LQ�SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ��7KH�SDUDOOHO�RYHUVFDQ�FDQ�DOVR�EH
XVHG� LQ� WKH� GLDJQRVLV� RI� FKDUJH�WUDQVIHU� SUREOHPV� �VHH� � IRU�PRUH� LQIRUPDWLRQ� RQ67,6� ,65� �������
FKDUJH�WUDQVIHU�HIILFLHQF\��
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&&'�$&&80�0RGH�)RUPDW�IRU�D�/RQJ�6OLW�6SHFWUXP�)LJXUH�������

7KH�PLQLPXP� � H[SRVXUH� WLPH� LV� ���� VHFRQG� DQG� WKH�PD[LPXP�SRVVLEOH� H[SRVXUH� WLPH� LV� ���&&'
KRXUV��WKRXJK�ZH�FDQQRW�LPDJLQH�ZDQWLQJ�D�VLQJOH�H[SRVXUH�ORQJHU�WKDQ����PLQXWHV��DQG�FRVPLF�UD\V
RIWHQ� EHFRPH� LQFUHDVLQJO\� WURXEOHVRPH� IRU� H[SRVXUHV� ORQJHU� WKDQ� DERXW� ����� VHFRQGV��� 7KH
PLQLPXP�WLPH�EHWZHHQ� �H[SRVXUHV�IRU� �IXOO�IUDPH������b ������LPDJHV�LV�a���VHFRQGV�LGHQWLFDO &&' �b
�7KLV�WLPH�LV�GRPLQDWHG�E\�WKH�WLPH�LW�WDNHV�WR�UHDG�RXW�WKH�&&'����bVHFRQGV�IRU�WKH�IXOO�IUDPH��DQG�

FDQ�EH�UHGXFHG�WR�a���VHFRQGV�LI�\RX�XVH�D�VXEDUUD\��VHH� ��&&'�6XEDUUD\V

%LQQLQJ

7KH�&&'�VXSSRUWV�RQ�FKLS�ELQQLQJ��:KHQ�RQ�FKLS�ELQQLQJ�LV�XVHG��WKH�VSHFLILHG�QXPEHUV�RI�SL[HOV�LQ
WKH�VHULDO�DQG�SDUDOOHO�GLUHFWLRQV�DUH�UHDG�RXW�DV�D�VLQJOH�SL[HO��7KH�DGYDQWDJH�RI�&&'�ELQQLQJ�LV�WKDW
WKH�UHDG�QRLVH�SHU�ELQQHG�SL[HO�LV�FRPSDUDEOH�WR�WKH�UHDG�QRLVH�SHU�XQELQQHG�SL[HO��,I�\RXU�VLJQDO�WR�
QRLVH�SHU�SL[HO�LV�GRPLQDWHG�E\�UHDG�QRLVH�ZKHQ�QR�ELQQLQJ�LV�XVHG��\RX�FDQ�WKXV�LQFUHDVH�WKH�VLJQDO�
WR�QRLVH�E\�ELQQLQJ��7KH� DGYDQWDJHV�RI�XVLQJ�RQ�FKLS�ELQQLQJ�DUH��D�� LW�UHGXFHV�WKH�UHVROXWLRQ�RIGLV
\RXU�VSHFWURJUDP�RU�LPDJH���E��WKH�UHODWLYH�QXPEHU�RI�SL[HOV�DIIHFWHG�E\�FRVPLF�UD\V�LQFUHDVHV��DQG
�F��WKH�UHODWLYH�QXPEHU�RI�ૻKRWૼ�SL[HOV��ZKLFK�ZDV�a���RI�DOO�XQELQQHG�&&'�SL[HOV�DV�RI�������VHH�

���LQFUHDVHV�E\�D�IDFWRU�SURSRUWLRQDO�WR�WKH�ELQQLQJ�IDFWRU��2Q�FKLS�ELQQLQJ�RIb������RU��&KDSWHU������
SL[HOV�LQ�ERWK�WKH �DQG� �GLUHFWLRQV�LV�VXSSRUWHG��1RWH�WKDW�RQ�FKLS�ELQQLQJ�LV�QRW�DOORZHG AXIS1 AXIS2
ZKHQ�VXEDUUD\V�DUH�XVHG�

7KH� QXPEHU� RI� KRW� SL[HOV� KDV� EHHQ� LQFUHDVLQJ� VWHDGLO\� ZLWK� WLPH� GXH� WR� DFFXPXODWHG� UDGLDWLRQ
GDPDJH�RQ�WKH�67,6�&&'��VHH�WKH�GLVFXVVLRQ�RI�KRW�SL[HOV�LQ� ���7KH�LPSDFW�RI�KRW�SL[HOV&KDSWHU������
RQ�ELQQHG�GDWD�KDV�WKXV�EHFRPH�VLJQLILFDQWO\�ODUJHU��$OVR�QRWH�WKDW�ZKHQ�VSHFWUDO�GDWD�DUH�VSDWLDOO\
UHFWLILHG��D�VLQJOH�SL[HO�LQ�WKH�RULJLQDO�GDWD�ZLOO�EH�LQWHUSRODWHG�LQWR�IRXU�SL[HOV�LQ�WKH�UHFWLILHG�LPDJH�
)RU�GDWD�ELQQHG�1� 0�RQ�ERDUG�WKH�VSDFHFUDIW��D�VLQJOH�EDG�SL[HO�ZLOO��DIWHU�UHFWLILFDWLRQ��DIIHFW�WKH�b
HTXLYDOHQW�RI��b 1b 0�SL[HOV�LQ�DQ�XQELQQHG�LPDJH��� �b
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:KHQ�XVLQJ�WKH WR�HVWLPDWH�WKH�HIIHFWV�RI�RQ�ERDUG�ELQQLQJ�RQ�WKH�6�1�RI�&&'�REVHUYDWLRQV��EH�(7&�
DZDUH� WKDW� LQFUHDVLQJ� WKH� ELQQLQJ� LQ� WKH� GLVSHUVLRQ� GLUHFWLRQ�PD\� FDXVH� WKH� � WR� XVH� D� ODUJHU(7&
UHVROXWLRQ�HOHPHQW�IRU�LWV�6�1�FDOFXODWLRQ��%H�VXUH�WR�XQGHUVWDQG�KRZ�PXFK�RI�DQ\�LQFUHDVH�LQ�WKH�6�1
QXPEHU�RXWSXW�E\�WKH� �LV�GXH�WR�DQ�DFWXDO�GHFUHDVH�LQ�WKH�UHDG�QRLVHb�DQG�KRZ�PXFK�LV�VLPSO\(7&
GXH�WR�D�FKDQJH�LQ�WKH�VL]H�RI�WKH�UHVROXWLRQ�HOHPHQW�DVVXPHG�IRU�WKH�FDOFXODWLRQ�

'XULQJ�3KDVH� ��\RX�VSHFLI\�WKH�ELQQLQJ�IRU�\RXU�&&'�REVHUYDWLRQV�XVLQJ�WKH� �DQG�II BINAXIS1 BINAXIS2
RSWLRQDO�SDUDPHWHUV��7KH�GHIDXOW�YDOXHV�DUHb��

&&'�6XEDUUD\V

6XEDUUD\V� FDQ� EH� XVHG�ZKHQ� WKH�&&'�GHWHFWRU� LV� UHDG� RXW�� *HQHUDOO\�� WKHUH� LV� QR� QHHG� WR� XVH� D
VXEDUUD\� IRU� 67,6� GDWD�� 7KH� PDLQ� VFLHQWLILF� XVH� RI� &&'� VXEDUUD\V� LV� IRU� WLPH�UHVROYHG� RSWLFDO
VSHFWURVFRS\�� ZKHUH� VXEDUUD\V� FDQ� EH� XVHG� WR� UHGXFH� WKH� &&'� UHDG� WLPH� DQG� WR� NHHS� WKH� GDWD
YROXPH�DW�D�PDQDJHDEOH�OHYHO��&&'�VXEDUUD\V�FDQ�DOVR�EH�VSHFLILHG�IRU�&&'� �REVHUYDWLRQVACQ/PEAK
WR�OLPLW�WKH�UHJLRQ�LQ�D�GLIIXVH�REMHFW��H�J���D�JDOD[\��RYHU�ZKLFK�WKH�IOX[�LV�VXPPHG�IRU�WKH�SHDNXS�
:KHQ�D�VXEDUUD\� LV�XVHG��RQO\�WKH�SRUWLRQ�RI� WKH�GHWHFWRU�ZKLFK� LV�ZLWKLQ�WKH�VSHFLILHG�VXEDUUD\� LV
UHDG�RXW� DQG� WUDQVPLWWHG� WR� WKH�JURXQG� �VHH� QRWH� WKDW� WKH� VSHFWURJUDP�FXUYDWXUH� LV)LJXUH�����
H[DJJHUDWHG�LQ�WKLV�ILJXUH��
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8VLQJ�6XEDUUD\V�)LJXUH�������

$V�GHVFULEHG�LQ� ��IXOO�IUDPH�&&'�UHDGRXWV�DUH�FRPSRVHG�RI�����b �����SL[HOV������b6HFWLRQ������� �b �b
�����GDWD�SL[HOV����bOHDGLQJ�DQG���bWUDLOLQJ�VHULDO�RYHUVFDQ�SL[HOV��DQG���bWUDLOLQJ�SDUDOOHO�RYHUVFDQ
SL[HOV��'LVSHUVLRQ�UXQV�DORQJ� �DQG�WKH� ORQJ�GLPHQVLRQ�RI�WKH�VOLW�UXQV�DORQJ� ��6XEDUUD\VAXIS1 AXIS2
DUH�UHTXLUHG�WR�VSDQ�WKH�IXOO�ZLGWK�RI�WKH�&&'�GHWHFWRU�LQ�WKH�VHULDO��GLVSHUVLRQ��GLUHFWLRQ�LQ�RUGHU�WR
HQVXUH�WKH\�FRQWDLQ�WKH�VHULDO�RYHUVFDQ�QHHGHG�WR�GHWHUPLQH�WKH�ELDV�OHYHO��KRZHYHU��\RX�FDQ�FRQWURO
WKH� KHLJKW� RI� WKH� VXEDUUD\� LQ� WKH� SDUDOOHO� GLUHFWLRQ� �L�H��� DORQJ� WKH� VOLW� IRU� ORQJ�VOLW� VSHFWURVFRSLF
REVHUYDWLRQV���1RWH�WKDW�QR�SDUDOOHO�RYHUVFDQ�LV�UHWXUQHG�IRU�VXEDUUD\V��VHH� ���6XEDUUD\6HFWLRQ������
VL]H�LV�VSHFLILHG�LQ�3KDVHb �E\�WKH�SDUDPHWHU� ��WKH�VL]H�LQ�SL[HOV�RI�WKH�VXEDUUD\�LQ�WKH�II SIZEAXIS2

�GLUHFWLRQ�AXIS2

7KH�PLQLPXP�DOORZHG�YDOXH�RI� �IRU� �PRGH�REVHUYDWLRQV�LV����SL[HOV��FRUUHVSRQGLQJ�WRSIZEAXIS2 ACCUM
����DUFVHFRQGV���DQG� �PXVW�EH�DQ�HYHQ�QXPEHU�RI�SL[HOV��%\�GHIDXOW�WKH�WDUJHW� LV�SODFHGSIZEAXIS2
ZLWKLQ�D�IHZ�SL[HOV�RI�WKH�FHQWHU�RI�WKH�VXEDUUD\��)RU�D�IHZ�FHQWUDO�ZDYHOHQJWK�VHWWLQJV��KRZHYHU��WKH
WDUJHW�PD\� EH� V\VWHPDWLFDOO\� RIIVHW� E\� XS� WR� ��b SL[HOV� LQ� WKH� VSDWLDO� GLUHFWLRQ�� 2EVHUYHUV� VKRXOG
FRQVXOW�ZLWK�WKHb �SULRU�WR�XVLQJ� �ZLWK�D�YDOXH�RI�OHVV�WKDQ���bSL[HOV�+HOS�'HVN SIZEAXIS2

8VH�RI�6XEDUUD\V�WR�5HGXFH�WKH�&&'�5HDG�7LPH

7KH�PLQLPXP�WLPH�EHWZHHQ�LGHQWLFDO�&&'�H[SRVXUHV�LV�WKH�UHDGWLPH������VHFRQGV��7KH�WLPH�WR�UHDG
RXW�D�&&'�VXEDUUD\�LV�

8VLQJ� WKH� VPDOOHVW� DYDLODEOH� VXEDUUD\��ZKLFK� LV� ���SL[HOV�KLJK�� \RX� FDQ� WKXV� UHGXFH� WKH�PLQLPXP
WLPH�EHWZHHQ�LGHQWLFDO�H[SRVXUHV�WR�a���VHFRQGV�����VHFRQGV�RYHUKHDG�SOXV���VHFRQGV�UHDG�WLPH��
7KH�PLQLPXP�WLPH�EHWZHHQ�IXOO�IUDPH�&&'�H[SRVXUHV�LV��������� ����VHFRQGV�
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8VH�RI�6XEDUUD\V�WR�5HGXFH�'DWD�9ROXPH

7KH� IRUPDW� RI� WKH�GDWD� \RX� UHFHLYH�ZKHQ�\RX�XVH�D�&&'� VXEDUUD\�ZLOO� KDYH�GLPHQVLRQV�����b�b
��ZLOO�FRYHU�WKH�IXOO�UDQJH�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ��DQG�ZLOO� LQFOXGH�WKH�VHULDO�RYHUVFDQ�SIZEAXIS2

7KH� 67,6� EXIIHU� FDQ� KROG� VHYHQ� IXOO�IUDPH� &&'� H[SRVXUHV� DW� RQH� WLPH�� RU� �b ������ ��b SIZEAXIS2
H[SRVXUHV�DW�DQ\�RQH�WLPH��)XOO�IUDPH�&&'�GDWD�DFTXLUHG�LQ�RQH�H[SRVXUH�FDQ�EH�WUDQVIHUUHG�WR�WKH�

� GDWD� UHFRUGHU� GXULQJ� WKH� VXEVHTXHQW� H[SRVXUH�V�� DV� ORQJ� DV� WKH� LQWHJUDWLRQ� WLPH� RI� WKH+67
VXEVHTXHQW�H[SRVXUH� LV� ORQJHU�WKDQ�����PLQXWHV�� ,I�\RX�DUH�WDNLQJ�D�VHULHV�RI�H[SRVXUHV�ZKLFK�DUH
VKRUWHU�WKDQ�WKDW��WKH�EXIIHU�FDQQRW�EH�HPSWLHG�GXULQJ�DQ�H[SRVXUH��DQG�RQFH�WKH�67,6�EXIIHU�ILOOV�XS�
WKHUH�ZLOO�EH�D�SDXVH�LQ�WKH�H[SRVXUH�VHTXHQFH�RI�URXJKO\���PLQXWHV�DV�WKH�EXIIHU�LV�HPSWLHG��VHH�

���7KLV�SUREOHP�FDQ�VRPHWLPHV�EH�DYRLGHG�ZLWK�WKH�MXGLFLRXV�XVH�RI�VXEDUUD\V�&KDSWHU����

�������0$0$� �0RGH$&&80
,Q�0$0$� �PRGH�H[SRVXUHV��SKRWRQV�DUH�DFFXPXODWHG�LQWR�D�����b b���������ELW�SHU�HOHPHQWACCUM �
RYHUVDPSOHG�DUUD\�LQ�WKH�67,6�GDWD�EXIIHU�PHPRU\�DV�WKH\�DUH�UHFHLYHG��$W�WKH�HQG�RI�WKH�H[SRVXUH�
WKH� GDWD� FDQ� EH� OHIW� LQ� WKH� RYHU�VDPSOHG� �RU� �� IRUPDW�� ZKLFK� LV� WKH� GHIDXOW� IRU� VFLHQWLILFKLJKUHV
H[SRVXUHV��RU�WKH\�FDQ�EH�ELQQHG�DORQJ� �DQG� �WR�SURGXFH�D�����b b�����QDWLYH�IRUPDWAXIS1 AXIS2 �
LPDJH��'LVSHUVLRQ�UXQV�DORQJ� �DQG�WKH�VSDWLDO�GLPHQVLRQ�RI�WKH�VOLW�UXQV�DORQJ� �AXIS1 AXIS2� )LJXUH�����
DQG� � LOOXVWUDWH� WKH� IRUPDW�DQG� FRRUGLQDWH� V\VWHP� IRU�0$0$� LPDJHV�� VKRZLQJ�KRZ� ILUVW�)LJXUH�����
RUGHU� DQG� HFKHOOH� �PRGH� VSHFWURJUDPV� DSSHDU�� � LPDJHV� KDYH� GLVSHUVLRQ� DORQJ� �ACCUM PRISM AXIS1
1RWH� WKDW� IRU� � DQG� � WKH� WDUJHW� LV� SODFHG� RI� RUGHU� �������� SL[HOV� EHORZ� WKH FUV-MAMA G140L G140M
GHWHFWRU� FHQWHU�� WR�HQVXUH� WKDW� LW�ZLOO� QRW� IDOO� RQ� WKH� VKDGRZ�RI� WKH� UHSHOOHU�ZLUH� �VHH� 6HFWLRQ����
��b �7KH�VOLW� FHQWHU� LV� WKXV�SURMHFWHG�a�����DUFVHFRQGV�EHORZ� WKH�GHWHFWRU�FHQWHU�DORQJ� ��DQGAXIS2
WKHUH�ZLOO�EH�a�����DUFVHFRQGV�OHVV�VSDWLDO�VN\�FRYHUDJH�WR�GHFUHDVLQJb �DQG�a�����DUFVHFRQGVAXIS2
PRUH� VSDWLDO� VN\� FRYHUDJH� WR� LQFUHDVLQJb � �DORQJ� WKH� VOLW�� IRU� REVHUYDWLRQV� ZLWK� WKRVHAXIS2
JUDWLQJV�b�'DWD�WDNHQ�SULRU�WR�0DUFK����������KDG�WKH�VOLW�FHQWHU�RIIVHW� �WKH�GHWHFWRU�FHQWHU��IRUDERYH
WKH� VDPH� UHDVRQ�b � 1RWH� DOVR� WKH� HIIHFWV� RI� WKH�PRQWKO\� RIIVHWWLQJ��ZKLFK� DSSOLHV� WR� DOO� ILUVW�RUGHU
0$0$�PRGHV��DV�ZHOO�DV�WR�WKH�HFKHOOH�PRGHV�SULRU�WR�$XJXVW�������VHHb ��6HFWLRQ����
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0$0$�0RGH�)RUPDW�IRU�(FKHOOH�6SHFWURVFRS\�)LJXUH�������

7KH�PLQLPXP�0$0$� �PRGH�H[SRVXUH�WLPH� LV����bVHFRQG�DQG�WKH�PD[LPXP�H[SRVXUH�WLPH� LVACCUM
���bKRXUV�� )RU�D� VHULHV�RI� LGHQWLFDO�0$0$� � VFLHQFH�H[SRVXUHV�� WKHUH� LV� D�PLQLPXP�RYHUKHDGACCUM
EHWZHHQ�H[SRVXUHV�RI�a���VHFRQGV�LI�WKH�H[SRVXUH�WLPH�LV�ORQJHU�WKDQ��bPLQXWHV��([SRVXUHV�VKRUWHU
WKDQ��bPLQXWHV�LQFXU�ODUJHU�RYHUKHDGV�RI�a����PLQXWHV��7KLV�GLIIHUHQFH�DULVHV�EHFDXVH�LQ�WKH�IRUPHU
FDVH�WKH�EXIIHU�FDQ�EH�GXPSHG�WR�WKH� �UHFRUGHU�GXULQJ�WKH�VXEVHTXHQW�H[SRVXUH��L�H���LQ�SDUDOOHO��+67
EXW� LQ�WKH� ODWWHU�FDVH�WKHUH� LV� LQVXIILFLHQW�WLPH�WR�GXPS�WKH�EXIIHU�GXULQJ�WKH�VXEVHTXHQW�H[SRVXUH
DQG� WKH� EXIIHU�PXVW� EH� GXPSHG� VHULDOO\� �L�H�� XVLQJ� REVHUYLQJ� WLPH��� +RZHYHU�� RWKHU� IDFWRUV�PD\
LQIOXHQFH�WKH�WLPLQJ�RI�EXIIHU�GXPSV��FDXVLQJ�WKHP�WR�RFFXU�VHULDOO\�DIWHU�WKH�ILUVW�VFLHQFH�H[SRVXUH
HYHQ�ZKHQ�LW�H[FHHGV��bPLQXWHV�

)RU�WKH�0$0$�PHGLXP�UHVROXWLRQ�ILUVW�RUGHU�PRGHV�DQG�PHGLXP�DQG�KLJK�UHVROXWLRQ�HFKHOOH�PRGHV��L�
H���JUDWLQJV� �� �� �� �� ��DQG� ���D�FRUUHFWLRQ�IRU�'RSSOHU�VKLIWLQJ�RI�WKHG140M G230M E230M E230H E140M E140H
SKRWRQ�HQHUJLHV�GXH�WR� �VSDFHFUDIW�PRWLRQ�LV�DSSOLHG�DV�WKH�SKRWRQV�DUH�FRXQWHG��SULRU�WR�WKHLU+67
DGGUHVVLQJ� LQ�67,6�GDWD�EXIIHU�PHPRU\��7KH� OHDGLQJ�DQG�WUDLOLQJ�SL[HOV� LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ��

��IRU�'RSSOHU�FRUUHFWHG�H[SRVXUHV�WKHUHIRUH�UHFHLYH�OHVV�HIIHFWLYH�LQWHJUDWLRQ�WLPH��VLQFH�VRXUFHAXIS1
SKRWRQV�DW�WKH�FRUUHVSRQGLQJ�ZDYHOHQJWKV�KDYH�EHHQ�'RSSOHU�VKLIWHG�RII�WKH�HGJH�RI�WKH�GHWHFWRU�IRU
VRPH�IUDFWLRQ�RI�WKH�WRWDO�H[SRVXUH�WLPH��7KLV�HIIHFW�LV�VWURQJHVW�LQ�WKH�KLJK�UHVROXWLRQ�HFKHOOH�PRGHV�
ZKHUH�IRU�D�PD[LPXP� �VSDFHFUDIW�YHORFLW\�RI�����NP�V��WKH�OHDGLQJ�DQG�WUDLOLQJ�a��� �SL[HOV+67 AXIS1
ZLOO�KDYH�UHGXFHG�HIIHFWLYH�H[SRVXUH�WLPHV�
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�������0$0$� �0RGHTIME-TAG

TIME-TAG�PRGH�LV�XVHG�IRU�KLJK�WLPH�UHVROXWLRQ�VSHFWURVFRS\�DQG�LPDJLQJ�LQ�WKH�89��:KHQ�XVHG�LQ�
�PRGH��WKH�0$0$�SURGXFHV�DQ�HYHQW�VWUHDP�RI� �� ��DQG� �GDWD�SRLQWV��ZLWK�DTIME-TAG AXIS1 AXIS2 TIME

WLPH�UHVROXWLRQ�RI�����PLFURVHFRQGV��7KH�YROXPH�RI�GDWD�SURGXFHG� LQ� �PRGH�FDQ�EH�YHU\TIME-TAG
ODUJH��DQG�WKH�GDWD�WKHUHIRUH�PXVW�EH�FRQWLQXRXVO\�WUDQVIHUUHG�IURP�WKH�67,6� LQWHUQDO�EXIIHU�WR�WKH
GDWD� UHFRUGHUV� WR� VXVWDLQ� � H[SRVXUHV� RI� DQ\� VLJQLILFDQW� GXUDWLRQ�� b %HJLQQLQJ� LQ�&\FOH� ���TIME-TAG
KRZHYHU�� WKH� XVH� RI� 7,0(�7$*�PRGH� �UDWKHU� WKDQ� $&&80�PRGH�� KDV� EHHQ� HQFRXUDJHG� IRU�0$0$
REVHUYDWLRQV�ZLWK�FRXQW�UDWHV�EHORZ��������FWV�V��7,0(�7$*�RSHQV�XS�WKH�WLPH�GRPDLQ�ZLQGRZ�DQG
LQFUHDVHV� WKH� OHJDF\� YDOXH� RI� WKH� REVHUYDWLRQV�� ,W� DOVR� RIIHUV� HQKDQFHG� FDSDELOLW\� WR� UHPRYH� WLPH
LQWHUYDOV�RI�GDWD�ZKLFK�DUH�LPSDFWHG�E\�JHRFRURQDO�HPLVVLRQ��&RXQW�UDWH�UHVWULFWLRQV�GR�DSSO\�LQ�7,0(�
7$*�PRGH��KRZHYHU��VHH� �%XIIHU�0DQDJHPHQW�LQ�7,0(�7$*�0RGH

7KH�D[LV�RULHQWDWLRQ�LQ� V�WKH�VDPH�DV�LQ� �PRGH��VHH� ���7KH�VSDFHFUDIW�WLPHTIME-TAG�L ACCUM )LJXUH�����
�DEVROXWH�]HUR�SRLQW�RI�WKH�WLPH��LV�URXWLQHO\�NQRZQ�WR���bPLOOLVHFRQG�DFFXUDF\��1R�'RSSOHU�FRUUHFWLRQ
LV�DSSOLHG�E\�WKH�IOLJKW�VRIWZDUH�IRU� �PRGH��EXW�WKH�FRUUHFWLRQ�FDQ�EH�DSSOLHG�GXULQJ�WKH�SRVW�TIME-TAG
SURFHVVLQJ� RI� WKH� GDWD�� 7KH� UHFRUGHG� WLPHV� DUH� WKH� VSDFHFUDIW� WLPHV�� ZKLFK� FDQ� EH� FRQYHUWHG� WR
KHOLRFHQWULF�WLPHV�XVLQJ�WKH�HSKHPHULV�RI�WKH�(DUWK�DQG�WKH�VSDFHFUDIW�� �PRGH�LV�LOOXVWUDWHGTIME-TAG
LQ�b ��3URFHVVLQJ�RI� �GDWD�E\�WKH�676F,�SLSHOLQH�LV�GHVFULEHG�LQ� �)LJXUH����� TIME-TAG 6HFWLRQb����
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(YHQW�3URFHVVLQJ�LQ�7,0(�7$*�0RGH

,Q� �PRGH��HYHQWV�GHWHFWHG�RQ�WKH�DQRGH�ZLUHV�DUH�TXHXHG�LQ�D������HYHQW�ILUVW�LQ�ILUVW�RXWTIME-TAG
�),)2��SULRU�WR�WLPH�DVVLJQPHQW�DQG�VXEVHTXHQW�VWRUDJH�LQ�D�67,6�PHPRU\�EXIIHU��:KHQ�WKH�),)2�LV
OHVV� WKDQ�KDOI� IXOO���bHYHQWV�FDQ�EH�SURFHVVHG�GXULQJ�HDFK�����PLFURVHFRQG�WLFN�RI� WKH�67,6�FORFN�
FRUUHVSRQGLQJ�WR�D�PD[LPXP�VWDEOH�FRXQW�UDWH�RI��������FRXQWV�V��7LPHV�DUH�DVVLJQHG�VKRUWO\�DIWHU
GHWHFWLRQ��ZKHQ�WKH�HYHQW�LV�H[WUDFWHG�IURP�WKH�),)2��7KLV�LV�WKH�GHVLUHG�RSHUDWLQJ�VWDWH�LQ�TIME-TAG
PRGH��+LJKHU�FRXQW�UDWH�VLWXDWLRQV��GHVFULEHG�EHORZ��VKRXOG�EH�DYRLGHG�EHFDXVH�WKH\�UHVXOW�LQ�OHVV
DFFXUDWH�WLPHV��ORVW�HYHQWV��DQG�EXIIHU�PDQDJHPHQW�SUREOHPV�

)RU�JOREDO�FRXQW�UDWHV�XS�WR��������FRXQWV�V��WKH�),)2�ZLOO�JUDGXDOO\�ILOO�XQWLO�PRUH�WKDQ������HYHQWV
DUH�TXHXHG��$W�WKLV�SRLQW������HYHQWV�DUH�SURFHVVHG� LQ�D�WLJKW� ORRS�UHTXLULQJ�RQO\����PLOOLVHFRQGV�
LQVWHDG�RI�WKH�XVXDO����PLOOLVHFRQGV��3URFHVVLQJ�WKHQ�UHYHUWV�WR�WKH�VORZHU�UDWH�XQWLO�WKH�),)2�LV�DJDLQ
PRUH� WKDQ� KDOI� IXOO�� ,Q� WKLV� PRGH�� WKH� WLPHV� DVVRFLDWHG� ZLWK� HDFK� HYHQW� KDYH� ���� PLFURVHFRQG
UHVROXWLRQ��EXW�VXIIHU�IURP�VLJQLILFDQWO\�ODUJHU�V\VWHPDWLF�GHOD\V��$OVR��WKH�REVHUYLQJ�VHTXHQFH�ZLOO�EH
IUHTXHQWO\�LQWHUUXSWHG�WR�KDQGOH�67,6�EXIIHU�GXPSV��GHVFULEHG�EHORZ��

)RU�FRXQW�UDWHV�DERYH��������FRXQWV�V��WKH�),)2�ZLOO�ILOO�IDVWHU�WKDQ�HYHQWV�FDQ�EH�SURFHVVHG��HYHQ�LQ
IDVW�PRGH��:KHQ�WKH�),)2�ILOOV��DOO�HYHQWV�LQ�WKH�),)2�DUH�GLVFDUGHG�DQG�WKH�HPSW\�),)2�EHJLQV�ILOOLQJ
ZLWK� QHZ� HYHQWV�� ,Q� WKLV� PRGH� HYHQW� WLPHV� DUH� HVVHQWLDOO\� XQLIRUP�� SURYLGLQJ� HVVHQWLDOO\� QR
LQIRUPDWLRQ�DERXW�VRXUFH�YDULDELOLW\�

%XIIHU�0DQDJHPHQW�LQ�7,0(�7$*�0RGH

)RU� �REVHUYDWLRQV��67,6�PHPRU\�LV�GLYLGHG�LQWR�WZR��bPHJDE\WH�EXIIHUV��HDFK�RI�ZKLFK�FDQTIME-TAG

KROG�XS�WR��b b�� �HYHQWV��,I�WKH�FDGHQFH�EHWZHHQ�VFKHGXOHG�EXIIHU�GXPSV�LV�DW�OHDVW����VHFRQGV�� �

WKHQ�RQH�EXIIHU�FDQ�EH�DFWLYHO\�UHFRUGLQJ�QHZ�HYHQWV��ZKLOH�SUHYLRXVO\�UHFRUGHG�HYHQWV�LQ�WKH�RWKHU
EXIIHU� DUH� EHLQJ�GXPSHG� WR� DQ� � GDWD� UHFRUGHU�� 7KXV�� HYHQWV� FDQ�EH�GXPSHG� WR� 67,6�PHPRU\+67
ZLWKRXW�JDSV�RQO\�LI�WKH�JOREDO�FRXQW�UDWH�LV�EHORZ��������FRXQWV�V�

'XULQJ�3KDVHb �SURSRVDO�SUHSDUDWLRQ��REVHUYHUV�PXVW�VSHFLI\�LQ�DGYDQFH�WKH�WLPH�EHWZHHQ�GXPSVII
XVLQJ�WKH� �SDUDPHWHU��7KH�IROORZLQJ�FRQVWUDLQWV�VKRXOG�EH�FRQVLGHUHG�ZKHQ�VHOHFWLQJ�D�BUFFER-TIME

�BUFFER-TIME
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7R�SUHYHQW�ORVV�RI�GDWD�� �VKRXOG�EH�VKRUW�HQRXJK�WKDW�IHZHU�WKDQ��b b�� �HYHQWVBUFFER-TIME � �

DUH�H[SHFWHG�LQ�WKH�LQWHUYDO�EHWZHHQ�GXPSV��,I�5bLV�WKH�H[SHFWHG�FRXQW�UDWH��SUHGLFWHG�E\�WKH
��IRU�H[DPSOH���WKHQ� �VKRXOG�EH�VPDOOHU�WKDQ��b �� �5��$�ELW�RI�PDUJLQ67,6�(7& BUFFER-TIME �b �

SURWHFWV�DJDLQVW�VRXUFH�YDULDELOLW\�RU�LQDFFXUDWH�FRXQW�UDWH�SUHGLFWLRQV��%H�VXUH�WR�LQFOXGH�VN\
DQG�GHWHFWRU�EDFNJURXQGV�ZKHQ�HVWLPDWLQJ�FRXQW�UDWHV�
2Q�WKH�RWKHU�KDQG�� WKH�QRPLQDO�67,6�DOORFDWLRQ�RQ�WKH� �GDWD�UHFRUGHUV�DOORZV�DW�PRVW���+67
WRWDO� EXIIHU� GXPSV� LQ� DQ\� RQH� YLVLW�� DQG� IHZHU� LV� GHVLUDEOH�� )RU� WKH�PLQLPXP� FRQWLQXRXVO\
VXVWDLQDEOH� �RI����VHFRQGV�� WKLV� OLPLW�RQ�GXPSV�FRUUHVSRQGV� WR�D� WRWDO�H[SRVXUHBUFFER-TIME
WLPH�RI� RQO\� ���PLQXWHV�� ,W� LV� VRPHWLPHV�SRVVLEOH� WR� VFKHGXOH� GRZQOLQNV� IURP� WKH� � GDWD+67
UHFRUGHUV� WR� WKH� JURXQG� GXULQJ� D� VSHFLILF� � YLVLW�� 7KXV�� ZLWK� D� VWURQJ� VFLHQWLILFTIME-TAG
MXVWLILFDWLRQ��LW�PD\�EH�SRVVLEOH�WR�DFFRPPRGDWH�YLVLWV�WKDW�UHTXLUH�PRUH�WKDQ����GXPSV��6XFK
UHTXHVWV�VKRXOG�EH�MXVWLILHG�TXDQWLWDWLYHO\�LQ�WKH�3KDVHb �SURSRVDO�I
)LQDOO\�� � VKRXOG�EH�DW� OHDVW����VHFRQGV�ZKHQ�PRUH� WKDQ��bGXPSV�DUH�H[SHFWHG�BUFFER-TIME
2WKHUZLVH��WKH�REVHUYLQJ�VHTXHQFH�ZLOO�EH�LQWHUUXSWHG�ZKHQHYHU�ERWK�EXIIHUV�DUH�LQ�WKH�SURFHVV
RI�EHLQJ�GXPSHG��,Q�VXFK�FDVHV�LW�LV�SUREDEO\�EHWWHU�WR�FKRRVH�D� �RI����VHFRQGV�BUFFER-TIME
7KLV�JXDUDQWHHV�WKDW�SKRWRQV�ZLOO�EH�UHFRUGHG�ZKHQHYHU�WKH�DFWLYH�EXIIHU�KDV�UHPDLQLQJ�VSDFH�
,I� WKH� DFWLYH� EXIIHU� ILOOV� LQ� OHVV� WKDQ� WKH� VHOHFWHG� �� DGGLWLRQDO� SKRWRQV� ZLOO� EHBUFFER-TIME
GLVFDUGHG�XQWLO�WKH�QH[W�GXPS�EHJLQV��5HOLDEOH�IOX[�FDOLEUDWLRQ�LV�QRW�SRVVLEOH�LQ�VXFK�FDVHV�

,Q�VXPPDU\�� �VKRXOG�EH� OHVV� WKDQ��b �� �5��EXW� ORQJHU� WKDQ������ WKH� WRWDO�H[SRVXUHBUFFER-TIME �b �

WLPH�DQG� ORQJHU�WKDQ����VHFRQGV��$V�DQ�DGGHG�SUHFDXWLRQ�DJDLQVW�GDWD� ORVV�� LW� LV�UHFRPPHQGHG�WR
XVH�D� �RI����b[b�� �5��ZKLFK�DGGV�D�����VDIHW\�PDUJLQ�� ,Q� VRPH�FDVHV� LW�ZLOO� QRW�EHBUFFER-TIME �

SRVVLEOH� WR� VDWLVI\� DOO� RI� WKHVH� FULWHULD�� LQ� ZKLFK� FDVH� PXOWLSOH� VKRUW� � H[SRVXUHV� VKRXOG� EHACCUM
FRQVLGHUHG�DV�DQ�DOWHUQDWLYH�� �LOOXVWUDWHV�WKH�SURFHVV�RI�HVWLPDWLQJ�)LJXUH����� BUFFER-TIME
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7 UHIHUV�WR�WKH�WRWDO�LQWHJUDWLRQ�WLPH��LQ�VHFRQGV��RI�DOO�WKH�H[SRVXUHV�LQ�WKH�YLVLW��DQG�7 �UHIHUV�WRLQW� H[S
WKH�LQWHJUDWLRQ�WLPH��LQ�VHFRQGV��RI�WKH�SDUWLFXODU�H[SRVXUH�XQGHU�FRQVLGHUDWLRQ�

'LIIHUHQFHV�LQ�&26�DQG�67,6� �+DQGOLQJTIME-TAG

8VHUV� IDPLOLDU� ZLWK� WKH� �PRGH� RI� WKH� 67,6� LQVWUXPHQW� VKRXOG� EH� DZDUH� WKDW� &26� EXIIHUTIME-TAG
PDQDJHPHQW� GLIIHUV� LQ� VRPH�GHWDLOV� IURP� WKDW� RI� 67,6�� $W� WKH� HQG� RI� D� 67,6� H[SRVXUH�� WKH� HQWLUH
EXIIHU� LV�UHDG�RXW��UHJDUGOHVV�RI�WKH�EXIIHU�WLPH�VHW�RU�WKH�QXPEHU�RI�FRXQWV�H[SHFWHG��6HWWLQJ�WKH
67,6� EXIIHU� WLPH� WR� DQ\� YDOXH� JUHDWHU� WKDQ� RU� HTXDO� WR� KDOI� WKH� WRWDO� H[SRVXUH� WLPH�ZLOO� UHVXOW� LQ
KDYLQJ�RQO\�WKLV�VLQJOH�GXPS�DW�WKH�HQG�RI�WKH�H[SRVXUH��6HWWLQJ�WKH�EXIIHU�WLPH�WR�OHVV�WKDQ�KDOI�WKH
H[SRVXUH�WLPH�ZLOO�FDXVH�RQH�RU�PRUH�LQWHUPHGLDWH�GXPSV�WR�DOVR�RFFXU�GXULQJ�WKH�H[SRVXUH��EXW�WKH
WLPH�UHTXLUHG�IRU�WKH�GXPS�DIWHU�WKH�H[SRVXUH�ZLOO�QRW�FKDQJH�

5HPHPEHU�WR�LQFOXGH�FRQWULEXWLRQV�IURP�DOO�WKH�VRXUFHV�H[SHFWHG�WR�IDOO�RQ�WKH�GHWHFWRU��WKH
VN\��JHRFRURQDO�OLQH�HPLVVLRQV�DQG�GHWHFWRU�EDFNJURXQGV�DORQJ�ZLWK�\RXU�VRXUFH�FRXQWV�ZKHQ
FRPSXWLQJ� 5�� ,W� LV� LPSRUWDQW� WKDW� \RX� LQFOXGH� D� VDIHW\� PDUJLQ� RI� DW� OHDVW� ���� LQ� \RXU
HVWLPDWLRQ�RI�%8))(5�7,0(��6SHFLI\LQJ�WRR�VPDOO�D� � ������VHFRQGV��FDQ� OHDG�WRBUFFER-TIME
ORVV�RI�GDWD�DIWHU�WKH�ILUVW�GXPS�RI���PLOOLRQ�HYHQWV�

279



&26��RQ�WKH�RWKHU�KDQG��UHDGV�RXW�RQO\�WKH�IUDFWLRQ�RI�WKH�EXIIHU�WKDW�LV�H[SHFWHG�WR�FRQWDLQ�UHFRUGHG
HYHQWV��7KLV�IUDFWLRQ�LV�EDVHG�RQ�WKH�VSHFLILHG�EXIIHU�WLPH��W ��DQG�H[SRVXUH�WLPH��W ���,I�W b!bWEXI H[S EXI H[S
��RQO\�D�IUDFWLRQ�W �W �RI�WKH�EXIIHU�ZLOO�EH�UHDG�RXW��6LPLODUO\��DW�WKH�HQG�RI�D�PXOWL�GXPS�H[SRVXUHH[S EXI
ZLWK� W b �b W �� VXIILFLHQW� WLPH� ZLOO� EH� DOORFDWHG� IRU� &26� WR� UHDG� RQO\� WKH� IUDFWLRQ� RI� WKH� EXIIHUEXI H[S
H[SHFWHG�WR�FRQWDLQ�GDWD��7KLV�DSSURDFK�LQFUHDVHV�REVHUYLQJ�HIILFLHQF\�E\�DYRLGLQJ�WKH�DOORFDWLRQ�RI
PRUH� WLPH� WKDQ� QHFHVVDU\� IRU� WKH� EXIIHU� GXPS�DW� WKH� HQG� RI� WKH� H[SRVXUH�� ,W� DOVR� UHTXLUHV�PRUH
FDXWLRQ�LQ�WKH�VHWWLQJ�RI�EXIIHU�WLPHV��,I�WKH�DFWXDO�FRXQW�UDWH�LV�JUHDWHU�WKDQ�H[SHFWHG��VRPH�HYHQWV
WKDW�ZHUH�UHFRUGHG� LQ�WKH�EXIIHU�PHPRU\�ZLOO�QHYHU�EH�UHDG�RXW��7KH�JXLGHOLQHV� LQ�WKLV�VHFWLRQ�DUH
GHVLJQHG� WR�KHOS�&26�XVHUV� WR�PD[LPL]H�REVHUYLQJ�HIILFLHQF\�DQG�DYRLG�GDWD� ORVV��8VHUV� UHTXLULQJ
DGGLWLRQDO�DVVLVWDQFH�VKRXOG�FRQWDFW�WKHb � �+67 +HOS�'HVN

��7KLV�FRQVWUDLQW�LPSOLHV�WKDW�WKHUH�ZLOO�EH����VHFRQGV�RI�RYHUKHDG�SHU�IXOO�IUDPH� ��L�H���LI�CR-SPLIT CR-
��WKHUH�ZLOO�EH��b b���VHFRQGV�RI�RYHUKHDG�RQ�WKH�VHW�RI��bH[SRVXUHV�GXH�WR�&&'�VHWXS�DQGSPLIT=3 �

UHDGRXW�
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����� ([SRVXUH� 6HTXHQFHV� DQG� &RQWHPSRUDQHRXV
&DOLEUDWLRQV

�������$XWR�:DYHFDOV
�������&5�63/,7
�������)ULQJH�)ODW�)LHOGV
�������5HSHDW�([SRVXUHV

7KHUH� DUH� VHYHUDO� LQVWDQFHV� ZKHQ� D� VHULHV� RI� DVVRFLDWHG� 67,6� H[SRVXUHV� �UDWKHU� WKDQ� D� VLQJOH
H[SRVXUH��ZLOO�EH�WDNHQ��7KH�GDWD�IURP�WKHVH�H[SRVXUH�VHTXHQFHV�DUH�JHQHUDOO\�SURFHVVHG�DV�D�VLQJOH
XQLW� WKURXJK� WKH� 676F,� FDOLEUDWLRQ� SLSHOLQH�� ZLWK� WKH� VFLHQWLILF� GDWD� IURP� WKH� PXOWLSOH� DVVRFLDWHG
H[SRVXUHV�DSSHDULQJ�LQ�D�VLQJOH�ILOH��IRU�D�KLJK�OHYHO�RYHUYLHZ�RI�WKH�67,6�FDOLEUDWLRQ�SLSHOLQH�DQG�WKH
GDWD� SURGXFW� IRUPDW� VHH� ���&KDSWHU� �� :KLOH� LW� LV� QRW� QHHGHG� WR� VSHFLI\� WKH� SODQQHG� VHULHV� RI
DVVRFLDWHG� H[SRVXUHV� LQ� WKH� 3KDVHbIb SURSRVDO�� LW� LV� KHOSIXO� WR� NQRZ� DERXW� WKHVH� VHTXHQFHV�ZKHQ
SODQQLQJ� WKH� SURSRVDO��2QFH� WKH� SURSRVDO� KDV� EHHQ� DFFHSWHG�� LW� LV� SRVVLEOH� WR� VHH� DQG� XVH� WKHVH
VHTXHQFHV�WR�SUHSDUH�WKH�REVHUYDWLRQV�GXULQJ�WKH�3KDVH� ��$OO�WKH�LQIRUPDWLRQ�QHHGHG�WR�VFKHGXOHII
WKH�REVHUYDWLRQV�DUH�JHQHUDWHG�IURP�D�VLQJOH�H[SRVXUH�ORJVKHHW�OLQH�LQ�WKH�3KDVH�IIbSURSRVDO�

:H�GLVFXVV�VHYHUDO�W\SHV�RI�DVVRFLDWHG�H[SRVXUHV�EHORZ�

$XWRPDWLF ZDYHFDO�H[SRVXUHV�WDNHQ�ZLWK�VFLHQWLILF�GDWD�WR�DOORZ�FDOLEUDWLRQ�RI�WKH�VSHFWURVFRSLF�
DQG�VSDWLDO�]HUR�SRLQWV�
&&' �H[SRVXUHV� WDNHQ� WR�DOORZ� UHPRYDO�RI�FRVPLF� UD\V� LQ� WKH�VFLHQWLILF�GDWD�GXULQJ�CR-SPLIT
SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ�
0XOWLSOH� LGHQWLFDO� UHSHDW� H[SRVXUHV��ZKLFK� FDQ� EH� WDNHQ� WR� SURYLGH� WLPH� LQWHUYDOV� RI� WHQV� RI
VHFRQGV��&&'��RU�PLQXWHV��0$0$��
3DWWHUQ�VHTXHQFHV�� LQ�ZKLFK� WKH� WDUJHW� LV�VWHSSHG�� IRU�H[DPSOH�DORQJ� WKH�VOLW� WR�PLWLJDWH� WKH
LPSDFW� RI� KRW� SL[HOV� RU� SHUSHQGLFXODU� WR� WKH� VOLW� WR� PDS� D� WZR�GLPHQVLRQDO� UHJLRQ� IRU
VSHFWURVFRSLF�REVHUYDWLRQV��RU�LQ�D�GLWKHU�SDWWHUQ�IRU�LPDJLQJ�REVHUYDWLRQV�

,Q� DGGLWLRQ�� WKHUH� DUH� WZR� W\SHV� RI� FRQWHPSRUDQHRXV� FDOLEUDWLRQ� REVHUYDWLRQV� WKDW� REVHUYHUV�PD\
WDNH�ZLWK�WKHLU�VFLHQWLILF�REVHUYDWLRQV�LQ�VSHFLDO�FLUFXPVWDQFHV�

*2�ZDYHFDOV��WDNHQ�LI�H[FHSWLRQDO�ZDYHOHQJWK�DFFXUDF\�LV�UHTXLUHG��RU�IRU�VOLWOHVV�VSHFWURVFRS\�
&&'� IULQJH� IODWV� � �� ZKLFK� QHHG� WR� EH� WDNHQ� IRU� QHDU�LQIUDUHG� �1,5�� !b ����b ��CCDFLAT ͐b
REVHUYDWLRQV�LQ�WKH�JUDWLQJ�PRGHV�LI�KLJK�oVLJQDO�WR�QRLVH�LV�UHTXLUHG�

�������$XWR�:DYHFDOV
7KH�67,6�RSWLFDO�SDWK� IURP�VRXUFH� WR�GHWHFWRU�SDVVHV� WKURXJK� WKH�DSHUWXUH� �VOLW��ZKHHO� �ZKHUH� WKH
ILOWHUV�IRU�LPDJLQJ�DOVR�DUH�KRXVHG��DQG�WKHQ�UHIOHFWV�IURP�RQH�RI�WKH�HOHPHQWV�PRXQWHG�RQ�WKH�0RGH
6HOHFWLRQ�0HFKDQLVP��060��ZKLFK�KRXVHV�WKH�ILUVW�RUGHU�JUDWLQJV��WKH�SULVP��WKH�FURVV�GLVSHUVHUV�IRU
XVH�ZLWK�WKH�HFKHOOHV��DQG�WKH�PLUURUV�IRU�LPDJLQJ�ZRUN��VHH� ���/DFN�RI�H[DFW�UHSHDWDELOLW\�LQ)LJXUH����
WKH�060�FDXVHV�WKH�FHQWHU�RI�WKH�VSHFWURJUDP��DV�GHILQHG�E\�WKH�DSHUWXUH�DQG�ZDYHOHQJWK�FHQWHUV�
WR�IDOO�RQ�D�VOLJKWO\�GLIIHUHQW�GHWHFWRU�ORFDWLRQ�HDFK�WLPH�WKHUH�LV�D�PRYHPHQW�RI�WKH�060��WKH�060�
LQGXFHG�RIIVHWV�LQ�GLVSHUVLRQ�DQG�WKH�VSDWLDO�GLUHFWLRQ�KDYH�EHHQ�PHDVXUHG�WR�EH SL[HOV�RU�OHVV���,Q�s�b
DGGLWLRQ�� IRU�0$0$�ILUVW�RUGHU�VSHFWURJUDSKLF�REVHUYDWLRQV��WKH�DSHUWXUH� ORFDWLRQ�RQ�WKH�GHWHFWRU� LV
GHOLEHUDWHO\�VKLIWHG�HDFK�PRQWK�WR�HQVXUH�HTXDOL]DWLRQ�RI�H[WUDFWHG�FKDUJH�DFURVV�WKH�GHWHFWRU�
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7R�DOORZ�FDOLEUDWLRQ�RI�WKH�]HUR�SRLQW�RI�WKH�DSHUWXUH�ORFDWLRQ�DQG�WKH�]HUR�SRLQW�RI�WKH�ZDYHOHQJWK
VFDOH� IRU� VSHFWURVFRSLF� REVHUYDWLRQV�� D� OLQH� ODPS� REVHUYDWLRQ� �VR�FDOOHG� �� LV� WDNHQ�ZDYHFDO

� HDFK� WLPH� WKH�060� LV�PRYHG�� ,Q� DGGLWLRQ�� LI� D� VHULHV� RI� H[SRVXUHV� RU� D� VLQJOH� ORQJDXWRPDWLFDOO\
H[SRVXUH� LV� WDNHQ�DW�D� VLQJOH�060�VHWWLQJ�� WKHQ�DQ�DGGLWLRQDO�ZDYHFDO�ZLOO� DXWRPDWLFDOO\�EH� WDNHQ
ZKHQ�WKHUH�LV�D�SDXVH�LQ�GDWD�WDNLQJ� ���bPLQXWHV�RI�H[SRVXUH�WLPH�KDV�SDVVHG�VLQFH�WKH�SUHYLRXVLI
ZDYHFDO�� +HUH�� ��b PLQXWHV� LV� WKH� WLPH� FRQVWDQW� IRU� WKHUPDO� FKDQJHV� ZKLFK� PLJKW� DIIHFW� WKH
ZDYHOHQJWK�DFFXUDF\��7HVWLQJ�LQ�RUELW�KDV�VKRZQ�WKDW�LQ�H[WUHPH�FRQGLWLRQV��ZKHQ�WKHUH�LV�D�VZLQJ
IURP�KRW�WR�FROG���ZRUVW�FDVH�WKHUPDO�VKLIWV�RI�URXJKO\����bSL[�KU�FDQ�EH�VHHQ��KRZHYHU��PRQLWRULQJ
VKRZV�WKDW�XQGHU�W\SLFDO�REVHUYLQJ�FRQGLWLRQV��WKHUPDO�GULIWV�DUH�RI�WKH�RUGHU�RI����bSL[�KU��VHH�DOVR
WKH� �RQ�WKH� ��0RQLWRULQJ�SDJH 67,6�ZHEVLWH

7R�VXPPDUL]H��HDFK�VHW�RI�VSHFWURVFRSLF�VFLHQWLILF�H[SRVXUHV�WDNHQ�DW�D�JLYHQ�JUDWLQJ�WLOW��L�H���060
SRVLWLRQ��ZLOO�QRUPDOO\�EH�DFFRPSDQLHG�E\�DW� OHDVW�RQH�DXWRPDWLFDOO\�WDNHQ�ZDYHFDO�H[SRVXUH��7KLV
DXWR�ZDYHFDO�ZLOO�EH�WDNHQ�SULRU�WR�WKH�VFLHQFH�H[SRVXUH��$GGLWLRQDO�DXWR�ZDYHFDOV�ZLOO�EH�WDNHQ�DW
WKH� ILUVW�SDXVH� LQ�GDWD� WDNLQJ�DIWHU�a�����VHFRQGV�RI�H[SRVXUH� WLPH�DW� WKDW�JUDWLQJ�SRVLWLRQ�KDYH
HODSVHG�� )RU� 0$0$� REVHUYDWLRQV� LQ� SDUWLFXODU�� DXWR�ZDYHFDOV� FDQ� EH� IRUFHG� LQWR� RFFXOWDWLRQ� E\
���bNHHSLQJ�H[SRVXUHV�LQ�DQ�RUELW�DW�WKH�VDPH�JUDWLQJ�VHWWLQJ��DQG�LPSOHPHQWLQJ�HLWKHU���D�bD�VLQJOH
ORQJ�H[SRVXUH�WKDW�ILOOV�WKH�YLVLELOLW\�SHULRG�RU���E�bVKRUWHU�H[SRVXUHV�ZKRVH�VXP�LV�OHVV�WKDQ�a����
VHFRQGV�VLQFH�WKH�ODVW�DXWR�ZDYHFDO��IROORZHG�E\�DQ�H[SRVXUH�WKDW�FURVVHV�WKH������VHFRQG�ERXQGDU\
DQG�ILOOV�WKH�UHPDLQGHU�RI�WKH�YLVLELOLW\�SHULRG��6LPLODUO\��LI�VSHFWURVFRSLF�GULIWV�DUH�D�FRQFHUQ��0$0$
REVHUYDWLRQV�FDQ�EH�VSOLW� LQWR�H[SRVXUH�VXPV�WKDW�DUH�a�����VHFRQGV� LQ�GXUDWLRQ�WR�PD[LPL]H�WKH
RFFXUUHQFH� RI� DXWR�ZDYHFDOV�� 0XOWLSOH� DXWR�ZDYHFDOV� RFFXU� PRUH� QDWXUDOO\� IRU� &&'� REVHUYDWLRQV
ZKLFK�DUH�XVXDOO\�&5�VSOLW�LQWR�H[SRVXUHV�RI�a�����VHFRQGV��RU�OHVV��LQ�GXUDWLRQ�

7KHVH�ZDYHFDO�H[SRVXUHV�ZLOO�EH�SURFHVVHG�DORQJ�ZLWK�WKH�VFLHQWLILF�GDWD��DQG�WKH\�ZLOO�EH�XVHG�E\
WKH�SLSHOLQH�WR�DXWRPDWLFDOO\�FRUUHFW�WKH�]HUR�SRLQW�RIIVHWV�LQ�WKH�ZDYHOHQJWK�DQG�VSDWLDO�VFDOHV��VHH�

��&KDSWHU���

7KH� DXWRPDWLF�ZDYHFDOV� DUH� GHVLJQHG� WR� EH� RI� VXIILFLHQW� GXUDWLRQ� WR� SURGXFH� VSHFWURJUDPV�ZKLFK
FRQWDLQ�DW� OHDVW���HPLVVLRQ� OLQHV�ZLWK��� FRXQWV�SL[�DQG����FRXQWV� VXPPHG�RYHU� WKH� OLQH�� ,Q� WKRVH
UHJLRQV�RI�WKH�VSHFWUXP�ZKHUH���OLQHV�DUH�QRW�REWDLQDEOH��WKHUH�ZLOO�EH�DW�OHDVW���HPLVVLRQ�OLQH�ZLWK
���FRXQWV�SL[�DQG�����FRXQWV�VXPPHG�RYHU�WKH�OLQH��)RU�WKH�&&'��ZKHUH�LQWHJUDWLRQ�WLPHV�DUH�VKRUW�
WKH�DXWR�ZDYHFDOV�ZLOO�W\SLFDOO\�EH�WDNHQ�WR�HQVXUH�URXJKO\���WLPHV�WKLV�VLJQDO�b�:KLOH�WKH�IDGLQJ�RI
WKH� FDOLEUDWLRQ� ODPSV� KDV� UHGXFHG� WKH� FRXQW� UDWHV� RYHU� WLPH� �SDUWLFXODUO\� DW� WKH� VKRUWHVW
ZDYHOHQJWKV��� WKH�GHIDXOW�DXWR�ZDYHFDOV� VWLOO� DSSHDU� WR�SURYLGH�DGHTXDWH�]HUR�SRLQWV� IRU�QHDUO\�DOO
FRPELQDWLRQV� RI� JUDWLQJ�� FHQWUDO� ZDYHOHQJWK�� DQG� DSHUWXUH�b � 4XHVWLRQV� UHJDUGLQJ� SDUWLFXODU
FRQILJXUDWLRQV�PD\�EH�DGGUHVVHG�WR�WKH�67,6�WHDP�YLD�WKH� �+67�+HOS�'HVN

7KH�FRPELQDWLRQ�RI�WKHUPDO�FKDQJHV�EHWZHHQ�WKH�ZDYHFDO�DQG�VFLHQWLILF�H[SRVXUHV��FRXSOHG�ZLWK�WKH
DELOLW\�WR�PHDVXUH�WKH�]HUR�SRLQWV�LQ�WKH�ZDYHFDO�H[SRVXUHV��OLPLWV�WKH�DFFXUDF\�RI�WKH�DEVROXWH�]HUR
SRLQWV� WR� ���b SL[HOV� �VHH� ��� 2EVHUYHUV� ZKR� GHVLUH�PRUH� DFFXUDWH� ZDYHOHQJWKV� WKDQ೯ 6HFWLRQ� ����
WKRVH�WKDW�ZLOO�EH�DXWRPDWLFDOO\�SURYLGHG�RU�ZKR�DUH�SDUWLFXODUO\�FRQFHUQHG�DERXW�WKH�WLPH�YDULDWLRQ
RI�WKH�]HUR�SRLQW�PD\�DOVR�WDNH�WKHLU�RZQ�ZDYHFDO�H[SRVXUHV��XVLQJ�WKHb �WDUJHW�RSWLRQ��VHH�WAVE *2

��� LQ� DGGLWLRQ� WR� �RU� LQVWHDG� RI�� WKH� GHIDXOW� DXWR�ZDYHFDOV�b � 7KH� DXWR�ZDYHFDOV� FDQ� EH:DYHFDOV
RPLWWHG�E\�XVLQJ�WKH�H[SRVXUH�OHYHO�RSWLRQDO�SDUDPHWHU� ��1RWH��KRZHYHU��WKDW�XVLQJ�WKLVWAVECAL=NO
RSWLRQ�RQ� �H[SRVXUH� LQ�D�YLVLW�ZLOO� WXUQ�RII� WKH�DXWR�ZDYHFDOV� IRU� �H[SRVXUHV� LQ�WKDW�YLVLW��7KHDQ\ DOO
REVHUYHU�ZLOO�WKHQ�KDYH�WR�LQFOXGH�VXIILFLHQW�*2�ZDYHFDOV�WR�DOORZ�DGHTXDWH�ZDYHOHQJWK�FDOLEUDWLRQ�RI
WKHLU�GDWD�b�%HJLQQLQJ�LQ�&\FOH�����WKH� �RSWLRQDO�SDUDPHWHU�ZDV�LQFOXGHG�DV�D�VXSSRUWHGWAVECAL=NO
DYDLODELOLW\�PRGH�� VR� WKDW� REVHUYHUV� QR� ORQJHU� QHHG� DSSURYDO� WR� GLVDEOH� DXWR�ZDYHFDOV� WR� UHGXFH
RYHUKHDG� GXULQJ� RUELWDO� YLVLELOLW\�� 2EVHUYHUV�ZLOO� EH� UHTXLUHG�� KRZHYHU�� WR� LQFOXGH�*2�ZDYHFDOV� DW
HDFK�060�SRVLWLRQ�ZKHQ�XVLQJ�WKLV�RSWLRQ��DQG�ZLOO�QHHG�DSSURYDO�WR�XVH�ORQJHU�H[SRVXUH�WLPHV�WKDQ
WKH�GHIDXOW�YDOXHV�IRU�WKHLU�*2�ZDYHFDOV�
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*2�:DYHFDOV

2QO\�LI�2EVHUYHUV�UHTXLUH�SDUWLFXODUO\�DFFXUDWH�ZDYHOHQJWKV��WKH\�FDQ�XVH�WKHbTARGET=WAVE RSWLRQ�WRb
LQVHUW�DGGLWLRQDO�ZDYHFDO�H[SRVXUHV�LQWR�WKH�REVHUYLQJ�VHTXHQFH�

7KH� ZDYHFDOV� WDNHQ� ZLWK� � DUH� LGHQWLFDO� WR� WKRVH� WDNHQ� DXWRPDWLFDOO\� �L�H��� WKH� DXWR�TARGET=WAVE
ZDYHFDOV��ZLWK�WZR�LPSRUWDQW�H[FHSWLRQV��)LUVW��2EVHUYHUV�FDQ�H[SOLFLWO\�VSHFLI\�ZKLFK�DSHUWXUH��VOLW�
WKH\�ZLVK�WR�XVH�IRU�WKHbTARGET=WAVE H[SRVXUH��ZKHUHDV�IRU�DXWRPDWLF�ZDYHFDOV�WKH�SURJUDP�VOLW�RUb
D� SUH�GHILQHG� DOWHUQDWLYH� IRU� HDFK� JUDWLQJ� LV� XVHG��� 6HFRQG�� WKH\� FDQ� WDNH� ORQJHU� H[SRVXUHV�
LQFUHDVLQJ� WKH�VLJQDO�WR�QRLVH�RI� WKH� ODPS�H[SRVXUHV�RU�SRVVLEO\�VDWXUDWLQJ�VRPH� OLQHV� WR�EULQJ�RXW

�:KLOH�*2�ZDYHFDOV�ZLWK�WKH�GHIDXOW�H[SRVXUH�WLPHZHDNHU�OLQHV�QHDU�DVWURQRPLFDO� OLQHV�RI� LQWHUHVW�
DUH� QRZ� VXSSRUWHG�� LQFUHDVLQJ� WKH� H[SRVXUH� WLPH� LV� DQ� DYDLODEOH�EXW�XQVXSSRUWHG� RSWLRQ� �WKXV
UHTXLULQJ� MXVWLILFDWLRQ�DQG�DSSURYDO���7KH�67,6�WHDP�KDV�GHYHORSHG�UHFRPPHQGDWLRQV�IRU� LQFUHDVLQJ
WKH�ZDYHFDO�H[SRVXUH�WLPHV�IRU�VRPH�RI�WKH�VKRUWHVW�ZDYHOHQJWK�VHWWLQJV��VHH� ��$XJXVW������67$1

TARGET=WAVE� H[SRVXUHV� � ,Q� SDUWLFXODU�� WKH� OLQH�FDQQRW� EH� WDNHQ� ZLWK� DOO� VOLW�JUDWLQJ� FRPELQDWLRQV
ODPSV�FDQ�EH� WRR�EULJKW� IRU� WKH�0$0$�GHWHFWRUV�ZKHQ�XVHG�ZLWK�ZLGH�VOLWV��7KHUHIRUH�RQO\�FHUWDLQ
DSHUWXUH�JUDWLQJ� FRPELQDWLRQV� FDQ� EH� XVHG� IRU� � REVHUYDWLRQV�� 7KH� FRPSOHWH� OLVW� RITARGET=WAVE
DOORZHG�FRPELQDWLRQV�LV�SURYLGHG�RQ�WKH� �ZHE�SDJH��:KHQ�HQWHULQJ�D*2�:DYHFDO�$SHUWXUH�6HOHFWLRQ
*2�:DYHFDO�LQ� ��RQO\�WKH�SHUPLWWHG�VOLWV�ZLOO�EH�GLVSOD\HG�LQ�WKH� �PHQX�$37 APERTURE

$OWKRXJK�WKH�VOLW�ZKHHO�UHSHDWDELOLW\�FDQ�EH�JXDUDQWHHG�ZLWK�D�KLJK�OHYHO�RI�SUHFLVLRQ��VHH�6HFWLRQ�6OLW
��� REVHUYHUV�ZLVKLQJ� SDUWLFXODUO\� DFFXUDWH�ZDYHOHQJWK� FDOLEUDWLRQV�PD\�ZLVK� WRDQG�*UDWLQJ�:KHHOV

XVH�D�VOLW�IRU�WKHLU�VFLHQWLILF�H[SRVXUHV�IRU�ZKLFK�WKHUH�LV�DQ�DOORZHG�VOLW�JUDWLQJ�ZDYHFDO��RWKHUZLVH�
WKH�VOLW�ZKHHO�ZLOO�EH�PRYHG�HDFK�WLPH�WKH\�WDNH�D�ZDYHFDO�H[SRVXUH��SURGXFLQJ�D�VPDOO�DGGLWLRQDO
XQFHUWDLQW\�

�������CR-SPLIT
,Q�RUGHU� WR�DOORZ�UHMHFWLRQ�RI�FRVPLF� UD\V� LQ�SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ��REVHUYHUV�XVLQJ� WKH
67,6�&&'�VKRXOG�DOZD\V�WU\��DV�PXFK�DV�SRVVLEOH�JLYHQ�VLJQDO�WR�QRLVH�UDWLR�FRQVWUDLQWV�ZKHQ�LQ�WKH
UHDG�QRLVH�OLPLWHG�UHJLPH��WR�REWDLQ�DW�OHDVW�WZRSUHIHUDEO\�WKUHH�RU�PRUHLGHQWLFDO�&&'�H[SRVXUHV
�VHH� ��� ,Q� 3KDVHb �� WKH� � RSWLRQDO� SDUDPHWHU� �GHIDXOW� YDOXHb ��� DOORZV� HDV\6HFWLRQ� ����� II CR-SPLIT
VFKHGXOLQJ�RI�VXFK�PXOWLSOH�DVVRFLDWHG�H[SRVXUHV��<RX�VSHFLI\�WKH�WRWDO�H[SRVXUH�WLPH�DQG�VHW�CR-

��ZKHUH� �LV�WKH�QXPEHU�RI�H[SRVXUHV�WR�EUHDN�WKH�WRWDO�REVHUYLQJ�WLPH�LQWR��)RU�H[DPSOH��LISPLIT=Q Q
WKH�WRWDO�H[SRVXUH�WLPH�LV����PLQXWHV�DQG� ��WKHQ�WKUHH���PLQXWH�H[SRVXUHV�ZLOO�EH�WDNHQ�CR-SPLIT=3
7KRVH� WKUHH� H[SRVXUHV�ZLOO� EH� DVVRFLDWHG�ZLWK� RQH� DQRWKHU�� SDVVHG� WKURXJK� WKH� 676F,� FDOLEUDWLRQ
SLSHOLQH�DV�D�XQLW��DQG�D�FRVPLF�UD\IUHH�LPDJH�ZLOO�EH�SURGXFHG�GXULQJ�SLSHOLQH�SURFHVVLQJ��VHH�WKH
�67,6�&DOLEUDWLRQ��&KDSWHU�RI�WKH� ���$OORZHG�YDOXHV�RI� �DUH�LQWHJHUV�IURP67,6�'DWD�+DQGERRN CR-SPLIT
�bWRb���1RWH�WKDW�RYHUKHDGV�DUH�LQFXUUHG�IRU�HDFK� �VXEH[SRVXUH�CR-SPLIT

�������)ULQJH�)ODW�)LHOGV
7KH�67,6�&&'�H[KLELWV�IULQJLQJ�LQ�WKH�IDU�UHG��OLPLWLQJ�WKH�VLJQDO�WR�QRLVH�DFKLHYDEOH�DW�ZDYHOHQJWKV
ORQJZDUG�RI�a����b��LQ�WKH� �DQG� �VSHFWUDO�PRGHV��$V�GLVFXVVHG�LQ� ��WKH�EHVWG750L G750M 6HFWLRQ������
ZD\�RI�HOLPLQDWLQJ�WKH�IULQJHV� LQ�WKH�IDU�UHG� LV�E\�REWDLQLQJ�FRQWHPSRUDQHRXV�IODW� ILHOGV�DORQJ�ZLWK
WKH� VFLHQWLILF� REVHUYDWLRQV�� 7KHVH� �IULQJH� IODWV��PXVW� EH� WDNHQ� DW� WKH� VDPH� SRVLWLRQ� RI� WKH� 0RGH
6HOHFWLRQ�0HFKDQLVP�DV�WKH�VFLHQWLILF�GDWD��67,6�XVHUV�FDQ� LQVHUW�VXFK�FRQWHPSRUDQHRXV�IULQJH�IODW
ILHOGV�LQWR�WKH�VDPH�YLVLWV�DV�WKHLU�VFLHQWLILF�GDWD��DV�GHVFULEHG�EHORZ�
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'HVLJQLQJ�)ULQJH�)ODW�)LHOG�2EVHUYDWLRQV

2EVHUYHUV�RI�H[WHQGHG�VRXUFHV�ZLOO�W\SLFDOO\�ZDQW�WR�WDNH�WKHLU�IULQJH�IODW�ILHOGV�XVLQJ�WKH�VDPH�VOLWV
DV�WKH\�XVH�IRU�WKHLU�VFLHQWLILF�WDUJHWV��VLQFH�WKH�IODW�ILHOG�ODPS�ZLOO�WKHQ�LOOXPLQDWH�WKH�GHWHFWRU�LQ�WKH
PRVW�VLPLODU�ZD\�WR�WKH�WDUJHWV��+RZHYHU��REVHUYHUV�RI�SRLQW�VRXUFHV�ZLOO�W\SLFDOO\�IDUH�EHWWHU�LI�WKH\
XVH� VPDOO� VOLWV� �H�J��� WKRVH�ZKLFK� DUH� RWKHUZLVH� XVHG� IRU� HFKHOOH� REVHUYDWLRQV�� IRU� WKHLU� IULQJH� IODW
ILHOGV��7KH�PDLQ�UHDVRQ�IRU�WKLV�GLIIHUHQFH�LV�WKDW�WKH�36)�RI�WKH�67,6�&&'�IHDWXUHV�D�VXEVWDQWLDO�KDOR
LQ� WKH� IDU� UHG�FRQWDLQLQJ�XS� WR�����RI� WKH� WRWDO� VRXUFH� IOX[��ZKLFK�FDXVHV� WKH� IULQJHV� LQ� ODPS� IODW
ILHOGV� WR�EHKDYH�GLIIHUHQWO\� IURP� WKRVH�RI�H[WHUQDO� VRXUFHV��HVSHFLDOO\� LQ� WKH�FDVH�RI�SRLQW� VRXUFHV
�VHH�DOVR� ���)ULQJH�IODW�ILHOGV�WDNHQ�ZLWK�VKRUW�VOLWV�VLPXODWH�WKH�VSDWLDO�VWUXFWXUH�RI�SRLQW6HFWLRQ������
VRXUFHV�VLJQLILFDQWO\�EHWWHU�WKDQ�WKRVH�WDNHQ�ZLWK�ORQJ�VOLWV�

7KH�VOLWV�VXSSRUWHG�IRU�VFLHQWLILF�REVHUYDWLRQV�ZLWK�WKH� �DQG� �JUDWLQJV�DQG�WKH�DVVRFLDWHGG750L G750M
VOLWV�WR�XVH�IRU�IULQJH�IODW�ILHOGV�LQ�WKH�FDVHV�RI�ERWK�H[WHQGHG��DQG�SRLQW�VRXUFH�REVHUYDWLRQV�LQ�WKH
IDU�UHG�DUH�OLVWHG�LQ� �7DEOH�����

7DEOH�������6OLWV�IRU�([WHQGHG�6RXUFH�DQG�3RLQW�6RXUFH�)ULQJH�)ODW�)LHOGV�

6XSSRUWHG
6FLHQWLILF�6OLW

)ULQJH�)ODW�6OLW�IRU
([WHQGHG�6RXUFH
2EVHUYDWLRQV

)ULQJH�)ODW�6OLW �IRU��

3RLQW�6RXUFH�
2EVHUYDWLRQV

52X2 52X2 0.3X0.09

52X2E1 52X2 52X0.1

52X2E2 N/A 52X0.1

52X0.5 52X0.5 0.3X0.09

52X0.5E1 52X0.5 52X0.1

52X0.5E2 N/A 52X0.1

52X0.2 52X0.2 0.3X0.09

52X0.2E1 52X0.2 52X0.1

52X0.2E2 N/A 52X0.1

52X0.2F1 52X0.2F1 52X0.2F1� �DQG
�RSWLRQDO�0.3X0.09 

52X0.1 52X0.1 0.2X0.06

52X0.1E1 52X0.1 52X0.1

52X0.05 52X0.05 0.2X0.06

52X0.05E1 52X0.05 52X0.05

��6KRUW�VOLWV�DUH�FKRVHQ�VR�DV�WR�EH�FRQFHQWULF�ZLWK�WKH�PDWFKHG�ORQJ�VOLW�� �SRVLWLRQV�DUH�FKRVHQ�WRE2
EH�FRQFHQWULF�ZLWK�WKH� �DSHUWXUH�DW�URZ�����52X0.1
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$�IHZ�QRWHV�DUH�RI�LPSRUWDQFH�RQ�WKH�XVH�RI�VKRUW�VOLWV�IRU�REWDLQLQJ�IULQJH�IODW�ILHOGV�

)ULQJH�UHPRYDO�IRU�VRXUFHV�WKDW�DUH�RIIVHW�IURP�WKH�FHQWHU�RI�WKH�ORQJ�VOLW�ZLOO�QRW�EH�SRVVLEOH
ZLWK� D� VKRUW�VOLW� IULQJH� IODW� ILHOG�� RQH�KDV� WR� XVH� ORQJ�VOLW� IULQJH� IODW� ILHOGV� IRU� WKRVH� FDVHV�� $
VSHFLDO�FDVH�LQ�WKLV�UHVSHFW�LV�WKDW�RI�SRLQW�VRXUFH�VSHFWUD�ZLWK�WKH� �VOLW��DV�WKH�52X0.2F1 0.3X0.
�VOLW��ZKLFK�LV�LQ�SULQFLSOH�WKH�DSSURSULDWH�RQH�WR�XVH�IRU�IULQJH�IODWV�LQ�WKDW�FDVH��FI��09 7DEOH�����

��LV�RQO\�D�IHZ�&&'�SL[HOV�ODUJHU�WKDQ�WKH�RFFXOWLQJ�EDU�RI�WKHb �VOLW��+RZHYHU��D�VKRUW�52X0.2F1
VOLW�IULQJH�IODW�GRHV�JLYH�D�VRPHZKDW�EHWWHU�IULQJH�FRUUHFWLRQ�IRU�WKH�DUHD�FRYHUHG�E\�ERWK�WKH
VKRUW�VOLW�DQG�WKH� �VOLW��VR�LI�WKDW�DUHD�LV�RI�SDUWLFXODU�VFLHQWLILF�LQWHUHVW��ZH�UHFRPPHQG52X0.2F1
WDNLQJ�D�VKRUW�VOLW�IULQJH�IODW�DV�ZHOO�
7KH� OLPLWHG� OHQJWK� RI� WKH� VKRUW� VOLWV� XVHG� IRU� REWDLQLQJ� FRQWHPSRUDQHRXV� IODW� ILHOGV� RI� SRLQW
VRXUFHV� �������� DUFVHFRQGV�� GRHV� QRW� DOORZ� RQH� WR� VDPSOH� WKH� IXOO� 36)�� VR� WKDW� DEVROXWH
VSHFWURSKRWRPHWU\�FDQQRW�EH�SHUIRUPHG�ZLWK�WKH�VKRUW�VOLW�IULQJH�IODW�ILHOGV�DORQH��+RZHYHU��D
FRPSDULVRQ� ZLWK� WKH� SLSHOLQH�UHGXFHG� SRLQW�VRXUFH� VSHFWURJUDPV� ZLOO� HQDEOH� D� SURSHU� IOX[
FDOLEUDWLRQ�
$W�ZDYHOHQJWKV� ORQJZDUG�RI�a������ IULQJLQJ� LV� WKH�GRPLQDQW�FDOLEUDWLRQ�FRQFHUQ�DW�KLJK�6�1�
ZKHUHDV�LPSHUIHFW�FKDUJH�WUDQVIHU�HIILFLHQF\��&7(��LV�WKH�GRPLQDQW�FRQFHUQ�DW� ORZ�6�1�UDWLRV�
:H�WKHUHIRUH�UHFRPPHQG�XVLQJ�WKH� �RU� �SVHXGR�DSHUWXUHV�IRU�IDLQW�VRXUFHV�DQG�WKH�QRUPDOE1 E2
DSHUWXUH�SRVLWLRQV�LQ�WKH�ORQJ�VOLWV�IRU�KLJK�6�1�REVHUYDWLRQV�
7KH� � DSHUWXUH� SRVLWLRQV� DUH�� OLNH� WKH� � DSHUWXUH� SRVLWLRQV�� ORFDWHG� QHDU� URZ� ���� RI� WKHE2 E1
GHWHFWRU��DQG�DUH�LQWHQGHG�WR�EH�XVHG�WR�PLWLJDWH�&7(�HIIHFWV��+RZHYHU��LQ�RUGHU�WR�EHWWHU�DOLJQ
ZLWK�WKH� �DSHUWXUH��ZKLFK�LV�XVHG�IRU�IULQJH�IODWV�QHDU�URZ������WKH�WDUJHWHG�SRVLWLRQ�LV52X0.1
RIIVHW�DERXW��bSL[HO�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�IURP�WKH�SK\VLFDO�FHQWHU�RI�HDFK�DSHUWXUH��)ULQJH�
IODW�DOLJQPHQW�ZLOO�EH�VOLJKWO\�EHWWHU�WKDQ�ZKHQ�XVLQJ�WKH� �SRVLWLRQV��DOWKRXJK�IRU�WKH�E1 52X0.2E2
DSHUWXUH��WKH�WKURXJKSXW�ZLOO�EH�VOLJKWO\�UHGXFHG��7KH� �SRVLWLRQV�VKRXOG�RQO\�EH�XVHG�IRU�SRLQWE2
VRXUFH�REVHUYDWLRQV�ZKHUH�IULQJH�IODWV�DUH�QHHGHG�DQG�&7(�LV�D�FRQFHUQ��,I�D�SHDNXS�LV�GHVLUHG
EHIRUH�XVLQJ�WKH� �DSHUWXUH�SRVLWLRQV��LW�VKRXOG�EH�GRQH�XVLQJ�WKH� �DSHUWXUH�E2 52X0.1E1
7KH� OLPLWHG� OHQJWK� RI� WKH� VKRUW� VOLWV� XVHG� IRU� REWDLQLQJ� FRQWHPSRUDQHRXV� IODW� ILHOGV� RI� SRLQW
VRXUFHV� �������� DUFVHFRQGV�� LPSRVHV� D� PLQLPXP� UHTXLUHPHQW� RQ� WKH� DFFXUDF\� RI� WKH
DFTXLVLWLRQ� RI� WDUJHW� SRLQW� VRXUFHV� LQ� WKH� VOLW�� 7KH� ILQDO� DFFXUDF\� VKRXOG� EH� RI� WKH� RUGHU� RI
�bSL[HO��L�H���a�����DUFVHFRQGV���,Q�FDVH�WKH�REVHUYHU�KDV�WR�XVH�RIIVHW�DFTXLVLWLRQ�WDUJHWV��LW�LV
WKHUHIRUH� UHFRPPHQGHG� WKDW� DQ� � H[SRVXUH� LQ� D� VKRUW� VOLW� EH� SHUIRUPHG� WR� HQVXUHACQ/PEAK
FHQWHULQJ�LQ�ERWK�GLUHFWLRQV��VHH� ����6HFWLRQb�

,QVHUWLQJ�)ULQJH�)ODW�)LHOG�([SRVXUHV�LQ�3KDVH�II

$�IULQJH�IODW�ILHOG�H[SRVXUH�LV�VSHFLILHG�LQ�WKH�3KDVHb �SURSRVDO�LQSXW�DV�IROORZV�II

6SHFLI\� � WR� LQGLFDWH� WKH�H[SRVXUH�DV�D� IULQJH� IODW� ILHOG��7KH� IODW�ILHOG  Target_Name = CCDFLAT
H[SRVXUH�ZLOO�DXWRPDWLFDOO\�EH�WDNHQ�DW�o �CCDGAIN=4
6SHFLI\� � � �WR� DOORZ� FRVPLF�UD\� UHMHFWLRQ� DQG� WR� REWDLQ� DGHTXDWHNumber_Of_Iterations  = 2
VLJQDO�WR�QRLVH��
6SHFLI\� �� �� �� ��DQG� �Config Opmode Aperture Sp_Element Wavelength

�PXVW�EH�Config STIS/CCD.
�PXVW�EH�Opmode ACCUM.
�PXVW�EH�RQH�RI� �� �� �� �� �� �� �Aperture 52X2 52X0.5 52X0.2 52X0.2F1 52X0.1 52X0.05 0.3X0.09

RU� �0.2X0.06
�DQG� �PXVW�EH�RQH�RI�WKH�IROORZLQJ�FRPELQDWLRQV�Sp_Element Wavelength

6SB(OHPHQW�� �DQG�:DYHOHQJWK������G750L

6SB(OHPHQW�� �DQG�:DYHOHQJWK��RQH�RI������������������������������������������G750M 285
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6SB(OHPHQW�� �DQG�:DYHOHQJWK��RQH�RI������������������������������������������G750M
������������RU������

6SHFLI\� �DV� ��'HIDXOW���7KH�GHIDXOW�H[SRVXUH�WLPH�LV�GHWHUPLQHG�IURP�LQ�Time_Per_Exposure DEF
IOLJKW� FDOLEUDWLRQ� GDWD� DQG� HQVXUHV� D� VLJQDO�WR�QRLVH� RI� ���b WRb �� SHU� SL[HO� IRU� DOO� VHWWLQJV
PHQWLRQHG�DERYH�DQG� �b�)RU�YHU\�KLJK�6�1�REVHUYDWLRQV��H�J���XVLQJ  Number_Of_Iterations = 2
VSDWLDO�VFDQV��� LW�PD\�EH�XVHIXO�WR�REWDLQ�IULQJH�IODWV�ZLWK� ORQJHU�H[SRVXUH�WLPHV��VHH�6HFWLRQ

�IRU�PRUH�GHWDLOV��������
,I� WKH� VFLHQWLILF� GDWD� DUH� WDNHQ� LQ� ELQQHG�PRGH�� VSHFLI\�2SWLRQDO� 3DUDPHWHUV� � DQG�BINAXIS1

� LQ� WKH�VDPH�ZD\�DV� IRU� VFLHQWLILF�REVHUYDWLRQV��6XSSRUWHG�ELQQLQJ� IDFWRUV�DUHb�����BINAXIS2
DQGb��

7ZR�YHU\�LPSRUWDQW�LVVXHV�IRU�IULQJH�IODW�ILHOGV�

)ULQJH�IODW�ILHOG�H[SRVXUHV�DUH�PRYHG�LQWR�WKH�RFFXOWHG�SHULRG�ZKHQHYHU�WKH\�RFFXU�DV�WKH�ILUVW
RU�ODVW�H[SRVXUH�LQ�DQ�RUELW��7KXV�WKH�XQRFFXOWHG�SRUWLRQ�RI�WKH�RUELW�FDQ�EH�ILOOHG�ZLWK�VFLHQWLILF
REVHUYDWLRQV� DQG� WKH� IULQJH� IODW� FDQ� EH� WDNHQ� GXULQJ� WKH� RFFXOWDWLRQ� E\� SODFLQJ� LW� DW� WKH
EHJLQQLQJ�RU�HQG�RI�WKH�RUELW�
)ULQJH�IODW�ILHOGV�DUH�HIIHFWLYH�RQO\� LI�WDNHQ�ZLWKRXW�D�PRYH�RI�WKH�0RGH�6HOHFWLRQ�0HFKDQLVP
EHWZHHQ� WKH� VFLHQWLILF� H[SRVXUH� DQG� WKH� IULQJH� IODW� ILHOG�� 2EVHUYHUV� � HQVXUH� WKDW� LI� WKHPXVW
VSHFWUDO�HOHPHQW�RU�ZDYHOHQJWK�VHWWLQJ�LV�FKDQJHG�GXULQJ�DQ�RUELW�LQ�ZKLFK�WKH\�ZLVK�WR�REWDLQ
D� IULQJH� IODW�� 7KH\� WKHQb SODFH� WKH� IULQJH� IODW�ILHOG� H[SRVXUH� LPPHGLDWHO\� EHIRUH� RU� DIWHU� WKH
VFLHQWLILF� H[SRVXUH�V�� WKH\� ZLVK� WR� GH�IULQJH�� ,Q� VRPH� FDVHV� �H�J��� IRU� D� ORQJ� VHULHV� RI
H[SRVXUHV��� WKH�REVHUYHU�PD\�FKRRVH�WR�EUDFNHW� WKH�VFLHQWLILF�H[SRVXUHV�ZLWK� IULQJH� IODW�ILHOG
H[SRVXUHV�WR�EH�DEOH�WR�DFFRXQW�IRU�DQ\�WKHUPDO�GULIWV�

3OHDVH�UHIHU�WR�WKH� �RQ�GHIULQJLQJ�DQG�FKRRVLQJ�DSSURSULDWH� IULQJH�IODWV��-XO\������67$1�DUWLFOH 67,6
�IRU�PRUH�GHWDLOV�DERXW�1,5�IULQJH�IODWV�� �IRU�IULQJLQJ�LQ�VSHFWURJUDPV�RI,65�������� 67,6�,65��������

H[WHQGHG�VRXUFHV��DQG� �5HYLVLRQ�$��IRU�IULQJLQJ�LQ�VSHFWURJUDPV�RI�SRLQW�VRXUFHV�DV67,6�,65���������
ZHOO�DV�PRUH�JHQHUDO� IULQJLQJ�DQDO\VLV�DQG�GHWDLOV� UHODWHG� WR� WKH� �DSHUWXUH�b �7KH�52X0.2F1 VWLVWRROV

�FRQWDLQV�D�IXOO�RYHUYLHZ�DQG�XVHU�JXLGH�IRU�WKH�FXUUHQW�GHIULQJLQJ�WRRO�VXLWH�GHIULQJH�GRFXPHQWDWLRQ
UHFHQWO\�SRUWHG�IURP�WKH�RULJLQDO� �GHIULQJH�WRROV�LQWR�S\WKRQ�,5$)

�������5HSHDW�([SRVXUHV
$� VHULHV� RI� PXOWLSOH� UHSHDWHG� LGHQWLFDO� H[SRVXUHV� FDQ� EH� WDNHQ� PRVW� HDVLO\� XVLQJ� WKH�

�RSWLRQDO�SDUDPHWHU� LQ�3KDVHb �� ,Q� WKLV�ZD\�� WLPH�UHVROYHG�REVHUYDWLRQV�DWNumber_Of_Iterations II
PLQLPXP�WLPH�LQWHUYDOV�RI�URXJKO\���bVHFRQGV�IRU�WKH�&&'��LI�VXEDUUD\V�DUH�XVHG��DQG���bVHFRQGV�IRU
WKH�0$0$�FDQ�EH� WDNHQ� LQ� �RSHUDWLQJ�PRGH��7KH�RXWSXW�RI� WKLV�PRGH� LV�D�VHULHV�RI� LGHQWLFDOACCUM
H[SRVXUHV�� )RU� LQVWDQFH�� LI� WKH� H[SRVXUH WLPH� LV� ��� VHFRQGV�� DQGb � VHWb bNumber_Of_Iterations =20�

�7KHVH� WZHQW\�H[SRVXUHV�ZLOO�EH�DVVRFLDWHG�ZLWK�RQHWZHQW\����VHFRQG�H[SRVXUHV�ZLOO�EH�REWDLQHG�
DQRWKHU� DQG� SURFHVVHG� WKURXJK� WKH� SLSHOLQH� DV� D� XQLWWKH� LQGLYLGXDO� H[SRVXUHV� ZLOO� EH� IXOO\
FDOLEUDWHG�DQG�D�VXPPHG�LPDJH�ZLOO�DOVR�EH�SURGXFHG�IRU�0$0$�GDWD�DV�ZHOO�DV�D�FRVPLF�UD\�UHMHFWHG
LPDJH�IRU�&&'�GDWD��VHH�DOVR� ��&KDSWHU���
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�����3DWWHUQV�DQG�'LWKHULQJ
�������67,6�,PDJLQJ�3DWWHUQV
�������67,6�6SHFWURVFRSLF�3DWWHUQV
�������*HQHULF�3DWWHUQV
�������&RPELQLQJ�3DWWHUQV
�������'LWKHU�6WUDWHJLHV

$� � UHIHUV� WR� D� VHULHV� RI� H[SRVXUHV� RI� D� VLQJOH� WDUJHW� WDNHQ� DW� VOLJKWO\� GLIIHUHQW� WHOHVFRSHSDWWHUQ
SRLQWLQJV��ZLWK�WKH�VDPH�VHW�RI�JXLGH�VWDUV��)RU�67,6��SDWWHUQV�DUH�FRPPRQO\�XVHG�WR�

'LWKHU�WR�GHFUHDVH�WKH�HIIHFWV�RI�VPDOO�VFDOH�GHWHFWRU�QRQXQLIRUPLW\��HOLPLQDWH�KRW�SL[HOV��DQG
�RU� LQFUHDVH� WKH� VSDWLDO� UHVROXWLRQ� �WKH� ODWWHU� UHTXLUHV� VXE�SL[HO� VWHSSLQJ�� E\� RIIVHWWLQJ� WKH
WDUJHW�DORQJ�D�ORQJ�VOLW�LQ�WKH�VSDWLDO�GLUHFWLRQ�IRU�VSHFWURVFRSLF�REVHUYDWLRQV�RU�E\�SHUIRUPLQJ�D
VPDOO�VWHSSLQJ�SDWWHUQ�IRU�LPDJLQJ�RU�VOLWOHVV�VSHFWURVFRSLF�REVHUYDWLRQV��VHH� ��6HFWLRQ�������
6SHFWURVFRSLFDOO\�PDS�RXW�D�WZR�GLPHQVLRQDO�UHJLRQ�RI�WKH�VN\�E\�VWHSSLQJ�WKH�VOLW�DFURVV�WKH
REMHFW�RI�LQWHUHVW�
6SHFWURVFRSLFDOO\�VXEVDPSOH�WKH�OLQH�VSUHDG�IXQFWLRQ�E\�VWHSSLQJ�D�IUDFWLRQ�RI�D�SL[HO�DORQJ�WKH
GLVSHUVLRQ�GLUHFWLRQVHH� �6HFWLRQ�����

,Q�&\FOHV���WKURXJK�����SDWWHUQV�ZHUH�GHILQHG�DQG�WKHQ�DGGHG�WR�H[SRVXUHV�DV�VSHFLDO�UHTXLUHPHQWV�
,Q�WKH� �2UELW�3ODQQHU��WKLV�DSSURDFK�ZDV�UHSODFHG�E\�WKH�XVH�RI�SDWWHUQ�FRQWDLQHUV��7KH�REVHUYHU$37
VHOHFWV�D�SDWWHUQ� �RU�FRQVWUXFWV�D�FRPSRVLWH�SDWWHUQ�� IURP�D� OLVW�RI�JHQHULF�DQG� LQVWUXPHQW�VSHFLILF
SDWWHUQV� DQG� WKHQ� GHILQHV� RQH� RU� PRUH� SDWWHUQ� FRQWDLQHUV� ZKLFK� XVH� WKLV� VHOHFWHG� SDWWHUQ�� 7KH
H[SRVXUHV�WR�EH�GLWKHUHG�DUH�WKHQ�SXW�LQWR�WKHVH�FRQWDLQHUV�

7KH� SUH�GHILQHG� 67,6� SDWWHUQV� KDYH� D� QXPEHU� RI� DGMXVWDEOH� SDUDPHWHUV�� $OO� SDWWHUQV� DOORZ� WKH�
��ZKLFK�LV�JLYHQ�LQ�XQLWV�RI�DUFVHFRQGV��DV�ZHOO�DV�WKH� ��JLYHQ�LQ�XQLWVPoint_Spacing Pattern_Orient

RI�GHJUHHV��WR�EH�DGMXVWHG�E\�WKH�REVHUYHU��6SHFLI\LQJ� bZLOO�FDXVH�WKH�SDWWHUQ� �Center_Pattern = YES
DV�D�ZKROH�WR�EH�FHQWHUHG�DW�WKH�VSHFLILHG�FRRUGLQDWHV��RWKHUZLVH��WKH�JLYHQ�FRRUGLQDWHV�ZLOO�DSSO\�WR
WKH�ILUVW�SRLQW�LQ�WKH�SDWWHUQ�

$� IXOO� GHVFULSWLRQ� RI� DOO� SDWWHUQV�� LQFOXGLQJ� LOOXVWUDWLRQV� DQG�D� OLVW� RI� DOO� DGMXVWDEOH� SDUDPHWHUV� DQG
GHIDXOW�YDOXHV�IRU�HDFK�SDWWHUQ�W\SH��DUH�JLYHQ�LQ�WKH� ��$GGLWLRQDO+67�3KDVH� �3URSRVDO�,QVWUXFWLRQVII
H[DPSOHV�DQG�DGYLFH�DUH�JLYHQ� LQ� WKH� �� WKH�RQOLQH�'LWKHU�+DQGERRN GUL]]OHSDF�GRFXPHQWDWLRQ�� 7KH

�� DQG� WKH� RWKHU� UHIHUHQFHV� OLVWHG� DW� WKH� HQG� RI� WKLV� �+RIIPDQQ� HW� DO�� �����'UL]]OH3DF� +DQGERRN
VHFWLRQ�

�������67,6�,PDJLQJ�3DWWHUQV
STIS-SPIRAL-DITH� FDQ� EH� XVHG� WR�PDNH� D�PRVDLF� RI� LPDJHV�� ,W� SHUIRUPV� D� VSLUDO� GLWKHU� SDWWHUQ�
VWDUWLQJ� DW� WKH� FHQWHU� DQG� PRYLQJ� RXWZDUG� FRXQWHUFORFNZLVH�� )RU� WKLV� SDWWHUQ�� ERWK� WKH�

�DQG�WKH� ��LQ�DUFVHFRQGV��PXVW�EH�VSHFLILHG�E\�WKH�REVHUYHU�Number_of_Points Point_Spacing

STIS-CCD-BOX�DQG� �DUH�SDUDOOHORJUDPV�EDVHG�RQ�WKH�%2;�SDWWHUQV�XVHG�ZLWK�:)3&�STIS-MAMA-BOX
DQG�67,6�LQ�&\FOHb��WR�GLWKHU�LPDJHV��7KH�GHIDXOW�SDUDPHWHUV�IRU�WKHVH�WZR�SDWWHUQV�JLYH�RIIVHWV�LQ
LQWHJHU�QXPEHUV�RI�SL[HOV�DORQJ�WKH�;�D[LV�DQG�<�D[LV��ZKLFK�FDQ�EH�XVHG��IRU�H[DPSOH��WR�GLWKHU�KRW
SL[HOV��%\�GLYLGLQJ�WKH�GHIDXOW�SRLQW�VSDFLQJ�E\b���RQH�FDQ�DFKLHYH�KDOI�SL[HO�VKLIWV�LQ�HDFK�FRRUGLQDWH
WR�LPSURYH�VSDWLDO�VDPSOLQJ�
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�������67,6�6SHFWURVFRSLF�3DWWHUQV
STIS-ALONG-SLIT��ZKLFK�VWHSV�WKH�WDUJHW�DORQJ�WKH�VOLW��FDQ�EH�XVHG�WR�GLWKHU�KRW�SL[HOV��LQWHJHU�SL[HO
VWHSV��RU�WR�LPSURYH�VSDWLDO�VDPSOLQJ��IUDFWLRQDO�SL[HO�VWHSV��LQ�VSHFWURVFRSLF�LPDJHV��VHH�)LJXUH�����
��

STIS-PERP-TO-SLIT� FDQ� EH� XVHG� WR� VWHS� WKH� VOLW� DFURVV� DQ� H[WHQGHG� VRXUFH� WR�PDS� WKH� VSHFWUDO
FKDUDFWHULVWLFV� RI� WKH� VRXUFH� �VHH� ��� ,W� FDQ� DOVR� EH� XVHG� WR� VXEVDPSOH� WKH� OLQH� VSUHDG)LJXUH� ����
IXQFWLRQ�E\�PRYLQJ�D�WDUJHW�E\�IUDFWLRQV�RI�D�SL[HO�

)RU�ERWK�RI�WKHVH�SDWWHUQV��WKH� ��LQ�DUFVHFRQGV��DQG�WKH� �PXVW�EHPoint_Spacing Number_of_Points
VSHFLILHG�E\�WKH�REVHUYHU�

�������*HQHULF�3DWWHUQV
*HQHULF�SDWWHUQV��DYDLODEOH�IRU�DOO�LQVWUXPHQWV��KDYH�EHHQ�DGGHG�IRU�IOH[LELOLW\�LQ�SDWWHUQ�GHVLJQ��7KH
JHQHULF� � SDWWHUQ� DOORZV� IRU�PRYHPHQW� DORQJ�D� OLQH� DW� DQ� DUELWUDU\� DQJOH�� 7KH�JHQHULF�LINE SPIRAL
SDWWHUQ�LV�HVVHQWLDOO\�WKH�VDPH�DV�WKH� �STIS-SPIRAL-DITH

�������&RPELQLQJ�3DWWHUQV
,Q�&\FOH����WKH�DELOLW\�WR�FRPELQH�WZR�SDWWHUQV�ZDV�LQWURGXFHG��$IWHU�VHOHFWLQJ�D�SDWWHUQ�DQG�GHILQLQJ
LWV�SDUDPHWHUV��RQH�FDQ�FKRRVH�WR�DGG�D�VHFRQGDU\�SDWWHUQ��ZKLFK�LV�WKHQ�H[HFXWHG�DW�HDFK�SRLQW�LQ
WKH�SULPDU\�SDWWHUQ��7KH�VHFRQGDU\�SDWWHUQ�FDQ�HLWKHU�EH�FHQWHUHG�RQ�WKH�SULPDU\�SRLQWV�RU� LW�FDQ
XVH� WKH� SULPDU\� SRLQWV� DV� LWV� LQLWLDO� SRLQWV�� )RU� H[DPSOH�� LQVWHDG� RI� MXVW� VWHSSLQJ� D� VOLW� DFURVV� DQ
H[WHQGHG� WDUJHW� DW� ILYH� SRLQWV� ZLWK� �� \RX� FDQ� DGG� � ZLWK� WZRSTIS-PERP-TO-SLIT STIS-ALONG-SLIT
SRLQWV�WR�PDNH�D��b ��JULG�RI�REVHUYDWLRQV��,I� IRU�ERWK�SDWWHUQV��WKH�JULG�ZLOO�b Center_Pattern=yes 
EH�FHQWHUHG�RQ�WKH�WDUJHW�SRVLWLRQ��7R�FKHFN� LI�D�SDWWHUQ�KDV�EHHQ�VHOHFWHG�FRUUHFWO\��WKH�REVHUYHU
FDQ�GLVSOD\�LW�XVLQJ�WKHb �$37

6WHSSLQJ� D� 7DUJHW� $ORQJ� D� /RQJ� 6OLW� WR� 'LWKHU� +RW� 3L[HOV� RU� ,PSURYH� 6SDWLDO)LJXUH� ������ 288



6WHSSLQJ� D� 7DUJHW� $ORQJ� D� /RQJ� 6OLW� WR� 'LWKHU� +RW� 3L[HOV� RU� ,PSURYH� 6SDWLDO)LJXUH� ������
6DPSOLQJ��

7KLV�H[DPSOH�VKRZV�WKH�SDWWHUQ� ��ZLWK� �DQG�STIS-ALONG-SLIT � �NUMBER_OF_POINTS = 5 � �POINT_SPACING =
��DUFVHFRQGV��0.15

6WHSSLQJ�7DUJHW�3HUSHQGLFXODU�WR�6OLW�WR�0DS���'�5HJLRQ�RI�6N\��)LJXUH������� 289
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7KLV� H[DPSOH� VKRZV� WKH� SDWWHUQ� �� ZLWK� DQG�STIS-PERP-TO-SLIT � �NUMBER_OF_POINTS = 5 
��DUFVHFRQGV��� �POINT_SPACING = 0.2

�������'LWKHU�6WUDWHJLHV
7KHUH� LV�QR�VLQJOH�REVHUYLQJ�VWUDWHJ\�WKDW� LV�HQWLUHO\�VDWLVIDFWRU\� LQ�DOO�FLUFXPVWDQFHV�IRU�67,6��2QH
PXVW� FRQVLGHU� FRVPLF� UD\V�� KRW� SL[HOV� �SL[HOV� ZLWK� KLJK�� WLPH�YDULDEOH� GDUN� FXUUHQW��� DQG� VSDWLDO
XQGHUVDPSOLQJ�RI�WKH�LPDJH��2QH�VWUDWHJ\�WKDW�FDQ�EH�XVHG�WR�PLQLPL]H�WKH�HIIHFWV�RI�XQGHUVDPSOLQJ
DQG�WR�UHGXFH�WKH�HIIHFWV�RI�KRW�SL[HOV�LV�WR� ��WKDW�LV��WR�RIIVHW�WKH�WHOHVFRSH�EHWZHHQ�H[SRVXUHVGLWKHU
E\�HLWKHU�LQWHJHU�RU�VXE�SL[HO�VWHSV��7KH�EHVW�FKRLFH�IRU�WKH�QXPEHU�DQG�VL]H�RI�WKH�GLWKHUV�GHSHQGV
RQ�WKH�DPRXQW�RI�WLPH�DYDLODEOH�DQG�WKH�JRDOV�RI�WKH�SURMHFW��,Q�WKH�IROORZLQJ�ZH�ZLOO�DGGUHVV�D�IHZ
LVVXHV�UHODWHG�WR�GLWKHULQJ�

�8QGHUVDPSOLQJ�RI� LPDJHV � ,QGLYLGXDO� LPDJHV�WDNHQ�ZLWK�VXE�SL[HO�RIIVHWV�FDQ�EH�FRPELQHG�WR
IRUP�DQ� LPDJH�ZLWK�KLJKHU�VSDWLDO� UHVROXWLRQ�WKDQ�WKDW�RI� WKH�RULJLQDO� LPDJHV��$�VLQJOH�GLWKHU
IURP�WKH�RULJLQDO�SL[HO�SRVLWLRQ��FDOO�LW��������WR�RQH�RIIVHW�E\�KDOI�D�SL[HO�LQ�ERWK�[�DQG�\����������
ZLOO� SURGXFH�D�JDLQ� LQ� VSDWLDO� LQIRUPDWLRQ��2Q� WKH�RWKHU�KDQG��YHU\� OLWWOH�H[WUD� LQIRUPDWLRQ� LV
JDLQHG�IURP�REWDLQLQJ�PRUH�WKDQ�IRXU�SRVLWLRQV��7KHUHIRUH�WKH�UHFRPPHQGHG�QXPEHU�RI�VXE�
SL[HO�GLWKHU�SRVLWLRQV�LV�EHWZHHQ��bDQGb��

��8QGHUVDPSOLQJ�RI�VSHFWUDO� LPDJHV 7KH�VSDWLDO�XQGHUVDPSOLQJ�RI�FRPSDFW�VRXUFHV� LQ�VSHFWUDO
LPDJHV�EHFRPHV�DSSDUHQW�DIWHU�WKH�LPDJHV�DUH�UHFWLILHG�� ,QWHUSRODWLRQ�GXULQJ�WKH�UHFWLILFDWLRQ
SURFHVV�VSUHDGV�IOX[�IURP�WKH�ORFDO�SHDN�URZ�RI�WKH�VSHFWUXP�LQWR�DGMDFHQW�URZV��7KH�UHVXOW�LV
XQGXODWLRQ�RI�WKH�IOX[�OHYHO�LQ�WKH�LQGLYLGXDO�VSHFWUDO�URZV�RI�WKH�UHFWLILHG�LPDJH��,I�WKH�VSHFWUXP
LV�QHDUO\�KRUL]RQWDO�RQ�WKH�GHWHFWRU��ZKLFK�LV�WKH�FDVH�IRU�JUDWLQJV� �� �� ��G140L G230LB G230MB G430L
��DQG� ���WKH�UHVXOWLQJ�XQGXODWLRQ�SDWWHUQ�LV�EURDG�DQG�LUUHJXODU��2Q�WKH�RWKHU�KDQG��LI�WKHG750L
VSHFWUXP�KDV�DQ�DSSUHFLDEOH�WLOW�DFURVV�WKH�GHWHFWRU��DV�IRU�JUDWLQJV� �� �� ��G140M G230M G230L G430M
��DQG� ��VHH�H�J��� ���WKH�XQGXODWLRQ�LV�TXDVL�SHULRGLF��7ZR�UHSUHVHQWDWLYHG750M 67,6�,65��������
FDVHV�DUH�VKRZQ�LQ� ��ZKLFK�GLVSOD\V�WKH�IOX[�LQ�WKH�SHDN�URZ�LQ�WKH�UHFWLILHG�LPDJH)LJXUH�����
QRUPDOL]HG� E\� WKH� WRWDO� IOX[� IRU� VWHOODU� REVHUYDWLRQV� WDNHQ� ZLWK� � �WRS�� DQG�G430L G750M
�ERWWRP��b �1RWH� WKDW� WKLV�HIIHFW� LV� LQFRQVHTXHQWLDO� LQ�PRVW�FDVHV�� LI� WKH�VRXUFH� LV�XQUHVROYHG�
VHYHUDO� URZV� RI� WKH� VSHFWUXP�ZLOO� EH� H[WUDFWHG� WR�PDNH� D� VLQJOH� VSHFWUXP�� HOLPLQDWLQJ� WKH
HIIHFW��LI�WKH�VRXUFH�LV�VXIILFLHQWO\�H[WHQGHG�WR�EH�ZHOO�VDPSOHG��WKH�XQGXODWLRQV�ZLOO�QRW�RFFXU�
$�SUREOHPDWLF� VLWXDWLRQ� LV� HQFRXQWHUHG�ZKHQ� URZ�E\�URZ�VSHFWUDO� DQDO\VHV�DUH�QHHGHG�RI� DQ
H[WHQGHG�FRPSRQHQW�ZKLFK�LV�DIIHFWHG�E\�WKH�XQGXODWLRQV�SURGXFHG�E\�D�FRPSDFW�FRPSRQHQW
�H�J��� QHDU� WKH� FHQWHU� RI� D� JDOD[\� FRQWDLQLQJ� DQ� DFWLYH� QXFOHXV��� )RU� H[DPSOH�� NLQHPDWLF
PHDVXUHPHQWV� RI� VSDWLDOO\� H[WHQGHG� HPLVVLRQ� RU� DEVRUSWLRQ� OLQHV� FDQ� EH� DIIHFWHG� LQ� FDVHV
ZKHUH�D�FRPSDFW�FRQWLQXXP�FRPSRQHQW�SURGXFHV�D�EDVHOLQH�WKDW�IOXFWXDWHV�UDSLGO\�DFURVV�WKH
VSHFWUDO�OLQHV�RI�LQWHUHVW��7KH�DPSOLWXGH�RI�WKH�IOXFWXDWLRQV�FDQ�EH�UHGXFHG�E\�XVLQJ�WKH�3\WKRQ
WRRO� � LQVWHDG� RI� �� �6HH� �� EXW� QRWH� WKDW� WKLV� UHIHUHQFHV� WKH�Z[�G [�G 67,6� ,65� ������� 3<5$)
YHUVLRQ� RI� WKH� WRRO��� 7R� REWDLQ� VXEVWDQWLDOO\� JUHDWHU� LPSURYHPHQW�� RQH� PXVW� FRPELQH� GDWD
GLWKHUHG�E\�D�QRQ�LQWHJHU�QXPEHU�RI�SL[HOV�DORQJ� WKH�VOLW�� �H�J���1�����SL[HOV���EXW�EH�DZDUH
WKDW�VSHFWURVFRSLF�GDWD�DUH�QRW�VXSSRUWHG�E\� �$VWUR'UL]]OH
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8QGXODWLRQV� LQ� WKH�)OX[�/HYHO�RI� ,QGLYLGXDO�5RZV� LQ�5HFWLILHG�6SHFWUD�RI�3RLQW)LJXUH�������
6RXUFHV��&DXVHG�E\�5HFWLILFDWLRQ�RI�6SDWLDOO\�8QGHUVDPSOHG�6SHFWUDO�,PDJHV�

�+RW�3L[HOV� LQ�&&'�'DWD �7KHUH�DUH�WKUHH�ZD\V�WR�GHDO�ZLWK�KRW�SL[HOV�� ����&RUUHFW�WKHP�XVLQJ
VXSHUGDUNV�FRQVWUXFWHG�IURP�GDUNV�WDNHQ�RQ�WKH�GD\�RI�WKH�REVHUYDWLRQ��7KHVH�FDQ�EH�FUHDWHG
XVLQJ� � ��VLPLODU�WR�WKH�SUHYLRXVO\�UHFRPPHQGHG�WDVN� �LQ� ������VWLVWRROV ZHHNGDUN GD\GDUN 676'$6
'LWKHU� E\� DQ� LQWHJHU� QXPEHU� RI� SL[HOV��'LWKHUHG� LPDJHV� FDQ� EH� FRPELQHG�ZLWK� �$VWUR'UL]]OH
GLWKHUHG�VSHFWUDO�LPDJHV�FDQ�EH�DOLJQHG�ZLWK�WKH�3\WKRQ�WRRO� �EHIRUH�EHLQJ�FRPELQHG�ZLWK�VVKLIW

��,I�WKUHH�RU�PRUH�H[SRVXUHV�DUH�REWDLQHG��FROG�SL[HOV�WKDW�SURGXFH�ORZ�IOX[HV�FDQ�EHRFUUHMHFW
UHMHFWHG� �H�J���ZLWK� ��ZKLFK� DOORZV� UHMHFWLRQ� RI� ORZ� IOX[HV� DV�ZHOO� DV� KLJK� IOX[HV��PVFRPELQH
$OWHUQDWLYHO\��DQRPDORXVO\�ORZ�IOX[HV�FDQ�EH�VHW�WR�YHU\�KLJK�YDOXHV��H�J���DV�SUHYLRXVO\�GRQH
ZLWK� �� WKH\�FDQ�WKHQ�EH�UHMHFWHG�E\� � OLNH�KRW�SL[HOV�RU�FRVPLF�UD\V�b ����8VH�DLPUHSO� RFUUHMHFW
WDVN� VXFK� DVb � � � WR� ILOWHU� RXW� WKH� NQRZQ�KRW� SL[HOV�� +RW676'$6 ZDUPSL[ �QR� ORQJHU� VXSSRUWHG�
SL[HOV�DUH�IODJJHG�LQ�WKH�GDWD�TXDOLW\�DUUD\�GXULQJ�GDUN�VXEWUDFWLRQ�DQG�SURSDJDWH�WKURXJK�WR
WKH�RXWSXW�LPDJHV�

�+RW�3L[HOV�LQ�0$0$�GDWD �7KH�0$0$�GHWHFWRUV�VKRZ�IHZ�KRW�SL[HOV�DQG�WKH\�DSSHDU�WR�HYROYH
VORZO\�� WKXV� WKH\� DUH� XVXDOO\� QRW� DQ� LVVXH�� 1HYHUWKHOHVV�� GLWKHULQJ� LV� DQ� HDV\�ZD\� WR� DYRLG
WKHP��DQG�WKHUH�LV�QR�UHDG�QRLVH�RU�FRVPLF�UD\�UHPRYDO�SHQDOW\�IRU�GRLQJ�VR�

��&RVPLF�5D\V &RVPLF�UD\V�LQ�WKH�UDZ�&&'�LPDJHV�DUH�PRVW�HDVLO\�UHPRYHG�E\�UXQQLQJ�RFUUHMHFW
RQ� � H[SRVXUHV�� $W� OHDVW� WZR� H[SRVXUHV� DUH� QHHGHG�� EXW� PRUH� DUH� UHFRPPHQGHG�CR-SPLIT
HVSHFLDOO\� IRU� ORQJHU� H[SRVXUHV� ZKHUH� WKH� SRVVLELOLW\� RI� FRVPLF� UD\� FRLQFLGHQFH� LQ� WZR
H[SRVXUHV� LV� JUHDWHU�� )RU� VSHFWURVFRSLF� REVHUYDWLRQV�� LQWHJHU� SL[HO� GLWKHUV� DORQJ� WKH� VOLW� DUH
UHFRPPHQGHG�WR�DLG�LQ�WKH�UHMHFWLRQ�RI�KRW�DQG�FROG�SL[HOV�DORQJ�ZLWK�FRVPLF�UD\V��DV�GLVFXVVHG
DERYH��)RU�LPDJLQJ�REVHUYDWLRQV��GLWKHUHG�H[SRVXUHV�DUH�UHFRPPHQGHG�IRU�WKH�VDPH�UHDVRQV�
EXW�ZLOO�KDYH�WR�EH�FRPELQHG�ZLWK�D�WDVN�OLNH� ��D�PRUH�UHVRXUFH�LQWHQVLYH�DQG�WLPH�$VWUR'UL]]OH
FRQVXPLQJ�SURFHVV�

�'LWKHULQJ� 6SHFWURVFRSLF� 2EVHUYDWLRQV � ,Q� WKH� FDVH� RI� VSHFWURVFRSLF� REVHUYDWLRQV�� H[WUD� FDUH
VKRXOG�EH�WDNHQ�LQ�FKRRVLQJ�WKH�RSWLPXP�GLWKHU�VWUDWHJ\��ZKLFK�GHSHQGV�RQ�WKH�VSDWLDO�H[WHQW
RI� WKH� H[WUDFWLRQV� DQG� WKH� QDWXUH� RI� WKH� VFLHQFH� WDUJHW�� +RZHYHU�� LW� PXVW� EH� QRWLFHG� WKDW292
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VKRXOG�EH�WDNHQ�LQ�FKRRVLQJ�WKH�RSWLPXP�GLWKHU�VWUDWHJ\��ZKLFK�GHSHQGV�RQ�WKH�VSDWLDO�H[WHQW
RI� WKH� H[WUDFWLRQV� DQG� WKH� QDWXUH� RI� WKH� VFLHQFH� WDUJHW�� +RZHYHU�� LW� PXVW� EH� QRWLFHG� WKDW
GLWKHULQJ�VSHFWURVFRSLF�REVHUYDWLRQV�ZLOO�RQO\�EH�XVHIXO�LI�WKH�H[SRVXUH�WLPHV�DUH�ORQJ�HQRXJK�

�VHH� ��HVSHFLDOO\�IRU�&&'�VSHFWUD�WKDW�FDQ�EHFRPH�VHYHUHO\�UHDG�QRLVH�OLPLWHG� 6HFWLRQ������
�6SHFWUD�RI� 3RLQW�6RXUFHV ���'� ILUVW�RUGHU� VSHFWUD�RI�SRLQW� VRXUFHV�DUH�XVXDOO\�H[WUDFWHG

RYHU���VSDWLDO�SL[HOV� IRU� WKH�&&'�����VSDWLDO�SL[HOV� IRU� WKH�0$0$V��GXULQJ�67,6�SLSHOLQH
SURFHVVLQJ��� +HQFH�� WKH� HIIHFW� RI� KRW� SL[HOV� LV� H[DFHUEDWHG� FRPSDUHG� WR� WKH� FDVH� RI
LPDJLQJ�REVHUYDWLRQV��7KH�EHVW�SUDFWLFH�LV�WR�GLWKHU�WKH�WDUJHW�E\�DQ�RIIVHW�ODUJH�HQRXJK
WR�DYRLG�KDYLQJ�WKH�VDPH�KRW�SL[HOV�IDOO� LQ�WKH� LQGLYLGXDO�H[WUDFWHG�VSHFWUD��7KLV�PHDQV
WKDW� WKH� VSHFWUXP�VKRXOG�EH�PRYHG�E\�PRUH� WKDQ������DUFVHFRQGV� �IRU� D���SL[HO�&&'
H[WUDFWLRQ��DORQJ�WKH�VOLW�EHWZHHQ�GLWKHU�SRVLWLRQV��([SRVXUHV�ZLWK�LQWHJHU�SL[HO�VKLIWV�FDQ
EH� DOLJQHG� ZLWK� �� $� SDLU� RI� GLWKHUHG� H[SRVXUHV� LV� SUHIHUDEOH� WR� D�VVKLIW CR-SPLIT=2
H[SRVXUH�� EXW�PRUH� H[SRVXUHV� �H�J��� � GLWKHUHG� H[SRVXUHV�� ZLOO� SURYLGH� EHWWHUCR-SPLIT
FRVPLF�UD\�UHMHFWLRQ��HVSHFLDOO\�IRU�ORQJ�H[SRVXUH�WLPHV�

�6SHFWUD�RI�([WHQGHG�6RXUFHV �)RU�H[WHQGHG�VRXUFHV��RQH�VKRXOG�FRQVLGHU�WKH�VSDWLDO�VL]H
RI� WKH� H[WUDFWLRQV� WR� EH� PDGH� GXULQJ� SRVW�REVHUYDWLRQ� DQDO\VLV�� RU� ZKHWKHU� UHFWLILHG
VSHFWUDO� LPDJHV� ZLOO� EH� DQDO\]HG� LQVWHDG� RI� H[WUDFWHG� VSHFWUD�� 7R� HQDEOH� D� SURSHU
UHMHFWLRQ� RI� KRW� SL[HOV� ZLWKLQ� EURDG� H[WUDFWLRQV�� WKH� WHOHVFRSH� PRYH� EHWZHHQ� GLWKHUV
VKRXOG�EH�ODUJHU�WKDQ�WKH�VSDWLDO�VL]H�RI�WKH�H[WUDFWLRQV�PDGH��,I�D�VSHFWUDO�LPDJH�LV�WR�EH
DQDO\]HG��DQG�WKH�UHJLRQ�RI�LQWHUHVW�LV�DW�RU�QHDU�D�VKDUS�SHDN�LQ�WKH�VXUIDFH�EULJKWQHVV
GLVWULEXWLRQ��RQH�VKRXOG�FRQVLGHU�GLWKHULQJ�E\�D�QRQ�LQWHJHU�QXPEHU�RI�SL[HOV�WR�GHDO�ZLWK
WKH�XQGXODWLRQ�LVVXH�GXH�WR�XQGHUVDPSOLQJ��VHH�DERYH��

��'LWKHULQJ� RI� (FKHOOH� 2EVHUYDWLRQV %HFDXVH�PRVW� HFKHOOH� REVHUYDWLRQV� DUH� GRQH� XVLQJ
VPDOO�DSHUWXUHV��PDQ\�RI�WKH�GLWKHULQJ�VWUDWHJLHV�UHFRPPHQGHG�IRU��VW�RUGHU�VSHFWUD�DUH
QRW�DSSOLFDEOH�WR�WKH�HFKHOOH�PRGHV��+RZHYHU�� WKHUH�DUH�VWLOO�D�QXPEHU�RI�ZD\V�WR�VKLIW
WKH�VSHFWUXP�RQ�WKH�GHWHFWRU�WR�ZRUN�DURXQG�KRW�SL[HOV�RU�IODW�ILHOGLQJ�DUWLIDFWV��)RU�PDQ\
REVHUYHUV��WKH�VLPSOHVW�ZD\�WR�GLWKHU�HFKHOOH�GDWD�ZLOO�EH�WR�REVHUYH�XVLQJ�WZR�RU�PRUH
GLIIHUHQW� � VHWWLQJV� WKDW� HDFK� FRYHU� WKH� ZDYHOHQJWKV� RI� LQWHUHVW�� KRZHYHU�&(1:$9(
ZDYHOHQJWKV�QHDU�WKH�HQGV�RI�WKH�ZDYHOHQJWK�UDQJHV�ZLOO� WKHQ�QRW�EH�FRYHUHG�E\�DOO�RI
WKH�H[SRVXUHV��$QRWKHU�ZD\�LV�WKH�XVH�RI� �DSHUWXUHV��VHH�FP-SPLIT 6HFWLRQ�)3�63/,7�6OLWV

��� ZKLFK� DUH� GLVSODFHG� DORQJ� WKH� GLVSHUVLRQ� GLUHFWLRQ�� $QGIRU� (FKHOOH� 2EVHUYDWLRQV
REVHUYHUV�XVLQJ�WKH�HFKHOOH�ZLWK�D�ORQJ�VOLW�FDQ�DOVR�GLWKHU�XS�DQG�GRZQ�WKH�OHQJWK�RI�WKH
DSHUWXUH�� 2EVHUYHUV� VKRXOG� DOVR� UHPHPEHU� WKDW� WKHUH� LV� VRPH� RYHUODS� EHWZHHQ�PDQ\
DGMDFHQW�HFKHOOH�RUGHUV��VR�VRPH�ZDYHOHQJWKV�ZLOO�DSSHDU�DW�WZR�GLIIHUHQW�ORFDWLRQV�LQ�WKH
VDPH�VSHFWUDO�LPDJH�

�$FFXUDF\�RI�'LWKHULQJ �'XULQJ�WKH� �'HHS�)LHOG�FDPSDLJQ��QHDUO\�DOO�GLWKHUV�ZHUH�SODFHG+XEEOH
WR�ZLWKLQ����PLOOLDUFVHF��PDV���GXULQJ�����DUFVHFRQG�RIIVHWV�DQG�UHWXUQV�VHSDUDWHG�E\�PXOWLSOH
GD\V���DOWKRXJK�LQ�D�IHZ�FDVHV�WKH�GLWKHU�ZDV�RII�E\�PRUH�WKDQ����PDV��DQG�RQ�RQH�RFFDVLRQ
�RXW� RI� ���� UHDFTXLVLWLRQV�� WKH� WHOHVFRSH� ORFNHG� RQ� D� VHFRQGDU\� )*6� SHDN� � FDXVLQJ� WKH
SRLQWLQJ�WR�EH�RII�E\�DSSUR[LPDWHO\���DUFVHFRQG�DQG�D�ILHOG�URWDWLRQ�RI�DERXW���DUFPLQXWHV��7KH
VRIWZDUH�ZKLFK�ZDV�GHYHORSHG�IRU�WKH� �'HHS�)LHOG�ZDV�DEOH�WR�UHFRQVWUXFW�LPDJHV�HYHQ+XEEOH
IRU�WKRVH�QRQ�RSWLPDO�GLWKHUV��DQG�VWLOO�\LHOGHG�JDLQV�LQ�UHVROXWLRQ�RYHU�QRQ�GLWKHUHG�GDWD��7KRVH
FDSDELOLWLHV�DUH�QRZ�DYDLODEOH�LQ� ��FXUUHQW�VXFFHVVRU�WR�WKH� � �SDFNDJH��GUL]]OHSDF 676'$6 GLWKHU
ZKLFK�LV�EDVHG�RQ�WKH�YDULDEOH�SL[HO�OLQHDU�UHFRQVWUXFWLRQ�WHFKQLTXH�GHYHORSHG�E\�)UXFKWHU�DQG
+RRN� �NQRZQ� DV� ��� 67,6� LPDJLQJ� GDWD� FDQ� EH� GUL]]OHG� WRJHWKHU� SURYLGHG� VHYHUDOGUL]]OLQJ
SUHSDUDWRU\� VWHSV� DUH� WDNHQ�� XSGDWLQJ� WKH� :&6� ZLWK� WKH� � URXWLQH� DQGVWZFV�XSGDWHZFV
DFFXUDWHO\�DOLJQLQJ�WKH�LPDJHV�WR�VXE�SL[HO�DFFXUDF\�ZLWK�WKH� �URXWLQH��)RUGUL]]OHSDF�WZHDNUHJ
KHOS�ZLWK�FRPELQLQJ�67,6�LPDJHV��FRQWDFW�WKH� �+HOS�'HVN

�)ODW�)LHOG�$FFXUDF\ �)RU�WKH�0$0$V��GLWKHULQJ�RQ�VFDOHV�RI�VHYHUDO�SL[HOV�FDQ�KHOS�WR�VPRRWK�RXW
SL[HO�WR�SL[HO� YDULDWLRQV� LQ�GHWHFWRU� VHQVLWLYLW\�� )RU� WKLV�SXUSRVH� LW� LV�EHVW� WR�XVH�GLWKHU� VWHSV
WKDW�DUH�QRW�LQWHJUDO�PXOWLSOHV�RI�KDOI�D�SL[HO��WKH�LQWULQVLF�KLJK�UHVROXWLRQ�IRUPDW�RI�WKH�0$0$V��
LQWHJUDO�SL[HO�VWHSV�VKRXOG�EH�XVHG�LQVWHDG�
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1RWH�WKDW�GDUN�DQG�IODW�ILHOG�UHIHUHQFH�ILOHV�QHHG�WR�EH�DSSOLHG�EHIRUH�DQ\�VKLIW�DQG�DGG�SURFHGXUHV�
7KLV�PD\�UHTXLUH�UXQQLQJ�WKH�XVXDO�SLSHOLQH�FDOLEUDWLRQ�LQ�SLHFHV�ZLWK�WKH�FRPELQDWLRQ�RI�WKH�GLIIHUHQW
GLWKHU�SRVLWLRQV�LQVHUWHG�LQ�WKH�PLGGOH��2QFH�GDUN�VXEWUDFWLRQ�KDV�EHHQ�GRQH��KRW�SL[HOV�DUH�DERXW�DV
OLNHO\� WR�EH�RYHU�VXEWUDFWHG�DV�XQGHU�VXEWUDFWHG� LQ� WKH� LPDJH�� ,Q� WKLV�FDVH�� WKRVH�SL[HOV�VKRXOG�EH
WUHDWHG�DV��FROG��SL[HOV��VHH�VHFWLRQ�RQ�+RW�3L[HOV�LQ�&&'�'DWD�DERYH��

,W�LV�LPSRUWDQW�WR�XVH�WKH�FRUUHFW�SODWH�VFDOHV�ZKHQ�FDOFXODWLQJ�WKH�DORQJ�WKH�VOLW�SL[HO�RIIVHWV�D�JLYHQ
GLWKHU�VL]H�ZLOO�SURGXFH��6HH� �IRU�WKH�SL[HO�VFDOHV�IRU�HDFK�GHWHFWRU�DQG� �IRU7DEOH������ 6HFWLRQ�������
PRUH�LQIRUPDWLRQ�RQ�WKH�KHDGHU�3/$7 �SODWH�VFDOHV�ESC

7KH�VLPSOHVW�ZD\�WR�VFKHGXOH�GLWKHUV�ZLWK�67,6�LV�WR�XVH�WKH�SDWWHUQV� �RU�STIS-CCD-BOX STIS-MAMA-
��IRXU�SRLQW�SDUDOOHORJUDP�GLWKHUV��FHQWHULQJ�RQ�IUDFWLRQDO�SL[HOV�WR�JDLQ�VSDWLDO�UHVROXWLRQ��RU��IRUBOX

VSHFWURVFRSLF�REVHUYDWLRQV�WKDW�XVH�D�ORQJ�VOLW��WKH�SDWWHUQ� ��IRU�OLQHDU�GLWKHUV�LQ�WKH�STIS-ALONG-SLIT
�GLUHFWLRQ��ZLWK�XVHU�VSHFLILHG�RIIVHWV���$Q�DOWHUQDWH�DSSURDFK�LV�WR�XVH� V�AXIS2 POS-TARG

1RWH�WKDW�ODUJH�GLWKHUV�ZLOO�LQFXU�VPDOO�HUURUV�GXH�WR�WKH�FDPHUD�JHRPHWULF�GLVWRUWLRQ��ZKLFK�LQFUHDVHV
WRZDUG�WKH�&&'�FRUQHUV�DQG�DOWHUV�WKH�LPDJH�VFDOH�E\�DERXW����DW�WKH�FRUQHUV��)RU� LQVWDQFH��D���
SL[HO�RIIVHW�DW�WKH�ILHOG�FHQWHU�ZLOO�VXIIHU�D�����SL[HO�HUURU�DW�WKH�&&'�FRUQHUV��/DUJH�GLWKHUV�PD\�DOVR
RFFDVLRQDOO\�UHTXLUH�D�GLIIHUHQW�VHW�RI�JXLGH�VWDUV�IRU�HDFK�SRLQWLQJ��WKXV�LQFUHDVLQJ�WKH�RYHUKHDG�IRU
WKH�REVHUYDWLRQV�DQG�UHGXFLQJ�WKH�H[SHFWHG�SRLQWLQJ�DFFXUDF\�

)RU� UHODWHG� DUWLFOHV� RQ� GLWKHU� VWUDWHJLHV�� VHH� WKH� IROORZLQJ� SDSHUV� �DOO� DYDLODEOH� WKURXJK� WKH� 676F,
ZHESDJHV��� � �)UXFKWHU�HW�DO��� LQ� WKH$�3DFNDJH� IRU� WKH�5HGXFWLRQ�RI�'LWKHUHG�8QGHUVDPSOHG� ,PDJHV
����� �&DOLEUDWLRQ�:RUNVKRS�3URFHHGLQJV���WKH� ��+67 :)3&��,65������ 'UL]]OH��$�0HWKRG�IRU�WKH�/LQHDU

� �)UXFKWHU� 	� +RRN� ������ �� �� ������ WKH�5HFRQVWUXFWLRQ� RI� 8QGHUVDPSOHG� ,PDJHV 3$63 ��� 'LWKHU
� �.RHNHPRHU� HW� DO���� WKH� RQOLQH�+DQGERRN GUL]]OHSDF� GRFXPHQWDWLRQ�� DQG� 7KH�'UL]]OH3DF�+DQGERRN

��+RIIPDQQ�HW�DO�������

$� 67,6� 'UL]]OH3DF� 7XWRULDO� -XS\WHU� 1RWHERRN� LV� QRZ� DYDLODEOH� IURP� WKH� � *LW+XE67,6�1RWHERRNV
UHSRVLWRU\�RU�WKH� �ZHESDJH��7KH�1RWHERRN�LQFOXGHV�H[DPSOHV�RI67,6�'DWD�$QDO\VLV�	�6RIWZDUH�7RROV
DOLJQLQJ�DQG�FRPELQLQJ�LPDJHV�IURP�DOO�WKUHH�67,6�GHWHFWRUV�XVLQJ�WRROV�IURP� ��DV�ZHOO�DV'UL]]OH3DF
DQ�H[DPSOH�RI�XVLQJ� WKH�SL[HO�EDVHG�&7,�FRUUHFWLRQ�FRGH� �RQ�67,6�&&'� LPDJHV� �VHH�VWLVBFWL 6HFWLRQ

��b�)XUWKHU�GHWDLOV�UHJDUGLQJ�WKH�1RWHERRN�FDQ�EH�IRXQG�LQ�WKH� �b����� 67,6�$SULO������67$1
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�����)L[LQJ�2ULHQWDWLRQ�RQ�WKH�6N\
67,6�XVHUV��SDUWLFXODUO\� WKRVH�XVLQJ� WKH� ORQJ� VOLWV� WR�REVHUYH�H[WHQGHG�VRXUFHV�� FRPPRQO\�ZLVK� WR
VSHFLI\�WKH�RULHQWDWLRQ�RI�WKH�VOLW�RQ�WKH�VN\��6SHFLILF�RULHQWDWLRQV�PD\�DOVR�EH�XVHG�WR�SODFH�PXOWLSOH
SRLQW�VRXUFHV�LQ�D�ORQJ�VOLW��WR�EH�REVHUYHG�VLPXOWDQHRXVO\��RU�WR�PDNH�VXUH�WKDW�RYHUO\�EULJKW�QHDUE\
VWDUV�DUH�H[FOXGHG��2EVHUYHUV�SODQQLQJ�FRRUGLQDWHG�SDUDOOHO� REVHUYDWLRQV�PD\�DOVR�ZLVK� WR� VSHFLI\
WKH�RULHQWDWLRQ�RI� WKHb � IRFDO�SODQH��VR�DV� WR�SODFH� WKH�DSSURSULDWH� LQVWUXPHQW� WR�FRYHU�D�JLYHQ+67
SDWFK�RI�VN\��6HWWLQJ�WKH�RULHQWDWLRQ�RI�WKH�WHOHVFRSH�PHDQV�WR�HIIHFWLYHO\�FRQVWUDLQ�WKH�WLPHV�ZKHQ
WKH� REVHUYDWLRQV� FDQ�EH� VFKHGXOHG�� VLQFH� �PXVW�PDLQWDLQ� D� VSDFHFUDIW� RULHQWDWLRQ� �VRPHWLPHV+67
FDOOHG� ��ZKLFK�NHHSV�LWV�VRODU�SDQHOV�URXJKO\�SHUSHQGLFXODU�WR�WKH�LQFRPLQJ�VXQOLJKW��$�UROOUROO�DQJOH
UDQJHV�UHSRUW��DYDLODEOH�LQ�WKHb �9LVLW�3ODQQHU��VKRZV�WKH�UDQJH�V��RI�UROO�DQJOH�SRVVLEOH�IRU�D�JLYHQ$37
REVHUYDWLRQ�DV�D�IXQFWLRQ�RI�REVHUYDWLRQ�GDWH�

7KH�RULHQWDWLRQ�RI�WKH�VSDFHFUDIW��DQG�WKHUHIRUH�RI�WKH�67,6�ORQJ�VOLWV�ZKLFK�DUH�IL[HG�LQ�UHODWLRQ�WR�WKH�
�IRFDO�SODQH��LV�FRQWUROOHG�E\�WKH� �VSHFLDO�UHTXLUHPHQW��ZKLFK�LV�HQWHUHG�GXULQJ�3KDVHb �+67 ORIENT II

7KHb �FRQWDLQ�D�GHWDLOHG�GHVFULSWLRQ�RI�RULHQWDWLRQV�DQG�KRZ�WR�VSHFLI\3KDVHb �3URSRVDO�,QVWUXFWLRQVII
WKHP��$�VSHFLILF�RULHQWDWLRQ�FDQ�EH�VHW��RU�D�UDQJH�RI�DOORZHG�RULHQWDWLRQV��H�J���������GHJUHHV��FDQ
EH�JLYHQ��7KH�WLJKWHU�WKH�FRQVWUDLQWV��WKH�PRUH�GLIILFXOW�LW�ZLOO�EH�WR�VFKHGXOH�WKH�REVHUYDWLRQ�

7KH� � SDUDPHWHU� JLYHV� WKH� RULHQWDWLRQ� RI� WKH� � IRFDO� SODQH�SURMHFWHG� RQWR� WKH� VN\� DQG� LVORIENT +67
GHILQHG� E\� WKH� 8�� DQG� 8�� D[HV�� � VKRZV� WKH� � IRFDO� SODQH� FRQWDLQLQJ� DOO� WKH�)LJXUH� ��� +67 +67
LQVWUXPHQWV��ZLWK� WKH�8�� DQG�8�� D[HV� GHILQHG�� � VKRZV� WKH� UHODWLRQVKLS� EHWZHHQ� WKHVH)LJXUH� ����
D[HV� DQG� WKH� SRVLWLRQ� DQJOH� �3$�� RI� WKH� 67,6� ORQJ� VOLWV� RQ� WKH� VN\�� 1RWH� WKDW� WKH� ORQJ� VOLWV� DUH
DSSUR[LPDWHO\� DOLJQHG� ZLWK� WKH� GHWHFWRU
V� �� L�H��� WKH\� DUH� GLUHFWO\� SHUSHQGLFXODU� WR� WKHAXIS2
GLVSHUVLRQ�D[LV�� ���7KH�LPSRUWDQW�SRLQW�WR�QRWH�LV�WKDW�LI�\RX�IL[�WKH�RULHQWDWLRQ�RI�D�ORQJ�VOLW�RQAXIS1
WKH�VN\� WR�EH�3$� � ��ZKHUH� � LV�PHDVXUHG� LQ�GHJUHHV�HDVW�RI�QRUWK�� WKHQ� WKH� �SDUDPHWHU̼ ̼ ORIENT
�ZKLFK�GHWHUPLQHV�ZKHUH�WKH�RWKHU� �LQVWUXPHQWV�OLH�IRU�SDUDOOHO�REVHUYDWLRQV��LV�JLYHQ�DV� ����RU�+67 ̼
����� GHJUHHV�� /LNHZLVH�� IRU� � PRGH� REVHUYDWLRQV�� LI� \RX� ZLVK� WR� IL[� WKH� RULHQWDWLRQ� RI� WKH̼ PRISM
VSDWLDO�GLUHFWLRQ��L�H���SHUSHQGLFXODU�WR�WKH�GLVSHUVLRQ��WR�EH�;��WKHQ�WKH� �SDUDPHWHU�VKRXOG�EHORIENT
VHW�WR�;����RU�;�����GHJUHHV��,W�LV�SRVVLEOH�GXULQJb3KDVHb �WR�VSHFLI\�PRUH�WKDQ�RQH�SHUPLVVLEOH�II

�UDQJH��7KH�DOORZHG�DQG�IRUELGGHQ�RULHQWDWLRQ�UDQJHV�PD\�EH�GLVSOD\HG�LQ�WKH�$ODGLQ�LPDJH�RIORIENT
WKH�ILHOG�LQb �$37

8VHUV�ZKR�ZLVK�WR�GHWHUPLQH�WKHLU�RULHQWDWLRQ�UHTXLUHPHQWV�XVLQJ�H[LVWLQJ� �LPDJHV�VKRXOG�FRQVXOW+67
WKH� �2EVHUYDWRU\�ZHEVLWH�RQ� �b�,W�LV�HVSHFLDOO\�LPSRUWDQW+67 GHWHUPLQLQJ�DQ�REVHUYDWLRQ
V�RULHQWDWLRQ
WR�EH�FDUHIXO�ZKHQ�XVLQJ� �GDWD�WDNHQ�EHIRUH����6HSW��������ZKHUH�WKHUH�PD\�EH�HUURUV�RI�a���+67
GHJUHHV LQ�WKH� �DQG� �KHDGHU�NH\ZRUGV�� ORIENT 3$B9�

:H�VKRZ�WZR�H[DPSOHV�EHORZ�� �LOOXVWUDWHV�KRZ�WR�VHW�WKH� �SDUDPHWHU�WR�SODFH�WKH)LJXUH������ ORIENT
ORQJ� VOLW� DORQJ� WKH� 0��� MHW�� � LOOXVWUDWHV� KRZ� WR� VHW� WKH� � SDUDPHWHU� WR� IL[� WKH)LJXUH� ����� ORIENT
GLVSHUVLRQ�D[LV�IRU� �REVHUYDWLRQV�WR�EH�SHUSHQGLFXODU�WR�D�GRXEOH�VWDU�V\VWHP�PRISM
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7KLV�UHODWLRQ�EHWZHHQ� �DQG�SRVLWLRQ�DQJOH�ZLOO�VDWLVI\�PRVW�QHHGV��2EVHUYHUV�ZLWK�H[WUHPHO\ORIENT
VWULQJHQW�RULHQWDWLRQ�UHTXLUHPHQWV��KRZHYHU��VKRXOG�EH�DZDUH�WKDW�HDFK�67,6�DSHUWXUH�KDV�D�VSHFLILF
8��RIIVHW�DQJOH�ZKLFK�LV�FORVH�WR�� ���� ��,Q� �EHORZ�ZH�OLVW�WKH�RIIVHW�DQJOHVEXW�QRW�HTXDO�WR r 7DEOH�����
IRU�DOO�VXSSRUWHG�VSHFWURVFRSLF�VOLWV��,I�XOWLPDWH�SUHFLVLRQ�LV�UHTXLUHG��REVHUYHUV�PD\�ZLVK�WR�XVH�WKH

RIIVHW� DQJOHV�JLYHQ� LQ� WKLV� WDEOH� LQVWHDG�RI� WKH� VWDQGDUG��� ��2EVHUYHUV� VKRXOG�DOVR�QRWH� WKDW� WKHr297



RIIVHW� DQJOHV�JLYHQ� LQ� WKLV� WDEOH� LQVWHDG�RI� WKH� VWDQGDUG��� ��2EVHUYHUV� VKRXOG�DOVR�QRWH� WKDW� WKHr
SRVLWLRQ�DQJOHV�IRU�WKH���� ORQJ�VOLWV�KDYH�EHHQ�UHYLVHG�E\�XS�WR����� �� r
b

7DEOH� ������2IIVHW� $QJOHV� %HWZHHQ� 6XSSRUWHG� 67,6� 6OLWV� DQG� WKH� 6SDFHFUDIW�2ULHQWDWLRQ� 5HIHUHQFH
9HFWRU�8��

67,6�$SHUWXUH 2IIVHW�$QJOH��GHJUHHV�

0.2X0.06 �����

0.2X0.09 �����

0.2X0.2 �����

6X0.2 �����

0.1X0.03 �����

52X0.05 �����

52X0.1 �����

52X0.2 �����

52X0.5 �����

52X2 �����

0.2X0.06FPA �����

0.2X0.06FPB �����

0.2X0.06FPC �����

0.2X0.06FPD �����

0.2X0.06FPE �����

0.2X0.2FPA �����

0.2X0.2FPB �����

0.2X0.2FPC �����

0.2X0.2FPD �����

0.2X0.2FPE �����

52X0.2F1 �����

0.3X0.05ND �����

0.2X0.05ND �����

31X0.05NDA �����
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31X0.05NDB �����

31X0.05NDC �����
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�����7DUJHW�3RVLWLRQLQJ
�������326LWLRQ�7$5*HW��326�7$5*�
�������6$0(�326LWLRQ�$6��6$0(�326�$6�

7DUJHW�SRVLWLRQ�VSHFLDO�UHTXLUHPHQWV�DUH�XVHG�WR�UHVWULFW�WKH�SRLQWLQJ�RI� REVHUYDWLRQV��'+67� HWDLOV�RQ
WKH�GLIIHUHQW�WDUJHW�SRVLWLRQ�RSWLRQV�DQG�LPSOHPHQWLQJ�WKHVH�VSHFLDO�UHTXLUHPHQWV�LQ�3KDVH�,,V�FDQ�EH

� �3�3,���%HORZ�ZH�VXPPDUL]H�VRPHIRXQG� LQ�6HFWLRQ�������RI� WKH�+67�3KDVH� ,,�3URSRVDO� ,QVWUXFWLRQV
67,6�XVH�FDVHV�IRU�WDUJHW�SRVLWLRQ�RSWLRQV�b

������b326LWLRQ�7$5*HW�� �POS TARG

�VSHFLILHV�D�QRQ�GHIDXOW�SODFHPHQW�RI�WKH�WDUJHW��UHODWLYH�WR�WKH�DSHUWXUH�ILGXFLDO�SRLQW�LQ�WKHPOS TARG
LQVWUXPHQW�ILHOG�RI�YLHZ��IRU�WKH�FXUUHQW�H[SRVXUH��ZKLFK�PXVW�EH�RQ�DQ�H[WHUQDO�WDUJHW��&KDQJLQJ�WKH
SRLQWLQJ� LQ� WKLV� ZD\� FDQ� FDXVH� RYHUKHDGV� WR� EH� UHSHDWHG� DW� HDFK� � SRLQWLQJ�� ,I� D� ODUJHPOS TARG
QXPEHU�RI�SRLQWLQJV�QHHG�WR�EH�REWDLQHG�ZLWKLQ�RQH�RUELWDO�YLVLELOLW\�SHULRG��LW�PD\�EH�PRUH�HIILFLHQW
WR�XVH�D�SDWWHUQ�GHVLJQHG�IRU�WKLV�SXUSRVH��VHH� ��6HFWLRQb����

%HORZ�DUH�VRPH�RI�WKH�67,6�XVH�FDVHV�IRU� �POS TARG

&XVWRP�GLWKHULQJ�� �LV�PRVW�FRPPRQO\�XVHG�LQ�VRPH�VSHFLDO�VFLHQFH�FDVHV�IRU�FXVWRPPOS TARG
GLWKHULQJ� ZLWK� WKH� � SDWWHUQ� RU� WR� LPSOHPHQW� D� XVHU�VSHFLILHG� SDWWHUQ� �VHH�STIS-ALONG-SLIT

�IRU�PRUH�GHWDLOV��6HFWLRQ�������
&URZGHG�ILHOGV�b,Q�RYHUFURZGHG�UHJLRQV�� �FDQ�EH�XVHG�WR�VHW�D�SRVLWLRQ�UHODWLYH�WR�DQPOS TARG
DFTXLVLWLRQ�SHDNXS� RI� DQ� LVRODWHG� UHIHUHQFH� VRXUFH�� 7KRXJK� LQ� PDQ\� FDVHV� WKLV� FDQ� EH
DFFRPSOLVKHG� ZLWKRXW� D� � E\� XVLQJ� WKH� SUHIHUUHG� PHWKRG� RI� VSHFLI\LQJ� DQ�POS TARG OFFSET
UHIHUHQFH�VWDU�IRU�WKH�DFTXLVLWLRQ��VHH� �LQ�WKH�3�3,��7DEOH����
6SDWLDO� VFDQQLQJ�� )RU� VFDQQHG� REVHUYDWLRQV�ZLWK� � RU� �� � FDQ� EH� XVHG� WRG750L G750M POS TARG
EHWWHU� DOLJQ� WKH� VWHOODU� VFDQV� �RIWHQ� WDNHQ� ZLWK� WKH� � DSHUWXUH�� ZLWK� WKH� IULQJH� IODWV52x2
�JHQHUDOO\�WDNHQ�ZLWK� ���WR�DFFRXQW�IRU�WKH�VOLJKW�GLIIHUHQFH�LQ�WKH�;�SRVLWLRQV�RI�WKH�WZR52x0.1
DSHUWXUHV��DV�WDEXODWHG�LQ�WKH� ���6HH� �IRU�PRUH6FLHQFH�,QVWUXPHQW�$SHUWXUH�)LOH 6HFWLRQ��������
GHWDLOV�
&RURQDJUDSK\��8VLQJ� �WR�DGMXVW�WKH�SRVLWLRQLQJ�RI�D�WDUJHW�EHKLQG�FRURQDJUDSKLF�EDUVPOS TARG
LV�DQ� ��VHH� �	� �RQ�FRURQDJUDSK\��$YDLODEOH�EXW�8QVXSSRUWHG�PRGH 6HFWLRQV������ �����

������b6$0(�326LWLRQ�$6�� �SAME POS AS

SAME POS AS�VSHFLILHV�WKDW�WKH�FXUUHQW�H[SRVXUH�EH�GRQH�DW�H[DFWO\�WKH�VDPH�SRVLWLRQ�RQ�WKH�VN\�DQG
ZLWK�WKH�VDPH�WHOHVFRSH�UROO�DV�D�UHIHUHQFH�H[SRVXUH�b �FDQQRW�EH�XVHG�ZLWK�GLWKHULQJSAME POS AS
SDWWHUQV��VHHb ���DV�LW�ZLOO�QHJDWH�WKHP�6HFWLRQ�����
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&KDSWHU�����6SHFLDO�8VHV�RI�67,6
&KDSWHU�&RQWHQWV

�����6OLWOHVV�)LUVW�2UGHU�6SHFWURVFRS\
�����/RQJ�6OLW�(FKHOOH�6SHFWURVFRS\
�����7LPH�5HVROYHG�2EVHUYDWLRQV
�����2EVHUYLQJ�7RR�%ULJKW�2EMHFWV�ZLWK�67,6
�����+LJK�6LJQDO�WR�1RLVH�5DWLR�2EVHUYDWLRQV
�����,PSURYLQJ�WKH�6DPSOLQJ�RI�WKH�/LQH�6SUHDG�)XQFWLRQ
�����&RQVLGHUDWLRQV�IRU�2EVHUYLQJ�3ODQHWDU\�7DUJHWV
�����6SHFLDO�&RQVLGHUDWLRQV�IRU�([WHQGHG�7DUJHWV
�����3DUDOOHO�2EVHUYLQJ�ZLWK�67,6
������&RURQDJUDSKLF�6SHFWURVFRS\
������&RURQDJUDSKLF�,PDJLQJ�����&2521
������6SDWLDO�6FDQV�ZLWK�WKH�67,6�&&'
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�����6OLWOHVV�)LUVW�2UGHU�6SHFWURVFRS\
7KH�YDVW�PDMRULW\�RI�67,6�ILUVW�RUGHU�JUDWLQJ�PRGH�REVHUYDWLRQV�XVH�D�ORQJ�VOLW��7KH�XVH�RI�D�ORQJ�VOLW
HQVXUHV�D�FOHDQ�VHSDUDWLRQ�RI�HPLVVLRQ� OLQHV�DULVLQJ� IURP�GLIIHUHQW�VSDWLDO� IHDWXUHV��+RZHYHU��DOO�RI
67,6
�ILUVW�RUGHU�JUDWLQJV�DV�ZHOO�DV�WKH�189�35,60��VHH� ��FDQ�DOVR�EH�XVHG�VOLWOHVV�RU�ZLWK�D7DEOH����
ZLGH�VOLW�WR�REWDLQ�HPLVVLRQ�OLQH�LPDJHV�� �EHORZ�VKRZV�D�VFKHPDWLF�H[DPSOH�RI�D�VOLWOHVV)LJXUH�����
VSHFWURJUDP�� �VKRZV�DQ�LPDJH�RI�61����$�REVHUYHG�XVLQJ�WKH� �DSHUWXUH��DQG�DV�WKH)LJXUH���� 52X2
VRXUFH�LV�VPDOOHU�WKDQ�WKH�VOLW��WKLV�LV�HIIHFWLYHO\�D�VOLWOHVV�LPDJH�

$�6FKHPDWLF�VOLWOHVV�6SHFWURJUDP�RI�D�3ODQHWDU\�1HEXOD�)LJXUH������� 302
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$�6FKHPDWLF�VOLWOHVV�6SHFWURJUDP�RI�D�3ODQHWDU\�1HEXOD�)LJXUH�������

:KHQ�67,6� LV�XVHG�VOLWOHVV� �RU�ZLWK�D�ZLGH�VOLW��� WKH� LPDJH�REWDLQHG�ZLOO�EH� WKH�VXP�RI�D� VHULHV�RI
VKLIWHG�PRQRFKURPDWLF�LPDJHV�RI�WKH�ILHOG�RI�YLHZ��7KH�UDQJH�RI�ZDYHOHQJWKV�FRYHUHG�LQ�WKH�VHULHV�RI
PRQRFKURPDWLF�LPDJHV�LV�GLFWDWHG�E\�WKH�VSHFWUDO�UDQJH�RI�WKH�JUDWLQJ��7KH�UHVXOW�LV�WKDW�WKHUH�LV�QRW
D�RQH�WR�RQH�PDSSLQJ�RI�SL[HO� ORFDWLRQ� WR�ZDYHOHQJWK� LQ�\RXU� LPDJH�RU�RI�SL[HO� ORFDWLRQ� WR� VSDWLDO
ORFDWLRQ�RQ�WKH�VN\��'HSHQGLQJ�RQ�WKH�VWUXFWXUH�RI�\RXU�VRXUFH�DQG�WKH�JUDWLQJ�\RX�XVH�� LW�PD\�EH
HDV\�WR�GHFRQYROYH�WKH�VSDWLDO�DQG�VSHFWUDO�LQIRUPDWLRQ��RU�LW�PD\�EH�YHU\�GLIILFXOW�

6OLWOHVV� VSHFWURVFRS\�FDQ�EH�HPSOR\HG�HLWKHU� IRU�SULPH�RU�SDUDOOHO�67,6�REVHUYLQJ� �DOWKRXJK�0$0$
SXUH�SDUDOOHOV�DUH�QRW�DOORZHG���,I�\RX�DUH�GHVLJQLQJ�D�VOLWOHVV�VSHFWURVFRSLF�REVHUYDWLRQ�WKHUH�DUH�D
IHZ�LPSRUWDQW�SRLQWV�WR�NHHS�LQ�PLQG�

7KH�PRUH� FRPSOH[� WKH� HPLVVLRQ� OLQH�� YHORFLW\�� DQG� VSDWLDO� VWUXFWXUH� RI� \RXU� WDUJHW� ILHOG�� WKH
PRUH�GLIILFXOW� LW�ZLOO� EH� WR�GHFRQYROYH� WKH� VSDWLDO� DQG�VSHFWUDO� LQIRUPDWLRQ�� ,W� LV� LPSRUWDQW� WR
PDWFK�WKH�JUDWLQJ�\RX�FKRRVH�WR�WKH�VWUXFWXUH�RI�\RXU�VRXUFH��*UDWLQJV�ZKLFK�SURGXFH�LPDJHV
RI�PXOWLSOH��NLQHPDWLFDOO\�UHVROYHG�HPLVVLRQ�OLQHV�ZLOO�EH�WKH�PRVW�FKDOOHQJLQJ�WR�GHFRQYROYH��$W
WKH�RWKHU�H[WUHPH��D�JUDWLQJ�ZKLFK� FRYHUV�RQO\�D� VLQJOH� VWURQJ�HPLVVLRQ� OLQH�DW� D� UHVROXWLRQ
ZKHUH�WKH� OLQHV�DUH�NLQHPDWLFDOO\�XQUHVROYHG�ZLOO�SURGXFH�D�FOHDQ� LPDJH�RI� WKH�VRXUFH� LQ�WKH
VLQJOH�HPLVVLRQ�OLQH��VHH� ��DERYH���<RX�PD\�DOVR�ZLVK�WR�VSHFLI\�WKH�RULHQWDWLRQ�IRU)LJXUH�����
VOLWOHVV� VSHFWURVFRSLF� REVHUYDWLRQV� WR� HQVXUH� WKDW� WKH� PRVW� FRPSOH[� VRXUFH� VWUXFWXUH� LV
RULHQWHG�SHUSHQGLFXODU�WR�WKH�GLVSHUVLRQ�D[LV��VHH� ��6HFWLRQ�����
6LQFH� HDFK� SRLQW� LQ� WKH� VN\� HPLWV� JHRFRURQDO� OLJKW�� WKH� EDFNJURXQG� GXH� WR� WKH� JHRFRURQDO
HPLVVLRQ�OLQHV��/\PDQ� b ������2� � �����WULSOHW��DQG�RFFDVLRQDOO\�RQ�WKH�GD\�VLGH�2� ����͆ ͐ I ͐ I]b͐
DQG�>2b @b ������VHH� ��ZLOO�EH�REVHUYHG�DW�DOO�SL[HOVII ͐ 6HFWLRQ�*HRFRURQDO�(PLVVLRQ�DQG�6KDGRZ
LQ�WKH�LPDJH�ZKHQ�D�VOLWOHVV�VSHFWUXP�FRYHULQJ�WKHVH�ZDYHOHQJWKV�LV�REWDLQHG��7KLV�EDFNJURXQG
PXVW�EH�WDNHQ�LQWR�DFFRXQW�LQ�\RXU�VLJQDO�WR�QRLVH�FDOFXODWLRQV��)RU�WKLV�UHDVRQ��\RX�PD\�ZLVK
WR�FRQVLGHU�XVLQJ�RQH�RI�WKH�WZR� ORQJSDVV�XOWUDYLROHW��89��EORFNLQJ�ILOWHUV��VHH� ��6HFWLRQ������

LQVWHDG� RI� D� FOHDU� DSHUWXUH� ZKHQ� SHUIRUPLQJ� 89� VOLWOHVV� VSHFWURVFRS\�� 1RWH� WKDW� ZKHQ� D303
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LQVWHDG� RI� D� FOHDU� DSHUWXUH� ZKHQ� SHUIRUPLQJ� 89� VOLWOHVV� VSHFWURVFRS\�� 1RWH� WKDW� ZKHQ� D
VSHFWURVFRSLF� H[SRVXUH� LV� REWDLQHG�ZLWK� D� VOLW�� WKHVH� VN\� HPLVVLRQ� OLQHV� DUH� ORFDOL]HG� LQ� WKH
UHVXOWLQJ�LPDJH�WR�WKH�SL[HOV�DW�WKH�FRUUHVSRQGLQJ�ZDYHOHQJWKV�
6OLWOHVV� VSHFWURVFRSLF� GDWD� ZLOO� QRW� EH� IXOO\� FDOLEUDWHG� E\� WKH� 676F,� 67,6� SLSHOLQH�� 6OLWOHVV
VSHFWURVFRSLF� GDWD� ZLOO� EH� SDVVHG� WKURXJK� WKH� ILUVW� SKDVH� RI� FDOLEUDWLRQ� DQG� D� IODW�ILHOGHG
FDOLEUDWHG�LPDJH�ZLOO�EH�SURGXFHG��KRZHYHU��WKH�SLSHOLQH�ZLOO�QRW�DWWHPSW�WR�VSHFWURVFRSLFDOO\
FDOLEUDWH�WKH�GDWD��7KLV�SURFHVV�PXVW�EH�LQWHUDFWLYHO\�GRQH�E\�WKH�REVHUYHU�VLQFH��DV�GHVFULEHG
DERYH��DPELJXRXV�RYHUODS�RI� VSDWLDO� DQG� VSHFWUDO� LQIRUPDWLRQ�ZLOO� RFFXU�� 3OHDVH� FRQWDFW� WKH�

bLI�\RX�KDYH�TXHVWLRQV�DERXW�FDOLEUDWLQJ�\RXU�VOLWOHVV�VSHFWURVFRSLF�GDWD�b+HOS�'HVN

,Q�RUGHU�WR�SURSHUO\�FDOLEUDWH�VOLWOHVV�GDWD�LW� LV�QHFHVVDU\�WR�NQRZ�WKH�SRVLWLRQ�RI�HDFK�VRXUFH�DORQJ
WKH�GLVSHUVLRQ�GLUHFWLRQ��7KLV�XVXDOO\� UHTXLUHV�D�67,6��$&6��:)&���RU�DUFKLYDO� LPDJH�DW�FRPSDUDEOH
VSDWLDO� UHVROXWLRQ� DQG� LPDJHG� ZLWK� D� FRPSDUDEOH� EDQGSDVV� WR� WKH� HPLVVLRQ� OLQH� VWUXFWXUH� WKDW� LV
EHLQJ�LPDJHG�ZLWK�WKH�VOLWOHVV�67,6�VSHFWURVFRS\��2EWDLQLQJ�WKH�LPDJH�GXULQJ�WKH�VDPH�YLVLW�DQG�DW
WKH�VDPH�SRVLWLRQ�DQJOH�DV� WKH�VOLWOHVV�VSHFWURVFRS\�VLPSOLILHV� WKH� LPDJH�UHJLVWUDWLRQ�DQG�DQDO\VLV�
9DULDWLRQV� LQ� WKH�SRVLWLRQLQJ�RI� WKH�0RGH�6HOHFW�0HFKDQLVP��060���ZKLFK�FRQWDLQV� WKH�PLUURUV�DQG
JUDWLQJV��FDQ�UHVXOW�LQ�DQ�XQFHUWDLQW\�RI�WKH�SRVLWLRQ�RI�DQ�LPDJH�RU�VSHFWUXP�RQ�WKH�GHWHFWRU�E\�DV
PXFK�DV�ILYH�SL[HOV��DQG�DQ�DGGLWLRQDO�VSHFLDO�FDOLEUDWLRQ�PD\�EH�QHHGHG�LQ�RUGHU�WR�IL[�WKH�DEVROXWH
RIIVHW� EHWZHHQ� WKH� LPDJHV�DQG� WKH� VSHFWURJUDPV�� 7KH� VWDQGDUG�67,6� � SURFHGXUH�DXWRPDWLFDOO\ACQ
PHDVXUHV�WKH�RIIVHW�EHWZHHQ�WKH�ORFDWLRQ�RI�D�VWDU�DQG�D�UHIHUHQFH�DSHUWXUH�RQ�WKH�&&'�GHWHFWRU�DQG
XVHV�WKLV�WR�SODFH�WKH�WDUJHW�DFFXUDWHO\�LQ�WKH�GHVLUHG�VOLW��6R�LI�WKH� �WDUJHW�DSSHDUV�LQ�WKH�ILHOG�RIACQ
YLHZ��WKHUH�LV�QR�QHHG�IRU�DQ�DGGLWLRQDO� LPDJH�WR�FDOLEUDWH�WKH�060�RIIVHW��DOWKRXJK�D�VHSDUDWH�IXOO
ILHOG�LPDJH�PD\�VWLOO�EH�QHHGHG�WR�PHDVXUH�WKH�UHODWLYH�SRVLWLRQV�RI�RWKHU�VRXUFHV�ZLWK�UHVSHFW�WR�WKH�

bWDUJHW��,Q�FDVHV�ZKHUH�QR�67,6� bH[SRVXUH�LV�GRQH��DQ�LPDJH�RI�WKH�ILHOG�VKRXOG�EH�WDNHQ�HLWKHUACQ ACQ
LPPHGLDWHO\�IROORZLQJ�RU� LPPHGLDWHO\�SUHFHGLQJ�D� ODPS�LPDJH�WDNHQ�WKURXJK�D�QDUURZ�VOLW��)RU�WKH
&&'��D��bVHFRQG�WXQJVWHQ�ODPS�H[SRVXUH�ZLWK�WKH� �VOLW�ZLOO�GR�QLFHO\��7KLV�ZLOO�DOORZ�WKH�06052X0.1
RIIVHW�IRU�WKDW�LPDJH�WR�EH�GHWHUPLQHG��,W�LV�LPSRUWDQW�WKDW�QR�060�PRWLRQ��PLUURU�RU�JUDWLQJ�FKDQJH�
RFFXUV�EHWZHHQ�WKH�VN\�LPDJH�DQG�WKH�ODPS�LPDJH�RI�WKH�VOLW��7KH�060�RIIVHW�IRU�WKH�VSHFWURJUDSKLF
H[SRVXUH� LWVHOI�FDQ�XVXDOO\�EH�PHDVXUHG�IURP�WKH�VWDQGDUG�ZDYHFDO�H[SRVXUH�� ,I�H[WUHPHO\�SUHFLVH
DOLJQPHQW�EHWZHHQ�WKH�VSHFWUXP�DQG�WKH�ILHOG�LPDJH�LQ�WKH�FURVV�GLVSHUVLRQ�GLUHFWLRQ�LV�DOVR�UHTXLUHG
IRU� VRXUFH� LGHQWLILFDWLRQ�� WKLV� SURFHGXUH� PD\� UHTXLUH� VRPH� PRGLILFDWLRQV�� DQG� REVHUYHUV� VKRXOG
FRQVXOW�WKHLU�FRQWDFW�VFLHQWLVW�RU�WKH�676F,�+HOS�'HVN�

)LQDOO\��ZH�QRWH� WKDW� WR�DFKLHYH�DQ�DFFXUDWH�ZDYHOHQJWK�FDOLEUDWLRQ� IRU� WDUJHWV�REVHUYHG� LQ�VOLWOHVV
PRGH�� ZKHQ� WKRVH� WDUJHWV� DUH� ZHOO� GLVSODFHG� IURP� WKH� QRPLQDO� � FHQWHU�� WKH� GLVSHUVLRQAXIS1
FRHIILFLHQWV�DW�WKH�RII�QRPLQDO�FHQWHULQJV�PXVW�EH�ZHOO�NQRZQ��&XUUHQWO\��WKH� LQFLGHQFH�DQJOH�RIIVHW
FRUUHFWLRQV�DUH�EDVHG�RQ�JURXQG�FDOLEUDWLRQ�GDWD�DQG�DUH�VRPHZKDW� OHVV�DFFXUDWH�WKDQ�WKH�RQ�D[LV
GLVSHUVLRQ� VROXWLRQV��:H� UHFRPPHQG� WKDW� REVHUYHUV� FRQVXOW� WKH � LI� WKH\� DUH� FRQFHUQHG� +HOS� 'HVN
DERXW�WKH�FDOLEUDWLRQ�RI�REVHUYDWLRQV�WDNHQ�RI�WDUJHWV�ZKLFK�DUH�H[SHFWHG�WR�EH�RII�FHQWHU�E\�PRUH
WKDQ��bDUFVHFRQG�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�
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�����/RQJ�6OLW�(FKHOOH�6SHFWURVFRS\
7KH�67,6�HFKHOOH�JUDWLQJV��VHH� ��ZHUH�GHVLJQHG�WR�PD[LPL]H�WKH�VSHFWUDO�UDQJH�FRYHUHG6HFWLRQ������
LQ� D� VLQJOH� HFKHOORJUDP�� 7KH� RUGHUV� DUH� WKHUHIRUH� FORVHO\� VSDFHG�� DQG� WR� DYRLG� RYHUODS� EHWZHHQ
RUGHUV��VKRUW�HFKHOOH�VOLWV�PXVW�EH�XVHG��,QGHHG��WKH�PDMRULW\�RI�67,6�HFKHOOH�REVHUYDWLRQV�DUH�RI�SRLQW
VRXUFHV� DQG� XVH� WKHVH� FXVWRPL]HG� HFKHOOH� VOLWV� �VHH� ��� 1HYHUWKHOHVV�� DW� WKH� SULFH� RI6HFWLRQ� �����
FRQIXVLRQ� GXH� WR� RUGHU� RYHUODS�� WKH� HFKHOOH� JUDWLQJV� FDQ� EH� XVHG�ZLWK� D� ORQJ� VOLW� WR� REWDLQ� KLJK�
UHVROXWLRQ�VSHFWURVFRS\�RI�H[WHQGHG�REMHFWV��RU�WKH\�FDQ�EH�XVHG�VOLWOHVV�ZLWK�D�IXOO�FOHDU��ILOWHUHG��RU�
� DSHUWXUH�� $Q� H[DPSOH� RI� D� VFLHQWLILF� DSSOLFDWLRQ� WKDW� ZRXOG� EHQHILW� IURP� ORQJ�VOLW� HFKHOOHND

VSHFWURVFRS\�PLJKW�EH�REVHUYDWLRQV�GHVLJQHG�WR�PDS�WKH�NLQHPDWLFV�RI�SODQHWDU\�QHEXODH�DQG�VWHOODU
RXWIORZV�DURXQG�\RXQJ�VWDUV��2EVHUYHUV�FRQWHPSODWLQJ�VXFK�REVHUYDWLRQV�VKRXOG�EH�DZDUH�WKDW�WKH
SUREOHPV�RI�RUGHU�RYHUODS��VFDWWHUHG�OLJKW��DQG�WKH�EURDG�ZLQJV�RI�WKH�36)�IURP�WKH�2SWLFDO�7HOHVFRSH
$VVHPEO\� ZLOO� PDNH� DFFXUDWH� FDOLEUDWLRQ� DQG� OLQH�SURILOH� ZRUN� H[WUHPHO\� FRPSOH[� IRU� H[WHQGHG
VRXUFHV�ZLWK�D�FRQWLQXXP��VHH� ��b �:KLOH�WKH�WKUH6HFWLRQ����� H���;����1'�$�&��DSHUWXUHV�SURYLGH�D

HUWXUHUDQJH�RI�DWWHQXDWLRQ�IDFWRUV�EHWZHHQ�WKRVH�RI�WKH�VPDOO�FOHDU�DSHUWXUHV�DQG�WKH����;����1'�DS
�H�J��� IRU�PD[LPL]LQJ� WKH� 6�1� IRU� WDUJHWV� WKDW� DUH� WRR� EULJKW� IRU� WKH� VPDOO� FOHDU� DSHUWXUHV��� RUGHU
RYHUODS�LQ�WKRVH�ORQJ�VOLWV�ZLOO�SURGXFH�VOLJKW�LQFUHDVHV�LQ�WKH�LQWHU�RUGHU�EDFNJURXQG�HYHQ�IRU�SRLQW
VRXUFHV��ZKLFK�FDQ�FRPSOLFDWH�GHWHUPLQDWLRQ�RI�WKH�IOX[�]HUR�SRLQWV�

7KH� � VOLW� ��� DUFVHFRQGV� LQ� WKH� VSDWLDO� GLUHFWLRQ� DQG� ���� DUFVHFRQGV� ZLGH� LQ� WKH� GLVSHUVLRQ6X0.2
GLUHFWLRQ�� LV� VXSSRUWHG� IRU�XVH�ZLWK�DOO� IRXU�RI� WKH�HFKHOOH�JUDWLQJV��+RZHYHU�� REVHUYHUV� VKRXOG�EH
DZDUH�RI� WKH�DPELJXRXV�RYHUODS� LQ� WKH� UHVXOWLQJ�HFKHOORJUDP�WKDW�PDNHV� WKH� UHGXFWLRQ�RI� ORQJ�VOLW
HFKHOOH�GDWD�DQ�LQKHUHQWO\�VRXUFH�GHSHQGHQW�DQG�LQWHUDFWLYH�SURFHVV��VHH� ��)LJXUH�����

2EVHUYHUV�VKRXOG�DOVR�QRWH�WKDW��IRU�ORQJ�VOLW�HFKHOOH�VSHFWUD��LPDJHV�RI�PRQRFKURPDWLF�OLQHV�RQ�WKH
GHWHFWRU� DUH� URWDWHG� E\� DQ� DQJOH� WKDW� GLIIHUV� VLJQLILFDQWO\� IURP� WKH� SK\VLFDO� DQJOH� RI� WKH� VOLW�� DQG
ZKLFK�YDULHV� IURP�RQH�HFKHOOH�JUDWLQJ� WR�DQRWKHU��:KHQ�XVLQJ� WKH� �DSHUWXUH�ZLWK�DQ�HFKHOOH6X0.2
JUDWLQJ��WKH�VDPH�DSHUWXUH�LV�DOVR�XVHG�IRU�WKH�DXWR�ZDYHFDO��DQG�WKLV�ZDYHFDO�LPDJH�FDQ�EH�XVHG�WR
PHDVXUH�WKH�FKDQJH�RI�WKH�ZDYHOHQJWK�VFDOH�DV�D�IXQFWLRQ�RI�SRVLWLRQ�DORQJ�WKH�VOLW��+RZHYHU��ORQJ�
VOLW�ZDYHFDO� OLQHV�ZLOO�RYHUODS�PXOWLSOH�RUGHUV��FDXVLQJ� �WR�FDOFXODWH� LQFRUUHFW�ZDYHOHQJWK�DQGFDOVWLV
VSDWLDO�RIIVHWV��8VHUV�PD\�ZLVK�WR�FRQVLGHU�DGGLQJ�DQ�DGGLWLRQDO�*2�ZDYHFDO�H[SRVXUH�XVLQJ�D�VPDOOHU
DSHUWXUH��H�J��� ��WR�PRUH�HDVLO\�GHULYH�DQ�DFFXUDWH�ZDYHOHQJWK�VFDOH�IRU�WKHLU�VFLHQFH�LPDJH�0.2X0.2
:KHQ�XVLQJ�DQ\�RWKHU�ORQJ�VOLW�DSHUWXUH�ZLWK�WKH�HFKHOOH�JUDWLQJV��WKH�DXWR�ZDYHFDO�ZLOO�EH�GRQH�E\
GHIDXOW�ZLWK�D�VPDOO�DSHUWXUH��,Q�VXFK�FDVHV��WKH�XVHU�PD\�ZLVK�WR�DGG�DQ�DGGLWLRQDO�*2�ZDYHFDO�ZLWK
WKH� �DSHUWXUH�LQ�RUGHU�WR�PHDVXUH�WKH�FKDQJH�LQ�WKH�SURMHFWHG�VOLW�DQJOH�6X0.2

(FKHOOH� /RQJ�6OLW� 6SHFWURJUDP� RI� ([WHQGHG� (PLVVLRQ� /LQH� 6RXUFH� )LOOLQJ� WKH)LJXUH� ������ 305
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�����7LPH�5HVROYHG�2EVHUYDWLRQV
7KHUH�DUH�WZR�ZD\V�WR�REWDLQ�WLPH�UHVROYHG�VSHFWURVFRSLF�DQG�LPDJLQJ�REVHUYDWLRQV�ZLWK�67,6�

8VH�WKH�0$0$� �RSHUDWLQJ�PRGH��GHVFULEHG�LQ� ��LQ�WKH�89�TIME-TAG 6HFWLRQ�������
7DNH�D�VHULHV�RI�PXOWLSOH��VKRUW��LGHQWLFDO�UHSHDWHG�REVHUYDWLRQV��GHVFULEHG�LQ� ��RI6HFWLRQ�������
\RXU�WDUJHW�LQ� �RSHUDWLQJ�PRGH�ZLWK�HLWKHU�WKH�&&'�RU�WKH�0$0$V�ACCUM

%RWK�WKH�GDWD�SURGXFWV�UHFHLYHG��DQ�HYHQW�VWUHDP�LQ�WKH�FDVH�RI� �DQG�D�VHULHV�RI�LQGLYLGXDOTIME-TAG
LPDJHV�IURP�HDFK� �PRGH�H[SRVXUH� LQ�D�UHSHDWHG�VHTXHQFH��DQG�WKH�EDVLF�SDUDPHWHUV�RI�WKHACCUM
WLPH�UHVROYHG�REVHUYDWLRQV��H�J���VDPSOH�WLPH��LQWHUYDO�EHWZHHQ�VDPSOHV��WRWDO�QXPEHU�RI�VDPSOHV�RU
HTXLYDOHQWO\�GXUDWLRQ��GLIIHU�GUDPDWLFDOO\�LQ�WKHVH�PRGHV��,Q� �ZH�VXPPDUL]H�DQG�FRQWUDVW7DEOH�����
WKH� UDQJHV� RI� SDUDPHWHU� VSDFH� FRYHUHG� E\� WKH� GLIIHUHQW� PHWKRGV� RI� REWDLQLQJ� WLPH�UHVROYHG
REVHUYDWLRQV�

7KH�LQIRUPDWLRQ�SUHVHQWHG�LQ� �FDQ�EH�VXPPDUL]HG�LQWR�WKH�IROORZLQJ�VHW�RI�JXLGHOLQHV�IRU7DEOH�����
SHUIRUPLQJ�WLPH�UHVROYHG�REVHUYDWLRQV�ZLWK�67,6�

,Q�RUGHU� WR�REVHUYH�YDULDELOLW\�RQ�VHFRQG�RU�OHVV� WLPH�VFDOHV�� WKH�89�XVLQJ� �PRGH� LVTIME-TAG
QHHGHG�� �VKRZV�DQ�H[DPSOH�RI�D�WLPH�SURILOH�RI�WKH�&UDE�3XOVDU�REWDLQHG�ZLWK�67,6�)LJXUH�����

�LQ� �PRGH�RYHUODLG�RQ�SULRU�+63�REVHUYDWLRQV�G140L TIME-TAG
,Q�WKH�RSWLFDO��YDULDELOLW\�FDQ�EH�REVHUYHG�RQ�WHQV�RI�VHFRQGV�WLPH�VFDOHV�XVLQJ�VXEDUUD\V�DQG
PXOWLSOH�H[SRVXUHV�ZLWK�WKH�&&'�
,Q� WKH�89��YDULDELOLW\�RQ�WKH�VHYHUDO�PLQXWH�RU�PRUH�WLPH�VFDOH�FDQ�EH�REVHUYHG�E\�PXOWLSOH�

�PRGH�H[SRVXUHV�ZLWK�WKH�0$0$V�RU�XVLQJ� ��VXEMHFW�WR�FRXQW�UDWH�OLPLWDWLRQV��ACCUM TIME-TAG
$�VHULHV�RI�LGHQWLFDO�H[SRVXUHV�WKDW�DUH�HDFK�OHVV�WKDQ�WKUHH�PLQXWHV�LQ�OHQJWK�LQFXUV�DGGLWLRQDO
GDWD�PDQDJHPHQW�RYHUKHDGV�ZKHQ�FRPSDUHG�WR�ORQJHU�H[SRVXUHV��VHH� ��7DEOH����
6LQJOH�0$0$�YLVLWV�DUH�OLPLWHG�WR�ILYH�RUELWV��VHH� ��VR�FRQWLQXRXV�YDULDELOLW\��WKRXJK&KDSWHU����
LQWHUUXSWHG�E\�RFFXOWDWLRQ� IRU� QRQ�&9=�YLVLWV�� FDQ�EH� WUDFNHG� IRU� RQO\� WKDW�GXUDWLRQ�ZLWK� WKH
0$0$V�
6SDWLDO� VFDQQLQJ�ZLWK� WKH� 67,6� &&'� LV� DQRWKHU� RSWLRQ� LQ� WKH� RSWLFDO�189� � WKRXJK� DSSDUHQW
VOLJKW�YDULDWLRQV�LQ�WKH�VFDQ�UDWH�PD\�OLPLW�ERWK�WKH�XVHIXO�WLPH�VFDOHV�DQG�WKH�DFFXUDF\�RI�WKH
WLPLQJ�ZLWKLQ�LQGLYLGXDO�VFDQQHG�VSHFWUD��VHH�UHVXOWV�IURP�WHVW�REVHUYDWLRQV�LQ�WKH�0DUFK�����

��VSDWLDO�VFDQQLQJ�SHUIRUPDQFH�LQ�WKH� ��DQG�GHWDLOHG�LQIRUPDWLRQ�RQ67$1 6HSWHPEHU������67$1
WKLV�PRGH�LQ� ��6HFWLRQ������

7DEOH�������6XPPDU\�RI�7LPH�5HVROYHG�,PDJLQJ�DQG�6SHFWURVFRS\�

2EVHUYDWLRQ
7\SH

'HWHFWRU 6SHFWUDO
5DQJH
���

0LQLPXP
6DPSOH
7LPH�� �͙

,QWHUYDO�
%HWZHHQ
6DPSOHV�� �̪͙

7RWDO�'XUDWLRQ�RI�
8QLQWHUUXSWHG�7LPH�6HULHV�

5HSHDW
ACCUM

&&' �����
������

� � �
VHFRQG

IXOO�IUDPH�����VHFRQG
����� ����VXEDUUD\��
���VHFRQG

)RU� !���PLQXWHV��QR�OLPLW͙�
)RU� ����PLQXWHV�͙�
GXU� �� �� ��� IXOO� IUDPH͙�̪͙ ��
����� b�����b�
GXU� �� �� ���������͙�̪͙ �� b�b
���VXEDUUD\
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https://hst-docs.stsci.edu/display/STISIHB/9.2+STIS+Exposure+Overheads#id-9.2STISExposureOverheads-Table9.2
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https://www.stsci.edu/contents/news/stis-stans/september-2020-stan


5HSHDW�
ACCUM

0$0$V �����
�����

� � �
VHFRQG

��� VHFRQG� IRU� !��͙�
PLQXWHV
��PLQXWHV� IRU� �� �͙�
PLQXWHV

1R�OLPLW�
1R�OLPLW

TIME-TAG� 0$0$V �����
�����

���� ͑
VHFRQG

� ���� �� � � VHFRQGV� LI� � �� � 5 5
�������FRXQWV�V
RU
���� �� � �VHF�LI� �!�������� � 5 5
FRXQWV�V�
ZKHUH� �LV�UDWH�LQ�FRXQWV�V5

�� � �GXUDWLRQ�RI�DQ�LQGLYLGXDO�H[SRVXUH��͙
� 1RWH�� ZLWK� �� �b LPDJHV� VHSDUDWHG� E\� �b PLQXWH� DQG� HDFK� RI� GXUDWLRQ�� = =2BINAXIS1 BINAXIS2 ͙
b�b�bPLQXWHV�FDQ�EH�REWDLQHG��
�$ERYH��������FRXQWV�V�WLPLQJ�DFFXUDF\�VXIIHUV��

&UDE�3XOVDU�2EVHUYHG�8VLQJ�WKH�67,6� �ZLWK� �LQ� �0RGH��)LJXUH������� FUV-MAMA G140L TIME-TAG308



&UDE�3XOVDU�2EVHUYHG�8VLQJ�WKH�67,6� �ZLWK� �LQ� �0RGH��)LJXUH������� FUV-MAMA G140L TIME-TAG

7KH�UHVXOWLQJ�LQWHJUDWHG�WLPH�SURILOH�LV�VKRZQ�VXSHULPSRVHG�RQ�WKH�HDUO\�UHVXOWV�IURP�WKH�+63��7KH
IXOO�SHULRG�RI�WKH�&UDE�SXOVDU�LV����PLOOLVHFRQGV���)LJXUH�FRXUWHV\�RI�'RQ�/LQGOHU�DQG�7HG�*XOO��VHH�DOVR�

��*XOO�HW�DO�������� �� ��/��$S- ���
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�����2EVHUYLQJ�7RR�%ULJKW�2EMHFWV�ZLWK�67,6
$V�GHVFULEHG�LQ� ��WKH�67,6�0$0$�GHWHFWRUV�DUH�VXEMHFW�WR�GDPDJH�DW�KLJK�ORFDO�DQG�JOREDO6HFWLRQ����
FRXQW�UDWHV��7KH�0$0$�GHWHFWRUV�DOVR�VXIIHU�XQFRUUHFWDEOH�QRQ�OLQHDULW\�DW�VLPLODU�FRXQW�UDWHV��VHH�

��� 7KHUH�DUH� WKHUHIRUH� FRQILJXUDWLRQ�VSHFLILF� FRXQW� UDWH� OLPLWV� IRU� DOO� REVHUYDWLRQV� WKDW6HFWLRQ������
XVH� WKH�0$0$� GHWHFWRUV�� VRXUFHV� EULJKWHU� WKDQ� DOORZHG� E\� WKH� OLPLWV� � LQ� WKDWFDQQRW� EH� REVHUYHG
FRQILJXUDWLRQ�

7KH�67,6�&&'V�DUH�QRW�VXEMHFW�WR�WKH�VDPH�EULJKW�REMHFW�FRQVWUDLQWV��DV�WKH�&&'�FDQQRW�EH�GDPDJHG
E\�REVHUYDWLRQV�RI�EULJKW�VRXUFHV��$W�KLJK� �FRXQW�SL[�OHYHOV��KRZHYHU��WKH�&&'�VDWXUDWHVDFFXPXODWHG
DQG�FKDUJH�EOHHGV�DORQJ�WKH�FROXPQV��:KHQ� ��WKH�VDWXUDWHG�FRXQWV�FDQ�EH�UHFRYHUHG�E\CCDGAIN=4
VXPPLQJ� RYHU� WKH� SL[HOV� EOHG� LQWR�� DQG� WKLV� VSDWLDOO\� LQWHJUDWHG� FRXQW� UDWH� UHPDLQV� OLQHDU� ZLWK
H[SRVXUH�OHYHO��VHH� ���7KLV�LV�QRW�WUXH�IRU� ��7KH�FKDUJH�EOHHGLQJ�UHVXOWLQJ67,6�,65�������� CCDGAIN=1
IURP�VDWXUDWLRQ�GRHV�VRPHZKDW�FRPSOLFDWH�IODW� ILHOGLQJ�DQG�UHPRYDO�RI�FRVPLF�UD\V��KRZHYHU��DV� LW
FKDQJHV�WKH�ORFDWLRQV�RI�VRPH�RI�WKH�REVHUYHG�FRXQWV�b�$V�GHVFULEHG�SUHYLRXVO\��VHH� ��6HFWLRQ������
&&'� VDWXUDWLRQ� FDQ� EH� DYRLGHG� E\� NHHSLQJ� H[SRVXUH� WLPHV� VKRUW� ZKHQ� REVHUYLQJ� EULJKW� WDUJHWV�
6SDWLDO�VFDQQLQJ�ZLWK�WKH�&&'�� ��PD\�DOVR�EH�HPSOR\HG�b�7KH�PLQLPXP�H[SRVXUH�WLPH6HFWLRQ������
IRU�&&'�REVHUYDWLRQV������VHFRQG��GLFWDWHV�WKH�PD[LPXP�VRXUFH�EULJKWQHVV�ZKLFK�FDQ�EH�REVHUYHG
ZLWKRXW�VDWXUDWLQJ�

7KH�RQO\�ZD\�WR�XVH�67,6�WR�REVHUYH�D�VRXUFH�WKDW�LV�WRR�EULJKW�LV�WR�XVH�D�FRQILJXUDWLRQ�RU�REVHUYLQJ
PRGH�ZKLFK�UHGXFHV�WKH�IOX[�IURP�WKH�WDUJHW��JOREDOO\�DQG�RU�ORFDOO\���EULQJLQJ�LW�LQWR�WKH�REVHUYDEOH
UHJLPH��7KH�RSWLRQV�DYDLODEOH�WR�DFKLHYH�WKLV�UHGXFWLRQ�DUH�

8VH�D�VPDOOHU�VOLW� WR� UHGXFH� WKH� WUDQVPLWWHG� OLJKW� IRU�VSHFWURVFRSLF�REVHUYDWLRQV� �VHH�6HFWLRQ
WKH� SHUFHQW� IOX[� WUDQVPLWWHG� WKURXJK� HDFK� VOLW� DV� D� IXQFWLRQ� RI� ZDYHOHQJWK� LV� ZKHUH�����

UHSRUWHG��
6HOHFW�D�PRUH�DSSURSULDWH�JUDWLQJ�RU� ILOWHU�FRQILJXUDWLRQ��7KH�VROXWLRQ�PD\�EH�D�FRQILJXUDWLRQ
ZLWK�KLJKHU�UHVROYLQJ�SRZHU�LI�LW�LV�WKH�ORFDO�OLPLW�ZKLFK�LV�EHLQJ�YLRODWHG��RU�D�FRQILJXUDWLRQ�WKDW
FRYHUV�D�VPDOOHU�VSHFWUDO�UDQJH�LI�WKH�JOREDO� OLPLW� LV�EHLQJ�YLRODWHG��,Q�PRUH�H[WUHPH�FDVHV��D
JUDWLQJ� �ILOWHU�� WKDW�FRYHUV�DQ�HQWLUHO\�GLIIHUHQW� UHJLRQ�RI� WKH�VSHFWUXP�PXVW�EH�FKRVHQ��1RWH
WKDW�ZKHQ�REVHUYLQJ� LQ� ILUVW� RUGHU� LQ� WKH�189�� WKH�XVH�RI�&&'�189� ILUVW�RUGHU� VSHFWURVFRSLF
PRGHVb �DQG� �FDQ�EH�FRQVLGHUHG��VHH� ��G230LB G230MB 6HFWLRQ������
8VH�D�QHXWUDO�GHQVLW\�ILOWHUHG�IXOO�DSHUWXUH��7KH�QHXWUDO�GHQVLW\�ILOWHUV�DUH�GHVFULEHG�LQ�6HFWLRQ
��WKH\�SURGXFH�DWWHQXDWLRQV�UDQJLQJ�E\�IDFWRUV�IURP��� �WR��� ��1RWH��KRZHYHU��WKDW�WKH���� � � 1'

ILOWHUV�DUH�ORFDWHG�LQ�WKH�VOLW�ZKHHO��7KXV��DOO�VXSSRUWHG� �IXOO�ILOWHUHG�H[SRVXUHV�ZLOO�EH�VOLWOHVV�1'
WKLV�PHDQV�WKDW�D�VOLW�DQG�DQ� �IXOO�ILOWHU�FDQQRW�EH�XVHG�WRJHWKHU��6LPLODUO\��Db �IXOO�ILOWHU�DQG1' 1'
DQRWKHU�ILOWHU�LQ�LPDJLQJ�PRGH�FDQQRW�EH�XVHG�WRJHWKHU��$OVR�� �� �� ��DQG�1'4� 1'4� 1'4� 1'4�
ILOWHUV�DUH�IRXU�GLVWLQFW�TXDGUDQWV�RI�D�VLQJOH�ILOWHU��DOO�RI�ZKLFK�DUH�VLPXOWDQHRXVO\�LPDJHG�b1'4�
LV�RI�OLWWOH�XVH��DV�DQ\�WDUJHW�WKDW�UHTXLUHV�WKLV�ILOWHU�LV�WRR�FORVH�WR�WKH� �TXDGUDQW�WR�SDVV1'4�
EULJKW�REMHFW�VFUHHQLQJ�
8VH�RQH�RI�WKH�HFKHOOH�RU�ORQJ�FDOLEUDWLRQ�VOLWV�ZKLFK�FRQWDLQ�QHXWUDO�GHQVLW\�ILOWHUV��6XSSRUWHG
QHXWUDO�GHQVLW\� VOLWV� IRU� WKH� HFKHOOHV� DUH� � �ZLWK� �� DQG� � �ZLWK�0.2X0.05ND 1' ��� 0.3X0.05ND

��� ZKHUH� LI� �� WKH� IOX[� LV� DWWHQXDWHG� E\� DSSUR[LPDWHO\� �� �� 6XSSRUWHG� QHXWUDO�1' ���  1' [ [

GHQVLW\�ORQJ�VOLWV�WKDW�FDQ�EH�XVHG�IRU�ILUVW�RUGHU�RU�HFKHOOH�REVHUYDWLRQV�DUH� ��ZLWK�31X0.05NDA
��� ��ZLWK� ���DQG� ��ZLWK� 7KH�XVH�RI�WKHVH�ORQJ�VOLWVND=0.4 31X0.05NDB 1' ��� 31X0.05NDC 1' ������

ZLWK� DQ� HFKHOOH� JUDWLQJ� ZLOO� FDXVH� RUGHU� RYHUODS� SUREOHPV� �V ��� EXW� IRU� SRLQWHH� 6HFWLRQ� ����
VRXUFHV� WKH� RUGHU� VHSDUDWLRQ�PD\� EH� DGHTXDWH� IRU�PDQ\� VFLHQFH� SURJUDPV�� 7KH� XVH� RI� WKH
QHXWUDO�GHQVLW\�ORQJ�VOLWV�ZLWK�WKH�35,60�UHPDLQV��DYDLODEOH�EXW�XQVXSSRUWHG��DW�WKLV�WLPH�
8VH� VSDWLDO� VFDQQLQJ� �&&'� RQO\�� WR� VSUHDG� WKH� H[SRVXUH� RYHU� D� ODUJHU� VSDWLDO� H[WHQW� �VHH�

��6HFWLRQ������
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https://hst-docs.stsci.edu/display/STISIHB/7.5+MAMA+Operation+and+Feasibility+Considerations#id-7.5MAMAOperationandFeasibilityConsiderations-Section7.5.4
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199905.pdf
https://hst-docs.stsci.edu/display/STISIHB/7.3+CCD+Operation+and+Feasibility+Considerations#id-7.3CCDOperationandFeasibilityConsiderations-Section7.3.2
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�����+LJK�6LJQDO�WR�1RLVH�5DWLR�2EVHUYDWLRQV
�������'LWKHULQJ
�������)3�63/,7�6OLWV�IRU�(FKHOOH�2EVHUYDWLRQV

7KH�PD[LPXP�DFKLHYDEOH�VLJQDO�WR�QRLVH��6�1��UDWLR�RI�67,6�REVHUYDWLRQV�IRU�ZHOO�H[SRVHG�WDUJHWV�LV�
LQ� JHQHUDO�� OLPLWHG� E\� WKH� 6�1� UDWLR� DQG� VWDELOLW\� RI� WKH� IODW� ILHOGV�� &&'� IODW�ILHOG� REVHUYDWLRQV� DUH
REWDLQHG� PRQWKO\�� 8OWLPDWHO\�� &&'� UHIHUHQFH� IODWV� LQ� WKH� SLSHOLQH� VKRXOG� KDYH� DQ� HIIHFWLYH
LOOXPLQDWLRQ�RI�XS�WR��� �H �SL[��7KXV��LW�VKRXOG�EH�SRVVLEOH�WR�DFKLHYH�D�6�1�UDWLR�RI�VHYHUDO�KXQGUHG� 

RYHU�ODUJHU�VSDWLDO�VFDOHV�JLYHQ�VXIILFLHQW�VRXUFH�FRXQWV��7KH�OLPLWDWLRQ�LV�WKH�WHPSRUDO�VWDELOLW\�RI�WKH
&&'�UHIHUHQFH�IODWV��ZKLFK�VKRZ�YDULDWLRQV�RI�D�IHZ�WHQWKV�RI�D�SHUFHQW��'LWKHULQJ�WHFKQLTXHV�FDQ�DQG
VKRXOG�EH�FRQVLGHUHG�IRU�KLJK�6�1�&&'�REVHUYDWLRQV��VHH� ���7KH�UHDOL]DEOH�6�1�UDWLR�IRU6HFWLRQ�����
VSHFWURVFRS\�ZLOO�EH�OHVV�LQ�WKH�IDU�UHG�GXH�WR�IULQJLQJ��XQOHVV�DSSURSULDWH�IULQJH�IODWV�DUH�DSSOLHG��VHH
WKH�FDYHDWV�RQ�ORQJ�ZDYHOHQJWK�VSHFWURVFRS\�LQ�WKH�UHG�LQ� ��6HFWLRQ������

7ZR�REVHUYLQJ� WHFKQLTXHV�KDYH�EHHQ�HPSOR\HG� WR�REWDLQ�KLJKHU�6�1� UDWLRV� LQ�67,6�&&'�VSHFWUD�RI
UHODWLYHO\�EULJKW�VWDUV�� ,Q�WKH�ILUVW�PHWKRG��KLJK�WRWDO�FRXQWV�DUH�EXLOW�XS�E\�GHOLEHUDWH�VDWXUDWLRQ�RI
WKH�GHWHFWRU�DW�D�IL[HG�SRLQWLQJ��7KH�H[FHVV�FKDUJH��EOHHGV��DORQJ�WKH�FROXPQV��EXW��IRU�*$,1 ���WKH
WRWDO�DFFXPXODWHG�FKDUJH� LV�SUHVHUYHG� LQ�HDFK�FROXPQ�� ,Q� WKLV�ZD\��6�1� UDWLRV�RI�RUGHU������KDYH
EHHQ�DFKLHYHG�� ���7KH��*LOOLODQG�HW�DO��������3$63����������� %RKOLQ�	�*LOOLODQG�������$-�����������
VHFRQG�PHWKRG�XVHV�VSDWLDO�VFDQQLQJ�� WUDLOLQJ� WKH� WDUJHW�DORQJ�RQH�RI� WKH� ORQJ�67,6�VOLWV�� URXJKO\
SHUSHQGLFXODU� WR� WKH� GLVSHUVLRQ�� 7KH� DLP� LV� DJDLQ� WR� EXLOG� XS� KLJK� WRWDO� FRXQWV� LQ� HDFK� VSHFWUDO
HOHPHQW��EXW�ZLWKRXW�VDWXUDWLQJ�WKH�LQGLYLGXDO�SL[HOV�LQ�WKH�GHWHFWRU��$V�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�

��VSDWLDO�VFDQQLQJ�FDQ�HQDEOH�EHWWHU�IODW�ILHOGLQJ��PRUH�UREXVW�UHPRYDO�RI�FRVPLF�UD\V�6HFWLRQ������
DQG�PRUH�FRPSOHWH�UHPRYDO�RI�WKH�VWURQJ�IULQJLQJ�VHHQ�LQ�67,6�&&'�VSHFWUD�DW�ZDYHOHQJWKV�ORQJHU
WKDQ�DERXW����� ���,Q�D�ILUVW�DSSOLFDWLRQ�RI�WKLV�PHWKRG�b �DFKLHYHG�6� &RUGLQHU�HW�DO���������$S-�������/��
�1�a���������LQ�*���0�VSHFWUD�QHDU���������FRQVLVWHQW�ZLWK�H[SHFWDWLRQV�EDVHG�RQ�SKRWRQ�VWDWLVWLFV�
7ZR�VXEVHTXHQW�VSHFLDO�FDOLEUDWLRQ�SURJUDPV�KDYH�GHPRQVWUDWHG�WRWDO�IOX[�UHSURGXFLELOLW\�DW�D�OHYHO
a���SSP�LQ�UHSHDWHG�*���/�VSDWLDO�VFDQV�RI�WKH�UHODWLYHO\�EULJKW�H[RSODQHW�KRVW�VWDU����&QF�REWDLQHG
RYHU�VHYHUDOb �RUELWV�� ��+67 67,6�6HSWHPEHU������67$1

7KH�6�1�UDWLR�RI�0$0$�IODW�ILHOGV�LV�OLPLWHG�E\�WKH�ORQJ�LQWHJUDWLRQ�WLPHV�QHHGHG�WR�DFTXLUH�WKHP�DQG
WKH�OLPLWHG�ODPS�OLIHWLPHV���6HH� ���6�1�UDWLRV�RI�a������VKRXOG�URXWLQHO\�EH�DFKLHYDEOH�IRU6HFWLRQ�����
VSHFWURVFRSLF�REVHUYDWLRQV�RI�EULJKW�VRXUFHV�ZLWK�WKH�0$0$V�LI�VXSSRUWHG�E\�FRXQWLQJ�VWDWLVWLFV��,I�D
SURJUDP�UHTXLUHV�KLJK�6�1�UDWLRV��ZH�UHFRPPHQG�XVLQJ�VRPH�IRUP�RI�GLWKHULQJ��GHVFULEHG�EHORZ��DQG
FR�DGGLQJ�WKH�VSHFWURJUDPV�WR�DPHOLRUDWH�WKH�VWUXFWXUH�LQ�WKH�IODW�ILHOGV�

.DLVHU�HW�DO��� ��DQG�*LOOLODQG�� ��UHSRUWHG�TXLWH�KLJK�6�1�UDWLRV�IRU������ �� �����3$63 ��� 67,6�,65��������
VSHFWURJUDPV�RI�EULJKW�VWDQGDUG�VWDUV�REWDLQHG�GXULQJ�D�67,6�FRPPLVVLRQLQJ�SURJUDP��7KH�UHDOL]DEOH
6�1�UDWLR�GHSHQGV�RQ�WKH�WHFKQLTXH�XVHG�WR�FRUUHFW�IRU�WKH�IODW�ILHOG�YDULDWLRQV��DV�VKRZQ�LQ�7DEOH�����
��7KH�6�1�UDWLRV�TXRWHG�DUH�IRU�ZDYHOHQJWK�ELQV�IURP�DQ�H[WUDFWLRQ�ER[�RI��[���ORZUHV�SL[HOV����LQ�

�RU�GLVSHUVLRQ�����LQ� �RU�DFURVV�WKH�GLVSHUVLRQ���,Q�WKH�WDEOH��WKH�3RLVVRQ�OLPLW�LV�MXVW�WKH�6AXIS1 AXIS2
�1�UDWLR�WKDW�ZRXOG�EH�H[SHFWHG�RQ�WKH�EDVLV�RI�FRXQWLQJ�VWDWLVWLFV�DORQH���1R�)ODW��PHDQV�WKH�UHDOL]HG
6�1� UDWLR�ZLWKRXW�DSSO\LQJ�DQ\� IODW� ILHOG� WR� WKH�GDWD�� �5HIHUHQFH�)ODW��PHDQV� WKH� UHDOL]HG�6�1� UDWLR
DIWHU�DSSO\LQJ�WKH�EHVW�DYDLODEOH�UHIHUHQFH�IODW��DQG�WKH��)XOO� �6ROXWLRQ��LV�GLVFXVVHG�XQGHU�FP-SPLIT

�EHORZ��&OHDUO\��6�1�UDWLRV�LQ�H[FHVV�RI�������SHU�UHVROXWLRQ�HOHPHQW�DUH�ZHOO�ZLWKLQ�WKH6HFWLRQ�������
FDSDELOLWLHV�RI�WKH�0$0$V�IRU�VSHFWURVFRS\�

7DEOH�������5HVXOWV�RI�6�1�5DWLR�7HVWV�ZLWK�67,6�0$0$V�LQ�2UELW�
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*UDWLQJ 3RLVVRQ�/LPLW 1R�)ODW 5HIHUHQFH�)ODW )XOO�)3�6SOLW�6ROXWLRQ�

E140M ��� ��� ���� ���

G140L ��� b�� ���b 1�$

E230M ��� ��� ���� ���

G230M ��� ��� ���b 1�$

�� 5HVXOWV� REWDLQDEOH� LQ� HFKHOOH� PRGHV� XVLQJ� WKH� � VOLWV� DQG� DQ� LWHUDWLYH� VROXWLRQ� IRU� WKHFP-SPLIT
VSHFWURJUDP�DQG�IODW�ILHOG��
�5HVXOWV�REWDLQHG�XVLQJ�WKH� �VOLWV�DQG�VLPSO\�VKLIWLQJ�DQG�FR�DGGLQJ�WKH�VSHFWURJUDPV�DIWHU� FP-SPLIT
IODW�ILHOGLQJ��
�5HVXOWV�REWDLQHG�XVLQJ�WKH� �VOLWV�DQG�VLPSO\�VKLIWLQJ�DQG�FR�DGGLQJ�WKH�VSHFWURJUDPV�DIWHU� FP-SPLIT
IODW�ILHOGLQJ�

�������'LWKHULQJ
,Q�ILUVW�RUGHU�VSHFWURVFRSLF�PRGHV��LPSURYHG�6�1�UDWLRV�FDQ�EH�DFKLHYHG�E\�VWHSSLQJ�WKH�WDUJHW�DORQJ
WKH� VOLW�� WDNLQJ� VHSDUDWH�H[SRVXUHV�DW� HDFK� ORFDWLRQ��ZKLFK�DUH� VXEVHTXHQWO\� VKLIWHG�DQG�DGGHG� LQ
SRVW�REVHUYDWLRQ� GDWD� SURFHVVLQJ� � �� VHH� ��� 7KLV� VWHSSLQJ�� RUPATTERN=STIS-ALONG-SLIT 6HFWLRQ� ����
GLWKHULQJ��LQ�WKH�VSDWLDO�GLUHFWLRQ�HIIHFWLYHO\�VPRRWKV�WKH�GHWHFWRU�UHVSRQVH�RYHU�WKH�QXPEHU�RI�VWHSV�
DFKLHYLQJ� D� UHGXFWLRQ� RI� SL[HO�WR�SL[HO� QRQXQLIRUPLW\� E\� WKH� VTXDUH� URRW� RI� WKH� QXPEHU� RI� VWHSV�
DVVXPLQJ�WKH�SL[HO�WR�SL[HO�GHYLDWLRQV�DUH�XQFRUUHODWHG�RQ�WKH�VFDOH�RI�WKH�VWHSV��,Q�LPDJLQJ�PRGHV�
WKH�VDPH�GLWKHULQJ�FDQ�EH�GRQH�LQ�WZR�GLPHQVLRQV��L�H���WKH�VWHSV�QHHG�QRW�EH�DORQJ�D�VWUDLJKW�OLQH
�VHH� ���)RU�HFKHOOH�PRGHV��VWHSSLQJ�DORQJ�WKH�VOLW�LV�SRVVLEOH�RQO\�ZLWK�D�ORQJ�HFKHOOH�VOLW6HFWLRQ�������
�H�J���WKH� ���EXW�RU�6X0.2 52X0.1�DSHUWXUHV��RU�RQH�RI�WKH�DYDLODEOH�EXW�XQVXSSRUWHG�ORQJ�VOLW�DSHUWXUHV
VHH� �DERYH��DQG�QRWH� WKH�DPHOLRUDWLQJ�HIIHFWV�RI�'RSSOHU�VPHDULQJ�DV�QRWHG�EHORZ�� ,Q6HFWLRQ�����
SUDFWLFH��XVLQJ�WKH� �VOLWV��VHH� ��SURYLGHV�D�EHWWHU�PHDQV�RI�GLWKHULQJ�HFKHOOHFP-SPLIT 6HFWLRQ�������
REVHUYDWLRQV�

,Q�D� VOLWOHVV�RU�ZLGH�VOLW�PRGH�� VWHSSLQJ�DORQJ� WKH�GLVSHUVLRQ�GLUHFWLRQ�SURYLGHV�DQRWKHU�PHWKRG� WR
DFKLHYH�KLJK�6�1�UDWLR�GDWD��'DWD�VR�REWDLQHG�SHUPLW��DW�OHDVW�LQ�SULQFLSOH��DQ�LQGHSHQGHQW�VROXWLRQ�IRU
VSHFWURJUDP�DQG�IODW�ILHOG��EXW�DW�D�FRVW�RI�ORZHU�VSHFWUDO�UHVROXWLRQ�DQG�OLQH�SURILOH�FRQIXVLRQ�GXH�WR
WKH�ZLQJV�RI�WKH�/6)V�WUDQVPLWWHG�WKURXJK�D�ZLGH�VOLW��VHH� ���6XFK�DQ�DSSURDFK�IRU�67,66HFWLRQ�����
GDWD�KDV�QRW�EHHQ�DWWHPSWHG�DV�RI�WKLV�ZULWLQJ�

7KH� WKUHH� VFDQQHG�67,6�HFKHOOH�PRGHV� �(���+��(���+��DQG�(���0���KDYH�D�QXPEHU�RI� VHFRQGDU\
ZDYHOHQJWK�VHWWLQJV�GHILQHG�ZLWK�EURDG�RYHUODS�LQ�WKHLU�ZDYHOHQJWK�FRYHUDJH��8VLQJ�WZR�RU�PRUH�RI
WKHVH�RYHUODSSLQJ�ZDYHOHQJWK�VHWWLQJV� LV�DQRWKHU� VLPSOH�ZD\� WR�PRYH�D�JLYHQ� IHDWXUH� WR�GLIIHUHQW
SDUWV�RI�WKH�GHWHFWRU�
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�������)3�63/,7�6OLWV�IRU�(FKHOOH�2EVHUYDWLRQV
$�VSHFLDO�NLQG�RI�GLWKHULQJ�LQ�WKH�VSHFWUDO�GLUHFWLRQ�LV�SRVVLEOH�IRU�HFKHOOH�PRGH�REVHUYDWLRQV�ZLWK�RQH
RI�WZR�VHWV�RI�IL[HG�SDWWHUQ��RU� ��VOLWV��7KHVH�VOLW�VHWV�DUH�HDFK�FRPSULVHG�RI�D�PDVN�ZLWK�ILYHFP-SPLIT
DSHUWXUHV�WKDW�DUH�DOO�HLWKHU� �RU� �LQ�VL]H��$�VFKHPDWLF�RI�WKH�FRQILJXUDWLRQ�LV�VKRZQ�LQ�0.2X0.2 0.2X0.06

��'XULQJ�D�YLVLW��WKH�WDUJHW� LV�PRYHG�IURP�RQH�DSHUWXUH�WR�DQRWKHU��DQG�WKH�VOLW�ZKHHO� LV)LJXUH�����
UHSRVLWLRQHG��VR�WKDW�WKH�VSHFWURJUDP�LV�VKLIWHG��UHODWLYH�WR�WKH�GHWHFWRU�SL[HOV��DORQJ�WKH�GLVSHUVLRQ
GLUHFWLRQ�RQO\��7KH�VOLWV�DUH�VSDFHG�WR�SODFH�WKH�VSHFWURJUDP�DW�GLIIHUHQW�GHWHFWRU�ORFDWLRQV��VR�WKDW
IODW�ILHOG� YDULDWLRQV� FDQ�EH� DPHOLRUDWHG�E\� FR�DGGLQJ�PDQ\� VXFK� VSHFWURJUDPV�� 7KH� � VOLWVFP-SPLIT
FDQ�EH�D�JRRG�FKRLFH�IRU�REWDLQLQJ�KLJK�6�1�UDWLR�HFKHOOH�GDWD��VLQFH�LW�LV�XVXDOO\�QRW�SRVVLEOH�WR�GLWKHU
LQ� WKH� VSDWLDO� GLUHFWLRQ�� +RZHYHU�� VLQFH� 6�1 ���� LV� URXWLQHO\� DFKLHYHG� XVLQJ� WKH� QRUPDO� HFKHOOH
DSHUWXUHV��WKH� �VOLWV�DUH�UDUHO\�XVHG�FP-SPLIT
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6FKHPDWLF�RI�WKH�67,6�)L[HG�3DWWHUQ�6OLW�&RQILJXUDWLRQ��)LJXUH�������

�FRUUHVSRQGV�WR�WKH�GLVSHUVLRQ�GLUHFWLRQ��DQG� �WR�WKH�VSDWLDO�GLUHFWLRQ��'LPHQVLRQV�DUH�QRWAXIS1 AXIS2
WR�VFDOH�
)RU� WKH� HFKHOOH�PRGHV��'RSSOHU�LQGXFHG� VSHFWUDO� VKLIWV�� GXH� WR� WKH� YDULDWLRQ� RI� WKH� SURMHFWHG� +67
VSDFHFUDIW� YHORFLW\� DORQJ� WKH� OLQH� RI� VLJKW� WR� WKH� WDUJHW�� PRYH� WKH� VSHFWURJUDP� RQ� WKH
GHWHFWRU�bb&ROXPQ���RI� �JLYHV�WKH�PD[LPXP�VKLIW�LQ�KLJKUHV�SL[HOV�WKDW�ZRXOG�DSSO\��EDVHG7DEOH�����
XSRQ� DQ� � RUELWDO� YHORFLW\� RI�a���� NP�V� GXULQJ� DQ� RUELW�� 7KH� DFWXDO� VKLIW�ZLOO� GHSHQG� XSRQ� WKH+67
FRVLQH�RI�WKH�WDUJHW�ODWLWXGH�� DERYH�RU�EHORZ�WKH� �RUELWDO�SODQH��DQG�XSRQ�WKH�VLQH�RI�WKH�RUELWDOL�� +67
SKDVH�DW�ZKLFK�WKH�H[SRVXUH�LV�REWDLQHG���1RWH�WKDW�LQ�JHQHUDO�WKH�REVHUYHU�FDQ�SUHGLFW�QHLWKHU�WKH
ODWLWXGH�QRU�WKH�RUELW�SKDVH�RI�WKH�H[SRVXUHV�LQ�DGYDQFH�ZLWK�DQ\�SUHFLVLRQ���&ROXPQb��JLYHV��IRU�D
WDUJHW� O\LQJ� LQ� WKH� �RUELWDO�SODQH�� WKH�PD[LPXP�GXUDWLRQ�RI�DQ�H[SRVXUH� IRU�ZKLFK� WKH�'RSSOHU+67
VKLIW�ZLOO�EH�RQH�KLJKUHV�SL[HO�RU�OHVV��WKH�DFWXDO�GXUDWLRQ�ZLOO�VFDOH�DV�VHF� ���VR�WKDW�WDUJHWV�QHDU�WKHL
FRQWLQXRXV�YLHZLQJ�]RQH��&9=��DUH�VFDUFHO\�DIIHFWHG�E\�'RSSOHU�PRWLRQ��7KLV�LQIRUPDWLRQ�RQ� �LV7PD[
UHOHYDQW� RQO\� LI� RQH� LV� WU\LQJ� WR� GHULYH� WKH� IODW�ILHOG� UHVSRQVH� VLPXOWDQHRXVO\� ZLWK� WKH� VRXUFH
VSHFWURJUDP� �VHH� EHORZ�� DQG� QRW� IRU� WKH� VWUDLJKWIRUZDUG� IODW� ILHOG� DQG� VKLIW�DQG�DGG�PHWKRGRORJ\
GHVFULEHG�DERYH�

7KH� 67,6� IOLJKW� VRIWZDUH� DXWRPDWLFDOO\� DSSOLHV� DQ� RQERDUG� FRPSHQVDWLRQ� IRU� 'RSSOHU� PRWLRQ� IRU
HFKHOOH�DQG�0$0$�PHGLXP�UHVROXWLRQ�� ILUVW�RUGHU�GDWD� WDNHQ� LQ� �PRGH� �VHH� ���7KHACCUM &KDSWHU���
0$0$� FRQWURO� HOHFWURQLFV� FRUUHFW� �WR� WKH�QHDUHVW� KLJKUHV� SL[HO�� WKH� ORFDWLRQ� RI� HDFK� HYHQW� IRU� WKH
'RSSOHU� VKLIW� LQGXFHG� E\� WKH� VSDFHFUDIW�PRWLRQ� SULRU� WR� XSGDWLQJ� WKH� FRXQWHU� LQ� WKH� LPDJH� EHLQJ
FROOHFWHG�� 7KXV�� WKH� IODW�ILHOG� FRUUHFWLRQ� IRU� DQ\� LPDJH� SL[HO� ZRXOG� EH� DQ� DSSURSULDWHO\� ZHLJKWHG
DYHUDJH�RYHU�D�VPDOO� UDQJH�RI�QHDUE\�SL[HOV��DQG�WKH�HIIHFW�RI�VSDFHFUDIW�LQGXFHG�'RSSOHU�VKLIWV� LV
WKHUHIRUH�WR�QDWXUDOO\�SURYLGH�VRPH�VPRRWKLQJ�RYHU�WKH�IODW�ILHOGV�LQ�WKH�HFKHOOH�PRGHV�

7DEOH�������(IIHFW�RI�'RSSOHU�6KLIW�RQ�([SRVXUH�7LPHV�

*UDWLQJ 0D[LPXP�'RSSOHU�6KLIW��KL�UHV�SL[HOV� ��PLQXWHV�7PD[
�

E140H ����� b���

E140M b���� b���

314



E230H ����� b���

E230M b���� ����

��)RU�LQFOLQDWLRQ�  ����DFWXDO�GXUDWLRQ�ZLOO�VFDOH�DV�VHF� ���6HH�WH[W�IRU�GHWDLOV�L� L

2EWDLQLQJ�WKH�+LJKHVW�6�1�5DWLR�ZLWK�WKH� �6OLWVFP-SPLIT

$V�GHVFULEHG�DERYH��WKH� �VOLWV�KDYH�EHHQ�XVHG�ZLWK�WKH�HFKHOOHV�WR�SURYLGH�VLJQDO�WR�QRLVH�DVFP-SPLIT
KLJK�DV�a����ZLWK� WKH�GLUHFW� VKLIW�DQG�DGG�PHWKRG��$GGLWLRQDOO\�� GDWD�REWDLQHG�ZLWK� WKH�FP-SPLIT
VOLWV�PDNH�LW�SRVVLEOH�WR�VROYH�LQGHSHQGHQWO\�IRU�WKH�IL[HG�SDWWHUQ��L�H���WKH�IODW�ILHOG�YDULDWLRQ��DQG�WKH
VRXUFH� VSHFWUXP�� $Q� LWHUDWLYH� WHFKQLTXH� IRU� FRPELQLQJb � GDWD�ZDV� DSSOLHG� VXFFHVVIXOO\� WRFP-SPLIT
GDWD�REWDLQHG�ZLWK�*+56��VHH� ���EDVHG�RQ�D�PHWKRG�GHVFULEHG�E\�/DPEHUW�HW�DO��� �� �����������$S- ���

�� 7KLV� VDPH� WHFKQLTXH�ZDV� DSSOLHG� E\�*LOOLODQG� �%DJQXROR� DQG�*LHV� � �� �� ����� �����$S- ��� 67,6� ,65
��WR�67,6�REVHUYDWLRQV�RI�D�VWDQGDUG�VWDU��7KH�6�1�UDWLR�WKDW�ZDV�DFKLHYHG�ZLWK�WKHVH�VOLWV�LV�������

VXPPDUL]HG� LQ� WKH� ODVW�FROXPQ�RI� ��ZKLFK�VKRZV� WKDW� WKH� bVOLWV�FDQ�RIIHU�VRPH7DEOH����� FP-SPLIT
DGYDQWDJH�ZKHQ�RQH� LV�DWWHPSWLQJ�WR�DFKLHYH�WKH�KLJKHVW�SRVVLEOH�6�1�UDWLR�� ,Q�JHQHUDO�� WKRXJK�� LW
PD\�EH�GLIILFXOW� WR� LPSURYH�XSRQ�WKH�6�1�UDWLR�WKDW�FDQ�EH�DFKLHYHG�E\�VLPSO\�FDOLEUDWLQJ�ZLWK�WKH
VWDQGDUG�IODW�ILHOG�DQG�FR�DGGLQJ�WKH�VSHFWURJUDPV�

7KHUH�DUH�D�QXPEHU�RI�FDYHDWV�WR�WKH�XVH�RI�WKH� �VOLWV�WR�VROYH�LQGHSHQGHQWO\�IRU�WKH�WDUJHWFP-SPLIT
VSHFWUXP�DQG�IODW�ILHOG��7KH�PRVW�QRWDEOH�LV�WKDW�WKH�WDUJHWV�PXVW�EH�UHODWLYHO\�EULJKW�SRLQW�VRXUFHV�
7KH� UHVWULFWLRQ� WR� EULJKW� WDUJHWV� UHVXOWV� ERWK� IURP� WKH� QHHG� WR� OLPLW� WKH� GXUDWLRQ� RI� LQGLYLGXDO
H[SRVXUHV�WR�NHHS�WKH�'RSSOHU�LQGXFHG�VSHFWUDO�VKLIWV�WR� OHVV�WKDQ�RQH�KLJKUHV�SL[HO��DQG�IURP�WKH
QHHG�WR�KDYH�DSSUHFLDEOH�FRXQWV�LQ�WKH�LQGLYLGXDO�H[SRVXUHVDW�OHDVW�LQ�WKH�RUGHUV�RI�LQWHUHVW��9HU\
KLJK�FRXQWV� LQ� WKH�VXP�RI�DOO�H[SRVXUHV�DUH�HVVHQWLDO� IRU�D�JRRG� �DQG�VWDEOH�� VROXWLRQ� WR�ERWK� WKH
WDUJHW�VSHFWUXP�DQG�WKH�XQGHUO\LQJ�IODW�ILHOG�

,I� RQH� LV� XVLQJ� WKH� � VOLWV� WR� GLVWLQJXLVK� WKH� VLJQDWXUH� RI� WKH� IODW� ILHOG� IURP� WKH� WDUJHWFP-SPLIT
VSHFWUXP��WKHQ�'RSSOHU�VPHDULQJ��DQG�WKH�GLVFUHWH�FRPSHQVDWLRQ�IRU�WKDW�VPHDULQJ��ZLOO�GHIHDW�WKDW
VROXWLRQ��,Q�WKLV�FDVH��WKH�H[SRVXUHV�PXVW�EH�NHSW�DV�VKRUW�DV�LI�WKHUH�ZHUH�QR�'RSSOHU�FRPSHQVDWLRQ
DW� DOO� LI� WKH� JRDO� LV� WR� VROYH� IRU� WKH� SL[HO�WR�SL[HO� YDULDWLRQ� DW� D� SUHFLVLRQ� KLJKHU� WKDQ� WKDW� RI� WKH
DYDLODEOH�IODW�ILHOG�UHIHUHQFH�ILOHV�

7KH�XWLOLW\�RI� �REVHUYDWLRQV�LV�DOVR�OLPLWHG�E\�WKH�PRGHVW�UDQJH�RI�VOLW�RIIVHWV�LQ�ZDYHOHQJWKFP-SPLIT
VSDFH��DQG�E\�WKH�GLVWULEXWLRQ�DQG�FKDUDFWHU�RI�WKH�IHDWXUHV�LQ�WKH�WDUJHW�VSHFWUXP�LWVHOI��7KDW�LV��LI
WKH�VSHFWUXP�LQ� WKH�RUGHU�V��RI� LQWHUHVW� LV�GRPLQDWHG�E\�DEVRUSWLRQ�RYHU�D�ZLGWK�FRPSDUDEOH�WR�RU
ODUJHU�WKDQ�WKH�ODUJHVW�RIIVHW�UDQJH��WKH�VROXWLRQ�PD\�QRW�EH�VWDEOH�RU�XQLTXH��$�FRUROODU\�LV�WKDW�VRPH
RI�WKH�VSHFWUDO�RUGHUV�PXVW�FRQWDLQ�PRGHUDWHO\�SURPLQHQW�VSHFWUDO�IHDWXUHV�ZLWK�JRRG�VLJQDO�LQ�RUGHU
WR�GLVWLQJXLVK�WKH�VSHFWUXP�IURP�IODW�ILHOG�YDULDWLRQV�� �JLYHV�WKH� �RIIVHWV�IRU�HDFK7DEOH����� FP-SPLIT
JUDWLQJ��LQFOXGLQJ�RIIVHWV�LQ��QJVWURPV�IRU�W\SLFDO�FHQWUDO�ZDYHOHQJWK�VHWWLQJV�

7DEOH�������0DJQLWXGH�RI�6SHFWURJUDP�2IIVHW�IRU�WKH� �6OLWV�FP-SPLIT

*UDWLQJ 0LQLPXP�2IIVHW
�KL�UHV�SL[�

0D[LPXP�2IIVHW��KL�UHV�SL[� &(1:$9(���� 0D[��2IIVHW�#&(1:$9(����

E140H ����� ������ ���� �����

E140M ����� ������ ���� �����

E230H ����� ������ ���� �����
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E230M ����� ������ ���� �����
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����� ,PSURYLQJ� WKH� 6DPSOLQJ� RI� WKH� /LQH� 6SUHDG
)XQFWLRQ
,Q�PRVW�FRQILJXUDWLRQV�WKH�SRLQW�VRXUFH�VSHFWUDO� OLQH�):+0�LV�VOLJKWO\� OHVV�WKDQ�WZR�GHWHFWRU�SL[HOV
�VHH� ���0RVW�REVHUYDWLRQV�VKRXOG�QRW�EH�DIIHFWHG��EXW�LI�RQH�LV�REVHUYLQJ�OLQHV�ZKLFK�DUH6HFWLRQ�����
QHDU�WR�EHLQJ�XQUHVROYHG�LQ�WKH�JUDWLQJ�RI� LQWHUHVW�DQG�UHTXLUHV�DFFXUDWH�OLQH�SURILOHV��WKH�IROORZLQJ
WHFKQLTXHV�PD\�EH�XVHIXO�

6WHSSLQJ�RI�WKH�WDUJHW�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�LQ�D�ZLGH�VOLW�RU�VOLWOHVV�DSHUWXUH�WR�VXEVDPSOH
WKH� OLQH� VSUHDG� IXQFWLRQ� E\� GLVSODFLQJ� WKH� VSHFWURJUDP�� 7KLV� WHFKQLTXH� FDQ� DOVR� EH� XVHG� WR
LQFUHDVH�WKH�VLJQDO�WR�QRLVH��VHH�DERYH���1RWH�WKDW�LQ�HPSOR\LQJ�WKLV�VWUDWHJ\��RQH�ZLOO�KDYH�WR
WUDGH�RII�WKH�EHQHILWV�RI�WKH�VDPSOLQJ�ZLWK�WKH�QHJDWLYH�LPSDFW�RI� LQFUHDVHG�ZLQJV�LQ�WKH�OLQH
VSUHDG�IXQFWLRQ�ZLWK�D�ZLGH�VOLW��SDUWLFXODUO\�IRU�0$0$�REVHUYDWLRQV��VHH� ��6HFWLRQ�����
)RU� 0$0$� REVHUYDWLRQV�� � SL[HOV� PD\� SURYLGH� WZLFH� WKH� VDPSOLQJ�� KRZHYHU�� IODW�ILHOGKLJKUHV
YDULDELOLW\�PD\�PDNH�LW�GLIILFXOW�WR�UHDOL]H�WKH�EHQHILW�LQ�UHVROXWLRQ��VHH� ��+LJKUHV�6HFWLRQ�LQ����
1RWH�WKDW�DOO�67,6�GDWD�DUH�WDNHQ�E\�GHIDXOW�LQ�KLJKUHV�IRUPDW��DQG�WKHQ�ELQQHG�LQ�FDOLEUDWLRQ�RQ
WKH�JURXQG��VR�DOO�RQH�QHHGV�WR�GR�LV�WR�UHFDOLEUDWH�WKH�GDWD��FKDQJLQJ�WKH�VZLWFK�VHWWLQJV��VHH ��

��FKDSWHU�LQ�WKH� ��WR�IXOO\�H[SORLW�WKH�KLJKUHV�GDWD�67,6�&DOLEUDWLRQ 67,6�'DWD�+DQGERRN
)RU�0$0$�HFKHOOH�REVHUYDWLRQV��RQH�FDQ�XVH� WKH�YHU\�VPDOO� �DSHUWXUH�� b:KHQ�XVHG0.1X0.03
ZLWK� KLJK� VLJQDO�WR�QRLVH� GDWD� LQ� WKH� KLJKUHV� IRUPDW� DQG� ZLWK� VSHFLDOL]HG� GDWD� UHGXFWLRQ
WHFKQLTXHV�� UHVROXWLRQV� DV� KLJK� DV� �������� DUH� SRVVLEOH� ZLWK� WKH� � DQG� � HFKHOOHE140H E230H
JUDWLQJV�� ��b�6-HQNLQV�	�7ULSS�������$S-6���������� HH�6HFWLRQ�����RQ�WKH�VPDOOHVW�67,6�DSHUWXUHV
�ZLWK�FDYHDW�GHWDLOHG�LQ�WKH�IRRWQRWH��DQG�GHWDLOV�DERXW�WKURXJKSXW�ORVVHV�JLYHQ�LQ� �,65��������

�7KH� �DUH�DYDLODEOH�RQ�WKH� �ZHEVLWH67,6�7KURXJKSXW�&XUYHV 67,6�3HUIRUPDQFH
8VH�RI�D�KLJKHU�UHVROXWLRQ�JUDWLQJ�PRGH�LQ�ZKLFK�WKH� LQWULQVLF� OLQH�ZLGWK�RI�WKH�VRXUFH� LV�ZHOO
VDPSOHG�
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�����&RQVLGHUDWLRQV�IRU�2EVHUYLQJ�3ODQHWDU\�7DUJHWV
�������6OLW�2ULHQWDWLRQ

67,6
� )89� VRODU�EOLQG�DQG�189� VRODU�LQVHQVLWLYH�0$0$�GHWHFWRUV�PDNH� LW� SDUWLFXODUO\�ZHOO� VXLWHG� WR
VOLWWHG�VSHFWURVFRSLF�DQG�LPDJLQJ�SODQHWDU\�REVHUYDWLRQV��,Q�DGGLWLRQ��WKH� �ORQJ�VOLW���bDUFVHFRQGV52X2
ZLGH�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ��LV�SDUWLFXODUO\�ZHOO�VXLWHG�WR�WKH��VOLWOHVV��89�VSHFWURVFRSLF�VWXG\�RI
VPDOO�SODQHWDU\�ERGLHV��XVLQJ�D�VOLW�OLPLWV�WKH�EDFNJURXQG�FRQWLQXXP�FRQWULEXWLRQ��VHH� ��6HFWLRQ������
67,6�KDV�EHHQ�XVHG�VXFFHVVIXOO\�WR�SHUIRUP�ORQJ�VOLW�DQG�HFKHOOH�VSHFWURVFRS\�DQG�89�LPDJLQJ�RI�D
QXPEHU�RI�VRODU�V\VWHP�REMHFWV�LQFOXGLQJ�FRPHWV��SODQHWDU\�VDWHOOLWHV��DQG�SODQHWV�

3ODQHWDU\�REVHUYHUV�PD\�ZLVK�WR�XVH�WKH�VHTXHQFH� ��VHH� �PATTERN=STIS-PERP-TO-SLIT 6HFWLRQ�����
WR�PDS�RXW�WKH�VXUIDFH�RI�D�SODQHW�E\�WDNLQJ�D�VHULHV�RI�ORQJ�VOLW�REVHUYDWLRQV��HDFK�RQH�VWHSSHG�E\
WKH�VOLW�ZLGWK�SHUSHQGLFXODU�WR�WKH�VOLW
V�ORQJ�GLPHQVLRQ��UHODWLYH�WR�WKH�SUHYLRXV�H[SRVXUH��$GYLFH�RQ
SHUIRUPLQJ�WDUJHW�DFTXLVLWLRQV�IRU�VRODU�V\VWHP�WDUJHWV�LV�SURYLGHG�LQ� �&KDSWHU��

�������6OLW�2ULHQWDWLRQ
3ODQHWDU\� REVHUYHUV� UHTXLULQJ� VSHFLILF� ORQJ�VOLW� RULHQWDWLRQV� ZLOO� ZDQW� WR� EH� DZDUH� RI� WKH� WLJKW
VFKHGXOLQJ�FRQVWUDLQWV�RI� VSHFLILF�RULHQWDWLRQV� IRU�REVHUYDWLRQV�RI� WDUJHWV� LQ� WKH�HFOLSWLF�SODQH� �VHH
GLVFXVVLRQ�LQ�WKH� ��3KDVH� �3URSRVDO�,QVWUXFWLRQVII

)RU�H[DPSOH��VD\�DQ�REVHUYHU�ZDQWHG�WR�RULHQW�WKH�67,6� ORQJ�����DUFVHFRQG��VOLW� LQ�WKH�QRUWK�VRXWK
GLUHFWLRQ�RQ� -XSLWHU��)RU�D� -XSLWHU�QRUWK�SROH�SRVLWLRQ�DQJOH�RI�a��r� IURP�FHOHVWLDO�QRUWK��DQ�ORIENT
FRQVWUDLQW� RI�a����r�RU�a������r�ZRXOG�EH� UHTXLUHG�� 7KHVH�YDOXHV� WDNH� LQWR�DFFRXQW� WKH�a��r
URWDWLRQ� EHWZHHQ� WKH� � IUDPH� DQG� WKH� 67,6� VOLW�� 6HH� � IRU� D� PRUH� H[WHQGHGORIENT 6HFWLRQ� ����
GLVFXVVLRQ� DERXW� IL[LQJ� WKH� RULHQWDWLRQ� RI� WKH� GHWHFWRU� DQG� VOLW� RQ� WKH� VN\�� 7KH�QRPLQDO� UROO� DQJOH
�RULHQWDWLRQ�� IRU� -XSLWHU� YDULHV� IURP�a���r�EHIRUH�RSSRVLWLRQ� WR�a��r�DIWHU� RSSRVLWLRQ�� DQG� LW� JRHV
WKURXJK�WKH�LQWHUYHQLQJ����r�UDQJH�GXULQJ�D�IRXU�GD\�SHULRG�FHQWHUHG�RQ�RSSRVLWLRQ��'HYLDWLRQV�IURP
QRPLQDO�UROO�DUH�DOORZHG�DV�IROORZV�

�r�ZKHQ�WKH�VXQ�WDUJHW�DQJOH�LV�����r�
8S�WR�����r�ZKHQ�WKH�VXQ�WDUJHW�DQJOH�LV������r�
8QOLPLWHG�ZKHQ�WKH�VXQ�WDUJHW�DQJOH�LV�������r�

7KXV�RULHQWDWLRQ�RI�WKH�ORQJ�VOLW�LQ�D�QRUWKVRXWK�GLUHFWLRQ�RQ�-XSLWHU�LV�SRVVLEOH�RQO\�GXULQJ�D�VLQJOH
IRXU�GD\�SHULRG�QHDU�-RYLDQ�RSSRVLWLRQ��VLQFH�QR�DOORZDEOH�GHYLDWLRQ�IURP�QRPLQDO�UROO�LV�ODUJH�HQRXJK
DW�DQ\�RWKHU�WLPH�WR�SHUPLW�D�QRUWKVRXWK�RULHQWDWLRQ�RI�WKH�VOLW�RQ�WKH�SODQHW��$OWKRXJK�WKH�VLWXDWLRQ
IRU�6DWXUQ�LV�QRW�QHDUO\�DV�H[WUHPH��REVHUYHUV�VKRXOG�EH�DZDUH�RI�WKH�WLJKW�VFKHGXOLQJ�FRQVWUDLQWV�RQ
REVHUYDWLRQV�UHTXLULQJ�VSHFLILF�VOLW�RULHQWDWLRQV��$GGLWLRQDO�LQIRUPDWLRQ�RQ�WKH�SODFHPHQW�RI�D�ORQJ�VOLW
RQ�H[WHQGHG�VRXUFHV�FDQ�EH�IRXQG�LQ� �6HFWLRQ�����

2EVHUYHUV� VKRXOG� DOVR� EH� DZDUH� WKDW� RWKHU� RSHUDWLRQDO� FRQVWUDLQWV�� VXFK� DV� WKH� ODFN� RI� VXLWDEO\
SRVLWLRQHG�JXLGH�VWDUV��PD\�SODFH�DGGLWLRQDO�UHVWULFWLRQV�EH\RQG�WKRVH�OLVWHG�DERYH�RQ�WKH�UDQJH�RI
RULHQWDWLRQV�WKDW�DUH�DYDLODEOH�IRU�D�SDUWLFXODU�REVHUYDWLRQ�
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https://hst-docs.stsci.edu/display/STISIHB/6.5+Detector+and+Sky+Backgrounds#id-6.5DetectorandSkyBackgrounds-Section6.5.2
https://hst-docs.stsci.edu/display/HPIOM


�����6SHFLDO�&RQVLGHUDWLRQV�IRU�([WHQGHG�7DUJHWV
6SHFLDO�FDUH�VKRXOG�EH�WDNHQ�ZKHQ�GHWHUPLQLQJ�WKH�SODFHPHQW�RI�D�ORQJ�VOLW�RQ�DQ�H[WHQGHG�VRXUFH�
2EVHUYHUV�VKRXOG�WDNH�LQWR�DFFRXQW�WKH�IROORZLQJ�

6OLW�OHQJWKV�XVLQJ�WKH�0$0$�LQ�)LUVW�2UGHU�6SHFWURVFRS\��$OWKRXJK�WKH�IXOO����DUFVHFRQG�OHQJWK
RI�WKH� ORQJ�VOLWV� LV� LPDJHG�RQ�WR�WKH�&&'�� OLJKW� IURP�RQO\�D�SRUWLRQ�RI�WKHVH�VOLWV�UHDFKHV�WKH
0$0$�GHWHFWRU��7ZHQW\�ILYH�DUFVHFRQGV�DUH�DYDLODEOH�IRU� �DQG� ��DQG����DUFVHFRQGVG230L G140L
FDQ�EH�XVHG�IRU� �DQG� ��6HH� �DQG� �IRU�GHWDLOV�RI�WKHVH�DSHUWXUHV�G230M G140M 7DEOH���� 6HFWLRQ������
)LGXFLDO�%DUV�LQ�WKH�/RQJ�6OLWV��7KH�67,6�ORQJ�VOLWV�KDYH�ILGXFLDO�EDUV�ZKLFK�ZLOO�EORFN�OLJKW�IURP
WZR�UHJLRQV�DORQJ�WKH�OHQJWK�RI�WKH�VOLW�� �DQG� �GHVFULEH�WKH�EDUV�DQG6HFWLRQ������� )LJXUH�����
WKHLU�ORFDWLRQ�
3VHXGR�$SHUWXUH� 3RVLWLRQV�� &KRRVLQJ� RQH� RI� WKH� SVHXGR�DSHUWXUHV� GHVFULEHG� LQ� 6HFWLRQ� �����
ZLOO�UHVXOW�LQ�WKH�WDUJHW�EHLQJ�RII�FHQWHU�LQ�WKH�DSHUWXUH�
2IIVHW� RI� � DQG� � 6SHFWUD� WR� $YRLG� WKH� 5HSHOOHU�:LUH��G140L G140M )LUVW�RUGHU�0$0$� VSHFWUD� LQ
WKHVH�PRGHV�DUH�VKLIWHG�E\�a�����DUFVHFRQGV�WR�DYRLG�WKH�VKDGRZ�RI�WKH�UHSHOOHU�ZLUH��6HFWLRQ
���7KHVH�VKLIWV�DUH�GRQH�E\�DGMXVWLQJ�WKH�JUDWLQJ�DQJOH�DQG�VR�WKH�VSHFWUXP�LV�VKLIWHG�RQ�WKH���

GHWHFWRU��HYHQ�WKRXJK�WKH�WDUJHW�UHPDLQV�DW�WKH�UHTXHVWHG�ORFDWLRQ�LQ�WKH�DSHUWXUH�

0RQWKO\�2IIVHWV�RI�)LUVW�2UGHU�0$0$�6SHFWUD��0RQWKO\�RIIVHWV�RI�XS�WR�DERXW� DUFVHF�DUH
DSSOLHG�WR�ERWK�)89�DQG�189�ILUVW�RUGHU�VSHFWUD�� ��6HFWLRQ����
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�����3DUDOOHO�2EVHUYLQJ�ZLWK�67,6
�������&RRUGLQDWHG�3DUDOOHOV��8VLQJ�67,6�LQ�3DUDOOHO�ZLWK�2WKHU�,QVWUXPHQWV

7KH� VHFRQG� 6HUYLFLQJ�0LVVLRQ� LQVWDOOHG� VROLG�VWDWH� GDWD� UHFRUGHUV� RQ� �� 7KH� YROXPH� FDSDFLW\� RI+67
WKHVH� UHFRUGHUV� LV� URXJKO\� WHQ� WLPHV� WKDW� RI� WKH� PHFKDQLFDO� WDSH� UHFRUGHUV� LQ� XVH� IRU� &\FOHVb �
WKURXJKb ��� &RXSOHG� ZLWK� FKDQJHV� WR� WKH� JURXQG� V\VWHP� DQG� WKH� IOLJKW� VRIWZDUH� RI� WKH� VHFRQG�
JHQHUDWLRQ� LQVWUXPHQWV� GHVLJQHG� WR� IXOO\� H[SORLW� WKLV� FDSDELOLW\�� WKLV� WUDQVODWHV� LQWR� D� JUHDWO\
LQFUHDVHG�FDSDELOLW\�IRU�SDUDOOHO�REVHUYLQJ�

67,6�FDQ�EH�XVHG�WR�REVHUYH�VLPXOWDQHRXVO\�ZLWK�$&6��&26��:)&���RU�)*6�� �VKRZV�WKH�)LJXUH���� +67
ILHOG�RI� YLHZ� IROORZLQJ� WKH� LQVWDOODWLRQ�RI�&26�DQG�:)&��GXULQJ� WKH� �6HUYLFLQJ�0LVVLRQ����67,6�+67
$&6��&26��DQG�:)&��DUH�VKRZQ��ZLWK�WKHLU�ILHOGV�RI�YLHZ�GUDZQ�WR�VFDOH��LQ�WKHLU�UHODWLYH�IRFDO�SODQH
SRVLWLRQV��%HFDXVH�WKUHH�67,6�GHWHFWRUV�VKDUH�D�FRPPRQ�ILHOG�RI�YLHZ��RQO\�RQH�FDQ�EH�XVHG�DW�D�WLPH�

7KH� SROLF\� IRU� SURSRVLQJ� IRU� SDUDOOHO� REVHUYDWLRQV� DQG� WHFKQLFDO� DGYLFH� RQ� SDUDOOHO� REVHUYLQJ� DUH
SURYLGHG� LQ� WKH� �� 7KHUH� DUH� WZR� W\SHV� RI� SDUDOOHO�&DOO� IRU� 3URSRVDOV +67� 2EVHUYDWLRQ� 7\SHV
REVHUYDWLRQV�

&RRUGLQDWHG�SDUDOOHOV��LQ�ZKLFK�WKH�SDUDOOHO�H[SRVXUHV�DUH�GHILQHG�LQ�WKH�VDPH�SURJUDP�DV�WKH
SULPH�VFLHQWLILF�H[SRVXUHV�
3XUH� SDUDOOHOV�� LQ� ZKLFK� H[SRVXUHV� DUH� WDNHQ� LQ� SDUDOOHO� ZLWK� DQRWKHU� SURJUDPV
� SULPH
H[SRVXUHV��)RU�&\FOH�����67,6�PD\�QRW�EH�XVHG�LQ�DQ\�PRGH�IRU�SXUH�SDUDOOHO�REVHUYDWLRQV��6HH�

�IRU�PRUH�GHWDLOV��+67 2EVHUYDWLRQ�7\SHV

$OO� SDUDOOHO� REVHUYDWLRQV� PXVW� EH� H[SOLFLWO\� SURSRVHG� LQ� 3KDVH� �� ,PSOHPHQWLQJ� SDUDOOHOV� UHTXLUHVI
VLJQLILFDQW� UHVRXUFHV�� RQO\� WKRVH� UHFRPPHQGHG� E\� WKH� 7$&� SURFHVV� ZLOO� EH
LPSOHPHQWHG��b&RRUGLQDWHG�SDUDOOHOV�ZLOO�JHQHUDOO\�REVHUYH�D�UDQGRP�SDWFK�RI�VN\�XQOHVV�DQ�H[SOLFLW�

� FRQVWUDLQW� LV� VHW� �VHH� ��� b %HFDXVH� � FRQVWUDLQWV� DIIHFW� REVHUYDWLRQORIENT 6HFWLRQ� ���� ORIENT
VFKHGXOLQJ�� WKH\� DUH� FRQVLGHUHG� 6SHFLDO� 5HTXLUHPHQWV� WKDW�PXVW� EH� SURSRVHG� DQG� MXVWLILHG� LQ� WKH
3KDVH� �I

������� &RRUGLQDWHG� 3DUDOOHOV�� 8VLQJ� 67,6� LQ� 3DUDOOHO� ZLWK� 2WKHU
,QVWUXPHQWV
2EVHUYDWLRQV�IRU�ZKLFK�67,6�LV�WKH�SDUDOOHO�LQVWUXPHQW�DUH�OLNHO\�WR�EH�PRVW�XVHIXO�ZKHQ�WKH�IXOO�67,6
ILHOG�RI�YLHZ� LV�XVHG��)RU�VOLW�REVHUYDWLRQV��67,6�VKRXOG�JHQHUDOO\�EH�XVHG�DV�WKH�SULPH� LQVWUXPHQW�
DQG�WKH�RWKHU�LPDJLQJ�LQVWUXPHQW�V��VKRXOG�EH�XVHG�LQ�SDUDOOHO�

,I�67,6�LV�XVHG�DV�WKH�VHFRQGDU\�LQVWUXPHQW�LQ�FRRUGLQDWHG�SDUDOOHO�REVHUYDWLRQV��WKH�67,6�H[SRVXUHV
FDQQRW�FRQWDLQ�ERWK�H[WHUQDO�DQG�LQWHUQDO�H[SRVXUHV��$VVXPLQJ�WKH�ILUVW�H[SRVXUH�LV�H[WHUQDO�� �67,6DOO
H[SRVXUHV�ZLOO�EH�GHFODUHG�H[WHUQDO��7KHUHIRUH�QR�LQWHUQDO�H[SRVXUHV�DUH�DOORZHG��7KLV�LQFOXGHV�DQ\
XVHU�VSHFLILHG� LQWHUQDOV�� VXFK� DV� IULQJH� IODW� ILHOGV�� DV� ZHOO� DV� DXWRPDWLF� LQWHUQDOV�� VXFK� DV� DXWR�
ZDYHFDOV��,I�67,6�LV�XVHG�DV�WKH�SULPH�LQVWUXPHQW��WKLV�UHVWULFWLRQ�GRHV�QRW�DSSO\�

)RU�FRRUGLQDWHG�SDUDOOHOV�ZKHUH�67,6�LV�SULPH��DXWRPDWLF�ZDYHFDOV�RFFXU�GXULQJ�WKH�YLVLELOLW\�SHULRG
QRW�GXULQJ�RFFXOWDWLRQ�� 7KLV�PD\� UHGXFH� WKH� WLPH�DYDLODEOH� IRU� VFLHQFH�H[SRVXUHV�� ,Q� DGGLWLRQ�� WKH
EXIIHU�PDQDJHPHQW�RYHUKHDG�DVVRFLDWHG�ZLWK�WKH� ODVW�0$0$�VFLHQFH�H[SRVXUH�QRZ�RFFXUV�SULRU� WR
WKH�DXWR�ZDYHFDO��IXUWKHU�UHGXFLQJ�WKH�WLPH�DYDLODEOH�RQ�WDUJHW�
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&&')/$7V�IRU�IULQJH�FRUUHFWLRQ�RI�ORQJ�ZDYHOHQJWK�&&'�H[SRVXUHV�FDQ�EH�WDNHQ�LQ�WKH�VDPH�RUELW�DV
WKH�FRRUGLQDWHG�SDUDOOHO�DQG�IRUFHG�LQWR�WKH�RFFXOWDWLRQ�SHULRG�ZKHQ�WKH�SULPH�67,6�&&'�H[SRVXUHV
ILOO� WKH� YLVLELOLW\� SHULRG�� 7KH�&&')/$7� H[SRVXUHV� DUH� UHTXLUHG� WR� EH� VSHFLILHG� RXWVLGH� WKH� 3ULPHb�
3DUDOOHO�*URXS��+RZHYHU�� WKH\�VKRXOG�EH�VSHFLILHG� LPPHGLDWHO\�DIWHU� WKH� ODVW�SDUDOOHO�H[SRVXUH�DQG
WKH\�FDQ�EH�JURXSHG�DV�D�QRQ�LQWHUUXSWLEOH�VHTXHQFH�ZLWK�WKH�3ULPHb��3DUDOOHO�*URXS�E\�KLJKOLJKWLQJ
ERWK� WKH� 3ULPHb �� 3DUDOOHO� *URXS� DQG� WKH� &&')/$7� H[SRVXUHV� WKHQ� VHOHFWLQJ� (GLW�*URXS�1HZ
6HTXHQFH�LQ�WKH� �PHQX�WRROEDU�DQG�VSHFLI\LQJ�WKDW�WKH�&&')/$7�VXE�H[SRVXUHV�RFFXU�GXULQJ�WKH$37
VDPH�RUELW�DV�WKH�67,6�REVHUYDWLRQ�WKH\�ZLOO�FRUUHFW�

7KH�0$0$�GHWHFWRUV�FDQQRW�EH�XVHG�IRU�SXUH�SDUDOOHO�REVHUYLQJ��)RU�&\FOH�����FRRUGLQDWHG�SDUDOOHOV
ZLOO�QRW�EH�DOORZHG�ZLWK�67,6�0$0$�LPDJLQJ�PRGHV�DQG�WKH�67,6�189�0$0$�35,60�PRGH��+RZHYHU�
FRRUGLQDWHG�SDUDOOHOV�ZLOO�EH�DOORZHG�ZLWK�RWKHU�67,6�0$0$�VSHFWURVFRSLF�PRGHV��SURYLGHG� WKDW�DQ
H[SOLFLW�25,(17�LV�VSHFLILHG�DQG�SUHFLVH�5$�DQG�'HF�FRRUGLQDWHV�IRU�WKH�SDUDOOHO�ILHOG�DUH�JLYHQ�

7KH�0$0$�GHWHFWRUV�DUH�VXEMHFW�WR�EULJKW�REMHFW�SURWHFWLRQ�OLPLWV��VHH� �6HFWLRQ����

7KUHH� W\SHV� RI� 67,6� H[SRVXUHV� ZKLFK� KDYH� SDUWLFXODU� VFLHQWLILF� XWLOLW\� ZLWK� 67,6� DV� WKH� SDUDOOHO
LQVWUXPHQW�DUH�

2SWLFDO�LPDJLQJ�WDNLQJ�DGYDQWDJH�RI�WKH�DELOLW\�WR�JR�GHHS�YHU\�IDVW�ZLWK�WKH� �ZLGH�RSHQ50CCD
PRGH�
2SWLFDO�VOLWOHVV�VSHFWURVFRS\�
89� VOLWOHVV� VSHFWURVFRS\� �DYDLODEOH� RQO\� IRU� FRRUGLQDWHG� SDUDOOHOV� ZLWK� H[DFW� ORIENT
VSHFLILFDWLRQ��
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������&RURQDJUDSKLF�6SHFWURVFRS\
67,6�RIIHUV�WKH�FDSDELOLW\�WR�SHUIRUP�ERWK�VSHFWURVFRSLF�REVHUYDWLRQV�ZLWK�RFFXOWLQJ�EDUV� ORFDWHG� LQ
WKH� ORQJ� VOLWV� DQG� LPDJLQJ� REVHUYDWLRQV� ZLWK� RFFXOWLQJ� EDUV� LQ� WKH� FRURQDJUDSKLF� PDVNb �50CORON
&RURQDJUDSKLF� LPDJLQJ� LV�GHVFULEHG� LQ�GHWDLO� LQ� ��1RWH� WKDW�DOO�EDUUHG�VSHFWURVFRS\� LV6HFWLRQ������
DYDLODEOH�EXW�XQVXSSRUWHG��H[FHSW�IRU� �ZKLFK�LV�RQO\�DYDLODEOH�IRU�ILUVW�RUGHU�JUDWLQJV���VHHb52X0.2F1

�IRU�PRUH�LQIRUPDWLRQ�$SSHQGL[�$��

%DUUHG�6SHFWURVFRS\

7KH� �DSHUWXUH�LV�WKH�VDPH�SK\VLFDO�VOLW�DV� �ZLWK�WKH�WDUJHW�FHQWHUHG�EHKLQG� �����52X0.2F1 52X0.2 BAR5
DUFVHFRQGV� RFFXOWLQJ� EDU��� LQVWHDG� RI� DW� WKH� FHQWHU� RI� WKH� � ORQJ� VOLW��:KHQ� WKLV� DSHUWXUH� LV52X0.2
VSHFLILHG� WKH�VOLW�ZKHHO� LV� URWDWHG�VOLJKWO\� WR�EULQJ�WKH�EDU� LQWR� WKH�FHQWHU�RI� WKH�GHWHFWRU
V� ILHOG�RI
YLHZ�� � �� 7KLV� UHVXOWV� LQ� D� WLOW� RI� ���� � ZLWK� UHVSHFW� WR� � �L�H��� WKH� VSDWLDO� D[LV)LJXUH� ���� r AXIS2
SHUSHQGLFXODU� WR� WKH�GLVSHUVLRQ���$OVR�� WKH� IXOO����DUFVHFRQGV� OHQJWK�RI� WKH� ORQJ�VOLW� ILHOG�RI�YLHZ� LV
GHFUHDVHG�E\�DERXW�����IRU�&&'�VSHFWURVFRS\�

$�FDUWRRQ�LOOXVWUDWLQJ�WKH����� �WLOW�RI�WKH� �DSHUWXUH�)LJXUH������� r 52X0.2F1322



$�FDUWRRQ�LOOXVWUDWLQJ�WKH����� �WLOW�RI�WKH� �DSHUWXUH�)LJXUH������� r 52X0.2F1

7KLV� RFFXOWLQJ� EDU� LV�ZHOO� VXLWHG� WR� VFLHQWLILF� SURJUDPV� FRQGXFWLQJ� VSHFWURVFRS\� RI� IDLQW� H[WHQGHG
PDWHULDO� DURXQG� D� EULJKW� FHQWUDO� VRXUFH�� 7\SLFDO� H[DPSOHV� RI� VXFK� D� SURJUDP� LQFOXGH� 462� KRVW
JDOD[LHV�� G\QDPLFV� RI� MHWV� LQ� \RXQJ� VWHOODU� REMHFWV�� VSHFWURVFRSLF� FKDUDFWHUL]DWLRQ� RI� FLUFXPVWHOODU
GLVN�PDWHULDO��DQG�VSHFWURVFRS\�RI�UHVROYHG�ELQDULHV�DQG�FRPSDQLRQV��2EVHUYHUV�SHUIRUPLQJ�EDUUHG
VSHFWURVFRS\� VKRXOG� EH� VXUH� WR� FRQVXOW� �� 6SHFWURVFRSLF� REVHUYDWLRQV� ZLWK� WKH� ���6HFWLRQ� ������
DUFVHFRQG�RFFXOWLQJ�EDU�� ��DUH�OLPLWHG�WR�ILUVW�RUGHU�VSHFWURVFRSLF�PRGHV�BAR5

$SHUWXUH� � UHIHUV� WR� WKH� RFFXOWLQJ� EDU� LWVHOI�� ZKLOH� � UHSUHVHQWV� D� UHIHUHQFH52X0.2F1 52X0.2F1-R
SRVLWLRQ�RIIVHW�IURP�WKH�EDU��7KH�UHIHUHQFH�DSHUWXUH�ZDV�GHVLJQHG�WR�DOORZ�WKH�REVHUYHU�WR�SHDNXS�RQ
WKH�WDUJHW�SULRU�WR�PRYLQJ�LW�EHKLQG�WKH�RFFXOWLQJ�EDU��b%XW�EHFDXVH�SHDNXSV�DUH�QRW�UHFRPPHQGHG
IRU�DSHUWXUHV�ODUJHU�WKDQ�����DUFVHFRQG�LQ�ZLGWK��WKH� LV�QR�ORQJHU�XVHG��7KH�RFFXOWLQJ�EDU52X0.2F1-R 
LV�HYHQ�ZLGHU�����bDUFVHFRQG���VR�D�VLPSOH�$&4�H[SRVXUH�VKRXOG�VXIILFH�WR�FHQWHU�WKH�WDUJHW�LQ�WKH�

�DSHUWXUH�52X0.2F1

7DEOH� ����� EHORZ� VKRZV� WKH� FRPSOHWH� VHW� RI� DSHUWXUH� QDPHV� DQG� WKHLU� DSSOLFDWLRQ� IRU� WKH� ���
DUFVHFRQG�ILGXFLDO�EDU�RQ�WKH� �VOLW��$Q�H[DPSOH�RI�DQ�DFTXLVLWLRQ�LQWR�WKH� �DSHUWXUH�LV52x0.2 52X0.2F1
SURYLGHG�LQ� �&KDSWHU��

7DEOH�������$SHUWXUH�1DPHV�DQG�$SSOLFDWLRQV�RQ� �6OLW�52X0.2

$SHUWXUH
1DPH

'HVFULSWLRQ 'HVWLQDWLRQ $SSOLFDWLRQ

52X0.2 6OLW� �ZLGWK �����
OHQJWK �����

7DUJHW�FHQWHUHG�LQ�VOLW� /RQJ�VOLW�VSHFWURVFRS\�
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52X0.2F1 6OLW� �ZLGWK �����
OHQJWK �� ����
)LGXFLDO �� ���

7DUJHW� FHQWHUHG� LQ� VOLW� DQG
ORFDWHG
XQGHU�ILGXFLDO�EDU�

/RFDWHV�WDUJHW�XQGHU�EDU�
UHDG\� IRU� RFFXOWHG
REVHUYDWLRQ�

52X0.2F1-R 6OLW� �ZLGWK �� ���
OHQJWK �� ���
)LGXFLDO �����
5HIHUHQFH� SRLQW� RII�
ILGXFLDO�

7DUJHW� FHQWHUHG� LQ� VOLW� DW
UHIHUHQFH
SRVLWLRQ�� RIIVHW� IURP
ILGXFLDO�EDU�

/RFDWHV�WDUJHW�DW�
UHIHUHQFH�SRVLWLRQ�UHDG\�IRU
SHDNXS� LQ� VOLW�� EXW� LV� QR
ORQJHU�LQ�XVH�

7KHUH�DUH�WZR�LPSRUWDQW�UDPLILFDWLRQV�\RX�VKRXOG�EH�DZDUH�RI�ZKHQ�XVLQJ�WKH� �DSHUWXUH�����b52X0.2F1
�VSHFLILFDWLRQ�DQG����bIULQJLQJ�FRUUHFWLRQ�ORIENT

6SHFLI\LQJ� �ZLWK�WKH� �$SHUWXUHORIENT 52X0.2F1

7KH� �VSHFLDO�UHTXLUHPHQW�SDUDPHWHU�LV�D�VSHFLILHG�SRVLWLRQ�DQJOH�RI�WKH�RULHQWDWLRQ�UHIHUHQFHORIENT
YHFWRU�8���ZKLFK�LV�RIIVHW�E\��� IURP�WKH�67,6�GHWHFWRU�VSDWLDO�D[LV�� ��� LQ�WKH�GLUHFWLRQ�1RUWKr� AXIS2
WKURXJK�(DVW��*LYHQ�D�SRVLWLRQ�DQJOH�RQ� WKH� VN\�RI�͍�DQG� WDNLQJ� LQWR�DFFRXQW� WKH�DGGLWLRQDO�����r
RIIVHW�IRU�WKH� �DSHUWXUH��VHH� ��52X0.2F1 )LJXUH�����

 ORIENT  �͍ �������� r  
RU

 ORIENT  �͍ ��������� r�

)RU�H[DPSOH��LI�ZH�ZDQW�WR�SODFH�WKH�67,6� �DSHUWXUH�DORQJ�WKH�MHW�RI�0����WKH�H[DPSOH�LQ�52X0.2F1
�IRU�D�VWDQGDUG�VOLW���ZH�ZRXOG�GR�WKH�IROORZLQJ��*LYHQ�D�SRVLWLRQ�DQJOH�RI���� RQ�WKH�VN\�)LJXUH������ r�

ORIENT� ���� �������  ������r� r� r�
RU

� ���� ��������  ������ORIENT r� r� �r

&RUUHFWLQJ�)ULQJLQJ�IRU�WKH� �$SHUWXUH52X0.2F1

7KH�67,6�&&'�VKRZV�IULQJLQJ�IRU�ZDYHOHQJWKV�ORQJZDUG�RI�����b��ZLWK�WKH� �DQG� �JUDWLQJV�G750L G750M
OLPLWLQJ� WKH� VLJQDO�WR�QRLVH� WKDW� FDQ� EH� REWDLQHG� LQ� WKHVH� PRGHV�� 7KH� IULQJLQJ� LV� FDXVHG� E\
LQWHUIHUHQFH�RI�PXOWLSOH�UHIOHFWLRQV�EHWZHHQ�WKH�WZR�VXUIDFHV�RI�WKH�&&'���6HH� �IRU�GHWDLOV��&KDSWHU��
7KH�UHFRPPHQGHG�ZD\�WR�FRUUHFW�IRU�IULQJLQJ�LV�E\�XVLQJ�FRQWHPSRUDQHRXV�IULQJH�IODWV�LQ�FRQMXQFWLRQ
ZLWK�\RXU� VFLHQFH�REVHUYDWLRQV��&RQWHPSRUDQHRXV� IODW�ILHOG�H[SRVXUHV�QHHG� WR�EH�EXGJHWHG� LQ� WKH
3KDVHb �WLPH�UHTXHVW�DQG�VSHFLILHG�PRUH�IXOO\�GXULQJ�WKH�3KDVHb �SURSRVDO�JHQHUDWLRQ�SURFHVV�ZLWK�I II

�� 6HFWLRQ��������HQWLWOHG� �7DUJHWB1DPH &&')/$7���RI� WKH� SURYLGHV�D$37 �+67�3KDVHb � ,QVWUXFWLRQVII
GHVFULSWLRQ�RI�WKH�SDUDPHWHU�VHWWLQJV�QHFHVVDU\�WR�REWDLQ�FRQWHPSRUDQHRXV�IODW�ILHOG�H[SRVXUHV��,W�LV
WKH�REVHUYHUૼV�UHVSRQVLELOLW\�WR�LQFOXGH�FRQWHPSRUDQHRXV�IODW�ILHOGV�LQ�WKHLU�3KDVHb �SURSRVDOV�II
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https://hst-docs.stsci.edu/display/STISIHB/11.4+Fixing+Orientation+on+the+Sky#id-11.4FixingOrientationontheSky-Figure11.10
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)RU�VSHFWUD�RI�SRLQW�VRXUFHV��FRQWHPSRUDQHRXV�IULQJH�IODWV�DUH�QRUPDOO\�WDNHQ�XVLQJ�D�VKRUW�VOLW�ZKLFK
LV� FRQFHQWULF�ZLWK� WKH� ORQJ� VOLW� XVHG� IRU� WKH� VFLHQFH�H[SRVXUHV��:KHQ�SRLQW� VRXUFH� IULQJH� IODWV�DUH
WDNHQ�DW�RU�QHDU�D� VWDQGDUG�DSHUWXUH�SRVLWLRQ�QHDU� WKH�FHQWHU�RI� WKH�GHWHFWRU�� WKH�EHVW�DOLJQPHQW
EHWZHHQ� VFLHQFH� LPDJH� DQG� IULQJH� IODW� ZLOO� XVXDOO\� EH� IRU� IULQJH� IODWV� WDNHQ� XVLQJ� WKH� 0.3X0.09
DSHUWXUH��,Q�WKH�VSHFLDO�FDVH�RI�WKH� �DSHUWXUH��KRZHYHU��ZH�UHFRPPHQG�REWDLQLQJ�ORQJ�VOLW52X0.2F1
IULQJH�IODWV�WR�IXOO\�VDPSOH�WKH�36)��VLQFH�WKH�VSDWLDO�FRYHUDJH�RI�WKH�VKRUW�VOLW�LV�RQO\�D�IHZ�&&'�SL[HOV
ODUJHU�WKDQ�WKDW�RI�WKH�RFFXOWLQJ�EDU�RI�WKH� �VOLW��$�VKRUW�VOLW�IULQJH�IODW�GRHV�JLYH�D�VRPHZKDW52X0.2F1
EHWWHU� IULQJH�FRUUHFWLRQ� IRU�SRLQW� VRXUFHV� WKDQ�D� ORQJ� VOLW� IULQJH� IODW��&RQVHTXHQWO\�� LI� \RX�DUH�DOVR
WDNLQJ�DQ�XQRFFXOWHG�LPDJH�RI�\RXU�VWDU�ZLWK�WKH� �DSHUWXUH��ZH�UHFRPPHQG�REWDLQLQJ�D�VKRUW52X0.2
VOLW�IODW�DV�ZHOO�DV�D�ORQJ�VOLW�IODW�WR�UHFWLI\�WKDW�LPDJH�

2SWLPL]DWLRQ�RI�WKH� LQVWUXPHQW�FRQILJXUDWLRQ�IRU�WKH�DFTXLVLWLRQ�RI� IULQJH�IODWV��WKH�VXEVHTXHQW�GDWD
UHGXFWLRQ��DQG�IULQJLQJ�DQDO\VLV�DUH�GHVFULEHG� LQ�PRUH�GHWDLO� LQ�D�VHULHV�RI�67,6� ,QVWUXPHQW�6FLHQFH
5HSRUWV�DQG�LQ�WKH� �� �SURYLGHV�D�JHQHUDO�RYHUYLHZ�RI67,6�'DWD�+DQGERRN 67,6�,65����������5HYLVLRQb$�
IULQJLQJ�� � GLVFXVVHV� IULQJLQJ� LQ� VSHFWUD� RI� H[WHQGHG� VRXUFHV��67,6� ,65� ������� 67,6� ,65� �������

�GLVFXVVHV�IULQJLQJ�DVVRFLDWHG�ZLWK�SRLQW�VRXUFHV��IULQJLQJ�DQDO\VLV��DQG�GHWDLOV�UHODWHG�WR�5HYLVLRQb$�
WKH� �DSHUWXUH� DQG�WKH�52X0.2F1 �� �b�67,6�,65�������� 67,6�,65�������� GHIULQJH�GRFXPHQWDWLRQVWLVWRROV�
SURYLGH�GHWDLOHG�GHVFULSWLRQV�RI�WKH�67,6�WDVNV�� �� �� ��DQG� �b LQQRUPVSIODW PNIULQJHIODW GHIULQJH SUHSVSHF
WKH� � SDFNDJH� WKDW� XVH� FRQWHPSRUDQHRXV� IODW�ILHOG� LPDJHV� WR� UHPRYH� LQIUDUHG� �,5�� IULQJLQJVWLVWRROV
IURP�67,6� �DQG� �VSHFWUD�� �RI�WKH� �SURYLGHV�JXLGDQFH�DQGG750L G750M 6HFWLRQ������ 67,6�'DWD�+DQGERRN
XSGDWHV�WR�WKH� LQVWUXFWLRQV�IRU�UHPRYLQJ�QHDU�LQIUDUHG��1,5�� IULQJLQJ�SUHVHQWHG� LQ�67,6� ,65��������
bDQGb �67,6�,65��������
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������&RURQDJUDSKLF�,PDJLQJ�����&2521
67,6�KDV�D�VLQJOH�FRURQDJUDSKLF�PDVN�DSHUWXUH�IRU�GLUHFW� LPDJLQJ��7KH�DSHUWXUH�� ��FRQWDLQV50CORON
WZR�RFFXOWLQJ�EDUV�DQG�WZR�LQWHUVHFWLQJ�ZHGJHV�DQG�LV�VKRZQ�LQ� ��7KLV�LOOXVWUDWLRQ�RI�WKH)LJXUH�����
FRURQDJUDSKLF� DSHUWXUH� LV� GHULYHG� IURP� DQ� RQ�RUELW� ODPS� IODW�� 7KH� DSSUR[LPDWH� SRVLWLRQV� RI� WKH
SUHGHILQHG�DSHUWXUH�ORFDWLRQV�DUH�PDUNHG��7KH�ZHGJHV�YDU\�LQ�ZLGWK�IURP�����WR�����DUFVHFRQGV�RYHU
WKHLU����DUFVHFRQGV�OHQJWK��ZKLOH�WKH�ODUJHU�UHFWDQJXODU�EDU��%$5����PHDVXUHV����E\���DUFVHFRQGV�
7KH�VPDOO�RFFXOWLQJ�ILQJHU�RQ�WKH�ULJKW��%$5���ZDV�GDPDJHG�GXULQJ�DVVHPEO\�RI�67,6�DQG�ZDV�QRW�D
VXSSRUWHG� FRURQDJUDSKLF� SRVLWLRQ� XQWLOb &\FOH� ���ZKHQ� LWV� SHUIRUPDQFH�ZDV� WHVWHG�� $Q� RXWVRXUFHG
&\FOH����67,6�FDOLEUDWLRQ�SURJUDP���������3,��*DVSDU���LQYHVWLJDWHG�QHZ�DSHUWXUH�ORFDWLRQV�QHDU�WKH
FRUQHUV�RI� WKH�FRURQDJUDSKLF�EDU� �%$5����DV�ZHOO�DV� WKH� �EHQW� ILQJHU��RFFXOWHU� �%$5����7KHVH�QHZ
SRVLWLRQV� DOORZ� KLJK� FRQWUDVW� LPDJLQJ� DW� D� PLQLPXP� ZRUNLQJ� DQJOH� RI� ����� DUFVHFRQGV�� ZLWK
GHPRQVWUDWHG�SHUIRUPDQFH� WR�a���� DUFVHFRQGVURXJKO\� � �'�� DQG� FORVH� WR� D� IDFWRU� RI� WZR�EHWWHU͐
WKDQ�:('*($�����$�VXPPDU\�RI�WKH�LQLWLDO�UHVXOWV�RI�WKLV�SURJUDP��DV�ZHOO�DV�GHWDLOHG�VXJJHVWLRQV�RQ
KRZ�WR�LPSOHPHQW�REVHUYDWLRQV�XVLQJ�WKHVH�QHZ�DSHUWXUH�SRVLWLRQV��LV�DYDLODEOH�ZLWKLQ�67,6�,65������
��� ���DQG�DGGLWLRQDO�� (QDEOLQJ�1DUURZ�HVW�� ,:$�&RURQDJUDSK\�ZLWK�67,6�%$5��DQG�%$5���2FFXOWHUV

LQIRUPDWLRQ�RQ�%$5��PD\�EH�IRXQG� �KHUH

7KH�HQWLUH�FRURQDJUDSKLF�DSHUWXUH�PHDVXUHV���� ��bDUFVHFRQGV��VOLJKWO\�VPDOOHU�WKDQ�WKH�VL]H�RI�WKH�b
XQREVWUXFWHG�&&'�DSHUWXUH��7KH�SDUDOOHO�UHDGRXW�RI�WKH�&&'�LV�DORQJ�WKH� �GLUHFWLRQ��DQG�KHDYLO\AXIS2
VDWXUDWHG�LPDJHV�ZLOO�EOHHG�LQ�WKLV�GLUHFWLRQ��YHUWLFDOO\�LQ�WKLV�ILJXUH���6DWXUDWLRQ�QHDU�WKH�WRS�RI�WKH
GHWHFWRU�FDQ�UHVXOW�LQ�VHULDO�WUDQVIHU�DUWLIDFWV�WKDW�SURGXFH�WDLOV�LQ�WKH� �GLUHFWLRQ��7KH�AXIS1 'HFHPEHU

bGLVFXVVHV�DGGLWLRQDO�GHWDLOV�RI�WKLV�HIIHFW�bb�����676F,�$QDO\VLV�1HZVOHWWHUV��67$1�

7KH�DSHUWXUH�FDQQRW�EH�FRPELQHG�ZLWK�D�ILOWHU�DQG�VR��ZKHQ�XVHG�ZLWK�WKH�&&'��\LHOGV�D�EDQGSDVV�RI
a����������b���6HH� �IRU�WKH�VSHFWUDO�SURSHUWLHV�RI�WKH�LPDJHV�REWDLQHG��$�QXPEHU�RI6HFWLRQ������
ORFDWLRQV�RQ�WKH�RFFXOWLQJ�PDVNV�KDYH�EHHQ�VSHFLILHG��WR�FRUUHVSRQG�WR�ZLGWKV�RI����������������������
�����DQG���� bDUFVHFRQGV�RQ�HDFK�ZHGJH��7KH�PDVN�LV�QRW�DYDLODEOH�IRU�XVH�ZLWK�WKH�0$0$�GHWHFWRUV�

GXH�WR�FRQFHUQV�DERXW�EULJKW�REMHFW�SURWHFWLRQ�RI�WKH�0$0$V�
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'HVLJQ�RI�WKH�67,6�&RURQDJUDSKLF�0DVN�)LJXUH�������

,Q�FRPELQDWLRQ�ZLWK�WKH�RSWLRQ�RI�D�FRURQDJUDSKLF�PDVN��WKHUH�LV�D�OLPLWHG�DPRXQW�RI�DSRGL]DWLRQ�YLD
D�/\RW�VWRS�ZKLFK�PDVNV�WKH�RXWHU�SHULPHWHU�RI� WKH�UH�LPDJHG�H[LW�SXSLO��&RQVHTXHQWO\��GLIIUDFWLRQ
IURP� WKH� VHFRQGDU\� PLUURU� DVVHPEO\� DQG� WKH� WHOHVFRSH� VSLGHU� LV� QRW� DSRGL]HG�� 7KH� 67,6
FRURQDJUDSKLF�LPDJLQJ�IDFLOLW\�LV�ZHOO�VXLWHG�WR�LPDJLQJ�SUREOHPV�LQYROYLQJ�IDLQW�PDWHULDO�VXUURXQGLQJ
D�UHODWLYHO\�EULJKW�VRXUFH��7\SLFDO�H[DPSOHV� LQFOXGH�FLUFXPVWHOODU�GLVNV��VXFK�DV�͇b3LFWRULV��DQG� WKH
KRVW�JDOD[LHV�RI�EULJKW�462V�

:KHQ� LPDJLQJ�ZLWKRXW� WKH�FRURQDJUDSK�� WKH�&&'� ORQJ�ZDYHOHQJWK�KDOR� IURP� WKH�FHQWUDO� VRXUFH� LV
SUHVHQW� DV� ZHOO� DV� ZLQGRZ� UHIOHFWLRQ� JKRVWV�b ,Q� SUDFWLFH� WKH� FRURQDJUDSK� SURYLGHV� VXEVWDQWLDO
DGGLWLRQDO�VXSSUHVVLRQ�RI�WKH�36)�ZLQJV��HVSHFLDOO\�DW�ZDYHOHQJWKV�!����b���ZKHUH�WKH�KDOR�RI�OLJKW
VFDWWHUHG�ZLWKLQ�WKH�&&'�LWVHOI�GRPLQDWHV�WKH�IDU�ZLQJV�RI�WKH�36)��2EVHUYLQJ�ZLWK�WKH�FRURQDJUDSKLF
DSHUWXUH�ORFDWLRQV�LQ�FRQFHUW�ZLWK�SRVW�SURFHVVLQJ�DQG�WKH�XVH�RI�PXOWLSOH�VSDFHFUDIW�RULHQWDWLRQV�FDQ
IXUWKHU� LPSURYH�FRQWUDVW�E\�RUGHUV�RI�PDJQLWXGH�� �b IRXQG� LQ� WKH�)LJXUH����� -$7,6�DUWLFOH�E\�'HEHV�

bVKRZV�67,6
�FRQWUDVW�SHUIRUPDQFH�IRU�SRLQW�VRXUFHV�LQ�WKH�YLVLEOH�LQWHULRU�WR��5HQ��	�6FKQHLGHU������
�bDUFVHFRQG�XVLQJ�WKH�%$5��DSHUWXUH� ORFDWLRQ�DQG�FODVVLFDO�D]LPXWKDO�GLIIHUHQWLDO� LPDJLQJ��$',��RUb

� ,PDJH�3URMHFWLRQ��./,3��SRVW�SURFHVVLQJ��$W�GLVWDQFHV�EH\RQG�����FRQWUDVWV�RI���.DUKXQHQ/RªYH �

DUH�SRVVLEOH�ZLWK�67,6�DQG�RWKHU�FRURQDJUDSKLF�DSHUWXUH� ORFDWLRQV��'XH�WR�67,6
�EURDG�EDQGSDVV�� LW
VWLOO�UHWDLQV�VHQVLWLYLW\�WR�ERWK�VWHOODU�DQG�VXEVWHOODU�REMHFWV��)RU�PRUH�LQIRUPDWLRQ�VHH�WKH�-$7,6�DUWLFOH
E\� �'HEHV��5HQ��	�6FKQHLGHU� ������� �3XVKLQJ� WKH� OLPLWV� RI� WKH� FRURQDJUDSKLF� RFFXOWHUV� RQ�+XEEOH

�6SDFH�7HOHVFRSH�6SDFH�7HOHVFRSH�,PDJLQJ�6SHFWURJUDSK�
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36)�6XSSUHVVLRQ�ZLWK�WKH�67,6�&RURQDJUDSK�)LJXUH�������

'XH�WR�WKH�YHU\�EURDG�EDQGSDVV�RI�WKH�XQILOWHUHG�67,6�&&'��WKH�67,6�FRURQDJUDSKLF�36)�VKDSH�LV�YHU\
VWURQJO\�GHSHQGHQW�RQ�WKH�WDUJHW
V�VSHFWUDO�HQHUJ\�GLVWULEXWLRQ��:KHQ�XVLQJ�WKH�FRURQDJUDSK�WR�ORRN
IRU�D�SRLQW�VRXUFH�RU�D�ORFDOL]HG�VWUXFWXUH�WKDW�LV�VWURQJO\�DV\PPHWULF��VXFK�DV�DQ�HGJH�RQ�GLVN���WKH
EHVW�DSSURDFK�LV�WR�REVHUYH�WKH�WDUJHW�VWDU�DW�D�PLQLPXP�RI�WZR�DQG�SUHIHUDEO\�WKUHH�GLIIHUHQW�UROO
DQJOHV�� DQG� WKHQ� FRPSDUH� WKH� LPDJHV� WR� VHSDUDWH� WKH� VWHOODU� 36)� IURP� WKH� UHDO� FLUFXPVWHOODU
VWUXFWXUH�� 8VHUV� VKRXOG� QRWH� WKDW� WKHUH� DUH� QHZ� OLPLWDWLRQV� RQ� UROO� DQJOHV� DQG� VKHGXODELOLW\� ZLWK
5HGXFHG�*\UR�0RGH�� VHH� � IRU�PRUH� LQIRUPDWLRQ��:KHQ� ORRNLQJ� IRU�5HGXFHG�*\UR�0RGH�3ULPHU+67
PRUH�GLIIXVH�RU�V\PPHWULF�PDWHULDO��LW�ZLOO�EH�QHFHVVDU\�WR�XVH�D�VHSDUDWH�FRPSDULVRQ�VWDU��+HUH�LW�LV
LPSRUWDQW�WR�PDWFK�WKH�FRORUV�RI�WKH�WDUJHW�DQG�FRPSDULVRQ�VWDU�DV�FORVHO\�DV�SRVVLEOH��VHH�$XJXVW

IRU�LQIRUPDWLRQ�RQ�EHVW�SUDFWLFHV�IRU�SLFNLQJ�EULJKWQHVV�RI�WKH�UHIHUHQFH�VWDU��:H�VXJJHVW�����67$1�
WKDW�DOO�WKH�EURDGEDQG� �FRORU�GLIIHUHQFHV�EH�OHVV�WKHQ������PDJQLWXGHV��,Q�HLWKHU�FDVH��LW�LV�DOVR89%5,
HVVHQWLDO�WR�FRPSDUH�VWDUV�DW�WKH�VDPH�ORFDWLRQ�RQ�WKH�FRURQDJUDSKLF�PDVN�

%UHDWKLQJ�DQG�IRFXV�GLIIHUHQFHV�ZLOO�DOVR�VLJQLILFDQWO\�DIIHFW�WKH�TXDOLW\�RI�VXFK�D�VXEWUDFWLRQ��EXW�WKH
REVHUYHU� KDV� RQO\� OLPLWHG� FRQWURO� RYHU� WKHVH� SDUDPHWHUV�� 7KH� EHVW� DOLJQPHQW� RI� 67,6� 36)� LPDJHV
WHQGV�WR�RFFXU�ZKHQ�FRPSDULQJ� LPDJHV�WDNHQ� LQ�WKH�VDPH�SDUW�RI�DGMDFHQW�RUELWV��:KHQ�REVHUYLQJ
WKH�VDPH�VWDU�DW�PXOWLSOH�UROO�DQJOHV�� LW� LV�WKHUHIRUH�RIWHQ�XVHIXO�WR�GR�D�VHTXHQFH�RI�DGMDFHQW�RQH�
RUELW�YLVLWV��HDFK�DW�D�GLIIHUHQW�UROO�DQJOH��$V� ODUJH�GHSDUWXUHV� IURP�WKH�QRPLQDO� UROO�DQJOH�FDQ�DOVR
DIIHFW� WKH�36)�VKDSH�� LW�PD\�EH�KHOSIXO� WR�NHHS�WKH�UROO�FKDQJHV�DV�VPDOO�DV� LV�FRQVLVWHQW�ZLWK�WKH
VWUXFWXUH�WR�EH�LPDJHG��:KHQ�REVHUYLQJ�D�VHSDUDWH�FRPSDULVRQ�VWDU��LW�LV�EHVW�LI�SRVVLEOH�WR�REVHUYH�D
VWDU� LQ� WKH� VDPH�SDUW� RI� WKH� VN\�� GXULQJ�DQ�DGMDFHQW� RUELW�� DQG�DW� WKH� VDPH�DQJOH� UHODWLYH� WR� WKH
QRPLQDO� VSDFHFUDIW� UROO�� DV� WKH� REVHUYDWLRQV� RI� WKH� SULPH� WDUJHW�� EXW� UHPHPEHU� WKDW� SLFNLQJ� D
FRPSDULVRQ�VWDU�ZLWK�D�JRRG�FRORU�PDWFK�PXVW�EH�WKH�ILUVW�SULRULW\�
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$Q�DOWHUQDWLYH�VWUDWHJ\�ZRXOG�EH�WR�WDNH�REVHUYDWLRQV�VHSDUDWHG�E\�VHYHUDO�GD\V��EXW�FRQVWUDLQHG�VR
WKDW�HDFK�REVHUYDWLRQ�LV�GRQH�DW�WKH�QRPLQDO�VSDFHFUDIW�UROO��:KHQ�YHU\�ODUJH�UROO�FKDQJHV�RU�VHYHUDO
RUELW�ORQJ�YLVLWV�DUH�UHTXLUHG��WKLV�PLJKW�JLYH�EHWWHU�UHVXOWV�WKDQ�GRLQJ�WKH�REVHUYDWLRQV�LQ�DGMDFHQW
RUELWV��EXW�WKHUH�LV�YHU\�OLWWOH�RSHUDWLRQDO�H[SHULHQFH�XVLQJ�WKLV�DSSURDFK�

$WWHPSWLQJ�WR�REVHUYH�PXOWLSOH�FRURQDJUDSKLF�WDUJHWV�RU�WKH�VDPH�WDUJHW�DW�GLIIHUHQW�UROO�DQJOHV�LQ�D
VLQJOH�RUELW� LV�QRW�UHFRPPHQGHG��7KH�RYHUKHDGV�UHTXLUHG�WR�GR�VHSDUDWH�YLVLWV� LQ�D�VLQJOH�RUELW�DUH
YHU\� ODUJH��DQG�WKH�36)�DOLJQPHQW�EHWZHHQ�GLIIHUHQW�SDUWV�RI� WKH�VDPH�RUELW�DUH�XVXDOO\� LQIHULRU� WR
WKDW� REWDLQHG� EHWZHHQ� WKH� VDPH� SDUW� RI� DGMDFHQW� RUELWV�� 7KH� 67,6� WHDP� KDV� GHYHORSHG
UHFRPPHQGDWLRQV� IRU�FRURQDJUDSK\�ZLWKb � LQ�5HGXFHG�*\UR�0RGH��VHH� � IRU�PRUH+67 -XO\������67$1
LQIRUPDWLRQ�

&RURQDJUDSKLF�LPDJHV�RI�VWDUV�RI�YDULRXV�FRORUV�KDYH�EHHQ�REWDLQHG�DV�SDUWV�RI�FDOLEUDWLRQ�SURJUDPV
������������������������DQG������DQG�DUH�DYDLODEOH�IURP�WKH�DUFKLYH��7KHVH�LPDJHV�PD\�EH�XVHIXO
LQ� SURYLGLQJ� FRPSDULVRQ� REMHFWV� RU� LQ� HVWLPDWLQJ� H[SRVXUH� WLPHV�� +RZHYHU�� IRU� WKH� EHVW� 36)
VXEWUDFWLRQ�� ZH� VWLOO� UHFRPPHQG� WKDW� HDFK� FRURQDJUDSKLF� SURJUDP� LQFOXGH� LWV� RZQ� WDLORUHG� 36)
REVHUYDWLRQV�

,Q�SODQQLQJ�DQ\�REVHUYLQJ�SURJUDP�ZLWK� WKH� �DSHUWXUH��REVHUYHUV�VKRXOG�FDUHIXOO\�FRQVLGHU50CORON
WKH�UHTXLUHG�RULHQWDWLRQ�RI�WKH�WDUJHW��7KH�WHOHVFRSH
V�9��DQG�9��D[HV�DUH�DW���r�WR�WKH�67,6� �AXIS1

� FRRUGLQDWH�V\VWHP��VHH� ��DQG�VR�GLIIUDFWLRQ�VSLNHV� IXUWKHU� UHGXFH� WKH�XQRFFXOWHGAXIS2 )LJXUH�����
ILHOG�RI�YLHZ�

$�VHULHV�RI�DSHUWXUHV�KDV�EHHQ�GHILQHG�IRU�WKH�FRURQDJUDSKLF�PDVN�VR�WKDW�WDUJHWV�FDQ�EH�SODFHG�RQ
WKH� �b DUFVHFRQGV� ZLGH� EDU� DQG� �b ORFDWLRQV� RQ� HDFK� RI� WKH� WZR� ZHGJHV�� 7KHVH� DSHUWXUHV� DUH
VXPPDUL]HG� LQ� � EHORZ�� :H� GHILQHG� D� VSHFLDO� FRURQDJUDSKLF� DFTXLVLWLRQ� WHFKQLTXH� IRU7DEOH� ����
SODFLQJ�VWDUV�DW�WKHVH�SUHGHILQHG�ORFDWLRQV��7KLV�LQYROYHV�SHUIRUPLQJ�D�EULJKW�WDUJHW�DFTXLVLWLRQ�ZLWK�D
ILOWHUHG�DSHUWXUH��IROORZHG�E\�D�VOHZ�WR�WKH�FKRVHQ�ORFDWLRQ�RQ�WKH�FRURQDJUDSKLF�PDVN��$Q�H[DPSOH
RI�DQ�DFTXLVLWLRQ�LQWR�RQH�RI�WKH�EDUV�RQ�WKH� �DSHUWXUH�LV�SURYLGHG�LQ� �b��&2521 6HFWLRQ������

b7KH�%$5���URXQGHG�FRUQHU�DSHUWXUH� LV�FXUUHQWO\� ��(YHQ�WKRXJK�WKHUH�DUHDYDLODEOH�EXW�XQVXSSRUWHG
QR�FXUUHQW�SODQV�WR�LQFRUSRUDWH�WKLV�DSHUWXUH�LQWR� ��LW�FDQ�EH�LPSOHPHQWHG�XVLQJ� V�IURP$37 POS-TARG
RWKHU�DSHUWXUH�SRVLWLRQV�

8VHUV�ZLVKLQJ�WR�DFKLHYH�D�SDUWLFXODU�FRQWUDVW�DUH�HQFRXUDJHG�WR�UHDG�6HFWLRQV���������RI�'HEHV��5HQ�
��-$7,6�DUWLFOH��DQG�WR�FRQVXOW�WKH� �-XS\WHU	�6FKQHLGHU����� 67,6�&RURQDJUDSKLF�2EVHUYDWLRQ�)HDVLELOLW\

1RWHERRN�LQ�RUGHU�WR�SUHGLFW�WKH�SRVVLEOH�FRQWUDVW�SHUIRUPDQFH�IRU�D�VWDU�RI�D�JLYHQ�PDJQLWXGH���6HH
WKH�67,6�&RURQDJUDSKLF�9LVXDOL]DWLRQ�7RRO�DYDLODEOH�RQ�WKHb bIRU'DWD�$QDO\VLV�DQG�6RIWZDUH�7RROV�SDJH
KHOS�ZLWK�SODQQLQJ�DQG�SUHSDULQJ�67,6�FRURQDJUDSKLF�REVHUYDWLRQV�

$SHUWXUHV�IRU�&RURQDJUDSKLF�0DVN�7DEOH�������

3URSRVDO�,QVWUXFWLRQV
$SHUWXUH�1DPH

'HVFULSWLRQ

50CORON &RURQDJUDSKLF�PDVNFOHDU�DSHUWXUH�LQ�FHQWHU�RI�WKH�ILHOG�RI�YLHZ

BAR52 1DUURZ�RFFXOWHU�ZLWK�D�ZLGWK�RI�����

BAR10 &RURQDJUDSKLF�EDU�RI�ZLGWK�����

WEDGEA2.8 &RURQDJUDSKLF�:HGJH�$��YHUWLFDO�LQ� ��3RVLWLRQ����EDU�ZLGWK� �����AXIS1 �

329

https://www.stsci.edu/contents/news/stis-stans/july-2024-stan
https://hst-docs.stsci.edu/display/STISIHB/11.1+Basic+Operating+Modes#id-11.1BasicOperatingModes-Figure11.1
https://hst-docs.stsci.edu/display/STISIHB/8.5+Acquisition+Examples#id-8.5AcquisitionExamples-Section8.5.6
https://www.spiedigitallibrary.org/journals/Journal-of-Astronomical-Telescopes-Instruments-and-Systems/volume-5/issue-3/035003/Pushing-the-limits-of-the-coronagraphic-occulters-on-Hubble-Space/10.1117/1.JATIS.5.3.035003.full?SSO=1
https://www.spiedigitallibrary.org/journals/Journal-of-Astronomical-Telescopes-Instruments-and-Systems/volume-5/issue-3/035003/Pushing-the-limits-of-the-coronagraphic-occulters-on-Hubble-Space/10.1117/1.JATIS.5.3.035003.full?SSO=1
https://spacetelescope.github.io/hst_notebooks/notebooks/STIS/contrast_sensitivity/STIS_Coronagraphic_Observation_Feasibility.html
https://www.stsci.edu/hst/instrumentation/stis/data-analysis-and-software-tools


WEDGEA2.5 &RURQDJUDSKLF�:HGJH�$��YHUWLFDO�LQb ��3RVLWLRQ�����EDU�ZLGWK� ����AXIS1 �

WEDGEA2.0 &RURQDJUDSKLF�:HGJH�$��YHUWLFDO�LQb ��3RVLWLRQ����EDU�ZLGWK� ����AXIS1 �

WEDGEA1.8 &RURQDJUDSKLF�:HGJH�$��YHUWLFDO�LQ� ��3RVLWLRQ����EDU�ZLGWK� �����AXIS1 �

WEDGEA1.0 &RURQDJUDSKLF�:HGJH�$��YHUWLFDO�LQ� ��3RVLWLRQ����EDU�ZLGWK� ����AXIS1 �

WEDGEA0.61 &RURQDJUDSKLF�:HGJH�$��YHUWLFDO�LQb ��3RVLWLRQ����EDU�ZLGWK� ����AXIS1 �

WEDGEB2.8 &RURQDJUDSKLF�:HGJH�%��YHUWLFDO�LQ� ��3RVLWLRQ����EDU�ZLGWK� �����AXIS2 �

WEDGEB2.5 &RURQDJUDSKLF�:HGJH�%��YHUWLFDO�LQb ��3RVLWLRQ����EDU�ZLGWK� ����AXIS2 �

WEDGEB2.0 &RURQDJUDSKLF�:HGJH�%��YHUWLFDO�LQb ��3RVLWLRQ����EDU�ZLGWK� ����AXIS2 �

WEDGEB1.8 &RURQDJUDSKLF�:HGJH�%��YHUWLFDO�LQb ��3RVLWLRQ����EDU�ZLGWK� �����AXIS2 �

WEDGEB1.0 &RURQDJUDSKLF�:HGJH�%��YHUWLFDO�LQb ��3RVLWLRQ����EDU�ZLGWK� ����AXIS2 �

��7KH�����DUFVHFRQG�ORFDWLRQ�LV�RQ�ZHGJH�$�RQO\�DQG�ZDV�DGGHG�LQ�&\FOH����

��7KH�%$5��ORFDWLRQ�ZDV�ILUVW�VXSSRUWHG�LQ�&\FOH����
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������6SDWLDO�6FDQV�ZLWK�WKH�67,6�&&'
��������:K\�8VH�6SDWLDO�6FDQV�ZLWK�67,6"
��������3RVVLEOH�67,6�6SDWLDO�6FDQ�8VH�&DVHV
��������8VLQJ�67,6�6SDWLDO�6FDQV

6SDWLDO� VFDQQLQJ�� ZKLFK� LV� D� VXSSRUWHG� PRGH� IRU� :)&�� REVHUYDWLRQV� �VHH� :)&�� ,65� ��������
��� FDQ� DOVR� EH� XVHG� ZLWK� WKH� 67,6� &&'� DV� DQ&RQVLGHUDWLRQV� IRU� XVLQJ� 6SDWLDO� 6FDQV� ZLWK� :)&�

DYDLODEOH�EXW�XQVXSSRUWHG�PRGH��)RU�D�EULJKW�WDUJHW��WKLV�FDQ�SRWHQWLDOO\�DOORZ�VLJQDO�WR�QRLVH�OHYHOV
RI�SHUKDSV�DV�KLJK�DV�D�WKRXVDQG�WR�RQH�WR�EH�REWDLQHG��HYHQ�DW�ZDYHOHQJWKV�ZKHUH�WKH�67,6�&&'�LV
DIIHFWHG�E\�VWURQJ�,5�IULQJLQJ��7KLV�FDQ�EH�HVSHFLDOO\�YDOXDEOH�DW�ZDYHOHQJWKV�WKDW�DUH�DOVR�VWURQJO\
DIIHFWHG�E\�WHOOXULF� IHDWXUHV� LQ�JURXQG�EDVHG�VSHFWUD��0DQ\�VXFK�UHJLRQV�FDQ�EH�REVHUYHG�ZLWK�WKH
67,6� � DW� ZDYHOHQJWKV� XS� WR� �����b �� ������b P��� ZLWK� D� UHVROYLQJ� SRZHU� FORVH� WR� ������G750M ͑
DOORZLQJ� ZHDN� IHDWXUHV� VXFK� DV� GLIIXVH� LQWHUVWHOODU� EDQGV� WR� EH� REVHUYHG� ZLWK� DQ� DFFXUDF\� QRW
DFKLHYDEOH�E\�DQ\�RWKHU�PHDQV��+LJK�6�1�UDWLR�WLPH�VHULHV�REVHUYDWLRQV�PD\�DOVR�EH�REWDLQHG�ZLWK
VSDWLDO�VFDQV��H�J���IRU�VWXGLHV�RI�H[RSODQHWV�DQG�WKHLU�DWPRVSKHUHV��

6SDWLDO�VFDQV�DUH�FXUUHQWO\�QRW�DYDLODEOH�ZLWK�67,6�0$0$�REVHUYDWLRQV�

��������:K\�8VH�6SDWLDO�6FDQV�ZLWK�67,6"
7UDLOLQJ� DQ� H[WHUQDO� SRLQW� VRXUFH� LQ� WKH� VSDWLDO� GLUHFWLRQ� GXULQJ� D� ILUVW�RUGHU� 67,6� &&'� VSHFWUDO
REVHUYDWLRQ�FDQ�VSUHDG�WKH�WDUJHW
V�OLJKW�RYHU�D�PXFK�ODUJHU�DUHD�RI�WKH�GHWHFWRU�WKDQ�ZRXOG�EH�WKH
FDVH�IRU�D�VLPSOH�SRLQWHG�REVHUYDWLRQ��7KLV�KDV�VHYHUDO�SRWHQWLDO�DGYDQWDJHV�

0DQ\�PRUH�SKRWRQV�FDQ�EH�FROOHFWHG�EHIRUH�UHDFKLQJ�WKH�GHWHFWRU�IXOO�ZHOO�VDWXUDWLRQ�OLPLW�
6SUHDGLQJ�WKH�OLJKW�RYHU�D�ODUJHU�IUDFWLRQ�RI�WKH�GHWHFWRU�DUHD�ZLOO�EHWWHU�DYHUDJH�RYHU�IODW�ILHOG
YDULDWLRQV�
7UDLOLQJ�DORQJ�D� ORQJ�VOLW� FDQ� UHVXOW� LQ� ,5� IULQJLQJ�SDWWHUQV� WKDW�DUH�VLJQLILFDQWO\�FORVHU� WR� WKH
IULQJLQJ�SDWWHUQV�SURGXFHG�E\�WKH�DYDLODEOH�FRQWHPSRUDQHRXV�WXQJVWHQ� ODPS�IODWV�� OHDGLQJ�WR
PXFK�LPSURYHG�QHDU�,5�IULQJH�UHPRYDO�
$�ZLGHU� YDULHW\� RI� DOJRULWKPV� FDQ� SRWHQWLDOO\� EH� XVHG� WR� GHWHFW� DQG� UHPRYH� KRW� SL[HOV� DQG
FRVPLF�UD\V�

+RZHYHU��VSUHDGLQJ�WKH�VRXUFH�OLJKW�RYHU�D�ODUJHU�DUHD�RI�WKH�GHWHFWRU�FDQ�DOVR�VLJQLILFDQWO\�LQFUHDVH
WKH� GDUN� FXUUHQW� DQG� UHDG�QRLVH� LQ� WKH� H[WUDFWLRQ� UHJLRQ�� VR� WKH� DGYDQWDJHV� RI� VSDWLDOO\� VFDQQHG
VSHFWUD�ZLOO�EH�PRVW�VLJQLILFDQW�IRU�YHU\�EULJKW�WDUJHWV�
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��������3RVVLEOH�67,6�6SDWLDO�6FDQ�8VH�&DVHV
7UDLOLQJ�DORQJ�D�1DUURZ�6OLW�WR�0D[LPL]H�6�1�DQG�)ULQJH�5HPRYDO

7KH� LQLWLDO�RQ�RUELW�DSSOLFDWLRQV�RI� WKLV� WHFKQLTXH�ZHUH�SHUIRUPHG�E\� �SURJUDPV��������������+67
DQG��������DV�UHSRUWHG�E\�&RUGLQHU�HW�DO��� �� ��b�6LJQDO�WR�QRLVH������$S-�������/� ������$S-�������/��
UDWLRV� LQ�H[FHVV�RI�������SHU� UHVROXWLRQ�HOHPHQW�ZHUH�DFKLHYHG� IRU� � VSHFWUDO� REVHUYDWLRQV�RIG750M
PRGHUDWHO\�UHGGHQHG�VWDUV�QHDU���������HQDEOLQJ�WKH�GHWHFWLRQ�RI�ZHDN�LQWHUVWHOODU�DEVRUSWLRQ�OLQHV
DWWULEXWHG�WR�& �� ,Q�WKLV�FDVH��WKH�QDUURZ���;����DSHUWXUH�ZDV�XVHG�IRU�ERWK�WKH�WUDLOHG�H[WHUQDO��

�

REVHUYDWLRQV� DQG� WKH� LQWHUQDO� ODPS� IODWV�� $V� WKH� 67,6� 36)� QHDU� WKDW�ZDYHOHQJWK� LV� UHODWLYHO\�ZLGH
FRPSDUHG� WR� WKH� VOLW�� WKH� IULQJLQJ� SDWWHUQ� IURP� WKH� ODPS� DQG� WKH� WUDLOHG� H[WHUQDO� WDUJHW� DUH� YHU\
VLPLODU��ZKLFK�JUHDWO\�IDFLOLWDWHV�WKH�IULQJLQJ�FRUUHFWLRQ�

,Q� ��ZH�VKRZ�DQ�H[DPSOH�RI�RQH�RI� WKH� WUDLOHG�VSHFWUDO�REVHUYDWLRQV�EHIRUH�DQG�DIWHU�D)LJXUH�����
VLPSOH�GLYLVLRQ�E\�WKH�FRQWHPSRUDQHRXV�IULQJH�IODW��7KH�YHU\�HIIHFWLYH�UHPRYDO�RI�WKH�IULQJLQJ�SDWWHUQ
DOORZV�GHWHFWLRQ�RI�PXFK�ZHDNHU�VSHFWUDO�IHDWXUHV��YHUWLFDO�GDUN�EDQGV�LQ�WKH�LPDJH��WKDQ�ZRXOG�EH
SRVVLEOH�IRU�D�VLPSOH�SRLQWHG�LPDJH�
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)LJXUH������

7KH�LPDJHV�DERYH�VKRZ�WKH�WUDLOHG� �H[SRVXUH�RG�G��YFT�RI�D�EULJKW�VWDU�IURP�SURJUDP�������G750M
EHIRUH� �OHIW�� DQG� DIWHUb �ULJKW�� GLYLGLQJ� E\� D� FRQWHPSRUDQHRXV� IULQJH� IODW� LPDJH�� ,Q� WKHVH� LPDJHV�
ZDYHOHQJWK�LQFUHDVHV�WR�WKH�ULJKW��DQG�WKH�VWDU�ZDV�VFDQQHG�LQ�WKH�YHUWLFDO�GLUHFWLRQ�DORQJ�WKH�OHQJWK
RI� WKH���b ����DSHUWXUH��7KLV� LV�KLJKO\�HIIHFWLYH�DW�UHPRYLQJ�WKH�IULQJLQJ�SDWWHUQ��EXW�GRHV�UHYHDO�b
WKDW�LQVWDELOLW\�LQ�WKH�WUDLO�UDWH�UHVXOWV�LQ�QRWLFHDEOH�IOX[�YDULDWLRQV�DV�D�IXQFWLRQ�RI�WKH�SRVLWLRQ�DORQJ
WKH�WUDLO�GLUHFWLRQ�

7UDLOLQJ�DORQJ�D�:LGH�6OLW�WR�0D[LPL]H�3KRWRPHWULF�5HSHDWDELOLW\

:KLOH�XVH�RI�D�QDUURZ�VOLW�GRHV�HQVXUH� WKH�EHVW� IULQJH� UHPRYDO�DQG� LV� UHFRPPHQGHG� IRU�SURJUDPV
DLPHG� DW� PHDVXULQJ� WKH� DEVROXWH� HTXLYDOHQW� ZLGWKV� RI� ZHDN� IHDWXUHV�� LW� GRHV� FRPSURPLVH� WKH
DEVROXWH�IOX[�FDOLEUDWLRQ�RI�WKH�REVHUYDWLRQV�

67,6�VSHFLDO�FDOLEUDWLRQ�SURJUDP�������UHFHQWO\�REWDLQHG�VFDQQHG� �REVHUYDWLRQV�RI�WKH�NQRZQG750L
H[RSODQHW�KRVW�VWDU����&QF��LQFOXGLQJ�VFDQV�LQ�ERWK�WKH�QDUURZ���;����DQG�WKH�ZLGHU���;��DSHUWXUHV�
7KH� VHFRQG� YLVLW� LQ� WKH� SURJUDP� LQFOXGHG� D� VHULHV� RI� UHSHDWHG� ���� ORQJ� VFDQV� DORQJ� WKH� ZLGHU
DSHUWXUH�� RYHU� WKH� FRXUVH� RI� WZR� VXFFHVVLYH� RUELWV�� WKDW� KDYH� \LHOGHG� HQFRXUDJLQJ� UHVXOWV� RQ� WKH
DEVROXWH� UHSHDWDELOLW\� RI� IOX[� PHDVXUHPHQWV� REWDLQDEOH� ZLWK� VFDQQHG� G750L
REVHUYDWLRQV�b � $SSOLFDWLRQ� RI� FXVWRP� SURFHGXUHV� IRU� FRVPLF� UD\� UHPRYDO�� WKH� UHFHQWO\� GHYHORSHG
S\WKRQ� GHIULQJH� WRRO�� DQG� D� GH�WUHQGLQJ� SURFHGXUH� FRPPRQO\� XVHG� IRU� DQDO\VHV� RI� VSHFWUDO� WLPH
VHULHV�REVHUYDWLRQV��H�J��� ��\LHOGHG�DQ�UPV�VFDWWHU�LQ�WKH�UHVXOWLQJ�WRWDO6LQJ�HW�DO��������$	$�������$��
IOX[HV�RI�RUGHU����SSP�b�7KDW�LV�FRPSDUDEOH�WR�WKH�EHVW�SUHFLVLRQ�SUHYLRXVO\�REWDLQHG�IRU�WLPH�VHULHV
SKRWRPHWU\� ZLWK� � YLD� WKH� PRUH� WUDGLWLRQDO� WHFKQLTXH� RI� WDNLQJ� VDWXUDWHG� VSHFWUD� DW� D� IL[HG+67
SRLQWLQJ�� ���ZKLFK�KDV�FRPPRQO\�EHHQ�XVHG�IRU�WUDQVLWLQJ�SODQHW�REVHUYDWLRQV�ZLWK67,6b�,65��������
67,6�b �'HWDLOHG�DQDO\VHV�RI�WKH�������GDWD�DUH�VXPPDUL]HG�LQ�WKH� �b �$�PRUH6HSWHPEHU������67$1
GHWDLOHG� GLVFXVVLRQ�� LQFOXGLQJ� UHVXOWV� IURP� D� ORQJHU� VHULHV� RI� VFDQV� HQFRPSDVVLQJ� D� WUDQVLW� RI� WKH
VXSHU�(DUWK����&QF�H�REWDLQHG�XQGHU�IROORZ�RQ�SURJUDP��������ZLOO�EH�JLYHQ�LQ�D�SDSHU�LQ�SUHSDUDWLRQ�
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9DULDWLRQV� LQ� WKH� WUDLO� UDWH� DUH� DOVR� YLVLEOH� GXULQJ� WKH�ZLGH� DSHUWXUH� VFDQV�� DQG� WKLV�ZLOO� SUREDEO\
KLQGHU�DQ\�XVH�RI�WUDLOHG�67,6�REVHUYDWLRQV�WR�PRGHO�VRXUFH�IOX[�YDULDWLRQV�GXULQJ�DQ�LQGLYLGXDO�VFDQ�
LW� UHPDLQV� WR� EH� GHWHUPLQHG�ZKDW� OLPLWV� WKLV�PD\� SODFH� RQ� WKH� DFFXUDF\� DQG� UHSHDWDELOLW\� RI� WKH
LQWHJUDWHG�IOX[�IRU�LQGLYLGXDO�VFDQQHG�H[SRVXUHV�

��������8VLQJ�67,6�6SDWLDO�6FDQV
$V�67,6�VSDWLDO�VFDQV�DUH�DQ��DYDLODEOH�EXW�XQVXSSRUWHG��PRGH��RQO\�D�OLPLWHG�DPRXQW�RI�WXQLQJ�KDV
EHHQ�GRQH�WR�RSWLPL]H�WKLV�PRGH��,Q�EULHI��WR�VFDQ�DORQJ�RQH�RI�WKH�ORQJ�DSHUWXUHV��RQH�PXVW�VSHFLI\
WKH� VWDUWLQJ� ORFDWLRQ� �LQ� DUFVHF�� UHODWLYH� WR� WKH�DSHUWXUH� ILGXFLDO� SRLQW�� XVLQJ� WKH� � VSHFLDOPOS TARG

UHTXLUHPHQW���WKH�VFDQ�UDWH��LQ�DUFVHF�V ��VHH�EHORZ���WKH�VFDQ�RULHQWDWLRQ��QRPLQDOO\����GHJUHHV���

WKH�VFDQ�GLUHFWLRQ��DQG�WKH�WRWDO�H[SRVXUH�WLPH��7KH�VFDQ�OHQJWK�LV�WKHQ�JLYHQ�E\�WKH�SURGXFW�RI�WKH
VFDQ� UDWH� DQG� WKH� H[SRVXUH� WLPH�� WKH� <� FRRUGLQDWH� RI� WKH� VWDUWLQJ� ORFDWLRQ� VKRXOG� EH� VSHFLILHG� WR
SRVLWLRQ�WKH�VFDQ�DV�GHVLUHG�RQ�WKH�GHWHFWRU��&XUUHQWO\���IRUZDUG��VFDQV�SODFH�WKH�VSHFWUD�DW�FORVH�WR
WKH�LQWHQGHG�SRVLWLRQ��EXW�WKHUH�LV�DSSDUHQWO\�D�WLPLQJ�HUURU�LQ�WKH�LPSOHPHQWDWLRQ�RI��UHYHUVH��VFDQV
WKDW� UHVXOW� LQ� WKHP� EHLQJ� RIIVHW� RQ� WKH� GHWHFWRU� WR� KLJKHU� WKDQ� LQWHQGHG� <� ORFDWLRQV�� ZLWK� ODUJHU
RIIVHWV� DW� KLJKHU� VFDQ� UDWHV�� $V� D� UHVXOW�� ZH� FXUUHQWO\� UHFRPPHQG� WKDW� 67,6� REVHUYHUV� XVH� RQO\
�IRUZDUG��VFDQV�DQG�DYRLG�ERWK�WKH��UHYHUVH��DQG��URXQG�WULS��RSWLRQV��%HFDXVH�GLIIHUHQW�DSHUWXUHV
FDQ�PDS�WR�VOLJKWO\�GLIIHUHQW�SRVLWLRQV�RQ�WKH�GHWHFWRU��ZKHQ�VFDQQLQJ�XS�WKH� �DQG�GRLQJ�IULQJH52X2
IODWV� ZLWK� WKH� �� WKH� SURFHGXUH� VKRXOG� EH� WR� ILUVW� SHDN� XS� LQ� WKH� �� DQG� WKHQ� DGG� DQ52X0.1 52X0.1
;bFRPSRQHQW�WR�WKH� �IRU�WKH� �VFDQ�WR�FRUUHFW�IRU�WKH��������������GLIIHUHQFH�LQ�6,$)�;POS TARG 52X2
ORFDWLRQV�EHWZHHQ�WKH�WZR�DSHUWXUHV�

9LVLW����RI�SURJUDP�������WRRN�VFDQQHG�LPDJLQJ�REVHUYDWLRQV�WR�FKHFN�WKH�DOLJQPHQW�RI�WKH�GHIDXOW
VFDQ�DQJOH�ZLWK� WKH� VFLHQFH�DSHUWXUHV�� 7KLV� YLVLW� VXJJHVWHG�D� VPDOO� FRUUHFWLRQ� WR� WKH�GHIDXOW� VFDQ
DQJOH�RI�a�������GHJUHHV��EXW�WKH�UHSHDWDELOLW\�RI�WKLV�FRUUHFWLRQ�KDV�\HW�WR�EH�YHULILHG�

)RU�PRUH�LQIRUPDWLRQ�DERXW�SURSRVLQJ�IRU�VSDWLDO�VFDQQLQJ�XVLQJ�67,6��SOHDVH�VHH�6HFWLRQ�������LQ�WKH
�3KDVH� �3URSRVDO�,QVWUXFWLRQVII

8VLQJ�WKH� �WR�(VWLPDWH�6FDQ�3DUDPHWHUV(7&

&XUUHQWO\�WKH�67,6 �GRHV�QRW�VXSSRUW�FDOFXODWLRQV�IRU�VFDQQHG�REVHUYDWLRQV��+RZHYHU��WR�DFKLHYH�(7&
WKH�H[SHFWHG�IODW�ILHOGLQJ�LPSURYHPHQWV��LW�LV�HVVHQWLDO�WR�DYRLG�VDWXUDWLQJ�WKH�GHWHFWRU�

7R� HVWLPDWH� WKH� H[SHFWHG� SHDN� IOX[� OHYHOV�� ZH� UHFRPPHQG� EHJLQQLQJ� ZLWK� D� VSHFWURVFRSLF� (7&
FDOFXODWLRQ� RI� D� SRLQWHG� REVHUYDWLRQ�ZLWK� � IRU� WKH� UHTXHVWHG� WRWDO� H[SRVXUH� WLPH�RI� DQCR-SPLIT=1
LQGLYLGXDO�VFDQ�ZLWK�DOO�RWKHU�SDUDPHWHUV�VHW�DV�WKH\�ZLOO�EH�IRU�WKH�DFWXDO�REVHUYDWLRQ��7KHQ�JR�WR�WKH
�7DEOH�RI�6RXUFH�DQG�1RLVH�&RXQWV�SHU�3L[HO��RQ�WKH� �UHVXOWV�SDJH��,Q�WKLV�WDEOH���SL[HO��UHIHUV�WR�D(7&
SL[HO�LQ�WKH�H[WUDFWHG��'�VSHFWUXP�ZKLFK�LV�DFWXDOO\�D�VXP�LQ�WKH�RULJLQDO��'�LPDJH�RYHU��bSL[HO�LQ
WKH�GLVSHUVLRQ�GLUHFWLRQ�DQG�WKH�H[WUDFWLRQ�KHLJKW���bSL[HOV�E\�GHIDXOW�IRU�WKH�67,6�&&'���LQ�WKH�VSDWLDO
GLUHFWLRQ��ZKLOH�WKH��FRXQWV��JLYHQ�LQ�WKLV�WDEOH�DUH�DOZD\V�LQ�XQLWV�RI�HOHFWURQV��UHJDUGOHVV�RI�WKH�JDLQ
VHWWLQJ�� 7KH� VRXUFH� FRXQWV�SHU� SL[HO� LQ� WKLV� WDEOH� KDYH� EHHQ� VFDOHG� E\� WKH�ZDYHOHQJWK� GHSHQGHQW
IUDFWLRQ�� ��RI�WKH�WRWDO�VRXUFH�IOX[�DW�WKDW�ZDYHOHQJWK�WKDW� LV�H[SHFWHG�WR�IDOO�ZLWKLQ�WKH�H[WUDFWLRQ(
KHLJKW�� DQG� WKLV� H[FOXGHG� OLJKW� LQ� WKH�ZLQJV� RI� WKH� 36)�ZLOO� FRQWULEXWH� WR� WKH� FRXQWV� DFFXPXODWHG
GXULQJ�WKH�VFDQ��)RU�WKH� �JUDWLQJ�WKH�HQFLUFOHG�HQHUJ\�IUDFWLRQ�LQ�WKH���SL[HO�UHJLRQ�YDULHV�IURPG750L
a����DW���������WR�DERXW�����DW����������,I� �LV�WKH��6RXUFH�3HU�3L[HO��LQ�WKH� �WDEOH�DQG� �LV�WKH6 (7& /
OHQJWK� RI� WKH� VFDQ� LQ� SL[HOV� �WKH� VFDQ� OHQJWK� LQ� DUFVHFRQGV� GLYLGHG� E\� ��������SL[HO��� WKHQ� WKH
DSSUR[LPDWH�ORFDO�VRXUFH�FRXQW�UDWH�LQ�HOHFWURQV�SHU�VHFRQG�SHU�SL[HO�LQ�WKH�VFDQQHG��'�LPDJH�ZLOO
VLPSO\�EH� � � ��WKLV�LV�WKH�QXPEHU�WKDW�VKRXOG�EH�FRPSDUHG�WR�WKH�VDWXUDWLRQ�OLPLWV�6 ( /

334

https://hst-docs.stsci.edu/hpiom/chapter-6-special-requirements/6-3-exposure-level-special-requirements/6-3-1-general-exposure-level-special-requirements#id-6.3.1GeneralExposurelevelSpecialRequirements-SpatScan
https://hst-docs.stsci.edu/hpiom/chapter-6-special-requirements/6-3-exposure-level-special-requirements/6-3-1-general-exposure-level-special-requirements#id-6.3.1GeneralExposurelevelSpecialRequirements-SpatScan
http://etc.stsci.edu/etc/results/STIS.sp.1044073/


%HFDXVH�WKH�VSHFWUXP�ZLOO�EH�VSUHDG�RYHU�D�ODUJHU�UHJLRQ�RI�WKH�GHWHFWRU�WKDQ�ZDV�DVVXPHG�LQ�WKH�
��IRU�REWDLQLQJ�D�JRRG�6�1�HVWLPDWH�IRU�IDLQWHU�WDUJHWV�LW�ZLOO�DOVR�EH�QHFHVVDU\�WR�VFDOH�WKH�GDUN(7&

FXUUHQW�� VN\� EDFNJURXQG�� DQG� WKH� UHDG�QRLVH� VTXDUHG� IURP� WKH� YDOXHV� FDOFXODWHG� IRU� WKH� GHIDXOW
H[WUDFWLRQ� KHLJKW� WR� WKH� DFWXDO� DUHD� WR� EH� XVHG� LQ� WKH� ILQDO� H[WUDFWLRQ�� ,I� WKHVH� DUH� VLJQLILFDQW
FRPSDUHG�WR�WKH�VRXUFH�FRXQW�UDWH��WKHQ�WKH�ILQDO�VLJQDO�WR�QRLVH�VKRXOG�EH�PDQXDOO\�FRPSXWHG�XVLQJ
WKH� HTXDWLRQV� LQ� �� ,I� WKH� UHDG�QRLVH� DQG� GDUN� FXUUHQW� DUH� QHJOLJLEOH� FRPSDUHG� WR� WKH6HFWLRQ� ���
3RLVVRQ�QRLVH�RI�WKH�VRXUFH�FRXQWV��WKHQ�WKH�6�1�HVWLPDWH�LQ�WKH�RULJLQDO� �FDOFXODWLRQ�LV�SUREDEO\(7&
DV�JRRG�DQ�DSSUR[LPDWLRQ�DV�DQ\�DYDLODEOH�

$V� D� FRQFUHWH� H[DPSOH�� WKH� IROORZLQJ� GHVFULEHV� WKH� FDOFXODWLRQ� IRU� RQH� RI� WKH� VHULHV� RI� ������ V
H[SRVXUHV�GRQH�LQ�WKH�� �DQG�� �RUELWV�RI�YLVLW����RI�SURJUDP��������7KH�VFDQ�UDWH�WKHUH�ZDV�VHW�WRQG UG

������ DUFVHF�VHF�� ZKLFK� \LHOGHG� D� VFDQ� OHQJWK� RI� ��� DUFVHFRQGV� RU� DERXW� ���� SL[HOV�� $Qb (7&
FDOFXODWLRQ� IRU� D� SRLQWHG� H[SRVXUH� ZLWK� WKH� VDPH� SDUDPHWHUV� LV� JLYHQ� E\� KWWS���HWF�VWVFL�HGX�HWF

��$W�������b���WKH�WDEXODU�GDWD�SDJH�IRU�WKLV� �FDOFXODWLRQ�JLYHV�DERXW������UHVXOWV�67,6�VS��������� (7&
H��HOHFWURQV�DV�WKH��VRXUFH�SHU�SL[HO���)RU�WKH�VFDQQHG�REVHUYDWLRQ��ZH�ZRXOG�WKHQ�SUHGLFW�DERXW�����
H�����������������b ������bH ��RU� IRU� �DERXW�������'1�LQ�HDFK�SL[HO�RI� WKH�)/7� LPDJH��7KH GAIN=4
FRQWULEXWLRQ� IURP� WKH� GDUN� FXUUHQW� LV� QHJOLJLEOH�� DQG� H[DPLQDWLRQ� RI� WKH� )/7� ILOH� IRU� H[SRVXUH
2'4)��824� VKRZV� WKDW� WKH�PHDQ� FRXQW� UDWH� LQ� WKH� FROXPQ� FRUUHVSRQGLQJ� WR� WKLV� ZDYHOHQJWK� LV
LQGHHG�YHU\�FORVH�WR�������'1��DOWKRXJK�WKH�DFWXDO�YDOXH�IOXFWXDWHV�IURP�URZ�WR�URZ�E\�XS�WR����
GXH� WR�YDULDWLRQV� LQ� WKH�VFDQQLQJ� UDWH�GXULQJ� WKH�REVHUYDWLRQ��7R�DFFRXQW� IRU� VFDQ� UDWH�YDULDWLRQV�
IULQJLQJ� HIIHFWV�� DQG� RWKHU� DSSUR[LPDWLRQV� LQ� WKH� � FDOFXODWLRQV�� ZH� UHFRPPHQG� NHHSLQJ� WKH(7&
SODQQHG�SHDN�VRXUFH�FRXQWV�IRU� �67,6�&&'�REVHUYDWLRQV�EHORZ�DERXW���������H �LQ�HDFK�SL[HOGAIN=4 

RI�WKH��'�LPDJH�

6HWWLQJ�)ULQJH�)ODW�([SRVXUHV�IRU�6SDWLDO�6FDQV

7KH�VXSSRUWHG� �H[SRVXUHV�DYDLODEOH� LQ� �WR�SURYLGH�WXQJVWHQ� ODPS�,5�IULQJH�IODWVTARGET=CCDFLAT $37
KDYH�UHODWLYHO\�PRGHVW�GHIDXOW�H[SRVXUH�WLPHV��LQWHQGHG�WR�VXSSRUW�WKH�6�1�UHTXLUHPHQWV�RI�SRLQWHG
REVHUYDWLRQV��8VLQJ�WKLV�RSWLRQ�IRU�WKH�IULQJH�IODWV�SURKLELWV�H[SRVXUH�WLPHV�JUHDWHU�WKDQ�WKH�GHIDXOW
YDOXHV�IURP�EHLQJ�XVHG�

6LQFH�VFDQQHG�REVHUYDWLRQV�FDQ�FROOHFW�PDQ\�PRUH�SKRWRQV�SHU�UHVROXWLRQ�HOHPHQW�WKDQ�LV�SRVVLEOH�LQ
SRLQWHG�REVHUYDWLRQV�� LW�PD\� VRPHWLPHV�EH�XVHIXO� WR� WDNH�GHHSHU� WXQJVWHQ� ODPS� LPDJHV� WKDQ�DUH
VXSSRUWHG�ZLWK� �� 7KLV� FDQ�EH�GRQH�ZKHQ�DYDLODEOH�PRGHV�DUH�HQDEOHG�E\� VHWWLQJ�TARGET=CCDFLAT

��DQG�DGGLQJ�WKH�VSHFLDO�UHTXLUHPHQW� ��,W�LV�WKHQ�WKH�UHVSRQVLELOLW\�RI�WKHTARGET=NONE LAMP=TUNGSTEN
XVHU��KRZHYHU�� WR�VHW� WKH�H[SRVXUH�DQG� LQVWUXPHQW�SDUDPHWHUV��DV� WKH�GHIDXOW� VHWWLQJV�GLIIHU� IURP
WKRVH�XVHG�ZLWK� ��1RWH�DOVR�WKDW� �GRHV�QRW�UHFRJQL]H� �H[SRVXUHV�DV�TARGET=CCDFLAT $37 TARGET=NONE

�H[SRVXUHV�DQG�ZLOO�FRPSODLQ�RI�PLVVLQJ�IULQJH�IODWV��ZKHWKHU�RU�QRW�WKH�SDUDPHWHUV�DUH�VHWCCDFLAT
FRUUHFWO\��7KLV�ZDUQLQJ�ZLOO�EH�VSXULRXV��KRZHYHU��ZKHQ�WKH�DSSURSULDWH� ��TARGET=NONE LAMP=TUNGSTEN
H[SRVXUHV�DUH�DFWXDOO\� WKHUH�� ,W� LV� LPSRUWDQW� WR�QRWH� WKDW� VHWWLQJ� � LV� DQ�DYDLODEOH�EXW�TARGET=NONE
XQVXSSRUWHG�PRGH�DQG�ZLOO�UHTXLUH�VFLHQWLILF�MXVWLILFDWLRQ�DQG�DSSURYDO�

7KH� RYHUKHDG� RQ� HDFK� LQGLYLGXDO� WXQJVWHQ� ODPS� H[SRVXUH� FDQ� EH� VLJQLILFDQW�� DQG� LW� ZLOO� RIWHQ� EH
VLJQLILFDQWO\�PRUH�HIILFLHQW�WR�WDNH�D�IHZ�GHHS�ODPS�H[SRVXUHV�UDWKHU�WKDQ�D�QXPEHU�RI�VKRUWHU�RQHV
XVLQJ� WKH� � GHIDXOW� WLPHV��2EVHUYHUV�PXVW� EH� FDUHIXO� WR� QRW� VDWXUDWH� WKH� ORQJHU� IULQJH� IODWCCDFLAT
H[SRVXUHV��KRZHYHU�
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7KH�IULQJLQJ�FRUUHFWLRQ�LV�YHU\�VHQVLWLYH�WR�WKH�H[DFW�GLVWULEXWLRQ�RI�ZDYHOHQJWKV�IDOOLQJ�RQ�HDFK�SL[HO
RI�WKH�GHWHFWRU��DQG�VKLIWV�LQ�LQVWUXPHQW�DOLJQPHQW�FDQ�FDXVH�QRWLFHDEOH�FKDQJHV�RYHU�WKH�FRXUVH�RI�D
VLQJOH� YLVLELOLW\� SHULRG�� )RU� WKLV� UHDVRQ�� WKH� VFLHQFH�DQG� IULQJH�IODW� H[SRVXUHV� VKRXOG�EH�DFFXUDWHO\
UHJLVWHUHG��H�J���LI�WDNHQ�WKURXJK�GLIIHUHQW�DSHUWXUHV���DQG�LW�PD\�VRPHWLPHV�EH�XVHIXO�WR�LQWHUPLQJOH
IULQJH�IODW� ODPS� H[SRVXUHV� ZLWK� WKH� H[WHUQDO� VFLHQFH� H[SRVXUHV�� HYHQ� LI� WKLV� UHGXFHV� WKH� WLPH
DYDLODEOH�WR�REVHUYH�WKH�H[WHUQDO�WDUJHW�
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&KDSWHU�����6SHFWURVFRSLF�5HIHUHQFH�0DWHULDO
&KDSWHU�&RQWHQWV

�����,QWURGXFWLRQ
�����8VLQJ�WKH�,QIRUPDWLRQ�LQ�WKLV�&KDSWHU
�����*UDWLQJV

)LUVW�2UGHU�*UDWLQJ�*���/
)LUVW�2UGHU�*UDWLQJ�*���0
)LUVW�2UGHU�*UDWLQJ�*���/
)LUVW�2UGHU�*UDWLQJ�*���0
)LUVW�2UGHU�*UDWLQJ�*���/%
&RPSDULVRQ�RI�*���/%�DQG�*���/
)LUVW�2UGHU�*UDWLQJ�*���0%
&RPSDULVRQ�RI�*���0%�DQG�*���0
)LUVW�2UGHU�*UDWLQJ�*���/
)LUVW�2UGHU�*UDWLQJ�*���0
)LUVW�2UGHU�*UDWLQJ�*���/
)LUVW�2UGHU�*UDWLQJ�*���0
(FKHOOH�*UDWLQJ�(���0
(FKHOOH�*UDWLQJ�(���+
(FKHOOH�*UDWLQJ�(���0
(FKHOOH�*UDWLQJ�(���+
35,60
35,60�:DYHOHQJWK�5HODWLRQVKLS

�����$SHUWXUHV
��;�����$SHUWXUH
��;����(��DQG���;����'��3VHXGR�$SHUWXUHV
��;����$SHUWXUH
��;���(��DQG���;���'��3VHXGR�$SHUWXUHV
��;����$SHUWXUH
��;���(�����;���(���DQG���;���'��3VHXGR�$SHUWXUHV
��;����$SHUWXUH
��;���(�����;���(���DQG���;���'��3VHXGR�$SHUWXUHV
��;��$SHUWXUH
��;�(�����;�(���DQG���;�'��3VHXGR�$SHUWXUHV
��;���)��$SHUWXUH
���;�����$SHUWXUH
���;����$SHUWXUH
���;�����$SHUWXUH
�;����$SHUWXUH
���;�����$SHUWXUH
)3�63/,7�6OLWV����;����)3�$�(��$SHUWXUHV
)3�63/,7�6OLWV����;���)3�$�(��$SHUWXUHV
��;����1'�$�&��$SHUWXUHV
���;����1'�$SHUWXUH
���;����1'�$SHUWXUH
)��1'4�$SHUWXUH

�����6SDWLDO�3URILOHV
)LUVW�2UGHU�6SDWLDO�3URILOHV
(FKHOOH�6SDWLDO�3URILOHV

�����/LQH�6SUHDG�)XQFWLRQV

)LUVW�2UGHU�/LQH�6SUHDG�)XQFWLRQV 337



)LUVW�2UGHU�/LQH�6SUHDG�)XQFWLRQV
(FKHOOH�/LQH�6SUHDG�)XQFWLRQV

�����6SHFWUDO�3XULW\��2UGHU�&RQIXVLRQ��DQG�3HFXOLDULWLHV
�����0$0$�6SHFWURVFRSLF�%ULJKW�2EMHFW�/LPLWV
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�����,QWURGXFWLRQ
7KH�LQIRUPDWLRQ�LQ�WKLV�FKDSWHU�ZLOO�KHOS�\RX�VHOHFW�\RXU�JUDWLQJ�FRQILJXUDWLRQ�DQG�REVHUYLQJ�VOLW�DQG
GHWHUPLQH�\RXU�REVHUYLQJ�SODQ��H�J��� WRWDO� UHTXLUHG�H[SRVXUH�WLPH��DQG�QXPEHU�RI�H[SRVXUHV���7KLV
FKDSWHU�LV�EDVLFDOO\�RUJDQL]HG�E\� ��FRUUHVSRQGLQJ�WR� LQJUDWLQJ�DQG�VOLW 6SHFWUDO�(OHPHQW�DQG�$SHUWXUHb
WKH� ��3KDVHb �3URSRVDO�,QVWUXFWLRQVII

)RU�HDFK�JUDWLQJ�PRGH�WKH�IROORZLQJ�DUH�SURYLGHG�

$� EULHI� GHVFULSWLRQ� RI� WKH� JUDWLQJ� PRGH
V� VSHFLILFDWLRQV�� LQFOXGLQJ� UHFRPPHQGHG� XVHV� DQG
VSHFLDO�FRQVLGHUDWLRQV�
7KH� FHQWUDO�ZDYHOHQJWK� VHWWLQJV� DQG� UDQJH� RI�ZDYHOHQJWK� FRYHUHG� DW� HDFK� VHWWLQJ�� WRJHWKHU
ZLWK�WKH�GLVSHUVLRQV�DQG�SODWH�VFDOHV�
3ORWV�DQG�WDEOHV�RI�VHQVLWLYLWLHV�DQG�WKURXJKSXWV�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�
3ORWV� RI� VLJQDO�WR�QRLVH� DV� D� IXQFWLRQ� RI� 9�670$* � �WKH� FRORU�GHSHQGHQW� FRUUHFWLRQ� IURP͐
9bPDJQLWXGH�WR�670$*�DW�ZDYHOHQJWKb � ��DQG�H[SRVXUH�WLPH�͐� �)͐

)RU�HDFK�VOLW�WKH�IROORZLQJ�DUH�SURYLGHG�

$� EULHI� GHVFULSWLRQ� RI� WKH� VOLW
V� VSHFLILFDWLRQV�� LQFOXGLQJ� UHFRPPHQGHG� XVHV� DQG� VSHFLDO
FRQVLGHUDWLRQV�
3ORWV�DQG�WDEOHV�RI�UHODWLYH�WKURXJKSXWV�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�

)RU�UHSUHVHQWDWLYH�JUDWLQJ�VOLW�FRPELQDWLRQV�ZH�SURYLGH�

7DEOHV� RI� HQFLUFOHG� HQHUJ\� IRU� WKH� IOX[� LQ� WKH� GHIDXOW� SLSHOLQH� H[WUDFWLRQ� DSHUWXUH�� DQG� WKH
SHUFHQW�IOX[�FRQWDLQHG�LQ�WKH�SHDN�SL[HO�
3ORWV� RI� UHSUHVHQWDWLYH� VSDWLDO� �SHUSHQGLFXODU� WR� WKH� GLVSHUVLRQ�� SURILOHV� DW� VHOHFWHG
ZDYHOHQJWKV�
/LQH�VSUHDG�IXQFWLRQV�DQG�):+0�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�

,Q�DGGLWLRQ�

6HFWLRQ������SURYLGHV�D�VXPPDU\�RI�WKH�VFUHHQLQJ�EULJKWQHVV�OLPLWV�IRU�WKH�0$0$�VSHFWURVFRSLF
PRGHV�

7KH�VHQVLWLYLWLHV�DQG�GDUN�FXUUHQWV�DGRSWHG�IRU�FDOFXODWLQJ�WKH�ILJXUHV�DQG�WDEOHV�XVHG�LQ�WKLV�FKDSWHU
ZHUH� SURMHFWHG� EHIRUH� 60�� IRU� D� GDWH� RI� $XJXVW� ������ $FWXDO� YDOXHV� IRU� D� JLYHQ� F\FOH� ZLOO� GLIIHU
VOLJKWO\��)RU�WKH�PRVW�XS�WR�GDWH�YDOXHV��SOHDVH�FRQVXOW�WKH�67,6�(7&�

7KH�QH[W�VHFWLRQ�H[SODLQV�WKH�SORWV�DQG�WDEOHV�IRXQG�LQ�WKH�JUDWLQJ�VHFWLRQV�LQ�WKLV�FKDSWHU�
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�����8VLQJ�WKH�,QIRUPDWLRQ�LQ�WKLV�&KDSWHU
�������:DYHOHQJWK�5DQJHV
�������*UDWLQJ�6HQVLWLYLWLHV�DQG�7KURXJKSXWV
�������6LJQDO�7R�1RLVH�3ORWV
�������3ODWH�6FDOHV
�������$SHUWXUHV
�������)LGXFLDOV�RQ�%DUV
�������6SDWLDO�3URILOHV
�������/LQH�6SUHDG�)XQFWLRQV��,QVWUXPHQWDO�3URILOHV�

�������:DYHOHQJWK�5DQJHV
7KH�FRPSOHWH�ZDYHOHQJWK�UDQJH�IRU�HDFK�JUDWLQJ��DV�ZHOO�DV�WKH�ZDYHOHQJWK�FRYHUDJH�SHU�WLOW�IRU�WKH
VFDQQHG�JUDWLQJ�PRGHV�� LV�VKRZQ�LQ�D�WDEOH�DQG�JUDSKLFDOO\��7KH�H[DFW�ZDYHOHQJWKV�DW�WKH�HQGV�RI
WKH�UDQJHV�IRU�WKH�0$0$�GHWHFWRUV�ZLOO�GHSHQG�RQ�WKH�0$0$�PRQWKO\�RIIVHWWLQJ��7KLV�SURFHGXUH�VKLIWV
WKH� VSHFWURJUDP� VR� WKDW� LW� IDOOV� RQ� VOLJKWO\� GLIIHUHQW� SDUWV� RI� WKH�0$0$� GHWHFWRUV� IURP�PRQWK� WR
PRQWK� LQ�RUGHU� WR�PLQLPL]H�FKDUJH�GHSOHWLRQ� LQ� WKH�PLFURFKDQQHO�SODWHV�DQG�FDQ�FDXVH�WKH� ORVV�RI
s��� SL[HOV� IURP� HLWKHU� HQG� RI� WKH� VSHFWURJUDP� LQ� GLVSHUVLRQ� � �� DQG� s��� SL[HOV� LQ� FURVV�AXIS1
GLVSHUVLRQ� � ��� 6SHFWUDO� IRUPDW� SORWV� RI� WKH� 67,6� JUDWLQJ� DQG� FHQWUDO� ZDYHOHQJWK� VHWWLQJV� DUHAXIS2
DYDLODEOH�WR�GRZQORDG�IURP�WKH�67,6�ZHESDJH�XQGHU�� ��,QVWUXPHQW�'HVLJQ�!�*UDWLQJV�3ULVP

0RQWKO\� RIIVHWWLQJ� IRU� WKH� HFKHOOHV� ZDV� GLVFRQWLQXHG� LQ� $XJXVW� ������ 3ULRU� WR� WKDW�� WKH� PRQWKO\
RIIVHWWLQJ� SURMHFWHG� WKH� H[WUHPH� RUGHUV� RI� IRUPDWV� RII� RI� WKH� GHWHFWRU� LQ� VRPH� PRQWKV�7KH
ZDYHOHQJWK� UDQJHV� IRU� WKH�HFKHOOH�JUDWLQJV�JLYHQ� LQ� WKLV� FKDSWHU�DUH� WKRVH� URXWLQHO\� IDOOLQJ�RQ� WKH
GHWHFWRU�VLQFH�WKH�GLVFRQWLQXDWLRQ�RI� WKH�PRQWKO\�RIIVHWV� IRU� WKH�HFKHOOH�PRGHV��DV�PHDVXUHG�IURP
GDWD�REWDLQHG�IRU�WKH�&\FOH����&DOLEUDWLRQ�3URJUDP��������7KH�ZDYHOHQJWK�UDQJHV�RI�DUFKLYDO�GDWD
WDNHQ�EHIRUH�$XJXVW������PD\�GLIIHU�IURP�WKRVH�YDOXHV�JLYHQ�KHUH��8VHUV�VKRXOG�DOVR�EH�DZDUH�WKDW
WKH�SDVW�PRQWKO\�RIIVHWV�KDYH�LQIOXHQFHG�ZKHWKHU�RU�QRW�D�JLYHQ�HFKHOOH�RUGHU�KDV�D�JRRG�VHQVLWLYLW\
FRUUHFWLRQ�� WKHUHIRUH��QRW�DOO� HFKHOOH�RUGHUV�DYDLODEOH�RQ� WKH�GHWHFWRU�ZLOO� EH� IOX[� FDOLEUDWHG��8VHUV
PD\�UHIHU�WR� �IRU�PRUH�LQIRUPDWLRQ�RQ�WKH�DIIHFWHG�RUGHUV��6RPH�RI�WKHVH�DIIHFWHG67,6�,65��������
RUGHUV�DUH�H[SHFWHG�WR�EH�DGGHG�EDFN�WR�WKH�IOX[�FDOLEUDWHG�GDWD�SURGXFWV�DV�WKH�IOX[�UHFDOLEUDWLRQ

�LV�FRPSOHWHG��6HH�7DEOH���RI� �IRU�D�OLVW�RI�SUHYLRXVO\�H[FOXGHG�RUGHUV�HIIRUW ,65��������

:DYHOHQJWKV�LQ�WKLV�KDQGERRN�DQG�LQ�67,6�GDWD�SURGXFWV�DUH�DOZD\V�PHDVXUHG�LQ�YDFXXP�FRQGLWLRQV�

�������*UDWLQJ�6HQVLWLYLWLHV�DQG�7KURXJKSXWV
7KLV�FKDSWHU�FRQWDLQV�SORWV�DQG�WDEOHV�RI�VHQVLWLYLWLHV�DQG�WKURXJKSXWV�IRU�HDFK�JUDWLQJ�PRGH��6HFWLRQ
� LQ� WKH� ([SRVXUH� 7LPH� &DOFXODWLRQ� FKDSWHU� H[SODLQV� KRZ� WR� XVH� WKHVH� VHQVLWLYLWLHV� WR� FDOFXODWH���

H[SHFWHG�FRXQW�UDWHV�IURP�D�VRXUFH�

7KH�WRWDO�V\VWHP � ��KDV�WKH�XQLW�� ��VSHFWURVFRSLF�SRLQW�VRXUFH�VHQVLWLYLW\

FRXQWV�V�SL[ �SHU� LQFLGHQW�HUJ�FP �V��� IRU� WKH�0$0$�DQG�H �V�SL[ �SHU� LQFLGHQW�HUJ�FP �V��� IRU� WKH͐
� 

͐
�

&&'��ZKHUH�
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SL[ � �D�SL[HO�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�͐
FRXQWV�UHIHU�WR�WKH�WRWDO�FRXQWV�IURP�WKH�SRLQW�VRXUFH�LQWHJUDWHG�RYHU�WKH�36)�LQ�WKH�GLUHFWLRQ
SHUSHQGLFXODU�WR�WKH�GLVSHUVLRQ��DORQJ�WKH�VOLW��

7KH� ��KDV�WKH�XQLWV�FRXQWV�V�SL[ �SL[ �SHU�LQFLGHQW�HUJ�VVSHFWURVFRSLF�GLIIXVH�VRXUFH�VHQVLWLYLW\�� ͐ V

�FP ���DUFVHF �IRU�WKH�0$0$�DQG�H �V�SL[ SL[ �SHU�LQFLGHQW�HUJ�V�FP ���DUFVHF IRU�WKH�&&'��ZKHUH�� � 
͐� V

� ��

SL[  �D�SL[HO�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�͐
SL[  �D�SL[HO�LQ�WKH�VSDWLDO�GLUHFWLRQ�V

�DQG� DUH�UHODWHG�WKURXJK�WKH�UHODWLRQ��

ZKHUH�

PV�LV�WKH�SODWHVFDOH�LQ�DUFVHF�SHU�SL[HO�LQ�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�GLVSHUVLRQ�
:�LV�WKH�ZLGWK�RI�WKH�VOLW�XVHG�LQ�DUFVHF�

+HUH��ZH�KDYH�DVVXPHG�WKDW� WKH�GLIIXVH�VRXUFH�KDV�D�XQLIRUP�EULJKWQHVV�RYHU� WKH�DUHD�RI� LQWHUHVW
DQG�WKDW�WKH�VSHFWUXP�FDQ�EH�DSSUR[LPDWHG�DV�D�FRQWLQXXP�VRXUFH��7KH�WKURXJKSXW�LV�GHILQHG�DV�WKH
HQG�WR�HQG�HIIHFWLYH�DUHD�GLYLGHG�E\�WKH�JHRPHWULF�DUHD�RI�D�ILOOHG��XQREVWUXFWHG����bPHWHU�DSHUWXUH
�VHH� ��&KDSWHU��

1RWH� WKDW� WKH� VSHFWURVFRSLF� SRLQW� VRXUFH� VHQVLWLYLW\� SUHVHQWHG� KHUH� GRHV� QRW� LQFOXGH� VOLW
ORVVHV�� &7,� ORVVHV� �RQ� WKH� &&'��� RU� WLPH�GHSHQGHQW� RU� WHPSHUDWXUH�GHSHQGHQW� YDULDWLRQV�
7KHVH�FRUUHFWLRQV�DUH�PDGH�E\�SLSHOLQH�FDOLEUDWLRQ�

1RWH� WKDW� WKH� VSHFWURVFRSLF� GLIIXVH�VRXUFH� VHQVLWLYLW\� SUHVHQWHG� KHUH� GRHV� QRW� LQFOXGH� &7,
ORVVHV� �RQ� WKH� &&'�� RU� WLPH�GHSHQGHQW� RU� WHPSHUDWXUH�GHSHQGHQW� YDULDWLRQV�� 7KH� ODVW� WZR
FRUUHFWLRQV�DUH�PDGH�E\�SLSHOLQH�FDOLEUDWLRQ�
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7DEOHV�RI�VHQVLWLYLWLHV�DQG�WKURXJKSXWV�DUH�JLYHQ�IRU�D�SRLQW�VRXUFH�SODFHG�LQ�WKH�FHQWHU�RI�WKH�ODUJHVW
FOHDU�DSHUWXUH� IRU�HDFK�GHWHFWRU��&DOLEUDWLRQ�GDWD� IRU�PHDVXULQJ�VHQVLWLYLWLHV�DQG�WKURXJKSXWV� IRU�D
SRLQW�VRXUFH�SODFHG�KLJK�RQ�WKH�&&'�GHWHFWRU�LQ�WKH�ORQJ�VOLW��(���SVHXGR�DSHUWXUHV��VHH�6HFWLRQ������
�� ZHUH� WDNHQ� LQ� &\FOHVb ��� DQGb ���� ,W� ZDV� IRXQG� WKDW� WKH� RYHUDOO� ORZ� GLVSHUVLRQ� WKURXJKSXWV� DUH
GHFUHDVHG� E\� ����� DQG� WKH� PHGLXP� GLVSHUVLRQ� WKURXJKSXWV� DUH� H[SHFWHG� WR� VKRZ� D� VLPLODU
UHGXFWLRQ��7KH�VHQVLWLYLW\�SORWV�JLYH�YDOXHV�IRU�SRLQW�DQG�GLIIXVH�VRXUFHV��,Q�WKH�SORWV�LQ�WKLV�FKDSWHU
ZH�VKRZ�WKH�GLIIXVH�VRXUFH�VHQVLWLYLW\�IRU�D����bDUFVHF�ZLGH�VOLW��)RU�DQ�H[WHQGHG�FRQWLQXXP�VRXUFH��

VFDOHV�GLUHFWO\�ZLWK�VOLW�ZLGWK��DV�DERYH��

)RU� WKH�HFKHOOHV�� WKH� VHQVLWLYLWLHV�JLYHQ�ZHUH�GHULYHG� IURP� ILWV�RI� D� VPRRWK�FXUYH�DV�D� IXQFWLRQ�RI
ZDYHOHQJWK�WR�WKH�PHDVXUHG�VHQVLWLYLWLHV�DW�WKH�FHQWUDO�ZDYHOHQJWK�RI�HDFK�RUGHU��L�H���WKH\�GR�QRW
LQFOXGH� WKH� HIIHFW� RI� WKH� HFKHOOH� ULSSOH��� 7KH� � � �� VHH�6SHFWURVFRSLF� ([SRVXUH� 7LPH� &DOFXODWRU (7&

��ZLOO�SURSHUO\�WDNH�WKH�HFKHOOH�ULSSOH�LQWR�DFFRXQW�DQG�VKRXOG�EH�XVHG�IRU�PRUH�GHWDLOHG�6�1&KDSWHU��
DQDO\VLV�

6PDOO�EXW�VLJQLILFDQW�FKDQJHV�LQ�WKH�67,6�VHQVLWLYLW\�KDYH�EHHQ�UHYHDOHG�E\�UHSHDWHG�REVHUYDWLRQV�RI
WKH�VDPH�VWDQGDUG�VWDUV�LQ�WKH� �VOLW��7KHVH�FKDQJHV�DUH�GLVFXVVHG�LQ�GHWDLO�LQ� ��DQG�52X2 6HFWLRQ������

��DQG�WKH�PHDQ�YDULDWLRQV�LQ�VHQVLWLYLW\�ZLWK�WLPH�IRU�VRPH�ILUVW�RUGHU�FRQILJXUDWLRQV�DUH6HFWLRQ������
LOOXVWUDWHG� LQ� � DQG� LQ� �� 7LPH�� DQG� WHPSHUDWXUH�GHSHQGHQW� YDULDWLRQV� DUH)LJXUH� ��� )LJXUH� ����
GLVFXVVHG�LQ� �DQG�WKH�PRVW�UHFHQW�PHDVXUHPHQWV�RI�WKHVH�YDULDWLRQV�FDQ�EH�IRXQG�LQ�67,6�,65��������

��67,6�,65�������� 7KH� �DFFRXQWV�IRU�WKH�ODWHVW�VHQVLWLYLW\�WUHQGV��SURMHFWHG�WR�WKH�PLG�SRLQW�RI�WKH(7&
FXUUHQW�+67�&\FOH�

�������6LJQDO�7R�1RLVH�3ORWV
)RU� HDFK� JUDWLQJ� PRGH�� D� SORW� LV� SURYLGHG� IRU� HVWLPDWLQJ� WKH� VLJQDO�WR�QRLVH� �6�1�� IRU� D� FODVV� RI
VRXUFHV�DQG�D�UDQJH�RI�H[SRVXUH� WLPHV��FRUUHVSRQGLQJ�WR�D� ILGXFLDO� WDNHQ�DW�ZDYHOHQJWKV�QHDU� WKH
SHDN� RI� WKH� UHVSRQVHV�� 7KH� ILGXFLDO�ZDYHOHQJWK� LV� LQGLFDWHG� LQ� WKH� RUGLQDWH� ODEHO� RI� HDFK� SORW�� 7R
HVWLPDWH�VLJQDO�WR�QRLVH�DW�DOWHUQDWH�ZDYHOHQJWKV��VFDOH�WKH�VRXUFH�IOX[�RU�PDJQLWXGH�E\�WKH�UHODWLYH
VHQVLWLYLWLHV��RU�WKURXJKSXWV��DW�WKH�ZDYHOHQJWK�RI�LQWHUHVW�DQG�DW�WKH�ILGXFLDO��7KH�SRLQW�VRXUFH�SORWV
VKRZ�6�1�DV�D�IXQFWLRQ�RI� �DQG�RI�9�670$*� ��IRU�D�UDQJH�RI�H[SRVXUH�WLPHV��7KH�GLIIXVH�VRXUFH)͐ ͐

SORWV� VKRZ� DQG� 9�670$*� �� SHU� DUFVHF � IRU� D� UDQJH� RI� H[SRVXUH� WLPHV�� 8VLQJ� 670$*� XQLWV� LV,͐� ͐ �

QDWXUDO� LQ� WKLV� SORW� JLYHQ� WKDW� D� SDUWLFXODU� 670$*� YDOXH� FRUUHVSRQGV� WR� D� IOX[� GLVWULEXWLRQ�ZLWK� D
FRQVWDQW�YDOXH�RI� ��,Q�SURGXFLQJ�WKHVH�SORWV�ZH�DVVXPHG�DQ�DYHUDJH�VN\�EDFNJURXQG��DV�GHVFULEHG)͐
LQ� ��DQG�WKH�DSSURSULDWH�YDOXHV�IRU�UHDG�QRLVH�DQG�GDUN�FXUUHQW�IRU�HDFK�GHWHFWRU��1RWH�WKH&KDSWHU��
IROORZLQJ�

7KH�SRLQW�VRXUFH�6�1�KDV�EHHQ�FDOFXODWHG�SHU� WZR�GLVSHUVLRQ�SL[HOV�DQG�KDV�EHHQ� LQWHJUDWHG
RYHU�WKH�36)�WR�FRQWDLQ�����RI�WKH�IOX[�LQ�WKH�VSDWLDO�GLUHFWLRQ�
7KH�SRLQW�VRXUFH�6�1�FDOFXODWLRQV�DVVXPH�WKH�XVH�RI�WKH� �VOLW� IRU�WKH�ILUVW�RUGHU�PRGHV52X0.2
DQG�WKH�XVH�RI�WKH� �VOLW�IRU�WKH�HFKHOOH�PRGHV�0.2X0.2
7KH�GLIIXVH�VRXUFH�6�1�LV�FDOFXODWHG�ZLWK�WKH�����DUFVHFRQG�ZLGH�VOLW�DQG�WKH�DVVXPSWLRQ�WKDW
WKH�VOLW� LV� IXOO\� ILOOHG�E\�D�GLIIXVH�FRQWLQXXP�VRXUFH��7KH�6�1� LV�JLYHQ�SHU��bVSDWLDO�SL[HOV�DQG
�b VSHFWUDO� SL[HOV� IRU� WKH�&&'�DQG� LV� JLYHQ�SHU� �b VSDWLDO� SL[HOV� DQG��b VSHFWUDO� SL[HOV� IRU� WKH
0$0$��WKHVH�DUH�WKH�HTXLYDOHQW�VSHFWUDO�UHVROXWLRQ�HOHPHQWV�IRU�WKHVH�REVHUYDWLRQV��
)RU�WKH�&&'��WKH�SORWV�DVVXPH� �DQG� �CR-SPLIT=2 CCDGAIN=1

7KH� GLIIHUHQW� V\PEROV� LQ� WKH� 6�1� ILJXUHV� GHOLQHDWH� UHJLRQV� ZKHUH� GLIIHUHQW� VRXUFHV� RI� QRLVH342

https://hst-docs.stsci.edu/display/STISIHB/7.3+CCD+Operation+and+Feasibility+Considerations#id-7.3CCDOperationandFeasibilityConsiderations-Section7.3.8
https://etc.stsci.edu/etc/input/stis/spectroscopic/
https://hst-docs.stsci.edu/display/STISIHB/7.2+The+CCD#id-7.2TheCCD-Section7.2.4
https://hst-docs.stsci.edu/display/STISIHB/7.4+The+MAMA+Detectors#id-7.4TheMAMADetectors-Section7.4.3
https://hst-docs.stsci.edu/display/STISIHB/7.2+The+CCD#id-7.2TheCCD-Figure7.1
https://hst-docs.stsci.edu/display/STISIHB/7.4+The+MAMA+Detectors#id-7.4TheMAMADetectors-Figure7.15
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200404.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2017_06.pdf
https://etc.stsci.edu/etc/input/stis/spectroscopic/
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7KH� GLIIHUHQW� V\PEROV� LQ� WKH� 6�1� ILJXUHV� GHOLQHDWH� UHJLRQV� ZKHUH� GLIIHUHQW� VRXUFHV� RI� QRLVH
GRPLQDWH��$�SDUWLFXODU�VRXUFH�RI�QRLVH��UHDG�QRLVH�IRU�H[DPSOH�� LV�SUHVXPHG�WR�GRPLQDWH�LI� LW
FRQWULEXWHV�PRUH�WKDQ�KDOI�WKH�WRWDO�QRLVH�LQ�WKH�REVHUYDWLRQV��6DWXUDWLRQ�LV�OLNHZLVH�LQGLFDWHG�
7KH�YHUWLFDO�GDVKHG�OLQH�LQGLFDWHV�WKH�0$0$�EULJKW�REMHFW� ��LI� �RU ��H[FHHGV�OLPLWVREVHUYLQJ )͐� �,͐
WKH� LQGLFDWHG� YDOXH�� WKH� REVHUYDWLRQ� ZRXOG� H[FHHG� WKH� REVHUYLQJ� OLPLWV� �UHFDOO� WKDW� WKH
REVHUYLQJ�OLPLWV�DUH�DW�VOLJKWO\�KLJKHU�FRXQW�UDWHV�WKDQ�WKH� �OLPLWV�JLYHQ�LQ�VFUHHQLQJ 7DEOH������
���)RU�GLIIXVH�VRXUFHV�ZH�LQGLFDWH�RQO\�WKH�ORFDO�UDWH�OLPLW��VLQFH�WKH�JOREDO�OLPLW�LV�GHSHQGHQW�RQ
WKH�VRXUFH�H[WHQW��,I�QR�OLQH�LV�VHHQ�RQ�WKH�SORW��LW�LQGLFDWHV�WKH�OLPLW�LV�KLJKHU�WKDQ�WKH�UDQJH�RI
IOX[HV�SORWWHG�

7KHVH� SORWV� DUH� PHDQW� WR� DOORZ� D� JHQHUDO� DVVHVVPHQW� RI� WKH� IHDVLELOLW\� RI� SURSRVHG� VFLHQWLILF
SURJUDP�� b ,Q�VLWXDWLRQV� UHTXLULQJ�PRUH�GHWDLOHG�FDOFXODWLRQV� �QRQ�VWHOODU�VSHFWUD��H[WHQGHG�VRXUFHV�
RWKHU�VN\�EDFNJURXQG� OHYHOV�� IXOO� WUHDWPHQW�RI�ZDYHOHQJWK�GHSHQGHQW�VHQVLWLYLW\�FKDQJHV��HWF����ZH
UHIHU�XVHUV�WR�WKH�67,6� ��DYDLODEOH�DW�b �(7& �KWWS���HWF�VWVFL�HGX�

)ROORZ�WKHVH�VWHSV�WR�XVH�WKH�6�1�SORWV�

/RRN� XS� LQ� � WKH� VSHFWUDO� W\SH� DQG� ZDYHOHQJWK� UHJLRQ� RI� LQWHUHVW� RI� \RXU� WDUJHW7DEOH� ����
REVHUYDWLRQ��H�J���*�b9�#�����b����,QWHUSRODWH�LQ�WKH�WDEOH�WR�JHW�670$* �͐
$GG�WKH�9�PDJQLWXGH�RI�WKH�WDUJHW�WR�WKH�LQWHUSRODWHG�YDOXH�RI�670$* GHULYHG�IURP�WKH�WDEOH�͐�
)LQG�WKH�DSSURSULDWH�SORW�IRU�WKH�GHVLUHG�JUDWLQJ��DQG�ORFDWH�9�670$* �RQ�WKH�KRUL]RQWDO�D[LV�͐
5HDG�RII�WKH�6�1�IRU�WKH�GHVLUHG�H[SRVXUH�WLPH��RU�YLFH�YHUVD��$OWHUQDWLYHO\�XVH� GLUHFWO\�RQ)͐�
WKH�KRUL]RQWDO�D[LV�
7R�JHW�DFFXUDWH�YDOXHV�IRU�UHSHDWHG�RU� �H[SRVXUHV��RQH�VKRXOG�XVH�WKH�VXE�H[SRVXUHCR-SPLIT

WLPH�ZKHQ�FRQVXOWLQJ�WKH�SORW��DQG�WKHQ�PXOWLSO\�WKH�UHVXOWLQJ�6�1�E\� ��ZKHUH� �LV�WKH1
QXPEHU�RI�VXE�H[SRVXUHV�WR�EH�DYHUDJHG��5HFDOO�WKDW�WKHVH�SORWV�DVVXPH �IRU�&&' CR-SPLIT=2
REVHUYDWLRQV�

:H�QRZ�JLYH�D� VDPSOH�6�1�FDOFXODWLRQ�XVLQJ� WKHVH�SORWV��&RQVLGHU�D�9b ����VWDU�RI� VSHFWUDO� FODVV
%�b9�� IRU�ZKLFK�ZH�ZDQW� WR�GHULYH�WKH�6�1� IRU�D�����VHFRQG� �H[SRVXUH� LQ� �ZLWK� WKHCR-SPLIT G430L
&&'��:H� ORRN� XS� WKH� %�b 9� VSHFWUDO� FODVV� DQG� LQWHUSRODWH� LQ� WKH� WDEOH� EHWZHHQ� ����b �� �670$*͐
b b������DQG�����b���670$*  �������WR�REWDLQ�670$* �a��DW�����b���:H�WKXV�KDYH�9�670$*b͐ ͐ b͐
 b����:H�ORRN�DW� �DQG�ILQG�WKLV�YDOXH�RQ�WKH�KRUL]RQWDO�D[LV��:H�ORFDWH�H[SRVXUH�WLPH����)LJXUH������
DQG�ILQG�6�1bab����7KLV�H[SRVXUH�LV�ZHOO�EHORZ�WKH�VDWXUDWLRQ�OLQHV�LQ�WKH�SORW��VR�VDWXUDWLRQ�LV�QRW�D
FRQFHUQ�

�������3ODWH�6FDOHV
,Q� WKH�JUDWLQJ� LQIRUPDWLRQ�VHFWLRQ�� WKH�SODWH�VFDOH� �XQLWV��DUFVHF�SL[�� LV�JLYHQ� LQ� WKH� WDEOH� IRU�HDFK
JUDWLQJ�� 7KH� YDOXHV� XVHG� KDYH� EHHQ� REWDLQHG� IURP� LPDJLQJ� REVHUYDWLRQV� DQG� KDYH� EHHQ
DSSUR[LPDWHG� DW� �������� DUFVHF�SL[� IRU� WKH� &&'� PRGHV�� DQG� a������� DQG� ������� DUFVHF�SL[
UHVSHFWLYHO\�IRU�WKH� �DQG� �0$0$�PRGHV��VHH� ���7KH�RWKHU�0$0$�VSHFWURVFRS\G140L G230L 6HFWLRQ�����
PRGHV�� DQG� ��RSHUDWH�DW�D�ORZHU�PDJQLILFDWLRQ��\LHOGLQJ�D�FURVV�GLVSHUVLRQ�SODWH�VFDOH�RIG140M G230M
a������DUFVHF�SL[��$QDPRUSKLF�PDJQLILFDWLRQ�E\�WKH�JUDWLQJV�IXUWKHU�PRGLILHV�WKH�SODWH�VFDOHV�LQ�WKH
GLVSHUVLRQ�GLUHFWLRQ��SDUWLFXODUO\� IRU� WKH�HFKHOOH�PRGHV��7KH�UHOHYDQW�VFDOHV� LQ�ERWK�GLUHFWLRQV�KDYH
EHHQ�XVHG�LQ�WKH�JHQHUDWLRQ�RI�HDFK�JUDWLQJ
V�GLIIXVH�VRXUFH�VHQVLWLYLW\�DQG�VLJQDO�WR�QRLVH�SORWV�

7KH�H[DFW� OHYHO�RI�DQDPRUSKLF�PDJQLILFDWLRQ� LV�D� IXQFWLRQ�RI�JUDWLQJ�DQG�FHQWUDO�ZDYHOHQJWK��0RUH343

https://hst-docs.stsci.edu/display/STISIHB/13.8+MAMA+Spectroscopic+Bright+Object+Limits#id-13.8MAMASpectroscopicBrightObjectLimits-Table13.45
http://etc.stsci.edu/
https://hst-docs.stsci.edu/display/STISIHB/First-Order+Grating+G430L#FirstOrderGratingG430L-Figure13.13


7KH�H[DFW� OHYHO�RI�DQDPRUSKLF�PDJQLILFDWLRQ� LV�D� IXQFWLRQ�RI�JUDWLQJ�DQG�FHQWUDO�ZDYHOHQJWK��0RUH
GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�&&'�PRGHV�FDQ�EH�IRXQG�LQ ��67,6�,65��������

�������$SHUWXUHV
)RU�HDFK�VXSSRUWHG�VOLW��DSHUWXUH��ZH�SURYLGH�D�WDEOH�JLYLQJ�WKH�QDPH�RI�WKH�VOLW��OHQJWK��LQ�WKH�VSDWLDO
GLUHFWLRQ��DQG�ZLGWK��LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ��RI�WKH�VOLW�DV�ZHOO�DV�D�WDEOH�DQG�SORW�RI�WKH�UHODWLYH
WKURXJKSXW�RI�WKH�VOLW��ZLWK�UHVSHFW�WR�D�ODUJH�FOHDU�DSHUWXUH��DV�D�IXQFWLRQ�RI�ZDYHOHQJWK��5HFDOO�WKDW
WKH�SRLQW�VRXUFH�VHQVLWLYLWLHV�WKDW�ZH�KDYH�GHULYHG�DVVXPH�]HUR�VOLW�ORVVHV��&DOFXODWLRQV�RI�H[SRVXUH
WLPHV�PXVW�DFFRXQW�IRU� OLJKW� ORVVHV�IRU�WKH�GHVLUHG�VOLW��$SHUWXUH�WKURXJKSXWV�PHDVXUHG�LQ�RUELW�DUH
JLYHQ� LQ DQG 7KHVH�PHDVXUHPHQWV� ZHUH� XVHG� WR� UHYLVH� SUH�� 67,6� ,65� �������� � 67,6� ,65� ���������
ODXQFK�PRGHOV�RI� WKH�DSHUWXUH� WKURXJKSXWV�DV�D� IXQFWLRQ�RI�ZDYHOHQJWK��DQG�WKHVH�UHYLVHG�PRGHOV
ZHUH� WKHQ�XVHG� WR� FDOFXODWH� WKH� DSHUWXUH� WKURXJKSXW� LQIRUPDWLRQ�JLYHQ� LQ� WKLV� FKDSWHU� DQG� LQ� WKH
DSHUWXUH�WKURXJKSXWV��$3(5 ��UHIHUHQFH�ILOH��/RZ�RUGHU�IODW�� ��UHIHUHQFH�ILOHV�DUH�XVHG�WRTAB LFLTFILE
FRUUHFW� WKH� V\VWHP� WKURXJKSXW� DV� D� IXQFWLRQ� RI� SRVLWLRQ� RQ� WKH� GHWHFWRU�� DV� LQGLFDWHG� LQ� WKH
GHVFULSWLRQV�RI�WKH�(���(���DQG�'��SVHXGR�DSHUWXUHV��6LQFH�6HSWHPEHU�������DGGLWLRQDO�ZDYHOHQJWK�
GHSHQGHQW� FRUUHFWLRQV� WR� WKH� WKURXJKSXW�KDYH�EHHQ�PDGH� IRU�JUDWLQJ�DSHUWXUH� FRPELQDWLRQV� �JDF�
XVLQJ�WKH� �UHIHUHQFH�ILOH���6HH� � LQ�WKH� ���7KLV�ILOH�FXUUHQWO\GACTAB 6HFWLRQ������� 67,6�'DWD�+DQGERRN
KDV�HQWULHV�IRU�WKH�&&'�/bJUDWLQJV�DQG�ORQJ�VOLW�DSHUWXUHV��LQFOXGLQJ�WKH�(�bDSHUWXUHV�

�������)LGXFLDOV�RQ�%DUV
(DFK�67,6� ORQJ�VOLW�KDV�WZR�ILGXFLDO�EDUV�� ORFDWHG������DUFVHFRQGV�DERYH�DQG�EHORZ�WKH�VOLW�FHQWHU�
WKDW� DUH� ����� DQG� ���� DUFVHFRQGV� ORQJ�� UHVSHFWLYHO\� �VHH� � EHORZ��� 7KH\� KDYH� VHYHUDO)LJXUH� ����
SXUSRVHV��)LUVW��WKH�EDUV�SURYLGH�VWUXFWXUDO�LQWHJULW\�IRU�WKH�ORQJ�VOLWV��6HFRQG��WKH�LPDJH�RI�WKH�EDUV
REWDLQHG�LQ�ZDYHFDO��DQG�WDUJHW�DFTXLVLWLRQ��LPDJHV�LV�XVHG�E\�WKH�FDOLEUDWLRQ�VRIWZDUH�WR�ORFDWH�WKH
SURMHFWLRQ�RI�WKH�DSHUWXUH�RQ�WKH�GHWHFWRU� LQ�SRVW�REVHUYDWLRQ�GDWD�SURFHVVLQJ��/DVWO\��WKH�EDUV�FDQ
EH�XVHG�WR�RFFXOW�D�VRXUFH�WKHUHE\�SURYLGLQJ�D�FRURQDJUDSKLF�VSHFWURVFRSLF�FDSDELOLW\�IRU�67,6��8VH�RI
WKH�����DUFVHFRQG�EDU�LV�VXSSRUWHG�RQO\�RQ�WKH� �VOLW��WKH� �DSHUWXUH��IRU�FRURQDJUDSKLF52X0.2 52X0.2F1
REVHUYDWLRQV�b � SURYLGHV� PRUH� LQIRUPDWLRQ� DERXW� SHUIRUPLQJ� FRURQDJUDSKLF6HFWLRQ� �����
VSHFWURVFRS\��DQG� �OLVWV�VRPH�FDYHDWV��b$V�D�UHPLQGHU��IRU�ILUVW�RUGHU�0$0$�PRGHV��WKH6HFWLRQ�������
SURMHFWLRQ�RI�WKH�DSHUWXUH�FHQWHUV�RQWR�WKH�GHWHFWRUV�YDULHV�ZLWK�WKH�PRQWKO\�RIIVHWWLQJ��DQG�WKH�)89
PRGHV�DUH�RIIVHW�IURP�WKH�GHWHFWRU�FHQWHU�E\�a�

��VHH� �IRU�PRUH�GHWDLOV��6HFWLRQ����

����/RQJ�6OLWV�DQG�/RFDWLRQ�RI�)LGXFLDO�%DUV��)LJXUH������� 344

http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199823.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199820.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199825.pdf
https://hst-docs.stsci.edu/display/STISDHB/3.4+Descriptions+of+Calibration+Steps#id-3.4DescriptionsofCalibrationSteps-3.4.13
https://hst-docs.stsci.edu/display/STISDHB
https://hst-docs.stsci.edu/display/STISIHB/13.7+Spectral+Purity%2C+Order+Confusion%2C+and+Peculiarities#id-13.7SpectralPurity,OrderConfusion,andPeculiarities-Section13.7.3


����/RQJ�6OLWV�DQG�/RFDWLRQ�RI�)LGXFLDO�%DUV��)LJXUH�������

�������6SDWLDO�3URILOHV
)RU�HDFK�JUDWLQJ�PRGH��LQIRUPDWLRQ�DERXW�WKH�FURVV�GLVSHUVLRQ��VSDWLDO��SURILOHV�LV�SURYLGHG�DV�IROORZV�

3ORWV� RI� PRGHO� ILWV� WR� RQ�RUELW� GDWD� RI� WKH� VSHFWUDO� SURILOH� LQ� WKH� FURVV� GLVSHUVLRQ� �VSDWLDO�
GLUHFWLRQ�IRU�D�VHULHV�RI�FHQWUDO�ZDYHOHQJWKV�DQG�JUDWLQJV�
$�WDEOH�RI��HQFLUFOHG�HQHUJLHV��FRQWDLQLQJ�WZR�YDOXHV��WKH�SHUFHQW�RI�WKH�WRWDO�IOX[�FRQWDLQHG�LQ
WKH�GHIDXOW�FDOLEUDWLRQ�SLSHOLQH���'�VSHFWUXP�H[WUDFWLRQ�DSHUWXUH�DQG�WKH�SHUFHQW�RI�WKH�WRWDO
IOX[�FRQWDLQHG�LQ�WKH�FHQWUDO�SL[HO�

�������/LQH�6SUHDG�)XQFWLRQV��,QVWUXPHQWDO�3URILOHV�
:H�VKRZ�SORWV�RI�SUHGLFWHG� OLQH�VSUHDG� IXQFWLRQV� �/6)V�� IRU�&&'�DQG�0$0$�VSHFWURVFRSLF�PRGHV� �

���DV�D� IXQFWLRQ�RI�ZDYHOHQJWK�DQG�VOLW�ZLGWK��7KHVH�SORWV�DUH�EDVHG�RQ�PRGHOV�RI� WKH6HFWLRQ�����
36)V�DW� WKH�DSHUWXUH�SODQH�DQG�GHWHFWRU� 36)V� WKDW�KDYH�EHHQ�XSGDWHG�DQG�YHULILHG�XVLQJ�RQ�RUELW
GDWD�b �7DEXODWLRQV�RI� WKH� OLQH�VSUHDG� IXQFWLRQV�PD\�EH� IRXQG�RQ� WKH� �ZHE67,6�6SHFWUDO�5HVROXWLRQ
SDJH�

7DEOH�������670$* �DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU�6WHOODU�2EMHFWV�͐

7HPS
�.�

:DYHOHQJWK����
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'HVFULSWLRQ

7KH� �JUDWLQJ�LV�XVHG�ZLWK�WKH�&&'��,W�KDV�KLJK�WKURXJKSXW�EXW�ORZ�UHVROYLQJ�SRZHU��a������DQG*���/
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5HFRPPHQGHG�8VHV

7KLV� JUDWLQJ� LV� UHFRPPHQGHG� IRU� REVHUYDWLRQV�ZKHUH� KLJK� VSHFWUDO� UHVROXWLRQ� LV� QRW� UHTXLUHG�� EXW
HIILFLHQW�FRYHUDJH�LQ�WKH�UHG�SRUWLRQ�RI�WKH�RSWLFDO�LV�GHVLUHG�

6SHFLDO�&RQVLGHUDWLRQV

)ULQJLQJ� LQ� WKH� &&'� FRPSURPLVHV� WKH� UHDOL]DEOH� VLJQDO�WR�QRLVH� ORQJZDUG� RI� ����� �� LI
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1RWH�
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VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

*���/�6LJQDO�WR�1RLVH
1RWH�
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)LUVW�2UGHU�*UDWLQJ�*���0
'HVFULSWLRQ

/LNH� �� WKH� �JUDWLQJ� LV�XVHG�ZLWK�WKH�&&'�DQG�KDV�D�VSHFWUDO�UDQJH�IURP�����������b��G750L G750M
:LWK�D� UHVROYLQJ�SRZHU�5bab������D� VLQJOH�H[SRVXUH�ZLWK� WKLV�JUDWLQJ�FRYHUV�RQO\����b���DQG� WKH
JUDWLQJ�PXVW�EH�VFDQQHG��ZLWK�D�VHULHV�RI�H[SRVXUHV�WDNHQ�DW�QLQH�GLVWLQFW�VHWWLQJV�WR�FRYHU�WKH�IXOO
UDQJH�RI�WKH�JUDWLQJ�

5HFRPPHQGHG�8VHV

7KLV�JUDWLQJ�LV�GHVLJQHG�IRU�UHODWLYHO\�KLJK�VSHFWUDO�UHVROXWLRQ�ZRUN�FHQWHUHG�RQ�VHOHFWHG�ZDYHOHQJWK
UHJLRQV�RI�WKH�RSWLFDO�WR�QHDU�LQIUDUHG��1,5��

6SHFLDO�&RQVLGHUDWLRQV

7KHUH� LV� D� SDUWLDO� JKRVW� VSHFWUXP� SUHVHQW� LQ� WKH�  b ����� VHWWLQJ�ZKLFK� LV�a����� RI� WKH� SULPH͐Fb
VSHFWUXP�LQWHQVLW\�DQG�LV�ERWK�LQYHUWHG�ZLWK�UHVSHFW�WR�WKH�SULPH�VSHFWUXP�DQG�RIIVHW�E\�a��bSL[HOV�
,W�DULVHV�IURP�EDFN�UHIOHFWLRQV�EHWZHHQ�WKH�&&'�DQG�WKH�RUGHU�VRUWHU�

)ULQJLQJ� LQ� WKH� &&'� FRPSURPLVHV� WKH� UHDOL]DEOH� VLJQDO�WR�QRLVH� ORQJZDUG� RI� ����� �� LI
FRQWHPSRUDQHRXV�IULQJH�IODWV�DUH�QRW�REWDLQHG��VHH� ��6HFWLRQ������

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
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*���0�6HQVLWLYLWLHV
7DEOH�������*���0�6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�
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1RWH�
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E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

*���0�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐
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'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0��)LJXUH������� 358



'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0��)LJXUH�������

3RLQW�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0�)LJXUH������� 359



3RLQW�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0�)LJXUH�������

360



)LUVW�2UGHU�*UDWLQJ�*���/
'HVFULSWLRQ

G430L��XVHG�ZLWK�WKH�&&'��LV�D�ORZ�UHVROXWLRQ�JUDWLQJ��5bab�����ZLWK�D�UHODWLYHO\�KLJK�WKURXJKSXW��7KH
JUDWLQJ�KDV�RQO\�D�VLQJOH�VHWWLQJ�

5HFRPPHQGHG�8VHV

7KLV�JUDWLQJ�LV�GHVLJQHG�IRU�REVHUYDWLRQV�ZKHUH�KLJK�VSHFWUDO�UHVROXWLRQ�LV�QRW�UHTXLUHG��EXW�HIILFLHQW
VSHFWUDO�FRYHUDJH�LQ�WKH�EOXH�SRUWLRQ�RI�WKH�RSWLFDO�LV�GHVLUHG�

6SHFLDO�&RQVLGHUDWLRQV

%\�WDNLQJ�WZR�REVHUYDWLRQV��RQH�ZLWK� �DQG�RQH�ZLWK� ��WKH�IXOO�VSHFWUDO�UHJLRQ�IURP�WKH�1,5G750L G430L
DW������b��WKURXJK�WKH�RSWLFDO�DW�����b��FDQ�EH�HIILFLHQWO\�REVHUYHG�DW�DQ�5bab����

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
���SHU�3L[HO�

3ODWH�6FDOH
�DUFVHF�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWKV

&RPSOHWH 3HU�7LOW

*���/ �������� ���� ���� ������� 3ULPH ����
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1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
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*���/�6LJQDO�WR�1RLVH
1RWH�
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)LUVW�2UGHU�*UDWLQJ�*���0
'HVFULSWLRQ

/LNH�WKH� �JUDWLQJ��WKH� �JUDWLQJ�LV�XVHG�ZLWK�WKH�&&'�DQG�KDV�D�VSHFWUDO�UDQJH�IURP�����G430L G430M
����b��

6LQFH�D�VLQJOH�H[SRVXUH�WDNHQ�ZLWK�WKLV�JUDWLQJ�FRYHUV�RQO\����b��WKH�JUDWLQJ�PXVW�EH�VFDQQHG��ZLWK
D�VHULHV�RI�H[SRVXUHV�WDNHQ�DW���bGLVWLQFW�VHWWLQJV��WR�FRYHU�WKH�IXOO�VSHFWUDO�UDQJH�RI�WKH�JUDWLQJ�

5HFRPPHQGHG�8VHV

7KH� �JUDWLQJ�PRGH�LV�GHVLJQHG�IRU�REVHUYDWLRQV�ZKHUH�VSDWLDOO\�UHVROYHG��ORQJ�VOLW�VSHFWURVFRS\G430M
LV�GHVLUHG�DW�UHODWLYHO\�KLJK�VSHFWUDO�UHVROXWLRQ��5bab������RYHU�D�OLPLWHG�UHJLRQ�RI�WKH�189�RU�RSWLFDO
VSHFWUXP�

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
��� SHU
3L[HO�

3ODWH
6FDOH
�DUFVHF
�SL[HO�

7LOWV &HQWUDO�:DYHOHQJWKV

&RPSOHWH 3HU
7LOW

*���0 ����
����

��� ���� ������� 3ULPH ������ ������ ������ ������ �����
����������������������������

b b b b b
6HFRQGDU\ ����������������������
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*���0�6HQVLWLYLWLHV

7DEOH�������*���0�6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�

͐ 6HQVLWLYLW\ ��7KURXJKSXW

���� ���(�� b����

���� ���(�� b����

���� ���(�� b����

���� ���(�� b����

���� ���(�� b����

368



���� ���(�� b����

���� ���(�� b����

���� ���(�� b����

���� ���(�� b����

���� ���(�� b����

���� ���(�� b����

���� ���(�� b����

���� ���(�� b����

���� ���(�� ����

���� ���(�� ����

���� ���(�� ����

���� ���(�� ����

���� ���(�� b����

���� ���(�� ����

���� ���(�� ����

���� ���(�� ����

���� ���(�� ����

���� ���(�� ����

���� ���(�� ����

���� ���(�� b����

���� ���(�� b����

*���0�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH�������� 369



*���0�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

*���0�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(�bHUJ�FP �V ����7KH�FXUYHV�DUH�ODEHOHG)͐
� 

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�
b
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)LUVW�2UGHU�*UDWLQJ�*���/%
'HVFULSWLRQ

7KH� �JUDWLQJ�PRGH�XVHV�D�EDFNXS�ORZb �JUDWLQJ�RULJLQDOO\�GHVLJQHG�IRU�XVH�ZLWK�WKH�G230LB UHVROXWLRQ
�� ZKLFK� KDV� EHHQ� UHSXUSRVHG� IRU� XVH� ZLWK� WKH� �� ,W� HQDEOHV� 5b ab ���STIS/NUV-MAMA STIS/CCD

VSHFWURVFRS\�LQ�WKH�QHDU�XOWUDYLROHW��189��DQG�WDNHV�DGYDQWDJH�RI�WKH�&&'
V�KLJKHU�WKURXJKSXW�DQG
G\QDPLF�UDQJH�ORQJZDUG�RI�͐b b����b��

5HFRPPHQGHG�8VHV

7KH� �JUDWLQJ�PRGH� LV�GHVLJQHG�IRU�SURJUDPV�QHHGLQJ�WKH�KLJKHVW�DYDLODEOH�VHQVLWLYLW\� LQ� WKHG230LB
189�IURP�a�����WR�����b��RU�PRUH�JHQHUDOO\�WR�DOORZ�REVHUYDWLRQ�RI�VRXUFHV�WRR�EULJKW�IRU�WKH�0$0$
LQ�WKH�189�

6SHFLDO�&RQVLGHUDWLRQV

,Q�PDNLQJ�WKH�SORWV�IRU�WKH� �JUDWLQJ�PRGH��ZH�DVVXPHG�WKDW�WKH�&&'�LV�VXEMHFW�WR�D�FKDQJH�LQG230LB
WKH�HIIHFWLYH�TXDQWXP�\LHOG�UHVXOWLQJ�LQ�WKH�FUHDWLRQ�RI�PXOWLSOH�HOHFWURQ�KROH�SDLUV�SHU�SKRWRQ�IRU�͐
b�b����b��

$OVR�EH�DZDUH�WKDW�EHFDXVH�RI�WKH�KLJK�VHQVLWLYLW\�RI�WKH�&&'�WR�UHG�OLJKW��REVHUYDWLRQV�RI�UHG�VWDUV
ZLWK� � DUH�PRUH� OLNHO\� WR� EH� DIIHFWHG� E\� VFDWWHU� WKDQ� REVHUYDWLRQV� RI� WKRVH� VWDUV� XVLQJ� WKHG230LB
0$0$� ��VHH� �DQGb ��G230L ,65�������� 6HFWLRQ������

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
���SHU�3L[HO�

3ODWH�6FDOH
�DUFVHF�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWKV

&RPSOHWH 3HU�7LOW

*���/% �������� ���� ���� ������� 3ULPH ����
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*���/%�6HQVLWLYLWLHV

7DEOH�������*���/%�6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

*���/%�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(�bHUJ�FP �V ����7KH�FXUYHV�DUH�ODEHOHG)͐
� 

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�
b
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&RPSDULVRQ�RI�*���/%�DQG�*���/
7KH�WUDGH�RII�EHWZHHQ�XVLQJ�WKH�G230LB �ZKLFK�XVHV�WKH�&&'��RU�WKH� ��ZKLFK�XVHV�WKH�G230L NUV-MAMA
���GHSHQGV�VHQVLWLYHO\�RQ�WKH�VFLHQFH�JRDOV�DQG�VRXUFH�SURSHUWLHV�

7KH�&&'�KDV�UHDG�QRLVH��ZKHUHDV�WKH�0$0$�GRHV�QRW�
�GRHV�QRW�7KH�&&'�VXIIHUV�IURP�FKDUJH�WUDQVIHU�LQHIILFLHQF\��&7,���ZKHUHDV�WKH�NUV-MAMA

7KH�&&'�GRHV�QRW�KDYH�EULJKW�REMHFW�OLPLWV��ZKHUHDV�WKH�0$0$�GRHV�
�LV�VRODU�LQVHQVLWLYH��ZKHUHDV�WKH�&&'�LV�QRW�7KH�NUV-MAMA

7KH�VSDWLDO�VDPSOLQJ�RI�WKH�0$0$�LV�EHWWHU�WKDQ�WKDW�RI�WKH�&&'�
7KH�&&'�GRHV�QRW�HQDEOH�KLJK�WLPH�UHVROXWLRQ��'Wb�b���VHFRQGV���ZKHUHDV�WKH�0$0$�GRHV�
)RU�UHG�REMHFWV��&&'�GDWD�FDQ�VXIIHU�IURP�VFDWWHUHG�OLJKW�SUREOHPV��EXW�WKH�GHWHFWRU�36)�RI�WKH

�VHH� �DQGb&&'�LV�PXFK�FOHDQHU�WKDQ�WKDW�RI�WKH�NUV-MAMA ,65�������� �GLVFXVVLRQ6HFWLRQ������
�RQ�VFDWWHUHG�OLJKW�
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)LUVW�2UGHU�*UDWLQJ�*���0%
'HVFULSWLRQ

7KH� �JUDWLQJ�PRGH�XVHV�D�EDFNXS�LQWHUPHGLDWH�UHVROXWLRQ�JUDWLQJ�RULJLQDOO\�GHVLJQHG�IRU�XVHG230MB
ZLWK� WKH� � ZKLFK� KDV� EHHQ� UHSXUSRVHG� IRU� XVH� ZLWK� WKH� &&'�� ,W� SURYLGHV� 5b ab ����NUV-MAMA
VSHFWURVFRS\� LQ� WKH� 189� DQG� WDNHV� DGYDQWDJH� RI� WKH� &&'
V� KLJKHU� WKURXJKSXW� ORQJZDUG� RI� ͐
b b����b���7KH� �JUDWLQJ�PRGH�KDV�D�VSHFWUDO�UDQJH�IURP���������b��G230MB

$V�D�VLQJOH�H[SRVXUH�ZLWK�WKLV�JUDWLQJ�FRYHUV�RQO\����b���WKH�JUDWLQJ�PXVW�EH�VFDQQHG�ZLWK�D�VHULHV�RI
H[SRVXUHV�WDNHQ�DW���bGLVWLQFW�VHWWLQJV�WR�FRYHU�WKH�IXOO�VSHFWUDO�UDQJH�RI�WKH�JUDWLQJ�

5HFRPPHQGHG�8VHV

7KH� �JUDWLQJ�PRGH� LV�GHVLJQHG�IRU�SURJUDPV�QHHGLQJ�WKH�KLJKHVW�DYDLODEOH�VHQVLWLYLW\� LQ� WKHG230MB
189�IURP�a�����WR�����b��RU�PRUH�JHQHUDOO\�WR�DOORZ�REVHUYDWLRQ�RI�VRXUFHV�WRR�EULJKW�IRU�WKH�0$0$
LQ�WKH�189�

6SHFLDO�&RQVLGHUDWLRQV

,Q�PDNLQJ�WKH�SORWV�IRU�WKH� �JUDWLQJ�PRGH��ZH�DVVXPHG�WKDW�WKH�&&'�LV�VXEMHFW�WR�D�FKDQJH�LQG230MB
WKH�HIIHFWLYH�TXDQWXP�\LHOG�UHVXOWLQJ�LQ�WKH�FUHDWLRQ�RI�PXOWLSOH�HOHFWURQ�KROH�SDLUV�SHU�SKRWRQ�IRU�͐
b�b����b��

%HFDXVH�RI� WKH�KLJK� VHQVLWLYLW\�RI� WKH�&&'� WR� UHG� OLJKW�� REVHUYDWLRQV�RI� UHG� VWDUV�ZLWK� � DUHG230MB
PRUH�OLNHO\�WR�EH�DIIHFWHG�E\�VFDWWHUHG�OLJKW�WKDQ�REVHUYDWLRQV�RI�WKRVH�VWDUV�XVLQJ�WKH�189�0$0$�

��VHH� ��G230M 6HFWLRQ������

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
���SHU�3L[HO�

3ODWH�6FDOH
�DUFVHF�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWKV

&RPSOHWH 3HU�7LOW

G230MB �������� ��� ���� ������� 3ULPH �����������������
������ �����
������
������ �����
������
����������

b b b b b
6HFRQGDU\ ����
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G230MB�6HQVLWLYLWLHV

7DEOH������� �6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�G230MB

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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*���0%�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

G230MB�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(�bHUJ�FP �V ����7KH�FXUYHV�DUH�ODEHOHG)͐
� 

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�
b
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&RPSDULVRQ�RI�*���0%�DQG�*���0
7KH�WUDGH�RII�EHWZHHQ�XVLQJ�WKH� b�ZKLFK�XVHV�WKH�&&'��RU�WKH� ��ZKLFK�XVHV�WKH�G230MB G230M NUV-MAMA
��JUDWLQJ�PRGHV��GHSHQGV�VHQVLWLYHO\�RQ�WKH�VFLHQFH�JRDOV�DQG�VRXUFH�SURSHUWLHV��)LJXUHV�EHORZ�VKRZ
D�GLUHFW�FRPSDULVRQ�RI�VRPH�RI�WKH�SURSHUWLHV�RI�WKH� �DQG� �PRGHV��)RU�UHG�REMHFWV��&&'G230MB G230M
GDWD�FDQ�VXIIHU� IURP�VFDWWHUHG� OLJKW�SUREOHPV �VHH� �b �6HH�DOVR�� �6HFWLRQ������ &RPSDULVRQ�RI�G230LB

�DQG�G230L
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QRLVH� UDWLR�RI����SHU���SL[HO� VSHFWUDO� UHVROXWLRQ�HOHPHQW� LQWHJUDWHG�DFURVV� WKH�36)�� LQ��bKRXU��7KH
SUHGLFWLRQ�GXH�WR�WKH�&KDUJH�7UDQVIHU� ,QHIILFLHQF\��&7,��HIIHFW��FRPSXWHG�IRU�WKH�\HDU������� LV�DOVR
VKRZQ�
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)LUVW�2UGHU�*UDWLQJ�*���/
'HVFULSWLRQ

7KH� �JUDWLQJ� LV�XVHG�ZLWK� WKH� �DQG�KDV�D�UHODWLYHO\�KLJK�WKURXJKSXW�DQG�D�UHVROYLQJG230L NUV-MAMA
SRZHU�RI�a����

5HFRPPHQGHG�8VHV

G230L� LV� GHVLJQHG� IRU� REVHUYDWLRQV� ZKHUH� KLJK� VSHFWUDO� UHVROXWLRQ� LV� QRW� UHTXLUHG�� EXW� HIILFLHQW�
VSDWLDOO\�UHVROYHG�VSHFWURVFRS\�ZLWK�IXOO�VSHFWUDO�FRYHUDJH�LQ�WKH�189�LV�GHVLUHG�

6SHFLDO�&RQVLGHUDWLRQV

1RWLFH� WKDW� WKH� &&'� � JUDWLQJ�PRGH� DOVR� FRYHUV� WKH� 189�ZLWK� FRPSDUDEOH� UHVROXWLRQ�� VHH�G230LB
� IRU� D� GHWDLOHG� FRPSDULVRQ� RI� WKHVH� WZR� JUDWLQJ� PRGHV� LQ� WKDW&RPSDULVRQ� RI� � DQG�G230LB G230L

ZDYHOHQJWK�UHJLPH��
b

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
���SHU�3L[HO�

3ODWH�6FDOH
�DUFVHF�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWKV

&RPSOHWH 3HU�7LOW

*���/ �������� ���� ���� ����� 3ULPH ����

:DYHOHQJWK�5DQJH�IRU�WKH�*���/�*UDWLQJ�6HWWLQJ�)LJXUH�������� 391
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*���/�6HQVLWLYLWLHV

7DEOH�������*���/�6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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*���/�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

*���/�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(��HUJ�FP �V ����7KH�FXUYHV�DUH�ODEHOHG)͐
� 

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�

'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���/�b)LJXUH�������� 394
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)LUVW�2UGHU�*UDWLQJ�*���0
'HVFULSWLRQ

/LNH� WKH� �JUDWLQJ�� WKH� �JUDWLQJ� LV�XVHG�ZLWK� WKH� �� ,W�KDV�D�VSHFWUDO� UDQJH� IURPG230L G230M NUV-MAMA
��������b���KRZHYHU��ZLWK�D�UHVROYLQJ�SRZHU�5bab�������D�VLQJOH�H[SRVXUH�ZLWK�WKH� �JUDWLQJG230M
FRYHUV� RQO\� ��b ��� 7KH� JUDWLQJ�PXVW� EH� VFDQQHG� ZLWK� D� VHULHV� RI� H[SRVXUHV� WDNHQ� DW� ��b GLVWLQFW
VHWWLQJV�WR�FRYHU�WKH�IXOO�VSHFWUDO�UDQJH�

5HFRPPHQGHG�8VHV

7KH� �JUDWLQJ�PRGH�LV�GHVLJQHG�IRU�REVHUYDWLRQV�ZKHUH�VSDWLDOO\�UHVROYHG��ORQJ�VOLW��VSHFWURVFRS\G230M
LV�GHVLUHG�DW�UHODWLYHO\�KLJK�VSHFWUDO�UHVROXWLRQ�FRYHULQJ�D�OLPLWHG�UHJLRQ�RI�WKH�189�VSHFWUXP�

6SHFLDO�&RQVLGHUDWLRQV

1RWLFH� WKDW� WKH� &&'� � JUDWLQJ�PRGH� DOVR� FRYHUV� WKH� 189�ZLWK� FRPSDUDEOH� UHVROXWLRQ�� 6HH�G230MB
� IRU� D�GHWDLOHG� FRPSDULVRQ�RI� WKHVH� WZR�JUDWLQJ�PRGHV� LQ� WKDW&RPSDULVRQ�RI�*���0%�DQG�*���0

ZDYHOHQJWK�UHJLPH�

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
���3L[HO�

3ODWH
6FDOH
�DUFVHF
�SL[HO�

7LOWV &HQWUDO�:DYHOHQJWKV

&RPSOHWH 3HU�
7LOW

*���0 ����
����

�� ���� ����� 3ULPH ������ ������ ������ ������ ������ �����
������ ������ ������ ������ ������ �����
����������������������������������

b b b b b
6HFRQGDU\ ����������������������
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*���0�6HQVLWLYLWLHV

7DEOH��������*���0�6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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*���0�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

*���0�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(�bHUJ�FP �V ����7KH�FXUYHV�DUH�ODEHOHG)͐
� 

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�
b

'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0��)LJXUH�������� 400



'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0��)LJXUH��������

3RLQW�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0�)LJXUH�������� 401
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)LUVW�2UGHU�*UDWLQJ�*���/
'HVFULSWLRQ

7KH� �JUDWLQJ�PRGH�LV�XVHG�ZLWK�WKH� ��KDV�D�UHVROYLQJ�SRZHU�5bab������DQG�FRYHUV�DG140L FUV-MAMA
VSHFWUDO�UDQJH�IURP������WR��������LQ�D�VLQJOH�H[SRVXUH�

1RWH�WKDW�ZLWK� WZR�REVHUYDWLRQV��RQH�ZLWK� �DQG�RQH�ZLWK� �� WKH� IXOO�VSHFWUDO� UHJLRQ� IURPG140L G230L
�����WR�����b��FDQ�EH�HIILFLHQWO\�REVHUYHG�DW�DQ�5bab�����

5HFRPPHQGHG�8VHV

7KH� �JUDWLQJ�PRGH�LV�GHVLJQHG�IRU�REVHUYDWLRQV�ZKHUH�KLJK�VSHFWUDO�UHVROXWLRQ�LV�QRW�UHTXLUHG�G140L
EXW�HIILFLHQW��VSDWLDOO\�UHVROYHG�VSHFWURVFRS\�SURYLGLQJ�ZLGH�VSHFWUDO�FRYHUDJH�LQ�WKH�89�LV�GHVLUHG�

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
���3L[HO�

3ODWH�6FDOH
�DUFVHF�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWKV

&RPSOHWH 3HU�7LOW

*���/ �������� ��� ��� ������ 3ULPH ����

:DYHOHQJWK�5DQJH�IRU�WKH�*���/�*UDWLQJ�6HWWLQJ�)LJXUH�������� 403
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*���/�6HQVLWLYLWLHV

7DEOH��������*���/�6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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*���/�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WRb�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO�SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG�E\�WKH�ZLGWK�RI
WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

*���/�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(��HUJ�FP �V ����7KH�FXUYHV�DUH�ODEHOHG)͐
� 

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�

'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���/�b)LJXUH�������� 406



'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���/�b)LJXUH��������

3RLQW�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���/�)LJXUH�������� 407



3RLQW�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���/�)LJXUH��������
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)LUVW�2UGHU�*UDWLQJ�*���0
'HVFULSWLRQ

7KH� �JUDWLQJ�PRGH�LV�XVHG�ZLWK�WKH� �DQG�KDV�D�VSHFWUDO�UDQJH�IURP������WR�����b��G140M FUV-MAMA

:LWK�D�UHVROYLQJ�SRZHU�5bab��������D�VLQJOH�H[SRVXUH�ZLWK�WKLV�JUDWLQJ�FRYHUV�RQO\���b���7KH�JUDWLQJ
PXVW�EH�VFDQQHG��ZLWK�D�VHULHV�RI�H[SRVXUHV�WDNHQ�DW���bGLVWLQFW�VHWWLQJV�WR�FRYHU�WKH�IXOO�VSHFWUDO
UDQJH�

5HFRPPHQGHG�8VHV

7KH� �JUDWLQJ�PRGH�LV�GHVLJQHG�IRU�REVHUYDWLRQV�ZKHUH�VSDWLDOO\�UHVROYHG��ORQJ�VOLW��VSHFWURVFRS\G140M
LV�GHVLUHG�DW�UHODWLYHO\�KLJK�VSHFWUDO�UHVROXWLRQ�RYHU�D�OLPLWHG�UHJLRQ�RI�WKH�89�VSHFWUXP�

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
���3L[HO�

3ODWH
6FDOH
�DUFVHF
�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWKV

&RPSOHWH 3HU
7LOW

G140M ����
����

�� ���� ����� 3ULPH ������������������������������������
������������������ ����������������

b b b b b
6HFRQGDU\ ����������������������������������
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*���0�6HQVLWLYLWLHV

7DEOH��������*���0�6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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*���0�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D�����ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO�SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG�E\�WKH�ZLGWK�RI
WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

*���0�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(�bHUJ�FP �V ����7KH�FXUYHV�DUH�ODEHOHG)͐
� 

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�
b

'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0��)LJXUH�������� 412



'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0��)LJXUH��������

3RLQW�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0�)LJXUH�������� 413



3RLQW�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU�*���0�)LJXUH��������
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(FKHOOH�*UDWLQJ�(���0
'HVFULSWLRQ

7KH� �JUDWLQJ� LV�XVHG�ZLWK� WKH� �DQG�SURYLGHV�HFKHOOH�VSHFWUD�DW�D� UHVROYLQJ�SRZHU�RIE230M NUV-MAMA
�������IURP������WR��������

6SHFLDO�&RQVLGHUDWLRQV

$�VLQJOH�H[SRVXUH�ZLWK� WKLV�JUDWLQJ�FRYHUV����b��RYHU�a�����RUGHUV��7KH� LQWHURUGHU�VHSDUDWLRQ� LV
a��bSL[HOV� ������DUFVHFRQGV��DW�����b��DQG�����bSL[HOV� �a���bDUFVHFRQGV��DW�����b���7KH�JUDWLQJ
PXVW�EH�VFDQQHG��ZLWK�H[SRVXUHV�WDNHQ�DW�WZR�GLVWLQFW�VHWWLQJV�WR�FRYHU�WKH�IXOO�VSHFWUDO�UDQJH�RI�WKH
JUDWLQJ�

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
���3L[HO�

'LVSHUVLRQ�
&URVV�'LVSHUVLRQ
3ODWH�6FDOHV
�DUFVHF�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWKV

&RPSOHWH 3HU�7LOW

E230M �������� ೇ��� ͐������� ����������� 3ULPH ����������

b b b b b
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(���0�6HQVLWLYLWLHV

7DEOH��������E23 �6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�0M
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�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������E230M

7KURXJKSXW�FXUYH�WUDFHV�WKH�SHDNV�RI�WKH�EOD]H�IXQFWLRQ�IRU�HDFK�RUGHU�

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

(���0�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(�bHUJ�FP �V����7KH�FXUYHV�DUH�ODEHOHG)͐
�

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�

'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU� ��)LJXUH�������� E230M418
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(FKHOOH�*UDWLQJ�(���+
'HVFULSWLRQ

7KH� �JUDWLQJ� LV�XVHG�ZLWK� WKH� �DQG�SURYLGHV�HFKHOOH�VSHFWUD�DW�D� UHVROYLQJ�SRZHU�RIE230H NUV-MAMA

a������� �IURP������WR���������

6SHFLDO�&RQVLGHUDWLRQV

$�VLQJOH� �HFKHOORJUDP�FRYHUV�a���b���RYHU�a�����RUGHUV��7KH�RUGHUV�DUH�VSDFHG�E\�RQO\�a���E230H
�bSL[HOV������bDUFVHFRQGV��DW�����b��DQG�����bSL[HOV��a����bDUFVHFRQGV��DW�����b���7KH�JUDWLQJ�PXVW
EH� VFDQQHG�� ZLWK� H[SRVXUHV� WDNHQ� DW� VL[� GLVWLQFW� VHWWLQJV� WR� FRYHU� WKH� IXOO� VSHFWUDO� UDQJH� RI� WKH
JUDWLQJ�

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
��� SHU
3L[HO�

' L VSH U V L RQ �
&URVVb'LVSHUVLRQ
3ODWH�6FDOH
�DUFVHF�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWKV

&RPSOHWH 3H U
7LOW

E230H ����
����

ೇ��� ͐�������� ����������� 3ULPH ������ �����
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b b b b b
6HFRQGDU\ ������ �����
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(���+�6HQVLWLYLWLHV

7DEOH��������(���+�6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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�+�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������(��

7KURXJKSXW�FXUYH�WUDFHV�WKH�SHDNV�RI�WKH�EOD]H�IXQFWLRQ�IRU�HDFK�RUGHU�

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

(���+�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(�bHUJ�FP �V����7KH�FXUYHV�DUH�ODEHOHG)͐
�

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�
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(FKHOOH�*UDWLQJ�(���0
'HVFULSWLRQ

7KH� �JUDWLQJ� LV�XVHG�ZLWK� WKH� �DQG�SURYLGHV�HFKHOOH�VSHFWUD�DW�D� UHVROYLQJ�SRZHU�RIE140M FUV-MAMA
�������IURP�a�����������

6SHFLDO�&RQVLGHUDWLRQV

$�VLQJOH� �HFKHOORJUDP�FRYHUV�a���b���KRZHYHU�DW�ZDYHOHQJWKV�ORQJZDUG�RI�����b���WKH�HFKHOOHE140M
RUGHUV�RYHUUXQ�WKH�ZLGWK�RI�WKH�GHWHFWRU�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ��VR�WKHUH�ZLOO�EH�WKUHH�VPDOO�JDSV
LQ�WKH�ZDYHOHQJWK�FRYHUDJH��2QH�JDS�RI�a���b���RQH�RI�a���b���DQG�RQH�RI�a���b��RFFXU�EHWZHHQ
�����DQG�����b��

7KH� VHSDUDWLRQ� EHWZHHQ� RUGHUV� LV� a��b SL[HOV� �RU� ����b DUFVHFRQGV�� DW� ����b �� DQG
a��b�����bDUFVHFRQGV��DW�����b��

$OVR�QRWH�WKDW�ZKLOH� WKH�VSHFWUDO� IRUPDW�RI� WKH� �H[WHQGV�GRZQ�WR�����b��� 
V� WRWDO�V\VWHPE140M +67
WKURXJKSXW�LV�H[WUHPHO\�VPDOO�EHORZ�DERXW�����b��

*UDWLQJ 6SHFWUDO�5DQJH $YH U DJH
'LVSHUVLRQ
���SHU�3L[HO�

' L VSH U V L RQ �
&URVVb'LVSHUVLRQ
3ODWH�6FDOH
�DUFVHF�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWKV

&RPSOHWH 3H U
7LOW

E140M ����
����

��� ͐������� ����������� 3ULPH ����

:DYHOHQJWK�5DQJHV�IRU�WKH� �*UDWLQJ�6HWWLQJ�)LJXUH�������� E140M427



:DYHOHQJWK�5DQJHV�IRU�WKH� �*UDWLQJ�6HWWLQJ�)LJXUH�������� E140M

428



(���0�6HQVLWLYLWLHV

7DEOH��������E14 �6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�0M
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�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������E140M

7KURXJKSXW�FXUYH�WUDFHV�WKH�SHDNV�RI�WKH�EOD]H�IXQFWLRQ�IRU�HDFK�RUGHU�

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

(���0�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(�bHUJ�FP �V����7KH�FXUYHV�DUH�ODEHOHG)͐
�

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�

'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU� ��)LJXUH�������� E140M430
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(FKHOOH�*UDWLQJ�(���+
'HVFULSWLRQ

7KH� �JUDWLQJ� LV�XVHG�ZLWK� WKH� �DQG�SURYLGHV�HFKHOOH�VSHFWUD�DW�D� UHVROYLQJ�SRZHU�RIE140H NUV-MAMA

a������� �IURPba�����WR�����b���

6SHFLDO�&RQVLGHUDWLRQV

$� VLQJOH� � HFKHOORJUDP� FRYHUV�a���� ��� RYHU�a��� RUGHUV�� 7KH� RUGHU� VHSDUDWLRQ� LV�a��� SL[HOVE140H
�����b DUFVHFRQGV�� DW� ����b �� DQG� a��� SL[HOV� ������ DUFVHFRQGV�� DW� ����b ��� 7KH� JUDWLQJ�PXVW� EH
VFDQQHG��ZLWK�H[SRVXUHV�WDNHQ�DW�WKUHH�GLVWLQFW�VHWWLQJV�WR�FRYHU�WKH�IXOO�VSHFWUDO�UDQJH�RI�WKH�JUDWLQJ�

1RWH�WKDW�ZKLOH�WKH�VSHFWUDO� IRUPDW�RI�WKH�����b��VHWWLQJ�H[WHQGV�GRZQ�WR�����b���WKH�WKURXJKSXW
EHFRPHV�YDQLVKLQJO\�VPDOO�EHORZ�DERXW�����b��

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
��� SHU
3L[HO�

'LVSHUVLRQ�� &URVVb 'LVSHUVLRQ
3ODWH�6FDOH
�DUFVHF�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWKV

&RPSOHWH 3HU
7LOW

E140H ����
����

ೇ��� ͐�������� ����������� 3ULPH ������ �����
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b b b b b
6HFRQGDU\ ������ �����
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(���+�6HQVLWLYLWLHV

7DEOH��������E14 �6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�0H

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������E140H

7KURXJKSXW�FXUYH�WUDFHV�WKH�SHDNV�RI�WKH�EOD]H�IXQFWLRQ�IRU�HDFK�RUGHU�

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�

(���+�6LJQDO�WR�1RLVH
1RWH�

7KH� WRS� D[LV� GLVSOD\V� FRQVWDQW� � YDOXHV� FRUUHVSRQGLQJ� WR� WKH� 670$*� XQLWV� �9�670$* �� RQ� WKH)͐ ͐

ERWWRP�D[LV��5HFDOO�WKDW�670$* ��LV�HTXLYDOHQW�WR� b b����(�bHUJ�FP �V����7KH�FXUYHV�DUH�ODEHOHG)͐
�

ZLWK�H[SRVXUH�WLPHV�LQ�VHFRQGV�

'LIIXVH�6RXUFH�6LJQDO�WR�1RLVH�DV�D�)XQFWLRQ�RI�670$*�IRU� ��)LJXUH�������� E14030H436
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35,60
'HVFULSWLRQ

7KH� � KDV� WZR� FHQWUDO� ZDYHOHQJWK� VHWWLQJV� RSWLPL]HG� WR� FRYHU� WKH� RSWLFDO� WKURXJK� WKH� IDU�35,60
XOWUDYLROHW��)89��WDLO�GRZQ�WR�����b���,W�LV�XVHG�ZLWK�WKH GHWHFWRU�b�  NUV-MAMA %HJLQQLQJ�LQ�&\FOH����
WKH� XVH� RI� WKH� 67,6� 35,60�ZLOO� EH� DQ� $YDLODEOH�EXW�8QVXSSRUWHG�PRGH�� 6HHb b IRU�PRUH6HFWLRQ� ���
LQIRUPDWLRQ�

6SHFLDO�&RQVLGHUDWLRQV

7KH� IXOO�GLVSHUVLRQ�VSUHDGV�RYHU�a���bSL[HOV�ZLWK�GLVSHUVLRQ�DV�VKRZQ� LQ� �� WKXV� LI�\RX)LJXUH������
KDYH�VRXUFHV�FRYHULQJ�WKH�ILHOG�RI�YLHZ�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ��WKH�UHG�WDLO�ZLOO�EH�ORVW�IRU�VRPH
WDUJHWV�ZLWK�WKLV�VHWWLQJ��)RU�D�SORW�RI�ZDYHOHQJWK�YV��SL[HO�QR���VHH� �)LJXUH�����

:H�QRWH�WKDW�WKH�GLVSHUVLRQ�RI�WKH� �DW�ZDYHOHQJWKV�ORQJHU�WKDQ�a����b��LV�YHU\�SRRUO\�NQRZQPRISM
DW�WKLV�WLPH�

1RWH�DOVR�WKDW�WKH�WLPH�GHSHQGHQW�VHQVLWLYLW\�RI� �GRHV�QRW�IROORZ�WKDW�RI�WKH�189�JUDWLQJV��PRISM 67,6
�� DQG� KDV� QRW� EHHQ�PHDVXUHG� VLQFH� ������ ,WV� FXUUHQW� VHQVLWLYLW\�PD\� EH� XQNQRZQ� E\,65� �������

!a�����VHH� ��b�,Q�YLHZ�RI�WKH�XQFHUWDLQWLHV�LQ�VHQVLWLYLW\��XVH�RI�WKH� �KDV�EHHQ67,6�,65�������� PRISM
GHVLJQDWHG�DV�DYDLODEOH�EXW�XQVXSSRUWHG�b�7KRVH�ZKR�GR�XVH�LW�ZLOO�QHHG�WR�LQFOXGH�REVHUYDWLRQV�RI�D
IOX[�VWDQGDUG�VWDU�LQ�WKHLU�SURJUDPV��LQ�RUGHU�WR�PHDVXUH�LWV�FXUUHQW�VHQVLWLYLW\�

*UDWLQJ 6SHFWUDO�5DQJH $YHUDJH
'LVSHUVLRQ
���SHU�3L[HO�

3ODWH�6FDOH
�DUFVHF�SL[HO�

7LOWV &HQWUDO
:DYHOHQJWK

&RPSOHWH 3HU�7LOW

PRISM �������� ���� ���ಝ�� ����� 3ULPH ���������

:DYHOHQJWK�5DQJH�IRU�WKH� �6HWWLQJ�)LJXUH�������� PRISM439
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https://hst-docs.stsci.edu/display/STISIHB/4.4+Objective+Prism+Spectroscopy#id-4.4ObjectivePrismSpectroscopy-Figure4.12
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200501.pdf
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35,60�6HQVLWLYLWLHV

7DEOH��������35,60�6HQVLWLYLWLHV�	�7KURXJKSXWV�IRU�D�3RLQW�6RXUFH�

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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�3RLQW�6RXUFH��OHIW�D[LV���DQG�'LIIXVH�6RXUFH��ULJKW�D[LV��6HQVLWLYLWLHV�)LJXUH��������35,60

1RWH�

3RLQW�VRXUFH�VHQVLWLYLW\�DVVXPHV�IXOO�WUDQVPLVVLRQ��]HUR�VOLW�ORVVHV���'LIIXVH�VRXUFH�VHQVLWLYLW\�DVVXPHV
D������ZLGH�VOLW��7R�FRQYHUW�SRLQW�VRXUFH�VHQVLWLYLWLHV�WR�GLIIXVH�VRXUFH�VHQVLWLYLWLHV�PXOWLSO\�WKH�SRLQW
VRXUFH�YDOXHV�E\�WKH�JUDWLQJ�VSDWLDO��FURVV�GLVSHUVLRQ��SODWH�VFDOH�LQ�XQLWV�RI�DUFVHFRQGV�SHU�SL[HO�DQG
E\�WKH�ZLGWK�RI�WKH�GHVLUHG�VOLW�LQ�XQLWV�RI�DUFVHFRQGV�
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35,60�:DYHOHQJWK�5HODWLRQVKLS
7KH� UHODWLRQVKLS� EHWZHHQ� GLVSHUVLRQ� DQG�ZDYHOHQJWK� IRU� WKH� � LV� VKRZQ� LQ� �� 7KH35,60 )LJXUH� �����
UHODWLRQVKLSV� EHWZHHQ� WKH� ZDYHOHQJWK� DQG� WKH� SL[HO� QXPEHU� IRU� WKH� WZR�ZDYHOHQJWK� VHWWLQJV� DUH
JLYHQ�LQ� �)LJXUH�����
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�����$SHUWXUHV
2Q�WKH�IROORZLQJ�SDJHV�ZH�SURYLGH�� IRU�HDFK�VXSSRUWHG�DSHUWXUH��D�GHVFULSWLRQ�RI�WKH�DSHUWXUH��WKH
ZDYHOHQJWK� GHSHQGHQW� SRLQW� VRXUFH� WKURXJKSXW� RI� WKH� DSHUWXUH�� DQG� VRPH�DGYLFH� RQ� LWV� XVH�� 7KH
FXUUHQW� FRPSOHWH� DQG� GHILQLWLYH� OLVWLQJ� RI� 67,6� DSHUWXUH� �� GHWHFWRU� �� JUDWLQJ� FRPELQDWLRQVb 
VXSSRUWHG�� DYDLODEOH�EXW�XQVXSSRUWHG�� RU� SURKLELWHG� � PD\� EH� IRXQG� LQ� � RI� WKH�7DEOH� ��� 3KDVH� ,,

��3URSRVDO� ,QVWUXFWLRQV 7KH�GHWDLOHG� ORFDWLRQV��RULHQWDWLRQV��DQG�VFDOHV�RI� WKH�DSHUWXUHV�DUH�JLYHQ� LQ
WKH� ��6,$)�WDEOH $�GHVFULSWLRQ�DQG�VFKHPDWLF�RI�WKH�ORQJ���;�DSHUWXUHV��VKRZLQJ�WKH�ILGXFLDO�RFFXOWLQJ
EDUV��LV�JLYHQ�LQ� �DQG� �6HFWLRQ������� )LJXUH�����

�:DYHOHQJWKV�LQ�WKLV�KDQGERRN�DQG�LQ�67,6�GDWD�SURGXFWV�DUH�DOZD\V�PHDVXUHG�LQ�YDFXXP�FRQGLWLRQV

ଅ���;�����$SHUWXUH
ଅ���;����(��DQG���;����'��3VHXGR�$SHUWXUHV
ଅ���;����$SHUWXUH
ଅ���;���(��DQG���;���'��3VHXGR�$SHUWXUHV
ଅ���;����$SHUWXUH
ଅ���;���(�����;���(���DQG���;���'��3VHXGR�$SHUWXUHV
ଅ���;����$SHUWXUH
ଅ���;���(�����;���(���DQG���;���'��3VHXGR�$SHUWXUHV
ଅ���;��$SHUWXUH
ଅ���;�(�����;�(���DQG���;�'��3VHXGR�$SHUWXUHV
ଅ���;���)��$SHUWXUH
ଅ����;�����$SHUWXUH
ଅ����;����$SHUWXUH
ଅ����;�����$SHUWXUH
ଅ��;����$SHUWXUH
ଅ����;�����$SHUWXUH
ଅ�)3�63/,7�6OLWV����;����)3�$�(��$SHUWXUHV
ଅ�)3�63/,7�6OLWV����;���)3�$�(��$SHUWXUHV
ଅ���;����1'�$�&��$SHUWXUHV
ଅ����;����1'�$SHUWXUH
ଅ����;����1'�$SHUWXUH
ଅ�)��1'4�$SHUWXUH
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��;�����$SHUWXUH
'HVFULSWLRQ

7KLV�VOLW�LV�VXSSRUWHG�ZLWK�XVH�RI�ERWK�WKH�ILUVW�RUGHU�DQG�WKH�HFKHOOH�JUDWLQJV�DQG�SURYLGHV�WKH�EHVW
VSDWLDO�DQG�VSHFWUDO�UHVROXWLRQ�RI�WKH�ORQJ�VOLWV��7KLV�DSHUWXUH�LV�WKH���SL[HO�ZLGH�VOLW�LQ�WKH�GLVSHUVLRQ
GLUHFWLRQ�IRU�WKH�0$0$�ILUVW�RUGHU�PRGHV�b

6SHFLDO�&RQVLGHUDWLRQV

2EVHUYDWLRQV�ZLWK� WKLV� VOLW� UHTXLUH�D�PEAKUP�SULRU� WR�VFLHQFH�REVHUYDWLRQV��7KH�DFWXDO�ZLGWK�RI� WKLV
DSHUWXUH�LV����PLOOLDUFVHF�LQVWHDG�RI����PLOOLDUFVHF��WKH�YDOXH�VXJJHVWHG�E\�LWV�QDPH��8VH�RI�WKLV�ORQJ
VOLW�ZLWK�DQ�HFKHOOH�JUDWLQJ�ZLOO�FDXVH�RUGHU�RYHUODS�SUREOHPV��SDUWLFXODUO\�IRU�WKH�PRVW�FORVHO\�VSDFHG
RUGHUV�� VHH� ��� EXW� IRU� SRLQW� VRXUFHV� WKH� RUGHU� VHSDUDWLRQ�PD\� EH� DGHTXDWH� IRU�PDQ\6HFWLRQ� ����
VFLHQFH�SURJUDPV��6SHFLDO�SVHXGR�DSHUWXUHV�KDYH�EHHQ�GHILQHG�WR�PLQLPL]H�GHWHFWRU�HIIHFWV�VXFK�DV
EDFNJURXQG�DQG�&7(��6HH�QH[W�SDJH�IRU�PRUH�LQIRUPDWLRQ�

7DEOH��������52X0.05�7KURXJKSXWV�

͐ ��7KURXJKSXW
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���� ����

���� ����

3URMHFWHG�/HQJWK��DUFVHF�
b

$SHUWXUH &&' 0$0$��0�PRGHV� 0$0$��/�PRGHV� :LGWK��DUFVHF�

52X0.05 ���� ���� ���� �����

�$SHUWXUH�7KURXJKSXW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�)LJXUH��������52X0.05 447
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��;����(��DQG���;����'��3VHXGR�$SHUWXUHV
'HVFULSWLRQ

7KHVH�SVHXGR�DSHUWXUHV�DUH� WKH�VDPH�SK\VLFDO�DSHUWXUH�DV� WKH� �DSHUWXUH��EXW�DUH�XVHG� WR52X0.05
SODFH� WKH� WDUJHW� DW� GLIIHUHQW� ORFDWLRQV� RQ� WKH� GHWHFWRUV� WR� UHGXFH�&&'b&7(� ORVV� �(��� RU�FUV-MAMA

��7KH�WKURXJKSXWV�RI�WKH�(��DQG�'��DSHUWXUHV�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�DUH�VLPLODUEDFNJURXQG��'��
WR� WKRVH�RI� WKH�FRUUHVSRQGLQJ� UHJXODU�SRVLWLRQV��+RZHYHU�� WKHUH� LV� VRPH�YLJQHWWLQJ�RI� WKH�JUDWLQJV
WKDW� FKDQJHV� WKH�RYHUDOO� V\VWHP� WKURXJKSXW� VOLJKWO\�ZLWK�YDU\LQJ�SRVLWLRQ�DORQJ� WKH�VOLW�b$W� WKH�(�
SRVLWLRQV��WKH�RYHUDOO�ORZ�GLVSHUVLRQ�WKURXJKSXWV�DUH�GHFUHDVHG�E\���WR�����ZKLOH�DW�WKH�'��SRVLWLRQ
WKH� *���/� WKURXJKSXW� LV� LQFUHDVHG� E\� �� WR� ���� 6LQFH� WKHVH� WKURXJKSXW� FKDQJHV� GHSHQG� RQ� WKH
JUDWLQJ�DQG�WKH�SRVLWLRQ�RQ�WKH�GHWHFWRU��WKH\�DUH�KDQGOHG� LQ�WKH�SLSHOLQH�FDOLEUDWLRQ�E\�WKH�XVH�RI
ORZ�RUGHU� IODW� ILHOGV� �OIO� ILOHV��RQO\� IRU� WKH�/�PRGH�� UDWKHU� WKDQ�E\�D�FKDQJH� LQ�DSHUWXUH� WKURXJKSXW
FXUYH��7KURXJKSXW�FKDQJHV�IRU�WKH�PHGLXP�UHVROXWLRQ��0�PRGH��JUDWLQJV�DUH�QRW�ZHOO�FKDUDFWHUL]HG�
EXW�VKRXOG�EH�VLPLODU��7KH�XVDJH�RI�WKHVH�VOLWV� LV�VXSSRUWHG�RQO\�IRU�FHUWDLQ�PRGHV��DV� OLVWHG�LQ�WKH
WDEOH�EHORZ�

6SHFLDO�&RQVLGHUDWLRQV

6DPH� VSHFLDO� FRQVLGHUDWLRQV� DV� IRU� WKH� � DSHUWXUH� DSSO\� WR� WKHVH� SVHXGR�DSHUWXUHV�� 6HH52X0.05
UHIHUHQFH�LQIRUPDWLRQ�RQ�SUHYLRXV�SDJH��

$SHUWXUH 'HWHFWRU $OORZHG
*UDWLQJV

8VDJH

52X0.
05E1

CCD $OO� CCD
JUDWLQJV

3ODFHV�WKH�WDUJHW�DW�URZ�a����WR�PLQLPL]H�&7(�HIIHFWV

52X0.
05D1

FUV-
MAMA

G140L
	�G140M

3ODFHV� WKH� WDUJHW� a��� � � �� RU� a� � � �� DERYH� WKHs ଖ� G140L s ଖ� G140M
ERWWRP� HGJH� RI� � �GHSHQGHQW� RQ� ZDYHOHQJWK� VHWWLQJ� DQGFUV-MAMA
PRQWKO\� RIIVHW��� LQWHQGHG� IRU� REVHUYDWLRQV� RI� YHU\� IDLQW� WDUJHWV
ZKHUH�GDUN�FXUUHQW�FRQWULEXWLRQ�VKRXOG�EH�PLQLPL]HG
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��;����$SHUWXUH
'HVFULSWLRQ

7KLV� VOLW� LV� VXSSRUWHG� ZLWK� XVH� RI� DOO� ILUVW�RUGHU� JUDWLQJV� DQG� LV� DYDLODEOH�EXW�XQVXSSRUWHG� IRU� WKH
HFKHOOH�JUDWLQJV��7KLV�DSHUWXUH� LV� WKH���SL[HO�ZLGH�VOLW� LQ� WKH�GLVSHUVLRQ�GLUHFWLRQ� IRU� WKH�&&'� ILUVW�
RUGHU�PRGHV�b

6SHFLDO�&RQVLGHUDWLRQV

2EVHUYDWLRQV�ZLWK�WKLV�VOLW�UHTXLUH�D�PEAKUP�SULRU�WR�VFLHQFH�REVHUYDWLRQV��8VH�RI�WKLV�ORQJ�VOLW�ZLWK�DQ
HFKHOOH�JUDWLQJ�ZLOO�FDXVH�RUGHU�RYHUODS�SUREOHPV��SDUWLFXODUO\�IRU�WKH�PRVW�FORVHO\�VSDFHG�RUGHUV��VHH�

��� EXW� IRU� SRLQW� VRXUFHV� WKH� RUGHU� VHSDUDWLRQ� PD\� EH� DGHTXDWH� IRU� PDQ\� VFLHQFH6HFWLRQ� ����
SURJUDPV�

7DEOH��������52X0.1�7KURXJKSXWV�

͐ ��7KURXJKSXW
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���� ����

3URMHFWHG�/HQJWK��DUFVHF�
b

$SHUWXUH &&' 0$0$��0�PRGHV� 0$0$��/�PRGHV� :LGWK��DUFVHF�

52X0.1 ���� ���� ���� ���

�$SHUWXUH�7KURXJKSXW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�)LJXUH��������52X0.1 451
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��;���(��DQG���;���'��3VHXGR�$SHUWXUHV
'HVFULSWLRQ

7KHVH� SVHXGR�DSHUWXUHV� DUH� WKH� VDPH� SK\VLFDO� DSHUWXUH� DV� WKH� � DSHUWXUH�� EXW� DUH� XVHG� WR52X0.1
SODFH� WKH� WDUJHW� DW� GLIIHUHQW� ORFDWLRQV� RQ� WKH� GHWHFWRUV� WR� UHGXFH�&&'b&7(� ORVV� �(��� RU�FUV-MAMA

��7KH�WKURXJKSXWV�RI�WKH�(��DQG�'��DSHUWXUHV�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�DUH�VLPLODUEDFNJURXQG��'��
WR� WKRVH�RI� WKH�FRUUHVSRQGLQJ� UHJXODU�SRVLWLRQV��+RZHYHU�� WKHUH� LV� VRPH�YLJQHWWLQJ�RI� WKH�JUDWLQJV
WKDW� FKDQJHV� WKH�RYHUDOO� V\VWHP� WKURXJKSXW� VOLJKWO\�ZLWK�YDU\LQJ�SRVLWLRQ�DORQJ� WKH�VOLW��$W� WKH�(�
SRVLWLRQV��WKH�RYHUDOO�ORZ�GLVSHUVLRQ�WKURXJKSXWV�DUH�GHFUHDVHG�E\���WR�����ZKLOH�DW�WKH�'��SRVLWLRQ
WKH� *���/� WKURXJKSXW� LV� LQFUHDVHG� E\� �� WR� ���� 6LQFH� WKHVH� WKURXJKSXW� FKDQJHV� GHSHQG� RQ� WKH
JUDWLQJ�DQG�WKH�SRVLWLRQ�RQ�WKH�GHWHFWRU��WKH\�DUH�KDQGOHG� LQ�WKH�SLSHOLQH�FDOLEUDWLRQ�E\�WKH�XVH�RI
ORZ�RUGHU� IODW� ILHOGV� �OIO� ILOHV��RQO\� IRU� WKH�/�PRGH�� UDWKHU� WKDQ�E\�D�FKDQJH� LQ�DSHUWXUH� WKURXJKSXW
FXUYH��7KURXJKSXW�FKDQJHV�IRU�WKH�PHGLXP�UHVROXWLRQ��0�PRGH��JUDWLQJV�DUH�QRW�ZHOO�FKDUDFWHUL]HG�
EXW�VKRXOG�EH�VLPLODU��7KH�XVDJH�RI�WKHVH�VOLWV� LV�VXSSRUWHG�RQO\�IRU�FHUWDLQ�PRGHV��DV� OLVWHG�LQ�WKH
WDEOH�EHORZ�b

6SHFLDO�&RQVLGHUDWLRQV

6DPH� VSHFLDO� FRQVLGHUDWLRQV� DV� IRU� WKH� � DSHUWXUH� DSSO\� WR� WKHVH� SVHXGR�DSHUWXUHV�� 6HH52X0.1
UHIHUHQFH�LQIRUPDWLRQ�RQ�SUHYLRXV�SDJH��

$SHUWXUH 'HWHFWRU $OORZHG
*UDWLQJV

8VDJH

52X0.
1E1

CCD $OO� CCD
JUDWLQJV

3ODFHV�WKH�WDUJHW�DW�URZ�a����WR�PLQLPL]H�&7(�HIIHFWV

52X0.
1D1

FUV-
MAMA

G140L
	�G140M

3ODFHV� WKH� WDUJHW�a��� � � ��RU�a� � � ��DERYH� WKHs ଖ�೯� G140L s ଖ� G140M
ERWWRP� HGJH� RI� � �GHSHQGHQW� RQ� ZDYHOHQJWK� VHWWLQJ� DQGFUV-MAMA
PRQWKO\� RIIVHW��� LQWHQGHG� IRU� REVHUYDWLRQV� RI� YHU\� IDLQW� WDUJHWV
ZKHUH�GDUN�FXUUHQW�FRQWULEXWLRQ�VKRXOG�EH�PLQLPL]HG
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��;����$SHUWXUH
'HVFULSWLRQ

7KLV� �XWLOLW\�� VOLW� LV� VXSSRUWHG� IRU� DOO� ILUVW�RUGHU� JUDWLQJV� DQG� LV� DYDLODEOH�EXW�XQVXSSRUWHG� IRU� WKH
HFKHOOH� JUDWLQJV�� ,W� SURYLGHV� D� JRRG� FRPSURPLVH� EHWZHHQ� VSHFWUDO� UHVROXWLRQ� DQG� SKRWRPHWULF
WKURXJKSXW�

6SHFLDO�&RQVLGHUDWLRQV

2EVHUYDWLRQV�XVLQJ� WKLV�VOLW�GR�QRW�QHHG� WR�EH�SUHFHGHG�E\�D� �PEAKUP �8VH�RI� WKLV� ORQJ�VOLW�ZLWK�DQ
HFKHOOH�JUDWLQJ�ZLOO�FDXVH�RUGHU�RYHUODS�SUREOHPV��SDUWLFXODUO\�IRU�WKH�PRVW�FORVHO\�VSDFHG�RUGHUV��VHH�

��� EXW� IRU� SRLQW� VRXUFHV� WKH� RUGHU� VHSDUDWLRQ� PD\� EH� DGHTXDWH� IRU� PDQ\� VFLHQFH6HFWLRQ� ����
SURJUDPV�

7DEOH��������52X0.2�7KURXJKSXWV�

͐ ��7KURXJKSXW
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3URMHFWHG�/HQJWK��DUFVHF�
b

$SHUWXUH &&' 0$0$��0�PRGHV� 0$0$��/�PRGHV� :LGWK��DUFVHF�

52X0.2 ���� ���� ���� ���

��;����$SHUWXUH�7KURXJKSXW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�)LJXUH�������� 454
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��;���(�����;���(���DQG���;���'��3VHXGR�$SHUWXUHV
'HVFULSWLRQ

7KHVH� SVHXGR�DSHUWXUHV� DUH� WKH� VDPH� SK\VLFDO� DSHUWXUH� DV� WKH� � DSHUWXUH�� EXW� DUH� XVHG� WR52X0.2
SODFH�WKH�WDUJHW�DW�GLIIHUHQW�ORFDWLRQV�RQ�WKH�GHWHFWRUV�WR�UHGXFH�&&'�&7(�ORVV��(��DQG�(���RUbFUV-

�EDFNJURXQG��'����7KH�WKURXJKSXWV�RI�WKH�(��DQG�'��DSHUWXUHV�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�DUHMAMA
VLPLODU� WR� WKRVH� RI� WKH� FRUUHVSRQGLQJ� UHJXODU� SRVLWLRQV�� +RZHYHU�� WKHUH� LV� VRPH� YLJQHWWLQJ� RI� WKH
JUDWLQJV�WKDW�FKDQJHV�WKH�RYHUDOO�V\VWHP�WKURXJKSXW�VOLJKWO\�ZLWK�YDU\LQJ�SRVLWLRQ�DORQJ�WKH�VOLW�b$W
WKH�(��SRVLWLRQV��WKH�RYHUDOO� ORZ�GLVSHUVLRQ�WKURXJKSXWV�DUH�GHFUHDVHG�E\���WR�����ZKLOH�DW�WKH�'�
SRVLWLRQ�WKH�*���/�WKURXJKSXW�LV�LQFUHDVHG�E\���WR�����6LQFH�WKHVH�WKURXJKSXW�FKDQJHV�GHSHQG�RQ
WKH�JUDWLQJ�DQG�WKH�SRVLWLRQ�RQ�WKH�GHWHFWRU��WKH\�DUH�KDQGOHG�LQ�WKH�SLSHOLQH�FDOLEUDWLRQ�E\�WKH�XVH�RI
ORZ�RUGHU� IODW� ILHOGV� �OIO� ILOHV��RQO\� IRU� WKH�/�PRGH�� UDWKHU� WKDQ�E\�D�FKDQJH� LQ�DSHUWXUH� WKURXJKSXW
FXUYH��7KURXJKSXW�FKDQJHV�IRU�WKH�PHGLXP�UHVROXWLRQ��0�PRGH��JUDWLQJV�DUH�QRW�ZHOO�FKDUDFWHUL]HG�
EXW�VKRXOG�EH�VLPLODU��7KURXJKSXW�DW�WKH� �SRVLWLRQ�LV�DERXW�����ORZHU�WKDQ�WKDW�DW�WKH�52X0.2E2 52X0.

�SRVLWLRQ��7KH�XVDJH�RI�WKHVH�VOLWV�LV�VXSSRUWHG�RQO\�IRU�FHUWDLQ�PRGHV��DV�OLVWHG�LQ�WKH�WDEOH�EHORZ�2E1

6SHFLDO�&RQVLGHUDWLRQV

6DPH� VSHFLDO� FRQVLGHUDWLRQV� DV� IRU� WKH� � DSHUWXUH� DSSO\� WR� WKHVH� SVHXGR�DSHUWXUHV�� 6HH52X0.2
UHIHUHQFH�LQIRUPDWLRQ�RQ�SUHYLRXV�SDJH��

$SHUWXUH 'HWHFWRU $OORZHG
*UDWLQJV

8VDJH

52X0.
2E1

CCD $OO� CCD
JUDWLQJV

3ODFHV�WKH�WDUJHW�DW�URZ�a����WR�PLQLPL]H�&7(�HIIHFWV

52X0.
2E2

CCD G750L
	�G750M

3ODFHV�WKH�WDUJHW�DW�URZ�a����WR�PLQLPL]H�&7(�HIIHFWV��SRVLWLRQV�DUH
RIIVHW� IURP� WKH� FHQWHU� RI� WKH� SK\VLFDO� DSHUWXUH� LQ� WKH� GLVSHUVLRQ
GLUHFWLRQ��WR�JLYH�EHWWHU�DOLJQPHQW�ZLWK�IULQJH�IODWV�GRQH�XVLQJ�52X0.
1�DSHUWXUH��VHH� �VHFWLRQ�������

52X0.
2D1

FUV-
MAMA

G140L�
	�G140M

3ODFHV�WKH�WDUJHW�a���s� � ��RU�a� � � ��DERYH�WKH�ଖ� G140L s ଖ� G140M
ERWWRP�HGJH�RI� ��GHSHQGHQW�RQ�ZDYHOHQJWK�VHWWLQJ�DQG�FUV-MAMA
PRQWKO\�RIIVHW���LQWHQGHG�IRU�REVHUYDWLRQV�RI�YHU\�IDLQW�WDUJHWV�
ZKHUH�GDUN�FXUUHQW�FRQWULEXWLRQ�VKRXOG�EH�PLQLPL]HG
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��;����$SHUWXUH
'HVFULSWLRQ

7KLV� VOLW� LV� VXSSRUWHG� IRU� DOO� ILUVW�RUGHU� JUDWLQJV� DQG� LV� DYDLODEOH�EXW�XQVXSSRUWHG� IRU� WKH� HFKHOOH
JUDWLQJV��,W�LV�D�JRRG�VOLW�IRU�VSHFWURSKRWRPHWULF�REVHUYDWLRQV�RI�SRLQW�VRXUFHV�

6SHFLDO�&RQVLGHUDWLRQV

2EVHUYDWLRQV�XVLQJ� WKLV� VOLW� GR�QRW�QHHG� WR�EH�SUHFHGHG�E\�D� �PEAKUP �%H�DZDUH�RI�HIIHFWV�RI�27$
VFDWWHU�RQ�WKH�OLQH�SURILOHV�ZKHQ�REVHUYLQJ�SRLQW�VRXUFHV�LQ�ZLGH�VOLWV��VHH� ���7DUJHWV�QRW6HFWLRQ�����
FHQWHUHG�RQ�WKH�VOLW�DORQJ�WKH�VSDWLDO�GLUHFWLRQ�FDQ�H[SHULHQFH�VLJQLILFDQW�VKLIWV�LQ�ZDYHOHQJWK��8VH�RI
WKLV� ORQJ� VOLW� ZLWK� DQ� HFKHOOH� JUDWLQJ�ZLOO� FDXVH� RUGHU� RYHUODS� SUREOHPV� �SDUWLFXODUO\� IRU� WKH�PRVW
FORVHO\�VSDFHG�RUGHUV��VHH� ���EXW�IRU�SRLQW�VRXUFHV�WKH�RUGHU�VHSDUDWLRQ�PD\�EH�DGHTXDWH6HFWLRQ�����
IRU�PDQ\�VFLHQFH�SURJUDPV�

7DEOH��������52X0.5�7KURXJKSXWV�

͐ ��7KURXJKSXW

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

3URMHFWHG�/HQJWK��DUFVHF�
b

$SHUWXUH &&' 0$0$��0�PRGHV� 0$0$��/�PRGHV� :LGWK��DUFVHF�

52X0.5 ���� ���� ���� ���
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��;���(�����;���(���DQG���;���'��3VHXGR�$SHUWXUHV
'HVFULSWLRQ

7KHVH� SVHXGR�DSHUWXUHV� DUH� WKH� VDPH� SK\VLFDO� DSHUWXUH� DV� WKH� � DSHUWXUH�� EXW� DUH� XVHG� WR52X0.5
SODFH�WKH�WDUJHW�DW�GLIIHUHQW�ORFDWLRQV�RQ�WKH�GHWHFWRUV�WR�UHGXFH�&&'�&7(�ORVV��(��DQG�(���RUbFUV-

�EDFNJURXQG��'����7KH�WKURXJKSXWV�RI�WKH�(��DQG�'��DSHUWXUHV�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�DUHMAMA
VLPLODU� WR� WKRVH� RI� WKH� FRUUHVSRQGLQJ� UHJXODU� SRVLWLRQV�� +RZHYHU�� WKHUH� LV� VRPH� YLJQHWWLQJ� RI� WKH
JUDWLQJV�WKDW�FKDQJHV�WKH�RYHUDOO�V\VWHP�WKURXJKSXW�VOLJKWO\�ZLWK�YDU\LQJ�SRVLWLRQ�DORQJ�WKH�VOLW�b$W
WKH�(��SRVLWLRQV��WKH�RYHUDOO� ORZ�GLVSHUVLRQ�WKURXJKSXWV�DUH�GHFUHDVHG�E\���WR�����ZKLOH�DW�WKH�'�
SRVLWLRQ�WKH�*���/�WKURXJKSXW�LV�LQFUHDVHG�E\���WR�����6LQFH�WKHVH�WKURXJKSXW�FKDQJHV�GHSHQG�RQ
WKH�JUDWLQJ�DQG�WKH�SRVLWLRQ�RQ�WKH�GHWHFWRU��WKH\�DUH�KDQGOHG�LQ�WKH�SLSHOLQH�FDOLEUDWLRQ�E\�WKH�XVH�RI
ORZ�RUGHU� IODW� ILHOGV� �OIO� ILOHV��RQO\� IRU� WKH�/�PRGH�� UDWKHU� WKDQ�E\�D�FKDQJH� LQ�DSHUWXUH� WKURXJKSXW
FXUYH��7KURXJKSXW�FKDQJHV�IRU�WKH�PHGLXP�UHVROXWLRQ��0�PRGH��JUDWLQJV�DUH�QRW�ZHOO�FKDUDFWHUL]HG�
EXW�VKRXOG�EH�VLPLODU��7KURXJKSXW�DW�WKH� �SRVLWLRQ�LV�DERXW�����ORZHU�WKDQ�WKDW�DW�WKH�52X0.5E2 52X0.

�SRVLWLRQ��7KH�XVDJH�RI�WKHVH�VOLWV�LV�VXSSRUWHG�RQO\�IRU�FHUWDLQ�PRGHV��DV�OLVWHG�LQ�WKH�WDEOH�EHORZ�5E1

6SHFLDO�&RQVLGHUDWLRQV

6DPH� VSHFLDO� FRQVLGHUDWLRQV� DV� IRU� WKH� � DSHUWXUH� DSSO\� WR� WKHVH� SVHXGR�DSHUWXUHV�� 6HH52X0.5
UHIHUHQFH�LQIRUPDWLRQ�RQ�SUHYLRXV�SDJH��

$SHUWXUH 'HWHFWRU $OORZHG
*UDWLQJV

8VDJH

52X0.
5E1

CCD $OO� CCD
JUDWLQJV

3ODFHV�WKH�WDUJHW�DW�URZ�a����WR�PLQLPL]H�&7(�HIIHFWV

52X0.
5E2

CCD G750L
	�G750M

3ODFHV�WKH�WDUJHW�DW�URZ�a����WR�PLQLPL]H�&7(�HIIHFWV��SRVLWLRQV�DUH
RIIVHW� IURP� WKH� FHQWHU� RI� WKH� SK\VLFDO� DSHUWXUH� LQ� WKH� GLVSHUVLRQ
GLUHFWLRQ��WR�JLYH�EHWWHU�DOLJQPHQW�ZLWK�IULQJH�IODWV�GRQH�XVLQJ�52X0.
�DSHUWXUH��VHH� �1 VHFWLRQ�������

52X0.
5D1

FUV-
MAMA

G140L�
	�G140M

3ODFHV�WKH�WDUJHW�a���s� � ��RU�a� � � ��DERYH�WKH�ଖ� G140L s ଖ� G140M
ERWWRP�HGJH�RI� ��GHSHQGHQW�RQ�ZDYHOHQJWK�VHWWLQJ�DQG�FUV-MAMA
PRQWKO\�RIIVHW���LQWHQGHG�IRU�REVHUYDWLRQV�RI�YHU\�IDLQW�WDUJHWV�
ZKHUH�GDUN�FXUUHQW�FRQWULEXWLRQ�VKRXOG�EH�PLQLPL]HG
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��;��$SHUWXUH
'HVFULSWLRQ

7KLV� VOLW� LV� VXSSRUWHG� IRU� DOO� ILUVW�RUGHU� JUDWLQJV� DQG� LV� DYDLODEOH�EXW�XQVXSSRUWHG� IRU� WKH� HFKHOOH
JUDWLQJV�� ,W� LV� D� JRRG� VOLW� IRU� VSHFWURSKRWRPHWULF� REVHUYDWLRQV� RI� SRLQW� VRXUFHV�� 7KH� VPDOO� GLS� LQ
WKURXJKSXW� VHHQ�DW�������� LV� OLNHO\�GXH� WR�XQFHUWDLQWLHV� LQ� WKH�QXPHULFDO� FDOFXODWLRQ��DQG�ZLOO� QRW
DIIHFW�WKH�DEVROXWH�IOX[�FDOLEUDWLRQ�

6SHFLDO�&RQVLGHUDWLRQV

2EVHUYDWLRQV�XVLQJ� WKLV� VOLW� GR�QRW�QHHG� WR�EH�SUHFHGHG�E\�D� �PEAKUP �%H�DZDUH�RI�HIIHFWV�RI�27$
VFDWWHU�RQ�WKH�OLQH�SURILOHV�ZKHQ�REVHUYLQJ�SRLQW�VRXUFHV�LQ�ZLGH�VOLWV��VHH� ���7DUJHWV�QRW6HFWLRQ�����
FHQWHUHG�RQ�WKH�VOLW�DORQJ�WKH�VSDWLDO�GLUHFWLRQ�FDQ�H[SHULHQFH�VLJQLILFDQW�VKLIWV�LQ�ZDYHOHQJWK��8VH�RI
WKLV� ORQJ� VOLW� ZLWK� DQ� HFKHOOH� JUDWLQJ�ZLOO� FDXVH� RUGHU� RYHUODS� SUREOHPV� �SDUWLFXODUO\� IRU� WKH�PRVW
FORVHO\�VSDFHG�RUGHUV��VHH� ���EXW�IRU�SRLQW�VRXUFHV�WKH�RUGHU�VHSDUDWLRQ�PD\�EH�DGHTXDWH6HFWLRQ�����
IRU�PDQ\�VFLHQFH�SURJUDPV�

7DEOH��������52X2�7KURXJKSXWV�

͐ ��7KURXJKSXW

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

3URMHFWHG�/HQJWK��DUFVHF�
b

$SHUWXUH &&' 0$0$��0�PRGHV� 0$0$��/�PRGHV� :LGWK��DUFVHF�
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52X2 ���� ���� ���� ���
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��;�(�����;�(���DQG���;�'��3VHXGR�$SHUWXUHV
'HVFULSWLRQ

7KHVH�SVHXGR�DSHUWXUHV�DUH�WKH�VDPH�SK\VLFDO�DSHUWXUH�DV�WKH� �DSHUWXUH��EXW�DUH�XVHG�WR�SODFH52X2
WKH�WDUJHW�DW�GLIIHUHQW� ORFDWLRQV�RQ�WKH�GHWHFWRUV�WR�UHGXFH�&&'�&7(� ORVV��(��DQG�(���RUbFUV-MAMA
EDFNJURXQG��'����7KH�WKURXJKSXWV�RI�WKH�(��DQG�'��DSHUWXUHV�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�DUH�VLPLODU
WR� WKRVH�RI� WKH�FRUUHVSRQGLQJ� UHJXODU�SRVLWLRQV��+RZHYHU�� WKHUH� LV� VRPH�YLJQHWWLQJ�RI� WKH�JUDWLQJV
WKDW� FKDQJHV� WKH�RYHUDOO� V\VWHP� WKURXJKSXW� VOLJKWO\�ZLWK�YDU\LQJ�SRVLWLRQ�DORQJ� WKH�VOLW�b$W� WKH�(�
SRVLWLRQV��WKH�RYHUDOO�ORZ�GLVSHUVLRQ�WKURXJKSXWV�DUH�GHFUHDVHG�E\���WR�����ZKLOH�DW�WKH�'��SRVLWLRQ
WKH� *���/� WKURXJKSXW� LV� LQFUHDVHG� E\� �� WR� ���� 6LQFH� WKHVH� WKURXJKSXW� FKDQJHV� GHSHQG� RQ� WKH
JUDWLQJ�DQG�WKH�SRVLWLRQ�RQ�WKH�GHWHFWRU��WKH\�DUH�KDQGOHG� LQ�WKH�SLSHOLQH�FDOLEUDWLRQ�E\�WKH�XVH�RI
ORZ�RUGHU� IODW� ILHOGV� �OIO� ILOHV��RQO\� IRU� WKH�/�PRGH�� UDWKHU� WKDQ�E\�D�FKDQJH� LQ�DSHUWXUH� WKURXJKSXW
FXUYH��7KURXJKSXW�FKDQJHV�IRU�WKH�PHGLXP�UHVROXWLRQ��0�PRGH��JUDWLQJV�DUH�QRW�ZHOO�FKDUDFWHUL]HG�
EXW�VKRXOG�EH�VLPLODU��7KURXJKSXW�DW�WKH� �SRVLWLRQ�LV�DERXW�����ORZHU�WKDQ�WKDW�DW�WKH�52X2E2 52X2E1
SRVLWLRQ��7KH�XVDJH�RI�WKHVH�VOLWV�LV�VXSSRUWHG�RQO\�IRU�FHUWDLQ�PRGHV��DV�OLVWHG�LQ�WKH�WDEOH�EHORZ�

6SHFLDO�&RQVLGHUDWLRQV

6DPH�VSHFLDO�FRQVLGHUDWLRQV�DV�IRU�WKH� �DSHUWXUH�DSSO\�WR�WKHVH�SVHXGR�DSHUWXUHV��6HH�UHIHUHQFH52X2
LQIRUPDWLRQ�RQ�SUHYLRXV�SDJH��

$SHUWXUH 'HWHFWRU $OORZHG
*UDWLQJV

8VDJH

52X2E1 CCD $OO� CCD
JUDWLQJV

3ODFHV�WKH�WDUJHW�DW�URZ�a����WR�PLQLPL]H�&7(�HIIHFWV

52X2E2 CCD G750L
	�G750M

3ODFHV�WKH�WDUJHW�DW�URZ�a����WR�PLQLPL]H�&7(�HIIHFWV��SRVLWLRQV�DUH
RIIVHW� IURP� WKH� FHQWHU� RI� WKH� SK\VLFDO� DSHUWXUH� LQ� WKH� GLVSHUVLRQ
GLUHFWLRQ��WR�JLYH�EHWWHU�DOLJQPHQW�ZLWK�IULQJH�IODWV�GRQH�XVLQJ�52X0.
�DSHUWXUH��VHH� �1 VHFWLRQ�������

52X2D1 FUV-
MAMA

G140L�
	�G140M

3ODFHV�WKH�WDUJHW�a���s� � ��RU�a� � � ��DERYH�WKH�ଖ� G140L s ଖ� G140M
ERWWRP�HGJH�RI� ��GHSHQGHQW�RQ�ZDYHOHQJWK�VHWWLQJ�DQG�FUV-MAMA
PRQWKO\�RIIVHW���LQWHQGHG�IRU�REVHUYDWLRQV�RI�YHU\�IDLQW�WDUJHWV�
ZKHUH�GDUN�FXUUHQW�FRQWULEXWLRQ�VKRXOG�EH�PLQLPL]HG
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��;���)��$SHUWXUH
'HVFULSWLRQ

7KH�VDPH�SK\VLFDO�DSHUWXUH�DV�WKH�52X0.2�EXW�XVHG�DW�WKH�SRVLWLRQ�RI�WKH�VPDOOHU�RI�WKH�WZR�ILGXFLDO
EDUV��ZKLFK�FDQ�EH�XVHG�IRU�VSHFWURVFRSLF�FRURQDJUDSKLF�REVHUYDWLRQV��VHH�6HFWLRQVb �DQGb����� ������
���7KH�WKURXJKSXW�IRU�WKH�XQRFFXOWHGb �DSHUWXUH�LV�JLYHQ�EHORZ�52X0.2

6SHFLDO�&RQVLGHUDWLRQV

2EVHUYDWLRQV�XVLQJ�WKLV�VOLW�GR�QRW�QHHG�WR�EH�SUHFHGHG�E\�D� �PEAKUP �

7DEOH��������52X0.2�7KURXJKSXWV�

͐ ��7KURXJKSXW
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3URMHFWHG�/HQJWK��DUFVHF�
b

$SHUWXUH &&' 0$0$��0�PRGHV� 0$0$��/�PRGHV� :LGWK��DUFVHF�

52X0.2F1 ���� ���� ���� ���

)LGXFLDO b���� b���� b���� ���

�$SHUWXUH�7KURXJKSXW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�)LJXUH��������52X0.2 465



�$SHUWXUH�7KURXJKSXW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�)LJXUH��������52X0.2

466



���;�����$SHUWXUH
'HVFULSWLRQ

7KLV� VOLW� LV� VXSSRUWHG� IRU� XVH� ZLWK� WKH� PHGLXP� UHVROXWLRQ� HFKHOOH� JUDWLQJV�� DQG� LV� DYDLODEOH�EXW�
XQVXSSRUWHG�IRU�WKH�ILUVW�RUGHU�JUDWLQJV�DQG�WKH�KLJK�UHVROXWLRQ�HFKHOOH�JUDWLQJV��,W�LV�WZR�SL[HOV�ZLGH
LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�IRU�WKH�0$0$�HFKHOOH�JUDWLQJV��SURYLGLQJ�RSWLPDO�VSHFWUDO�UHVROXWLRQ�DQG

�OLQH�SURILOHV

6SHFLDO�&RQVLGHUDWLRQV

8VHG�SULPDULO\�ZLWK�WKHb �DQG� �JUDWLQJV��2EVHUYDWLRQV�ZLWK�WKLV�VOLW�UHTXLUH�D�SULRUb �E230M E140M PEAKUP �

7DEOH��������0.2X0.06�7KURXJKSXWV�

͐ ��7KURXJKSXW
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3URMHFWHG�/HQJWK��DUFVHF�

$SHUWXUH 0$0$��(�PRGHV� :LGWK��DUFVHF�

0.2X0.06 ��� �����
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���;����$SHUWXUH
'HVFULSWLRQ

7KLV��XWLOLW\��VOLW�IRU�WKH�HFKHOOH�JUDWLQJV�LV�DOVR�VXSSRUWHG��VLQFH�F\FOH�����IRU�WKH�ILUVW�RUGHU�JUDWLQJV�
,W� LV�WKH�PRVW�SKRWRPHWULF�RI�WKH�VXSSRUWHG�HFKHOOH�VOLWV�DQG�KDV�WKH�KLJKHVW�WKURXJKSXW�IRU�SKRWRQ
VWDWLVWLFV�� ,W� LV�WKH�UHFRPPHQGHG�DSHUWXUH�IRU�ILUVW�RUGHU�0$0$�VQDSVKRW�DQG�VXUYH\�SURJUDPV�WKDW
GR�QRW�KDYH�D�VFLHQWLILF�QHHG�IRU�D�ORQJ�VOLW��VHHb ��6HFWLRQ����

7DEOH��������0.2X0.2�7KURXJKSXWV�

͐ ��7KURXJKSXW
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3URMHFWHG�/HQJWK��DUFVHF�

$SHUWXUH 0$0$��(�PRGHV� :LGWK��DUFVHF�

0.2X0.2 ��� ���
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���;�����$SHUWXUH
'HVFULSWLRQ

7KLV�VOLW�LV�VXSSRUWHG�IRU�XVH�ZLWK�WKH�KLJK�UHVROXWLRQ�HFKHOOH�JUDWLQJV��DQG�DYDLODEOH�EXW�XQVXSSRUWHG
IRU�XVH�ZLWK�WKH�ILUVW�RUGHU�JUDWLQJV�DQG�WKH�PHGLXP�UHVROXWLRQ�HFKHOOH�JUDWLQJV��,W�LV�WZR�SL[HOV�ZLGH
LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�IRU�WKH�0$0$�HFKHOOH�JUDWLQJV��SURYLGLQJ�RSWLPDO�VSHFWUDO�UHVROXWLRQ�DQG

�OLQH�SURILOHV

6SHFLDO�&RQVLGHUDWLRQV

8VHG�SULPDULO\�ZLWK�WKH� �JUDWLQJV��2EVHUYDWLRQV�ZLWK�WKLV�VOLW�UHTXLUH�D�SULRU� ��DQG�E140H E230H PEAKUP

7DEOH��������0.2X0.09�7KURXJKSXWV�

͐ ��7KURXJKSXW
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3URMHFWHG�/HQJWK��DUFVHF�

$SHUWXUH 0$0$��(�PRGHV� :LGWK��DUFVHF�

0.2X0.09 ��� ����

�$SHUWXUH�7KURXJKSXW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�)LJXUH��������0.2X0.09 471
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�;����$SHUWXUH
'HVFULSWLRQ

7KLV�VOLW�LV�VXSSRUWHG�IRU�XVH�ZLWK�WKH�HFKHOOH�JUDWLQJV��DQG�DYDLODEOH�EXW�XQVXSSRUWHG�IRU�XVH�ZLWK�WKH
ILUVW�RUGHU�JUDWLQJV�

5HFRPPHQGHG�8VHV

$�JRRG�VOLW�IRU�HFKHOOH�REVHUYDWLRQV�RI�H[WHQGHG�VRXUFHV�ZLWK�LVRODWHG�HPLVVLRQ�OLQHV�

6SHFLDO�&RQVLGHUDWLRQV

7KLV� VOLW� FDQ� EH� XVHG�ZLWK� DOO� HFKHOOH� JUDWLQJV�� 3OHDVH� QRWH� WKDW� XVH� RI� WKLV� VOLW� ZLWK� DQ� H[WHQGHG
VRXUFH�ZLOO�SURGXFH�RUGHU�RYHUODS�DQG�PD\�PDNH�DQDO\VLV�GLIILFXOW��VHH�DOVR� ��6HFWLRQ�����

7DEOH���������X0.2�7KURXJKSXWV�

͐ ��7KURXJKSXW
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���� ����
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���� ����
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���� ����

���� ����

���� ����

���� ����

3URMHFWHG�/HQJWK��DUFVHF�

$SHUWXUH 0$0$��(�PRGHV� :LGWK��DUFVHF�

6X0.2 ��� ���

�$SHUWXUH�7KURXJKSXW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�)LJXUH��������6X0.2 473
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���;�����$SHUWXUH
'HVFULSWLRQ

7KLV�VOLW�LV�VXSSRUWHG�IRU�XVH�ZLWK�WKH�HFKHOOH�JUDWLQJV��DQG�DYDLODEOH�EXW�XQVXSSRUWHG�IRU�XVH�ZLWK�WKH
ILUVW�RUGHU� JUDWLQJV��'XULQJ�JURXQG� FDOLEUDWLRQ�� WHVW� REVHUYDWLRQV� RI� D�PRQR�LVRWRSLF� SODWLQXP� ODPS
VRXUFH�ZLWK�WKLV�VOLW�DQG�WKH�KLJK�UHVROXWLRQ�HFKHOOH�JUDWLQJV�H[KLELWHG�UHVROYLQJ�SRZHUV�LQ�H[FHVV�RI
���������WKH�KLJKHVW�DYDLODEOH�ZLWK�67,6�b

6SHFLDO�&RQVLGHUDWLRQV

2EVHUYDWLRQV�ZLWK�WKLV�VOLW�UHTXLUH�D�SULRU� ��7KH� �LV�SHUIRUPHG�LQ�WZR�VWDJHVILUVW�ZLWKPEAKUP PEAKUP
WKH� �DSHUWXUH��RU�RQH�RI�WKH�VPDOO�QHXWUDO�GHQVLW\�DSHUWXUHV���DQG�WKHQ�ZLWK�WKH�0.2X0.09 0.1X0.03
DSHUWXUH��VHH� �� ���b7KH�WKURXJKSXW�FDQ�EH�SDUWLFXODUO\�VHQVLWLYH�WR�GHJUDGHG�IRFXV6HFWLRQ���� 7DEOH����
� ��� DQG� VSHFLDOL]HG�GDWD� UHGXFWLRQ� WHFKQLTXHV� DUH� UHTXLUHG� WR� FRUUHFW� IRU� IL[HG�SDWWHUQ,65��������
QRLVH�LQ�WKH�0$0$�KLJKUHV�IRUPDW�� ��-HQNLQV�	�7ULSS�������$S-6����������

7DEOH��������0.1X0.03�7KURXJKSXWV�

͐ ��7KURXJKSXW

���� ����
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���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

���� ����

3URMHFWHG�/HQJWK��DUFVHF�

$SHUWXUH 0$0$��(�PRGHV� :LGWK��DUFVHF�

0.1X0.03 ��� �����
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)3�63/,7�6OLWV����;����)3�$�(��$SHUWXUHV
'HVFULSWLRQ

7KH� VOLWV�FRQVLVW�RI�WZR�VHWV�RI�ILYH�VOLWV��LQ�HDFK�VHW�WKH�VOLWV�DUH�DOO�WKH�VDPH�VL]H��7KH\�DUHFP-SPLIT 
VXSSRUWHG�IRU�XVH�ZLWK�WKH�0$0$�HFKHOOH�JUDWLQJV��,W� LV�SRVVLEOH�WR�DFKLHYH�KLJK�6�1�GDWD�IRU�EULJKW
WDUJHWV�� LQGHSHQGHQWO\� RI� WKH� TXDOLW\� RI� WKH� IODW�ILHOG�� E\� PHDQV� RI� D� VSHFLDO� REVHUYLQJ� VWUDWHJ\
ZKHUHLQ�PXOWLSOH�VSHFWURJUDPV�DUH�REWDLQHG�WKURXJK�WKHVH�VOLWV�

6SHFLDO�&RQVLGHUDWLRQV

6HHb b IRU�PRUH�GHWDLOV�RQ�REWDLQLQJ�KLJK�6�1�VSHFWUDO�GDWD��2EVHUYDWLRQV�ZLWK�WKLV�VOLW6HFWLRQ�������
UHTXLUH�D�SULRU� .PEAKUP

$SHUWXUH 3URMHFWHG�/HQJWK��DUFVHF� :LGWK��DUFVHF�

0.2X0.06FPA ��� �����

0.2X0.06FPB ��� �����

0.2X0.06FPC ��� �����

0.2X0.06FPD ��� �����

0.2X0.06FPE ��� �����

6FKHPDWLF�RI�WKH�67,6�)L[HG�3DWWHUQ�6OLW�&RQILJXUDWLRQ�b�$;,6��FRUUHVSRQGV�WR)LJXUH�������� 477



6FKHPDWLF�RI�WKH�67,6�)L[HG�3DWWHUQ�6OLW�&RQILJXUDWLRQ�b�$;,6��FRUUHVSRQGV�WR)LJXUH��������
WKH�GLVSHUVLRQ�GLUHFWLRQ��DQG�$;,6��WR�WKH�VSDWLDO�GLUHFWLRQ��'LPHQVLRQV�DUH�QRW�WR�VFDOH�

FP-SPLIT�7KURXJKSXWV

7DEOH��������7KURXJKSXW�IRU�0.2X0.06FP(A–E)�

͐ ��7KURXJKSXW
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���� ����

���� ����
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���� ����

���� ����
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)3�63/,7�6OLWV����;���)3�$�(��$SHUWXUHV
'HVFULSWLRQ

7KH� VOLWV�FRQVLVW�RI�WZR�VHWV�RI�ILYH�VOLWV��LQ�HDFK�VHW�WKH�VOLWV�DUH�DOO�WKH�VDPH�VL]H��7KH\�DUHFP-SPLIT 
VXSSRUWHG�IRU�XVH�ZLWK�WKH�0$0$�HFKHOOH�JUDWLQJV��,W� LV�SRVVLEOH�WR�DFKLHYH�KLJK�6�1�GDWD�IRU�EULJKW
WDUJHWV�� LQGHSHQGHQWO\� RI� WKH� TXDOLW\� RI� WKH� IODW�ILHOG�� E\� PHDQV� RI� D� VSHFLDO� REVHUYLQJ� VWUDWHJ\
ZKHUHLQ�PXOWLSOH�VSHFWURJUDPV�DUH�REWDLQHG�WKURXJK�WKHVH�VOLWV�

6SHFLDO�&RQVLGHUDWLRQV

6HH� �IRU�PRUH�GHWDLOV�RQ�REWDLQLQJ�KLJK�6�1�VSHFWUDO�GDWD�6HFWLRQ�������

$SHUWXUH 3URMHFWHG�/HQJWK��DUFVHF� :LGWK��DUFVHF�

0.2X0.2FPA ��� ���

0.2X0.2FPB ��� ���

0.2X0.2FPC ��� ���

0.2X0.2FPD ��� ���

0.2X0.2FPE ��� ���

6FKHPDWLF�RI�WKH�67,6�)L[HG�3DWWHUQ�6OLW�&RQILJXUDWLRQ�b�$;,6��FRUUHVSRQGV�WR)LJXUH�������� 480



6FKHPDWLF�RI�WKH�67,6�)L[HG�3DWWHUQ�6OLW�&RQILJXUDWLRQ�b�$;,6��FRUUHVSRQGV�WR)LJXUH��������
WKH�GLVSHUVLRQ�GLUHFWLRQ��DQG�$;,6��WR�WKH�VSDWLDO�GLUHFWLRQ��'LPHQVLRQV�DUH�QRW�WR�VFDOH�

FP-SPLIT�7KURXJKSXWV

7DEOH��������7KURXJKSXW�IRU�0.2X0.2FP(A–E)�

͐

b

��7KURXJKSXW

���;���)3$ ���;���)3% ���;���)3& ���;���)3' ���;���)3(

���� ���� ���� ���� ���� ����

���� ���� ���� ���� ���� ����

���� ���� ���� ���� ���� ����

���� ���� ���� ���� ���� ����

���� ���� ���� ���� ���� ����
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���� ���� ���� ���� ���� ����
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��;����1'�$�&��$SHUWXUHV
'HVFULSWLRQ

$� VHW� RI� WKUHH� QHXWUDO�GHQVLW\� ILOWHUHG� VOLWV�� VXSSRUWHG� IRU� XVH� ZLWK� 0$0$� ILUVW�RUGHU� RU� HFKHOOH
REVHUYDWLRQV� DQG� DYDLODEOH�EXW�XQVXSSRUWHG� IRU� XVH� ZLWK� WKH� ILUVW�RUGHU� &&'� JUDWLQJV�� 7KH
DSSUR[LPDWH� GH[�1'� IDFWRUV� DUH� ����� ����� DQG� ����� IRUb �� �� DQG� �31X0.05NDA 31X0.05NDB 31X0.05NDC
UHVSHFWLYHO\��7KHLU�XVH�IRU� �REVHUYDWLRQV�LV��DYDLODEOH�EXW�XQVXSSRUWHG��DW�WKLV�WLPH�PRISM

6SHFLDO�&RQVLGHUDWLRQV

2EVHUYDWLRQV�ZLWK�WKLV�VOLW�UHTXLUH�D�PEAKUP SULRU�WR�VFLHQFH�REVHUYDWLRQV��8VH�RI�WKHVH�ORQJ�VOLWV�ZLWK
DQ�HFKHOOH�JUDWLQJ�ZLOO�FDXVH�RUGHU�RYHUODS�SUREOHPV��SDUWLFXODUO\�IRU�WKH�PRVW�FORVHO\�VSDFHG�RUGHUV�
VHHb ��� EXW� IRU� SRLQW� VRXUFHV� WKH� RUGHU� VHSDUDWLRQ�PD\� EH� DGHTXDWH� IRU�PDQ\� VFLHQFH6HFWLRQ� ����
SURJUDPV�

7DEOH�������� �7KURXJKSXWV�����31X0.05ND(A-C)

͐ 31X0.05NDA 31X0.05NDB 31X0.05NDC

b����� b���� ��� ����

b����� b���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

bb����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����
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b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� ���� ��� ����

b����� b���� ��� ����

����� b���� ��� ����

$SHUWXUHbbbb 3URMHFWHG�/HQJWK��DUFVHF�b :LGWK��DUFVHF�bb

31X0.05NDA �� �����

31X0.05NDB �� �����

31X0.05NDC �� �����
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���;����1'�$SHUWXUH
'HVFULSWLRQ

$� QHXWUDO�GHQVLW\�ILOWHUHG� VOLW� IRU� EULJKW� REMHFWV� � VXSSRUWHG� IRU� XVH� ZLWK� WKH� HFKHOOH� JUDWLQJV� DQG
DYDLODEOH�EXW�XQVXSSRUWHG�IRU�WKH�ILUVW�RUGHU�JUDWLQJV��7KH�GH[�1'�IDFWRU�LV�����

6SHFLDO�&RQVLGHUDWLRQV

2EVHUYDWLRQV�ZLWK�WKLV�VOLW�UHTXLUH�D�SULRU� ��7KLV�DSHUWXUH�FDQ�DOVR�EH�XVHG�ZLWK�WKH�&&'�IRU�PEAKUP ACQ
V�/PEAK

7DEOH�������� �7KURXJKSXWV�0.2X0.05ND

͐ ��7KURXJKSXW
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���� ����

���� ����

3URMHFWHG�/HQJWK��DUFVHF�

$SHUWXUH 0$0$��(�PRGHV� :LGWK��DUFVHF�

0.2X0.05ND ��� ����
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���;����1'�$SHUWXUH
'HVFULSWLRQ

$� QHXWUDO�GHQVLW\�ILOWHUHG� VOLW� IRU� EULJKW� REMHFWV� � VXSSRUWHG� IRU� XVH� ZLWK� WKH� HFKHOOH� JUDWLQJV� DQG
DYDLODEOH�EXW�XQVXSSRUWHG�ZLWK�WKH�ILUVW�RUGHU�JUDWLQJV��7KH�GH[�1'�IDFWRU�LV�����

6SHFLDO�&RQVLGHUDWLRQV

2EVHUYDWLRQV�ZLWK�WKLV�VOLW�UHTXLUH�D�SULRU� ��7KLV�DSHUWXUH�FDQ�DOVR�EH�XVHG�ZLWK�WKH�&&'�IRU�PEAKUP ACQ
V�/PEAK

7DEOH�������� �7KURXJKSXWV�0.3X0.05ND

͐ ��7KURXJKSXW
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3URMHFWHG�/HQJWK��DUFVHF�

$SHUWXUH 0$0$��(�PRGHV� :LGWK��DUFVHF�

0.3X0.05ND ��� ����
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)��1'4�$SHUWXUH
'HVFULSWLRQ

$�QHXWUDO�GHQVLW\�ILOWHUHG�DSHUWXUH�IRU�VOLWOHVV��VW�RUGHU�0$0$�VSHFWURVFRS\�RI�WDUJHWV�WRR�EULJKW�WR�EH
REVHUYHG� ZLWK� D� FOHDU� DSHUWXUH�� 7KLV� DSHUWXUH� LV� VXSSRUWHG� IRU� DOO� RI� WKH� 0$0$� JUDWLQJV� DQG� LV
DYDLODEOH�EXW�XQVXSSRUWHG�IRU�WKH�&&'�JUDWLQJV�b�7KH �ILOWHU�LV�XQLTXH�LQ�WKDW�LW�LV�GLYLGHG�LQWR F25NDQ
IRXU�TXDGUDQWV��HDFK�KDYLQJ�D�GLIIHUHQW�QHXWUDO�GHQVLW\� IDFWRU�� ,Q�FORFNZLVH�RUGHU�VWDUWLQJ� IURP�WKH
XSSHU�OHIW��WKHVH�DUH� �� �� ��DQG� ��ZKHUH�WKH�QXPEHU�DSSHQGHG�WR�HDFKF25NDQ1 F25NDQ2 F25NDQ3 F25NDQ4
QDPH�LV�WKH�DSSUR[LPDWH�GH[�1'�IDFWRU��$SSUR[LPDWH�GLPHQVLRQV�RI�HDFK�TXDGUDQW�DQG�WKH�GHIDXOW
ORFDWLRQ�RI�DQ�H[WHUQDO�WDUJHW�LQ�HDFK�TXDGUDQW�DUH�JLYHQ�LQ� �7DEOH������

6SHFLDO�&RQVLGHUDWLRQV

7KH�GHIDXOW� DSHUWXUH� ORFDWLRQV�ZKHUH� WKH� WDUJHW� LV�SODFHG� LQ�HDFK�TXDGUDQW�DUH� VLJQLILFDQWO\�RIIVHW
IURP�WKH�FHQWHU�RI�WKH�GHWHFWRU�LQ�ERWK�WKH�VSDWLDO�DQG�WKH�GLVSHUVLRQ�GLUHFWLRQV��)RU�REVHUYDWLRQV�DW
WKHVH�QRPLQDO�DSHUWXUH� ORFDWLRQV�� WKLV�ZLOO� FDXVH�D�VLJQLILFDQW� VKLIW� LQ� WKH�ZDYHOHQJWK�FRYHUDJH� IRU
DQ\�JLYHQ�JUDWLQJ�VHWWLQJ��)RU�H[DPSOH��ZKHQ�REVHUYLQJ�ZLWK� �LQ� ��ZDYHOHQJWKV�VKRUWHUG140L F25NDQ1
WKDQ�DERXW�����b��ZLOO� IDOO�RII� WKH�GHWHFWRU��8VHUV�PD\�ZLVK�WR�XVH�D� � WR�EULQJ�WKH�WDUJHWPOS-TARG
EDFN�FORVHU�WR�WKH�FHQWHU�OLQH�RI�WKH�GHWHFWRU��+RZHYHU��LI�WKH�WDUJHW�ZRXOG�YLRODWH�%23�UHVWULFWLRQV�LQ
DQ\� TXDGUDQW� RI� WKH� DSHUWXUH�� WKH� UHVWULFWLRQV� UHJDUGLQJ� SRLQWLQJ� FORVH� WR� REMHFWV� YLRODWLQJ� VDIHW\
OLPLWV�GLVFXVVHG� LQ� �DQG� �ZLOO�DSSO\��7KLV� ODWWHU�UXOH�UHQGHUV�WKH�&KDSWHU�� 67,6� ,65�������� F25NDQ4
TXDGUDQW�PRVWO\�XVHOHVV��DQG�WKH� �TXDGUDQW�LV�UHGXQGDQW�ZLWK�WKH�IXOO�ILHOG� �DSHUWXUH�F25NDQ3 F25ND3
VR�LQ�SUDFWLFH�RQO\�WKH� �DQG� �TXDGUDQWV�DUH�FRPPRQO\�XVHG��$OVR�WKH�GLYLGLQJ�OLQHVF25NDQ1 F25NDQ2
EHWZHHQ�WKH�TXDGUDQWV�DUH�VRPHZKDW�GLVSODFHG� IURP�WKH�FHQWHU�RI� WKH�GHWHFWRU�DQG�DUH�QRW�TXLWH
SDUDOOHO�WR�WKH�GHWHFWRU�HGJHV��VHH� ���VR�REVHUYHUV�IRU�ZKRP�WKH�H[DFW� ORFDWLRQV�RI�WKH)LJXUH������
TXDGUDQW�ERXQGDULHV�DUH�LPSRUWDQW�VKRXOG�FRQVXOW�WKH ��+HOS�'HVN

1'4�4XDGUDQW�'LPHQVLRQV�DQG�WKH�'HIDXOW�/RFDWLRQV�DW�ZKLFK�D�7DUJHW�,V�3ODFHG�LQ�(DFK7DEOH��������
4XDGUDQW�

$SHUWXUH 3URMHFWHG�
/HQJWK�
�DUFVHF�

3URMHFWHG
:LGWK�
�DUFVHF�

7DUJHW�;
ORFDWLRQ
�SL[HOV�

7DUJHW�<
ORFDWLRQ
�SL[HOV�

F25NDQ1 ���� b���� ��� ���

F25NDQ2 ���� ���� ��� ���

F25NDQ3 ���� ���� ��� ���

F25NDQ4 ���� b���� ��� ���

$�&&'�ODPS�LPDJH�WDNHQ�WKURXJK�WKH�1'4�ILOWHU�b �1RWH�WKH�XQHTXDO�VL]HV�RI)LJXUH�������� 491
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$�&&'�ODPS�LPDJH�WDNHQ�WKURXJK�WKH�1'4�ILOWHU�b �1RWH�WKH�XQHTXDO�VL]HV�RI)LJXUH��������
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VSUHDG�IXQFWLRQ�HQODUJHV��%H\RQG�a��������D�UDSLG�ORVV�RI�OLJKW�LV�SRVVLEOH�HYHQ�ZKHQ�D�52X0.1
VOLW�LV�XVHG��VHH� ���,Q�D�WHVW�RI�PHGLXP�GLVSHUVLRQ�PRGHV��D�ORVV�RI�����ZDV�IRXQG)LJXUH������E
QHDU���������EXW�WKLV�LQFUHDVHG�WR�����E\��������
$V�D�VWHOODU�WDUJHW�PD\�QRW�EH�SHUIHFWO\�FHQWHUHG��SLSHOLQH�IOX[HV�PD\��LQ�JHQHUDO��EH�WUHDWHG�DV
ORZHU�OLPLWV��([FHSWLRQV�DUH�WKH� DQG� �PRGHV�ZKLFK�XWLOL]H�D�/\RW�VWRS�&&'�G430L G750L

b0RUH�FRPSOHWH�GHWDLOV�RQ�WKHVH�SRLQWV�FDQ�EH�IRXQG�LQ� �E\�5��%RKOLQ�DQG�*��+DUWLJ�67,6�,65��������
5HJDUGOHVV�RI�WKH�VL]H�RI�WKH�VOLW��LW�LV�LPSRUWDQW�WR�UHPHPEHU�WKDW�D�SHDNXS�ZLOO�HQVXUH�WKH�JUHDWHVW
ZDYHOHQJWK�DFFXUDF\��VLQFH�DQ�RIIVHW�RI�WKH�WDUJHW�LQ�WKH�GLVSHUVLRQ�GLUHFWLRQ�ZLOO�EH�PLVFDOLEUDWHG�DV
DQ�RIIVHW�RI�WKH�ZDYHOHQJWK�VFDOH��VHHb �DQG� ��6HFWLRQ������ 6HFWLRQ������

�)LJXUH������E��7KURXJKSXWV�RI�67,6�ORQJ�VOLWV�IURP�VWV\QSKRW�GDWD517

https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199820.pdf
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�)LJXUH������E��7KURXJKSXWV�RI�67,6�ORQJ�VOLWV�IURP�VWV\QSKRW�GDWD

�������2UGHU�2YHUODS�DQG�6FDWWHUHG�/LJKW�IRU�(FKHOOH�*UDWLQJV
$V�ZLWK�PRVW�RWKHU�HFKHOOH�VSHFWURJUDSKV��67,6�HFKHOOH�GDWD�DUH�DIIHFWHG�E\�VSHFWUDO�RUGHU�RYHUODS�DW
WKH�VKRUWHVW�ZDYHOHQJWKV�ZKHUH�DGMDFHQW�VSHFWUDO�RUGHUV�DUH�QRW�ZHOO�VHSDUDWHG��(FKHOOH�REVHUYDWLRQV
RI� FRQWLQXXP� VRXUFHV� WDNHQ� VOLWOHVV� RU� ZLWK� D� � HQWUDQFH� VOLW� VXIIHU� IURP� VHYHUH� RUGHU� RYHUODS�2X2
7KHUHIRUH��DQ�HQWUDQFH�VOLW�RI������RU�VPDOOHU�KHLJKW�VKRXOG�EH�XVHG�

)LJXUH�������GHPRQVWUDWHV�WKH�GLIIHUHQFH� LQ�UHVROXWLRQ�IRU�D�QDUURZ�DEVRUSWLRQ� OLQH�IRU�%'���r���
REVHUYHG�LQ�WKH� �VOLW�YV��D� �VOLW��$Q\�GLIIHUHQFH�LQ�WKH�HIIHFW�RI� LPSXUH�OLJKW�RQ�WKH0.2X0.2 0.2X0.09
GHSWK�RI�WKH�OLQH�SURILOHV�LV�OHVV�WKDQ�a���RI�WKH�FRQWLQXXP��$Q�H[WUDFWLRQ�KHLJKW�RI��bSL[HOV�LV�XVHG�
DQG�WKH� �DSHUWXUH�VSHFWUXP�LV�PXOWLSOLHG�E\������WR�FRPSHQVDWH�IRU�WKH�ORZHU�WUDQVPLVVLRQ�0.2X0.09
$�VOLJKW�ZDYHOHQJWK�VKLIW�LV�PDLQWDLQHG�WR�LPSURYH�YLVLELOLW\�

)LJXUH��������&RPSDULVRQ�%HWZHHQ� ��VROLG�OLQH��DQG� ��GRWWHG�OLQH��$SHUWXUH0.2X0.2 0.2X0.09518



)LJXUH��������&RPSDULVRQ�%HWZHHQ� ��VROLG�OLQH��DQG� ��GRWWHG�OLQH��$SHUWXUH0.2X0.2 0.2X0.09
��6SHFWUD�RI�%'���r����LQ�WKH� �0RGHE140H-1416

1RWH� WKH� �RYHUVXEWUDFWLRQ�� RI� WKH� EODFN� OLQH�� 7KLV� LV� D� UDPLILFDWLRQ� RI� RYHUVXEWUDFWLRQ� RI� WKH
EDFNJURXQG�� OLJKW� ZKLFK� LV� VFDWWHUHG� IURP� WKH� HFKHOOH�� WKH� 27$� 36)�� DQG� WKH� GHWHFWRU� LQWR� WKH
LQWHURUGHU�DUHD�LV�EHLQJ�RYHUVXEWUDFWHG�IURP�WKH�VFLHQFH�VSHFWUXP�LQ�WKH�VWUDLJKWIRUZDUG�EDFNJURXQG
VXEWUDFWLRQ�SURFHGXUH�XVHG��7KH� �DQG� �JUDWLQJV�DUH�RQO\�D�OLWWOH�DIIHFWHG�E\�WKLV�VFDWWHU(���0 (���+
����RI�WKH�OLJKW�LV�VFDWWHUHG�DW�a����b������DW�����b����+RZHYHU��WKH� �DQG� �PRGHV�GRE140M E140H
KDYH� DSSUHFLDEOH� VFDWWHU�� ���� RI� WKH� OLJKW� VFDWWHUHG� DW� ����b �� IRU� � DQG� ���� IRU� �� DWE140M E140H
����b��WKLV�GURSV�WR�a����DQG�����UHVSHFWLYHO\��7KH�676F,�SURYLGHV�DQ ��ZKLFK�SUHGLFWV�JOREDO�(7&
DQG�QHW�FRXQWUDWHV�WR�VXIILFLHQW�DFFXUDF\�IRU�SODQQLQJ�SXUSRVHV��$Q�HVWLPDWH�RI�WKH� �6�1�DQG�WKH�QHW

�LQ�DQ�HFKHOOH�REVHUYDWLRQ�DUH�SURGXFHG�IRU�D�VSHFLILHG�LQSXW�VSHFWUXP��LQFOXGLQJ���QHW VFDWWHUHG�OLJKW
DQ�DSSUR[LPDWLRQ�WR�WKH�VFDWWHUHG�FRPSRQHQW�

$Q��DOJRULWKP��SDUDPHWHU�KDV�EHHQ�DGGHG�WR�WKH� �VSHFWUDO�H[WUDFWLRQ�WDVN�LQ� ��&KDQJLQJ�WKLV[�G FDOVWLV
SDUDPHWHU� IURP� �XQZHLJKWHG�� WR� � HQDEOHV� D� QHZ� WZR�GLPHQVLRQDO� EDFNJURXQG� VXEWUDFWLRQVF�G
DOJRULWKP�WKDW�ZDV�GHVLJQHG�E\�'RQ�/LQGOHU��6LJPD�6SDFH�&RUSRUDWLRQ��DQG�&KXFN�%RZHUV��*RGGDUG
6SDFH�)OLJKW�&HQWHU���$OWHUQDWLYHO\�� �FDQ�EH�UXQ�RQ�WKH�QHZ�GDWD�ZLWKb �VHW�WR�FDOVWLV SC2DCORR PERFORM
LQ� WKH� SULPDU\� KHDGHU� �VHH� 6HFWLRQ� ������� RI� WKH� ��� � VKRZV� WKH67,6� 'DWD� +DQGERRN )LJXUH� �����
GUDPDWLF� LPSURYHPHQW�DFKLHYHG�ZLWK� WKH�XVH�RI� WKLV�QHZ�DOJRULWKP�� � VXPPDUL]HV� WKH)LJXUH������
IUDFWLRQDO�HUURU� LQ�VDWXUDWHG�OLQH�FRUHV�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�DQG�JUDWLQJ�IRU�ERWK�DOJRULWKPV�
(UURUV�IRU�WKH�PHGLXP�UHVROXWLRQ�JUDWLQJV�DUH�FRPSDUDEOH�WR�HUURUV�IRU�WKH�KLJK�UHVROXWLRQ�JUDWLQJV�

&RPSDULVRQ� %HWZHHQ� WKH� 6WDQGDUG� ��'� DQG� WKH� 1HZ� ��'� %DFNJURXQG)LJXUH� ������� 519
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&RPSDULVRQ�%HWZHHQ�WKH�(UURUV�RI�WKH�7ZR�0HWKRGV�)LJXUH��������

6LQFH�HDUO\�������DOO�67,6�HFKHOOH�GDWD�REWDLQHG�IURP�WKH�DUFKLYH�KDYH�EHHQ�SURFHVVHG�XVLQJ�WKH�QHZ
WZR�GLPHQVLRQDO�EDFNJURXQG�VXEWUDFWLRQ�DOJRULWKP�

%ULHIO\��WKH�QHZ�DOJRULWKP�ZRUNV�DV�IROORZV��D���'�UDZ�LPDJH�LV�ILW�ZLWK�D���'�PRGHO��UHFRQVWUXFWHG�DW
HDFK� LWHUDWLRQ� IURP� WKH� EHVW� FXUUHQW� HVWLPDWH� RI� WKH� H[WUDFWHG� VSHFWUXP� IROGHG� WKURXJK� D� VHPL�
HPSLULFDO� VLPXODWLRQ� RI� 67,6� RSWLFDO� SURSHUWLHV�� 6HOI�FRQVLVWHQF\� EHWZHHQ� WKH� ��'� PRGHO� DQG� WKH
H[WUDFWHG�VSHFWUXP�LV�DFKLHYHG�YLD� LWHUDWLRQ��$Q�DQDORJRXV�PRGHO�FRQWDLQLQJ�RQO\�VFDWWHUHG� OLJKW� LV
WKHQ� FRQVWUXFWHG� XVLQJ� RQO\� WKH� HFKHOOH� VFDWWHU� OLJKW� RXWVLGH� DQ� ��b SL[HO�ZLGH� YHUWLFDO� ZLQGRZ
FHQWHUHG�RQ�HDFK�RUGHU��7KLV���'�VFDWWHUHG�OLJKW�PRGHO�LV�VXEWUDFWHG�IURP�WKH�UDZ�GDWD�DQG�WKH�ILQDO
VSHFWUXP�LV�REWDLQHG�XVLQJ�VWDQGDUG���'�H[WUDFWLRQ�

&RQVWUXFWLRQ� RI� WKH� ��'� PRGHO� GXULQJ� HDFK� LWHUDWLRQ� LQYROYHV� VHYHUDO� VWHSV�� &RXQWV� LQ� WKH� ��'
H[WUDFWHG� VSHFWUXP� DUH�PDSSHG� EDFN� WR� WKHLU� LGHDOL]HG� RULJLQ� LQ� K\SRWKHWLFDO� HFKHOOH� RUGHUV� WKDW
H[WHQG� EH\RQG� WKH� HGJH� RI� WKH� SK\VLFDO� GHWHFWRU�� (FKHOOH� VFDWWHU� LV� PRGHOOHG� E\� UHGLVWULEXWLQJ
H[WUDFWHG� FRXQWV� DORQJ�GLDJRQDO� OLQHV�RI� FRQVWDQW�ZDYHOHQJWK�� XVLQJ�HFKHOOH� OLQH� VSUHDG� IXQFWLRQV�
3RVW�HFKHOOH�VPHDULQJ�DORQJ�FROXPQV� LV�PRGHOOHG�E\� LQGHSHQGHQWO\�FRQYROYLQJ�HDFK�FROXPQ�ZLWK�D
VPRRWKLQJ� NHUQHO�� 6FDWWHULQJ�GXH� WR� WKH�DSHUWXUH�WUXQFDWHG� WHOHVFRSH�36)�� LVRWURSLF� GHWHFWRU� KDOR�
DQG� SUH�HFKHOOH� VFDWWHULQJ� E\� WKH� FURVV�GLVSHUVHU� DUH� WUHDWHG� E\� ��'� FRQYROXWLRQ� ZLWK� D� NHUQHO
FRQVWUXFWHG�IURP�WKHVH�FRPSRQHQWV�

521



�������6SHFWURVFRSLF�0RGH�3HFXOLDULWLHV
'XULQJ�WKH�RULJLQDO�6029�DQG� LQLWLDO�REVHUYDWLRQV��D�QXPEHU�RI� ILUVW�RUGHU�PRGH�VSHFWUD�KDYH�EHHQ
REWDLQHG�WKDW�VKRZ�DGGLWLRQDO�IHDWXUHV�WKDW�PD\�DIIHFW�WKH�VFLHQWLILF�JRDOV�RI�WKH�REVHUYDWLRQV��2QH
FODVV�RI� VSHFWURVFRSLF� LPDJHV�VKRZV�GLIIUDFWLRQ�VWUXFWXUH�RI� WKH�36)� UH�LPDJHG�DW� WKH�YDULRXV�67,6
GHWHFWRUV�� $� VHFRQG� FODVV�� FRPPRQO\� UHIHUUHG� WR� DV� UDLOURDG� WUDFNV�� GLVSOD\V� DGGLWLRQDO� �VSHFWUD�
GLVSODFHG� IURP� DQG� SDUDOOHO� WR� WKH� SULPDU\� VSHFWUXP�� 6RPH� H[DPSOHV� DQG� LPSDFWV� DUH� SUHVHQWHG
EHORZ�

36)�5H�,PDJLQJ

7KH�67,6�FRUUHFWRU�PLUURUV�UH�LPDJH�WKH�27$�36)�DW�DQ�LQWHUPHGLDWH�IRFXV�ZLWKLQ�67,6�DW�WKH�ORFDWLRQ
RI�WKH�VOLW�ZKHHO��7KLV�LQWHUPHGLDWH�LPDJH�LV�UH�LPDJHG�WR�RQH�RI�WKH�GHWHFWRUV�YLD�WKH�VHOHFWHG�PRGH�
HLWKHU�LPDJLQJ�RU�VSHFWURVFRSLF��$Q\�36)�VWUXFWXUH�SUHVHQW�LQ�WKH�VOLW�SODQH�LPDJH�ZLOO�EH�UH�LPDJHG
DW� WKH� GHWHFWRUV�� KRZHYHU�� LWV� DSSHDUDQFH� LQ� D� ILQDO� VSHFWUXP� RU� LPDJH� GHSHQGV� RQ� WKH� VHOHFWHG
PRGH�DQG�WKH�VOLW�RU�DSHUWXUH�XVHG�

,Q� WKH� LPDJLQJ� PRGHV�� OLWWOH� 36)� GLIIUDFWLRQ� VWUXFWXUH� LV� DSSDUHQW�� VLQFH� WKH� DYDLODEOH� ILOWHUV� DUH
W\SLFDOO\� UHODWLYHO\� EURDG� EDQG�� VPRRWKLQJ� RXW� DQ\� VWUXFWXUH�� 7KH� VSHFWURVFRSLF�PRGHV�� KRZHYHU�
FUHDWH�D�VHULHV�RI�QHDU�PRQRFKURPDWLF�LPDJHV�DW�WKH�GHWHFWRU�SODQH�DQG�WKH�36)�GLIIUDFWLRQ�VWUXFWXUH
FDQ�EH�GHWHFWHG�ZLWK�WKH�WZR�GLPHQVLRQDO�67,6�GHWHFWRUV�

��3RLQW�6RXUFH )LJXUH�������VKRZV�WKH�VSHFWUXP�RI�D�SRLQW�VRXUFH�WDUJHW��XVLQJ� �DQG�VOLW� �G140L 52X0.05
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6SHFWUXP�RI�D�3RLQW�6RXUFH��6WHOODU��7DUJHW�)LJXUH��������

7KLV� W\SLFDO�VWHOODU�VSHFWUXP����������b���VKRZQ� LQ�SDQHObD��ZDV�RI�D�ZKLWH�GZDUI� IRU� LQVWUXPHQW
FDOLEUDWLRQ��7KH�/\PDQ� �DEVRUSWLRQ�IHDWXUH�LV�DSSDUHQW�QHDU�WKH�OHIW�HQG��7KLV�LPDJH�ZDV�SURFHVVHG͆
DQG�ORJ�VWUHWFKHG�WR�HQKDQFH�WKH��IULQJHV��VHHQ�DERYH�DQG�EHORZ�WKH�VWHOODU�VSHFWUXP��7KHVH�IULQJHV
DUH�ZHDN��GLYHUJH�IURP�WKH�VSHFWUXP�SURSRUWLRQDOO\�WR�ZDYHOHQJWK��DQG�DUH�QRW�SUHVHQW�LQ�WKH�/\PDQ�
�JDS��LQGLFDWLQJ�WKH\�DUH�FRQQHFWHG�ZLWK�WKH�VRXUFH�DW�WKH�VOLW�SODQH�DQG�DUH�QRW�WKH�UHVXOW�RI�67,6͆
LQWHUQDO�VFDWWHU��3DQHObE�VKRZV�D�FURVV�GLVSHUVLRQ�SURILOH�RI�WKH�RULJLQDO�LPDJH��FXW�QHDU�WKH�FHQWHU�RI
WKH�VSHFWUXP�DW�DERXW�����b���7KH�EULJKWHVW�IULQJH��ODEHOOHG������LV�LQGLFDWHG��WKH�SHDN�RI�WKH�IULQJH
LV�URXJKO\�������WLPHV�WKH�SHDN�RI�WKH�VWHOODU�VSHFWUXP�

)LJXUH� ������� LOOXVWUDWHV� KRZ� VXFK� IULQJHV� DUH� FUHDWHG� DW� WKH� GHWHFWRU�� $W� HDFK� ZDYHOHQJWK�� WKH
SRUWLRQ�RI�WKH�36)�DW�WKH�VOLW�SODQH�ZKLFK�SDVVHV�WKH�VOLW�LV�UH�LPDJHG�RQWR�WKH�GHWHFWRU��7KH�HQYHORSH
RI�DOO�VXFK�36)�SRUWLRQV�IRUPV�WKH�FRPSOHWH�LPDJH�DW�WKH�GHWHFWRU��DV�VKRZQ��7KH�FKDUDFWHULVWLF�IULQJH
VHSDUDWLRQ��SURSRUWLRQDO�WR�ZDYHOHQJWK��LV�H[SHFWHG�DV�WKH�GLIIUDFWLRQ�VWUXFWXUH�LQ�WKH�36)�LQFUHDVHV
ZLWK�ZDYHOHQJWK�DV�VKRZQ��,Q�WKH�PHGLXP�UHVROXWLRQ�PRGHV��ZLWK�PXFK�OHVV�EDQGSDVV�WKDQ�WKH�ORZ�
UHVROXWLRQ� PRGHV�� WKH� WLOW� RI� WKH� IULQJHV� LV� PXFK� OHVVWKH\� DUH� QHDUO\� SDUDOOHO� WR� WKH� SULPDU\
VSHFWUXP�

�)LJXUH���������+RZ�)ULQJHV�DUH�&UHDWHG 523



�)LJXUH���������+RZ�)ULQJHV�DUH�&UHDWHG

7KH�IULQJH�YLVLELOLW\�LV�GHFUHDVHG�ZLWK�LQFUHDVLQJ�VOLW�ZLGWK�� � LOOXVWUDWHV�WKLVDV�WKH�VOLW)LJXUH�������
EURDGHQV��PRUH�RI�D�FXUYHG�SRUWLRQ�RI�WKH�GLIIUDFWLRQ�ULQJV�LV�WUDQVPLWWHG��7KH�HQYHORSH�RI�WKHVH�PRUH
FXUYHG�VHFWLRQV�LV�EURDGHU�ZLWK�ORZHU�FRQWUDVW�FRPSDUHG�WR�WKH�VKDUS�VHJPHQWV�YLVLEOH�ZLWK�D�QDUURZ
VOLW�

2XW�RI�VOLW�SRLQW�VRXUFH�� �VKRZV�WKH�VSHFWUXP�� ��RI�D�VWHOODU�VRXUFH��LQ�ZKLFK�WKH)LJXUH������� G140L
WDUJHW�ZDV�PLV�ORFDWHG�DQG�QRW�QRPLQDOO\�LQ�WKH� �VOLW��:KLOH�WKH�WDUJHW�FHQWHU�ZDV�QRW�ORFDWHG52X0.05
LQ�WKH�VOLW��WKH�H[WHQGHG�36)�VWUXFWXUH�GLG�FRYHU�WKH�VOLW�RSHQLQJ�DQG�ZDV�WUDQVPLWWHG�DQG�UH�LPDJHG
DW�WKH�GHWHFWRU�SODQH��7KLV�LPDJH�KDV�EHHQ�SURFHVVHG�DQG�ORJ�VWUHWFKHG�WR�HQKDQFH�WKH�IDLQW�IULQJH
VWUXFWXUH�ZKLFK�LV�DSSDUHQW�

�)LJXUH���������0LV�/RFDWHG�7DUJHW6WHOODU�6RXUFH524



�)LJXUH���������0LV�/RFDWHG�7DUJHW6WHOODU�6RXUFH

�VKRZV�D�VLPLODU�FDVH� LQ�ZKLFK�WKH�VSHFWUXP�RI�D�JDOD[\�ZLWK�D�YHU\�EULJKW�FRUH�ZDV)LJXUH�������
REWDLQHG�ZLWK�WKH�FRUH�ORFDWHG�URXJKO\������IURP�WKH�FHQWHU�RI�WKH������ZLGH�VOLW�LQ�WKH�YLVLEOH�PRGH�

��7KH� LPDJHV�ZHUH�SURFHVVHG�DQG� ORJ�VWUHWFKHG�WR�HQKDQFH�WKH�IULQJH�DSSHDUDQFH��'LYHUJHQWG750L
IULQJHV� DUH� DSSDUHQW� DERYH� DQG� EHORZ� WKH� VSHFWUXP�� $� SULQFLSDO� FRPSRQHQW� RI� WKH� �VSHFWUXP�
FRQVLVWV�RI�FKDQJHV�LQ�WKH�XSSHU�DQG�ORZHU�SRUWLRQV�RI�WKH�ILUVW�$LU\�ULQJ��VHHQ�FOHDUO\�VHSDUDWHG�DW
WKH� ORQJ�ZDYHOHQJWK�HQG�RI� WKH� VSHFWUXP�� �6HH ���7KHVH� WZR� IULQJHV�FRQYHUJH�DW�67,6� ,65��������
VKRUWHU�ZDYHOHQJWKV�IRUPLQJ�D�VLQJOH�IULQJH�ZKLFK�RYHUOLHV�WKH�PXFK�IDLQWHU��RII�FRUH�SRUWLRQ�RI�WKH
JDOD[\��7KH�HYLGHQW�EOXHQHVV�RI�WKH�FRUH�VSHFWUXP�LQ�WKLV�SDUWLFXODU�VRXUFH�PDNHV�WKH�FRPELQHG�EOXH
IULQJHV�PXFK�EULJKWHU�WKDQ�WKH�FRPELQDWLRQ�RI�WKH�VHSDUDWHG�UHG�IULQJHV�

�)LJXUH���������0LV�&HQWHUHG�6SHFWUXP�RI�*DOD[\�ZLWK�%ULJKW�&RUH525
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�)LJXUH���������0LV�&HQWHUHG�6SHFWUXP�RI�*DOD[\�ZLWK�%ULJKW�&RUH

,PSDFW

'LIIUDFWLRQ�VWUXFWXUH�LQ�WKH�36)�ZLOO�VHW�D�OLPLW�WR�H[WUDFWLQJ�VSHFWUD�QHDU�D�EULJKW�VRXUFH��%ORFNLQJ�WKH
EULJKW�VRXUFH��HLWKHU�E\�XVLQJ�D�FRURQDJUDSKLF�DSHUWXUH�RU�E\�PRYLQJ�WKH�EULJKW�VRXUFH�RXW�RI�WKH�VOLW
GRHV�QRW�UHPRYH�WKH�LQKHUHQW��DGMDFHQW�36)�RU�GLIIUDFWLRQ�VWUXFWXUH��,Q�WKH�FDVH�RI�D�IDLQW�FRPSDQLRQ
DGMDFHQW� WR� D� EULJKW�� SULPDU\� VRXUFH�� QRWH� WKDW� WKH� VSHFWUD� RI� WKH�SULPDU\� DQG� FRPSDQLRQ�ZLOO� EH
SDUDOOHO�ZKLOH� WKH�36)� IULQJHV�ZLOO�EH� WLOWHG��7KLV� LV�HVSHFLDOO\� WUXH� LQ� WKH� ORZ�UHVROXWLRQ�PRGHV�DQG
PD\�DOORZ�WKH�XQDPELJXRXV�LGHQWLILFDWLRQ�RI�D�IDLQW�FRPSDQLRQ�HYHQ�LQ�WKH�SUHVHQFH�RI�FRPSDUDEO\
EULJKW�36)�VWUXFWXUH�

�������5DLOURDG�7UDFNV
)LJXUH� ������� �SDQHO� D�� VKRZV� D� SURFHVVHG� VSHFWUXP� RI� D� FRQWLQXXP� ODPS� LQ� PRGH� ��*���0 ͐&
b  b ������� DQG� VOLW� � REWDLQHG� GXULQJ� JURXQG� WHVWLQJ�� %HVLGH� WKH� VSHFWUXP�� WZR� DGMDFHQW�0.1X0.2
SDUDOOHO�� VHFRQGDU\� VSHFWUD� DUH� VHHQ� V\PPHWULFDOO\� GLVSODFHG� DERXW� ��b SL[HOV� IURP� WKH� ODPS
VSHFWUXP�� 3DQHOb E� VKRZV� D� FURVV� GLVSHUVLRQ� SURILOH� LOOXVWUDWLQJ� WKH� PDJQLWXGH� DQG� VKDSH� RI� WKH
VSHFWUD�� 7KH� VHFRQGDU\� VSHFWUD� KDYH� SHDN� LQWHQVLWLHV� DERXW� ��� RI� WKH� SULPDU\� VSHFWUXP� EXW� DUH
EURDGHU�DQG�DV\PPHWULF��7KLV�ZDV�WKH�RQO\�H[DPSOH�RI�WKLV�SHFXOLDU�FRQGLWLRQ�QRWLFHG�GXULQJ�JURXQG
WHVWLQJ�� KRZHYHU�� VXEVHTXHQW� UHYLHZ� VKRZHG� RQH� DGGLWLRQDO� H[DPSOH� DOVR� REWDLQHG� GXULQJ� JURXQG
WHVWLQJ��7KLV�VHFRQG�FDVH�ZDV�D�VLPLODU�FRQWLQXXP�ODPS�VSHFWUXP�XVLQJ� �� b b������ZLWK�WKHG750M ͐&
VDPH�VOLW��6HFRQGDU\�VSHFWUD�ZHUH�a���DQG�����SHDN�LQWHQVLW\��RI�WKH�SULPDU\�SHDN�LQWHQVLW\�
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�)LJXUH���������5DLOURDG�7UDFNV

2QH�VLPLODU�H[DPSOH�KDV�EHHQ�REWDLQHG�LQ�IOLJKW�WR�GDWH��ZLWK�WKH�89�PRGH� �DQG�WKH�&&'��7KHG230LB
WDUJHW�ZDV�D�YHU\�UHG�VWDU��7KH�SDUDOOHO��VHFRQGDU\�VSHFWUD�DUH�YLVLEOH�DW�D�OHYHO�RI�DERXW����RI�SHDN
LQWHQVLW\�

7KH� FDXVH� RI� WKHVH� VHFRQGDU\� VSHFWUD� LQ� WKHVH� WKUHH� REVHUYDWLRQV� LV� QRW� NQRZQ�� 7KH� WKUHH� FDVHV
REVHUYHG�KDYH�DOO�EHHQ�ZLWK�WKH�&&'��QR�0$0$�H[DPSOHV�KDYH�EHHQ�REWDLQHG��2WKHU�REVHUYDWLRQV�LQ
WKHVH�PRGHV�XQGHU�VLPLODU�FRQGLWLRQV�KDYH�QRW�VKRZQ�VXFK�HIIHFWV�� ,Q�DOO� FDVHV��D� UHG�VRXUFH�ZDV
REVHUYHG�� 7KH� EURDG� SURILOH� DQG� UHODWLYHO\� EULJKW� LQWHQVLW\� RI� WKH� VHFRQGDU\� VSHFWUD� VXJJHVW� D
PXOWLSOH�UHIOHFWLRQ� LQVWHDG�RI�D�GLIIUDFWLRQ�RULJLQ��EXW�QR�ZD\�RI�SURGXFLQJ�GXDO��V\PPHWULF�IHDWXUHV
KDV�\HW�EHHQ�SURSRVHG�ZKLFK�LV�FRQVLVWHQW�ZLWK�WKHVH�REVHUYDWLRQV�
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�����0$0$�6SHFWURVFRSLF�%ULJKW�2EMHFW�/LPLWV
$V� GHVFULEHG� LQ� �� WKH� 0$0$V� DUH� VXEMHFW� WR� DEVROXWH� EULJKWQHVV� OLPLWV�� DERYH� ZKLFK6HFWLRQ� ���
VRXUFHV� FDQQRW� EH� REVHUYHG� RU� WKH\�ZRXOG� SRWHQWLDOO\� GDPDJH� WKH� GHWHFWRUV�� ,Q� �� ZH7DEOH� �����
SUHVHQW�WKH�FRPSOHWH�VHW�RI�DEVROXWH�EULJKW�REMHFW�SRLQW�VRXUFH�VSHFWURVFRSLF�VFUHHQLQJ�PDJQLWXGHV
DQG�IOX[HV�IRU�WKH�0$0$�VSHFWURVFRSLF�PRGHV��7KHVH�VFUHHQLQJ�PDJQLWXGHV�DUH�SUHVHQWHG�DV�D�JXLGH
��:KHWKHU�DQ�LQGLYLGXDO�VRXUFH�FDQ�EH�REVHUYHG�LV�XOWLPDWHO\�GHWHUPLQHG�E\�ZKHWKHU��LQ�WKH�GHVLUHG
FRQILJXUDWLRQ�� WKH� VSHFWUXP� RI� WKDW� VRXUFH� LV� SUHGLFWHG� WR� H[FHHG� WKH� JOREDO� DQG� ORFDO� REVHUYLQJ
FRXQW� UDWH� OLPLWV�� DV� GHVFULEHG� LQ� �� 7KH� LQIRUPDWLRQ� SUHVHQWHG� KHUH� VKRXOG� EH� XVHG� LQ&KDSWHU� �
FRQMXQFWLRQ�ZLWK� WKH�PDWHULDO� SUHVHQWHG� LQ� �� 5HPHPEHU�� VRXUFHV� FDQQRW� EH� REVHUYHG� LQ&KDSWHU� �
FRQILJXUDWLRQV�ZKHUH� WKH\�H[FHHG�WKH�DEVROXWH�EULJKW�REMHFW� OLPLWV��$� IHZ� LPSRUWDQW�SRLQWV� WR�QRWH
DUH�

7KH�VFUHHQLQJ�OLPLWV�DUH�JLYHQ�HLWKHU�DV� �PDJQLWXGH�RU�&*6�XQLWV�DV�LQGLFDWHG�9
7KH� VFUHHQLQJ� OLPLWV� IRU� ILUVW� RUGHU�PRGHV� DQG� WKH� � LQ� WKLV� WDEOH� KDYH�EHHQ� FDOFXODWHGPRISM
DVVXPLQJ� ]HUR� VOLW� ORVVHV�� )RU� (FKHOOH� PRGHV�� WKH� � DSHUWXUH� ZDV� DVVXPHG� XQOHVV0.2X0.2
RWKHUZLVH�QRWHG��7R�GHWHUPLQH�LI�D�VRXUFH�YLRODWHV�WKH�OLPLWV�LQ�WKLV�WDEOH��WKH�PDJQLWXGH�OLPLW
PXVW�EH�FRUUHFWHG�IRU�WKH�DSHUWXUH�WKURXJKSXW�IRU�\RXU�FKRVHQ�VOLW��7KH�PD[LPXP�PDJQLWXGH
FRUUHFWLRQ�DFKLHYHG�ZLWKRXW�WKH�XVH�RI�D�QHXWUDO�GHQVLW\� ILOWHU�XVLQJ�D�VXSSRUWHG�VOLW� LV�a����
PDJQLWXGHV��$Q�H[FHSWLRQ�WR�WKLV�LV�WKH�YDOXHV�IRU�WKH�ORFDO�VXUIDFH�EULJKWQHVV�OLPLWV�LQ�URZ�RQH
RI� FDOFXODWHG�IRU�D� �VOLW����YDOXHV�LQ�WKH�WDEOH�7DEOH������ 52X2
7KH�VFUHHQLQJ�OLPLWV�LQ�WKH�WDEOHV�DVVXPH�]HUR�H[WLQFWLRQ��7R�GHWHUPLQH�LI�D�VRXUFH�YLRODWHV�WKH
OLPLWV�LQ�WKLV�WDEOH��WKH�PDJQLWXGH�OLPLW�PXVW�EH�FRUUHFWHG�IRU�WKH�H[WLQFWLRQ�RI�WKH�VRXUFH�
7KH�SHDN�IOX[�IURP�DQ�HPLVVLRQ�OLQH�RU�IURP�WKH�FRQWLQXXP�IURP�D�VRXUFH�PXVW�EH�OHVV�WKDQ�WKH
IOX[� OLPLW� JLYHQ� LQ� URZ� WZR� �IRU� SRLQW� VRXUFHV�� LW� LV� LPSRUWDQW� WR� FRUUHFW� IRU� WKH� DSHUWXUH
WKURXJKSXW�� DQG� URZ� RQH� IRU� GLIIXVH� VRXUFHV� �LW� LV� LPSRUWDQW� WR� FRUUHFW� IRU� WKH�ZLGWK� RI� WKH
VRXUFH�E\�VFDOLQJ�E\�WKH�VOLW�ZLGWK�LQ�DUFVHFRQGV�GLYLGHG�E\������

)RU�HFKHOOH�REVHUYDWLRQV��WKH�JOREDO�OLPLW�RI���������FRXQWV�V RYHU�WKH�GHWHFWRU�VHWV�WKH�
PDJQLWXGH�OLPLWV��EXW�LW�PXVW�DOVR�EH�DVVXUHG�WKDW�WKH�VRXUFH�GRHV�QRW�YLRODWH�WKH�ORFDO
OLPLW��H�J���LI�LW�KDG�D�EULJKW�HPLVVLRQ�OLQH�
,I� WKH�REVHUYDWLRQV� LQFOXGH�D�VRXUFH�ZKLFK�KDV�KLJK�HTXLYDOHQW�ZLGWK� OLQH�HPLVVLRQ��L�H��
ZKRVH�IOX[�LV�GRPLQDWHG�E\�OLQH�HPLVVLRQ���LW�PXVW�EH�DVVXUHG�WKDW�WKH� �GRHVOLQH�HPLVVLRQ
QRW�H[FHHG�WKH�OLPLWV��7KLV�PD\�EH�D�FRQFHUQ�IRU�VWDUV�ZLWK�VWURQJ�HPLVVLRQ�OLQHV��VXFK�DV
:ROI�5D\HW�RU�7b7DXUL�VWDUV�

,I�WKH�REVHUYDWLRQV�LQFOXGH�PXOWLSOH�EULJKW�VWDUV�LQ�WKH�ORQJ�VOLW��RU�WKH�REVHUYDWLRQV�DUH�VOLWOHVV�
LW�EH�DOVR�EH�DVVXUHG�WKDW�WKH�VXP�IURP�DOO�WDUJHWV�LPDJHG�RQ�WKH�GHWHFWRU�GRHV�QRW�H[FHHG�WKH
DSSOLFDEOH�JOREDO�OLPLW�
7KH� OLPLWV� LQ� WKLV� WDEOH�DUH� WKH�ZRUVW� FDVH� OLPLWV� IRU� WKH� VFDQQHG�JUDWLQJV�� WKH�XVH�RI� D� OHVV
VHQVLWLYH�FHQWUDO�ZDYHOHQJWK�PD\�KDYH�D�EULJKWHU� WUXH� OLPLW��DOORZLQJ�WKH�REVHUYDWLRQV�RI� WKH
EULJKW� WDUJHW� WR�EH�SHUIRUPHG��7KH�67,6b �VKRXOG�DOZD\V�EH�XVHG� WR�YHULI\� WKH�VDIHW\�RI�D(7&
WDUJHW�DQG�FRQILJXUDWLRQ�VSHFLILFDWLRQV�

7DEOH��������$SSUR[LPDWH�0$0$�6SHFWURVFRSLF�%ULJKW�2EMHFW�/LPLWV�� �PDJV��DQG�FJV�XQLWV��9

6SHFWUDO
7\SH

G140L G140M E140M E140H G230L G230M E230M E230H PRISM

/RFDO�OLPLW�
VXUIDFH�
EULJKWQHVV

���b �b
����

���b �b
�� ��

���b �b
��-8

���b �b
�� �

���b �b
�� ��

���b �b
�� ��

���b �b
���

���b �b
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���b �b
�� ��
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/RFDO�OLPLW ��
SRLQW�VRXUFH�
IOX[
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���b �b
�� ��

���b �b
�� ��

2��9� ���� ���� ����� ���� ���� ���� ���� ���� �����

%��9 ���� ���� ���� ���� ���� ��� ���� ���� �����

%��9 ���� ���� ���� ���� ���� ��� ���� ���� �����

%��9 ���� ��� ���� ���� ���� ��� ���� ���� �����

%��9 ���� ��� ���� ���� ���� ��� ���� ���� �����

$��9 ��� ��� ���� ���� ���� ��� ���� ���� �����

$��9 ��� ��� ���� ���� ���� ��� ���� ���� �����

$��9 ��� ��� ���� ���� ��� ��� ���� ���� �����

)��9 ��� ��� ���� ����� ��� ��� ���� ���� ����

)��9 ��� ��� ����� ����� ��� ��� ���� ���� ����

)��9 ��� ��� ����� ����� ��� ��� ���� ���� ����

)��9 ���� ��� ����� ����� ��� ��� ���� ���� ����

*��9� ����� ���� ����� ����� ���� ���� ���� ���� ����

*��9� ����� ���� ����� ����� ���� ���� ���� ���� ����

.��9� ����� ����� ����� ����� ���� ���� ���� ���� ����

.0�,,,� ��� ��� ����� ����� ��� ��� ���� ���� ���

7a����� .� � ����� ����� ����� ���� ����� ����� ���� ���� �����

�͐ �� � ����� ���� ���� ���� ����� ���� ���� ���� �����
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�� ���DUFVHF � RI� WKH� FRQWLQXXP�RU� RI� DQ� HPLVVLRQ� OLQH� IURP�D3HDN� VXUIDFH�EULJKWQHVV� LQ� HUJV�V�FP� �

GLIIXVH�VRXUFH��)RU�ILUVW�RUGHU�DQG� �VSHFWUD��WKH�FDOFXODWLRQ�ZDV�GRQH�DVVXPLQJ�XVH�RI�WKH�PRISM 52X2
DSHUWXUH��ZKLOH�IRU�HFKHOOH�PRGHV��WKH� �DSHUWXUH�ZDV�XVHG��6X0.2

� �� RI�DQ�HPLVVLRQ�OLQH�IURP�D�SRLQW�VRXUFH��� 3HDN�IOX[�LQ�HUJV�V�FP� �
�� /LPLWV�DUH� �PDJQLWXGHV��DVVXPLQJ�]HUR�UHGGHQLQJ��5HVXOWV�IRU�ILUVW�RUGHU�JUDWLQJV�DVVXPH�VOLWOHVV9

�DSHUWXUH�WKURXJKSXW�LV�DVVXPHG��VSHFWUD�EXW�QHJOHFW�JHRFRURQDO�OLQHV��)RU�HFKHOOHV��WKH�0.2X0.2
� �� 7KH�PDJQLWXGHV�OLVWHG�IRU�*��9�DUH�IRU�WKH�6RODU�WHPSODWH�LQ�WKH�67,6� �(7&
� �� 7KH�PDJQLWXGHV�OLVWHG�IRU�*�9�DUH�IURP� �GDWD�IRU�WKH�VWDU�7DXb&HWL�,8(
� �� 7KH�PDJQLWXGHV�OLVWHG�IRU�.��9�DUH�IURP� �GDWD�IRU�WKH�VWDU�(SVLORQb(UL�,8(
� �� 7KH�PDJQLWXGHV�OLVWHG�IRU�.0�,,,�DUH�IURP� �GDWD�IRU��bVWDUV�RI�WKHVH�W\SHV�,8(
� �� /LPLWV�IRU�D�EODFN�ERG\�ZLWK�D�WHPSHUDWXUH�RI�������b.�
� �SURSRUWLRQDO�WR� �� /LPLWV�IRU�D�VRXUFH�ZLWK�D�VSHFWUXP�)͐ ͐�
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&KDSWHU�����,PDJLQJ�5HIHUHQFH�0DWHULDO
&KDSWHU�&RQWHQWV

�����,QWURGXFWLRQ
�����8VLQJ�WKH�,QIRUPDWLRQ�LQ�WKLV�&KDSWHU
�����&&'

&&'�&OHDU�,PDJLQJ�����&&'
&&'�/RQJ�3DVV�,PDJLQJ�)��;��/3
)��;��2,,,���&&'
)��;��2,,���&&'
��&2521���&OHDU�&&'

�����189�0$0$
��0$0$���189�0$0$��&OHDU
)��1'����189�0$0$
)��1'����189�0$0$
)��1'4���189�0$0$
)��47=���189�0$0$��/RQJSDVV
)��65)����189�0$0$��/RQJSDVV
)��0*,,���189�0$0$
)��&1������189�0$0$
)��&,,,���189�0$0$
)��&1������189�0$0$

�����)89�0$0$
��0$0$���)89�0$0$��&OHDU
��0$0$'����)89�0$0$�3VHXGR�$SHUWXUH
)��1'����)89�0$0$
)��1'����)89�0$0$
)��1'4���)89�0$0$
)��47=���)89�0$0$��/RQJSDVV
)��47='����)89�0$0$��/RQJSDVV�3VHXGR�$SHUWXUH
)��65)����)89�0$0$��/RQJSDVV
)��65)�'����)89�0$0$��/RQJSDVV�3VHXGR�$SHUWXUH
)��/<$���)89�0$0$��/\PDQ�DOSKD

�����,PDJH�0RGH�*HRPHWULF�'LVWRUWLRQ
�����6SDWLDO�'HSHQGHQFH�RI�WKH�67,6�36)
�����0$0$�,PDJLQJ�%ULJKW�2EMHFW�/LPLWV
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�����,QWURGXFWLRQ
7KLV�FKDSWHU�SURYLGHV�UHIHUHQFH�PDWHULDO�WR�KHOS�\RX�VHOHFW�\RXU�ILOWHU�DQG�GHWHFWRU�FRQILJXUDWLRQ�DQG
GHWHUPLQH�\RXU�REVHUYLQJ�SODQ��H�J��� WRWDO� UHTXLUHG�H[SRVXUH�WLPH��DQG�QXPEHU�RI�H[SRVXUHV���7KLV
FKDSWHU�LV��IRU�WKH�PRVW�SDUW��RUJDQL]HG�E\b ��)RU�HDFK�LPDJLQJ�PRGH�WKH�IROORZLQJILOWHU�DQG�GHWHFWRU
DUH�SURYLGHG�

$�WDEOH�RI�LQWHJUDWHG�V\VWHP�HIILFLHQFLHV�DQG�]HUR�SRLQWV�
3ORWV�DQG�WDEOHV�RI�WKURXJKSXW�DQG�VHQVLWLYLW\�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�
:KHUH�XVHIXO��SORWV�RI�WKURXJKSXW�RQ�D�ORJDULWKPLF�VFDOH�WR�VKRZ�RXW�RI�EDQG�WKURXJKSXW��UHG
OHDN�RU�EOXH�OHDN��IRU�WKH�GLIIHUHQW�ILOWHUV�
3ORWV�RI�WKH�WLPH�QHHGHG�WR�DFKLHYH�D�GHVLUHG�VLJQDO�WR�QRLVH�UDWLR�YV��PDJQLWXGH�IRU�EURDGEDQG
ILOWHUV�DQG�YV��OLQH�IOX[�IRU�QDUURZEDQG�ILOWHUV�
3ORWV�RI�WKH�36)�DQG�HQFLUFOHG�HQHUJLHV��DORQJ�ZLWK�D�ORJDULWKPLF�VFDOH�LPDJH�RI�WKH�36)�

,Q�DGGLWLRQ��ZH�SURYLGH�WKH�IROORZLQJ�VHFWLRQV�

6HFWLRQ�����bSUHVHQWV�LQIRUPDWLRQ�RQ�WKH�JHRPHWU\�RI�WKH�0$0$�DQG�&&'�LPDJLQJ�PRGHV�
6HFWLRQ�����bSUHVHQWV�LQIRUPDWLRQ�RQ�WKH�FKDQJHV�RI�WKH�36)�ZLWK�SRVLWLRQ�LQ�WKH�67,6�ILHOG�RI
YLHZ�
6HFWLRQ� ����b SUHVHQWV� VFUHHQLQJ� WDEOHV� RI� EULJKW� REMHFW� PDJQLWXGHV� IRU� VRXUFHV� RI� GLIIHUHQW
VSHFWUDO�W\SH��IRU�XVH�LQ�GHFLGLQJ�LI�D�0$0$�LPDJLQJ�REVHUYDWLRQ�LV�VDIH�

7KH�VHQVLWLYLWLHV�DQG�GDUN�FXUUHQWV�DGRSWHG�IRU�FDOFXODWLQJ�WKH�ILJXUHV�DQG�WDEOHV�XVHG�LQ�WKLV�FKDSWHU
ZHUH�SURMHFWHG�EHIRUH�60��IRU�D�GDWH�RI�$XJXVW�������$FWXDO�YDOXHV�IRU�&\FOH����ZLOO�GLIIHU�VOLJKWO\�
)RU�WKH�PRVW�XS�WR�GDWH�YDOXHV��SOHDVH�FRQVXOW�WKH�67,6�(7&�
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�����8VLQJ�WKH�,QIRUPDWLRQ�LQ�WKLV�&KDSWHU
�������6HQVLWLYLW\�8QLWV�DQG�&RQYHUVLRQV
�������6LJQDO�7R�1RLVH
�������3RLQW�6SUHDG�)XQFWLRQV

������b6HQVLWLYLW\�8QLWV�DQG�&RQYHUVLRQV
7KLV�FKDSWHU�FRQWDLQV�SORWV�RI�WKURXJKSXWV�DQG�WDEOHV�RI�VHQVLWLYLWLHV�DQG�WKURXJKSXWV�IRU�HDFK�ILOWHU
PRGH�b b H[SODLQV�KRZ� WR�XVH� WKHVH� VHQVLWLYLWLHV� WR� FDOFXODWH�H[SHFWHG�FRXQWV� UDWHV� IURP6HFWLRQ����
\RXU�VRXUFH�
7KH�ILUVW�WDEOH�IRU�HDFK�ILOWHU�SURYLGHV�WKH�IROORZLQJ�TXDQWLWLHV�

3 L Y R W
ZDYHOHQJWK
�

6RXUFH�LQGHSHQGHQW� PHDVXUH� RI� WKH� FKDUDFWHULVWLF� ZDYHOHQJWK� RI� WKH� EDQGSDVV�
GHILQHG�VXFK�WKDW�LW�LV�WKH�VDPH�LI�WKH�LQSXW�VSHFWUXP�LV�LQ�XQLWV�RIbI RUbI �͐b ͒

):+0� )XOO�ZLGWK�DW�KDOI�PD[LPXP�RI�WKH�WKURXJKSXWb7� ��͐

$%� PDJ
]HUR�SRLQW

$%�PDJQLWXGH�RI�D�VRXUFH�WKDW�SURGXFHV�D�IOX[�RI�RQH�FRXQW�SHU�VHFRQG�

63SHDN 3HDN�VHQVLWLYLW\��H �V���SHU�LQFLGHQW�HUJ�FP �V���� �

%͐
� (TXLYDOHQW�EDQGSDVV�RI�ILOWHU��GHILQHG�VXFK�WKDW

�VHH� ��&KDSWHU������

5�� 5DGLXV�LQ�DUFVHFRQGV�RI�DQ�DSHUWXUH�WKDW�HQFORVHV�����RI�WKH�IOX[�RI�D�SRLQW�VRXUFH�
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�� IOX[� LQ
FHQWUDO
SL[HO

3HUFHQWDJH� RI� WKH� IOX[� RI� D� SRLQW� VRXUFH� WKDW� IDOOV� ZLWKLQ� WKH� FHQWUDO� SL[HO� �WKLV
HVWLPDWH�LV�DFFXUDWH�WR�DERXW������

�)RU�ILOWHUV�ZLWK�UHG�OHDNV��WKH�SLYRW�ZDYHOHQJWK��% ��DQG�):+0�FRUUHVSRQG�WR�WKH��LQ�EDQG��UHJLRQ�͐
DQG�GR�QRW�LQFOXGH�WKH�UHG�OHDN�

7KH� ILUVW� ILJXUH� IRU� HDFK� LPDJLQJ� PRGH� JLYHV� WKH� LQWHJUDWHG� V\VWHP� WKURXJKSXW�� 7KLV� LV� WKH
FRPELQDWLRQ� RI� WKH� HIILFLHQFLHV� RI� WKH� GHWHFWRU� DQG� RI� WKH� RSWLFDO� HOHPHQWV� LQ� WKH� OLJKW� SDWK�� 7KH
ERWWRP�VHFWLRQ�RI�WKH�WKURXJKSXW�ILJXUHV�LQFOXGH�ZDYHOHQJWKV�EH\RQG�WKH�QRPLQDO�SDVVEDQG�RI�WKDW
PRGH�� VKRZLQJ� DQ\� UHG� RU� EOXH� ૿OHDN� RQ� D� ORJ� VFDOH� �GRWWHG� VHFWLRQV� DUH� PDQXIDFWXUHUૼV� ODE
PHDVXUHPHQWV���7KH�WKURXJKSXW�LV�GHILQHG�DV�WKH�QXPEHU�RI�GHWHFWHG�FRXQWV�SHU�VHFRQG�SHU�FP bRI�

WHOHVFRSH�DUHD�UHODWLYH�WR�WKH�LQFLGHQW�IOX[�LQ�SKRWRQV�SHU�FP bSHU�VHFRQG��)RU�WKH�&&'�૿FRXQWV�LV�

WKH�QXPEHU�RI�HOHFWURQV�GHWHFWHG��)RU�WKH�0$0$��૿FRXQWV�LV�WKH�QXPEHU�RI�YDOLG�HYHQWV�SURFHVVHG
E\�WKH�GHWHFWRU�HOHFWURQLFV�DIWHU�SDVVLQJ�WKURXJK�WKH�YDULRXV�SXOVH�VKDSH�DQG�DQWL�FRLQFLGHQFH�ILOWHUV�
,Q�ERWK�FDVHV� WKH�GHWHFWHG�FRXQWV�REH\�3RLVVRQ�VWDWLVWLFV��7KH� WKURXJKSXW� LQFOXGHV�DOO� REVFXUDWLRQ
HIIHFWV�LQ�WKH�RSWLFDO�WUDLQ��H�J���GXH�WR�WKH� �VHFRQGDU\�DQG�GXH�WR�WKH�67,6�&&'�/\RW�VWRSV���7KH+67
૿HIIHFWLYH�DUHD�RI� WKH�PRGH�FDQ�EH�FRPSXWHG�IURP�WKH�WKURXJKSXW�E\�PXOWLSO\LQJ�E\�WKH�SK\VLFDO
DUHD�RI�WKH� �SULPDU\�PLUURU��������������FP ���7KLV�LV�VKRZQ�RQ�WKH�RUGLQDWH�ODEHO�RQ�WKH�ULJKW+67 �

VLGH�RI�HDFK�SORW�

7KH� WDEOH� IRU� HDFK�PRGH� JLYHV� WKH� WKURXJKSXW� DQG� WKH� SRLQW� VRXUFH� VHQVLWLYLW\� DV� D� IXQFWLRQ� RI
ZDYHOHQJWK��7KURXJKSXW�KDV�WKH�PHDQLQJ�GHVFULEHG�DERYH��7KHb bLPDJLQJ�SRLQW�VRXUFH�VHQVLWLYLW\ 6S b͐
KDV�XQLWV�RI�FRXQWV�V���SHU� LQFLGHQW�HUJ�FP �V���IRU�WKH�0$0$V��DQG�H �V���SHU� LQFLGHQW�HUJ�FP �V��� � �

IRU�WKH�&&'��&RXQWV�DQG�HOHFWURQV�UHIHU�WR�WKH�WRWDO�FRXQWV�IURP�WKH�SRLQW�VRXUFH�LQWHJUDWHG�RYHU�WKH
36)�
b
7KH� LPDJLQJ� GLIIXVH� VRXUFH� VHQVLWLYLW\b �� KDV� WKH� XQLWV�� FRXQWV�V���SL[� SHU� LQFLGHQW� HUJ�FP �V��6G͐

�

�DUFVHF bIRU�WKH�0$0$V�DQG�H �V���SL[�SHU�LQFLGHQW�HUJ�FP �V���DUFVHF bIRU�WKH�&&'�� � � �

b
7KXVb DQGb DUH�UHODWHG�WKURXJK�WKH�UHODWLRQ�6S͐b 6G͐b

ZKHUHb bLV�WKH�SODWH�VFDOH�LQ�DUFVHF�SHU�SL[HO��+HUH��ZH�KDYH�DVVXPHG�WKDW�WKH�GLIIXVH�VRXUFH�KDV�DP
XQLIRUP�EULJKWQHVV�RYHU�WKH�DUHD�RI�LQWHUHVW�

������b6LJQDO�7R�1RLVH
)RU�HDFK�LPDJLQJ�PRGH��SORWV�DUH�SURYLGHG�WR�HVWLPDWH�WKH�VLJQDO�WR�QRLVH��6�1��IRU�D�UHSUHVHQWDWLYH
VRXUFH��7KH�ILUVW�ILJXUH�VKRZV�6�1�IRU�SRLQW�VRXUFHV��IRU�WZR�GLIIHUHQW�JDLQV�IRU�WKH�&&'���7KH�VHFRQG
ILJXUH�VKRZV�6�1�IRU�XQLIRUP�H[WHQGHG�VRXUFHV�RI�DUHD���DUFVHF bDQG�����DUFVHF �� �
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����

7KH� GLIIHUHQW� OLQH� VW\OHV� LQ� WKH� 6�1� ILJXUHV� GHOLQHDWH� UHJLRQV� ZKHUH� GLIIHUHQW� VRXUFHV� RI� QRLVH
GRPLQDWH�� $� SDUWLFXODU� VRXUFH� RI� QRLVH� �UHDG� QRLVH� IRU� H[DPSOH�� LV� SUHVXPHG� WR� GRPLQDWH� LI� LW
FRQWULEXWHV�PRUH�WKDQ�KDOI�WKH�WRWDO�QRLVH�LQ�WKH�REVHUYDWLRQV��)RU�WKH�&&'��WKH�૿[�FKDUDFWHUV�DW�WKH
WRS�RI�HDFK�SORW� LQGLFDWH�WKH�RQVHW�RI�VDWXUDWLRQ�IRU�JDLQ ���ZKLOH�VROLG�GRWV� LQGLFDWH�VDWXUDWLRQ�IRU
JDLQ ���)RU�WKH�0$0$V��WKH�૿[�FKDUDFWHUV�VKRZ�ZKHUH�WKH�WRWDO�QXPEHU�RI�FRXQWV�H[FHHGV�WKH����
ELW�EXIIHU�VL]H�RI��������

7R�WKH�OHIW�RI�WKH�YHUWLFDO�OLQH�LQ�WKH�0$0$�6�1�SORWV��WKH�FRXQW�UDWH�IURP�WKH�VRXUFH�H[FHHGV�WKH����
FRXQWV�V�SL[�ORFDO�FRXQW�UDWH�OLPLW��VHHb ���7KLV�LV�FRPSXWHG�IURP�WKH�RQ�RUELW�PHDVXUHG�36)�7DEOH����
ZKLFK�JLYHV���WR�����RI�WKH�IOX[�LQ�WKH�FHQWUDO�SL[HO��7KH�EULJKW�REMHFW�VFUHHQLQJ�OLPLWV�LQb7DEOH������
bXVH�WKH�PRUH�FRQVHUYDWLYH��IRU�WKLV�SXUSRVH��HVWLPDWH�RI�����RI�WKH�IOX[�LQ�WKH�FHQWUDO�SL[HO�

7KH�SRLQW�VRXUFH�6�1�ILJXUHV�DUH�VKRZQ�IRU�DYHUDJH�VN\� OHYHOV��L�H��� WKH�ૻDYHUDJH�]RGLDFDO�DYHUDJH
HDUWKVKLQHૼ� EDFNJURXQG� OHYHO� XVHG� LQ� WKH� ��� DQG� IRU� VN\� OHYHOV� GXULQJ� RUELWDO� QLJKW� �L�H��67,6b (7&
DYHUDJH�]RGLDFDO���ORZ�HDUWK���)RU�WKH�&&'�WKH�UHDG�QRLVH�KDV�EHHQ�FRPSXWHG�DVVXPLQJ�D�QXPEHU�RI
UHDGRXWVb b �LQWHJHU�� b�������V���ZKHUHb LV�WKH�H[SRVXUH�WLPH��ZLWK�D�PLQLPXPb ��7KDWNREAD W Wb NREAD=2
LV��HDFK�H[SRVXUH�KDV�D�PLQLPXPb �CR-SPLIT=2

)RU�WKH�&&'��WKH�GRPLQDQW�VRXUFHV�RI�VN\�EDFNJURXQG�DUH�]RGLDFDO�OLJKW��VHHb ��DQG�VFDWWHUHG7DEOH����
HDUWKVKLQH��7KHb bUHTXLUHPHQW�FDQ�EH�XVHG�WR�HQVXUH�WKDW�WKHVH�EDFNJURXQGV�DUH�NHSW�DV�ORZLOW-SKY
RU�ORZHU�WKDQ�WKH�UDWHV�DVVXPHG�IRU�WKHVH�SORWV��,I�\RXU�VRXUFH�IDOOV�ZLWKLQ�WKH�VN\�GRPLQDWHG�SRUWLRQ
RI�WKH�ILJXUHV��\RX�PD\�ZDQW�WR�FRQVLGHU�LPSRVLQJ�WKHb bUHTXLUHPHQW�LOW-SKY

)RU�WKHb bWKH�VN\�EDFNJURXQG�KDV�GLIIHUHQW�FRQWULEXWLRQV�ZKLFK�FDQ�GRPLQDWH�GHSHQGLQJ�RQNUV-MAMA
WKH�ILOWHU�XVHG�DQG�RQ�ZKHWKHU�WKH�REVHUYDWLRQ�WDNHV�SODFH�RQ�WKH�GD\�RU�QLJKW�VLGHV�RI�WKH�RUELW��7KH
)89�JHRFRURQDO�OLQHV�GRPLQDWH�RQ�WKH�GD\�VLGH�LIb �b ��RU�D�QHXWUDO�GHQVLW\�ILOWHU�DUH�XVHGCLEAR F25SRF2
GXH�WR�WKH�VWUHQJWK�RI�WKRVH�OLQHV��VHHb ��DQG�WR�WKH�VLJQLILFDQW�VHQVLWLYLW\�RI�WKH�GHWHFWRU�DW7DEOH����
)89�ZDYHOHQJWKV��VHHb bDQGb ���7KH�189��0$0$���189�0$0$��&OHDU )��65)����189�0$0$��/RQJSDVV
>2� ,,@��������JHRFRURQDO� OLQH� LV� WKH�VHFRQG�PRVW� LPSRUWDQW�FRQWULEXWLRQ�DQG�GRPLQDWHV�RQ�WKH�GD\
VLGH�RI�WKH�RUELW�LIb bLV�XVHG��=RGLDFDO�OLJKW�SURYLGHV�WKH�ODUJHVW�FRQWULEXWLRQ�IRU�WKH�UHVW�RI�WKHF25QTZ
ILOWHUV�RQ�WKH�GD\�VLGH�RI�WKH�RUELW�DQG�IRU�PRVW�RI�WKHP�RQ�WKH�QLJKW�VLGH��ZKHUH�JHRFRURQDO�HPLVVLRQ
LV�JUHDWO\�UHGXFHG��7KH�GDUN�FXUUHQW�LV�ODUJHU�WKDQ�WKH�VN\�EDFNJURXQG�LQ�DOO�FDVHV�H[FHSW�IRU�&/($5
REVHUYDWLRQV�LQ�WKH�GD\�VLGH�RI�WKH�RUELW�

)RU� WKHb �� WKH�GRPLQDQW�VRXUFH�RI�EDFNJURXQG� LV�JHRFRURQDO�HPLVVLRQ� �VHH�7DEOHVb �bFUV-MAMA ��� ���
b DQGb ��� 7KH� OLQHV� YDU\� VWURQJO\� IURP� WKH� GD\� WR� QLJKW� VLGH� RI� WKH� RUELW�� )RU� EURDG�EDQG� WKH���
FRQWULEXWLRQ�IURP�WKH�JHRFRURQDO�OLQHV�FDQ�EH�PLQLPL]HG�E\�XVLQJ�WKHb bILOWHU��RU�REVHUYLQJ�ZLWKF25QTZ
WKHb VSHFLDO�UHTXLUHPHQW�bDARKTIME
b
)ROORZ�WKHVH�VWHSV�WR�XVH�WKH�VLJQDO�WR�QRLVH�SORWV�

'HWHUPLQH�WKH�$%�PDJQLWXGH�RI�\RXU�VRXUFH�DW� WKH�ZDYHOHQJWK�RI� LQWHUHVW��7KHUH�DUH�VHYHUDO
ZD\V�WR�GR�WKLV�
�b([DPLQHb bDQG�ILQG�$% �IRU�WKH�GHVLUHG�WHPSHUDWXUH�DQG�ILOWHU��6XP�WKH�9�PDJQLWXGH7DEOH����� 9
RI�WKH�WDUJHW�DQG�$% �9
��$OWHUQDWLYHO\��FRPSXWH�$%0$*b� 9�$% ��IURP�WKH�VRXUFH�IOX[��XVLQJ�WKH�UHODWLRQ�9
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RU

)LQG� WKH�DSSURSULDWH�SORW� IRU� WKH� ILOWHU� LQ�TXHVWLRQ��DQG� ORFDWH�9�$% �RQ� WKH�KRUL]RQWDO� D[LV�9
7KHQ�UHDG�RII�WKH�VLJQDO�WR�QRLVH�UDWLR�IRU�WKH�GHVLUHG�H[SRVXUH�WLPH��RU�YLFH�YHUVD�

:H�QRZ�JLYH�D�VDPSOH�6�1�FDOFXODWLRQ�XVLQJ�WKHVH�SORWV��&RQVLGHU�D�9 ���VWDU�RI�VSHFWUDO�FODVV�*�9�
IRU�ZKLFK�ZH�ZDQW�WR�REWDLQ�6�1� ����ZLWKb bREVHUYLQJ�ZLWK�WKH�&&'��)URPb bZH�ILQGF28X50LP 7DEOH�����
D�FRUUHFWLRQ�$% bWR�JR�IURP�9�PDJQLWXGH�WR�$%�PDJQLWXGH�QHDU�WKH�FHQWHU�RI�WKHb9 �ಝ���� F28X50LP

bEDQGSDVV��:H�WKXV�KDYH�9�$%  �������:H�ORRN�DW� bDQG�ILQG�WKLV�YDOXH�RQ�WKH�KRUL]RQWDO9 )LJXUH�����
D[LV� DQG� UHDG�XS� WR� ILQG� WKH� FXUYH� WKDW� LQWHUVHFWV� WKH� GHVLUHG� 6�1��:H� ILQG�a������� VHFRQGV� DUH
QHHGHG�WR�UHDFK�6�1� ����LQ�FRQGLWLRQV�RI�ORZ�VN\�EDFNJURXQG�

,Q� VLWXDWLRQV� UHTXLULQJ�PRUH�GHWDLOHG� FDOFXODWLRQV� �QRQ�VWHOODU� VSHFWUD�� H[WHQGHG� VRXUFHV�� RWKHU� VN\
EDFNJURXQG� OHYHOV�� XQNQRZQ� WDUJHW� 9� PDJQLWXGH�� HWF���� WKHb b � �67,6� ([SRVXUH� 7LPH� &DOFXODWRU (7&
VKRXOG�EH�XVHG�

������b3RLQW�6SUHDG�)XQFWLRQV
7KH�ILQDO�ILJXUHV�DQG�WDEOH�IRU�HDFK�LPDJLQJ�PRGH�FRQWDLQ�LQIRUPDWLRQ�RQ�WKH�SRLQW�VSUHDG�IXQFWLRQ�
7KH�HQFLUFOHG�HQHUJ\�SORWV�DQG� WDEOHV�DUH�QRUPDOL]HG� WR���DW�D� UDGLXV�RI���DUFVHFRQG�� ,Q�DFWXDOLW\
DERXW�����RI�WKH�OLJKW�IURP�D�SRLQW�VRXUFH�IDOOV�EH\RQG�WKLV�UDGLXV��KRZHYHU��KLJK�6�1�REVHUYDWLRQV
H[WHQGLQJ�RXW�WR�ODUJH�UDGLXV�H[LVW�IRU�RQO\�D�IHZ�PRGHV�IURP�RQ�RUELW�GDWD��7KH�LQWHQVLW\�YV��UDGLXV
SORWV�DUH�QRUPDOL]HG�WR�D�WRWDO�LQWHJUDWHG�IOX[�RI����7KH�36)�LPDJH�LV�VKRZQ�RQ�D�ORJDULWKPLF�LQWHQVLW\
VFDOH�WR�HQKDQFH�IDLQW�IHDWXUHV�LQ�WKH�ZLQJV�RI�WKH�36)��1RWH�WKH�VWHOODU�OLNH�ૻJKRVWૼ�DW�DSSUR[LPDWHO\
���SL[HOV�OHIW�RI�WKH�SHDN�SL[HO�LQ�DOOb �)LOWHU�LPDJHV��H�J��� ��7KH�JKRVW�LV�D�IHZNUV-MAMA )LJXUH������
WHQWKV� RI� D� SHUFHQW� RI� WKH� SVI� SHDN� LQWHQVLW\�� 6HH� b IRU� D%RZHUV� ����� &DOLEUDWLRQ�:RUNVKRS��+67�
GLVFXVVLRQ�RI� ૿EUHDWKLQJ�HIIHFWV�RQ�WKH�36)��$GGLWLRQDO�LQIRUPDWLRQ�DERXW�WKH�67,6�36)�DQG�FRORU+67�
GHSHQGHQW�DSHUWXUH�FRUUHFWLRQV�FDQ�EH�IRXQG�LQb �67,6�,65��������

7DEOH�������&RORU�&RUUHFWLRQV�$% bWR�FRQYHUW�IURP�-RKQVRQ�9�0DJQLWXGH�WR�$%�0DJQLWXGH��9DOXHV�ZHUH9
FDOFXODWHG�XVLQJ�VRODU�PHWDOOLFLW\�/HMHXQH�PRGHOV�ZLWK�ORJ�J� �����

&&'
0RGHV

$% bDV�D�)XQFWLRQ�RI�7HPSHUDWXUH9
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��&&' ����� ����� ���� ���� ���� ���� ���� ���� ���� ���� ����� �����

)��;��2,,, ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� �����

)��;��2,, ����� ����� ����� ���� ���� ���� ���� ���� ���� ���� ���� ����

189 �
0$0$
0RGHV

$% bDV�D�)XQFWLRQ�RI�7HPSHUDWXUH9
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�����&&'
b�7KH7KLV�VHFWLRQ�SURYLGHV�WKH�EDVLF�SURSHUWLHV�RI�WKH�ILOWHUV�DYDLODEOH�IRU�XVH�ZLWK�WKH�&&'�GHWHFWRU�

ILHOG�RI�YLHZ�IRU�WKH�&&'�LV������������XQOHVV�RWKHUZLVH�QRWHG��b$OVR�QRWH�WKDW�WKH�VHQVLWLYLWLHV�JLYHQ
DUH�SURMHFWHG�YDOXHV�IRU������$XJXVW��b)RU�PRUH�XS�WR�GDWH�YDOXHV��SOHDVH�VHH�WKH� �67,6�(7&

ଅ�6HFWLRQ�&&'�&OHDU�,PDJLQJ��&&'
ଅ�6HFWLRQ�&&'�/RQJ�3DVV�,PDJLQJ�)��;��/3
ଅ�6HFWLRQ�)��;��2,,,&&'
ଅ�6HFWLRQ�)��;��2,,&&'
ଅ�6HFWLRQ���&2521&OHDU�&&'
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&&'�&OHDU�,PDJLQJ�����&&'
'HVFULSWLRQ

7KH���&&'�PRGH�LV�YHU\�VHQVLWLYH�IRU�EURDG�EDQG�RSWLFDO�LPDJLQJ��)RU�D�IL[HG�H[SRVXUH�WLPH��WKH�$&6
:)&�ZLWK�WKH�)���:�RU�)���:�ZLOO�EH�D�EHWWHU�FKRLFH�IRU�PRVW�XVHUV�

5HFRPPHQGHG�8VHV

7KLV�ILOWHU�LV�UHFRPPHQGHG�IRU�GHHS�LPDJLQJ�ZKHUH�GHWDLOHG�FRORU�LQIRUPDWLRQ�LV�QRW�QHHGHG��,Q�PRVW
FDVHV�WKH�$&6�:)&�ZLOO�EH�D�EHWWHU�FKRLFH�

6SHFLDO�&RQVLGHUDWLRQV

9HU\�UHG�VRXUFHV�PD\�VKRZ�VLJQLILFDQW�ZLQJV�IURP�GHWHFWRU�KDOR��VHHb ��6HFWLRQ������
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6HFWLRQ�)��&1���189�0$0$
6HFWLRQ�)��&,,,189�0$0$
6HFWLRQ�)��&1���189�0$0$
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��0$0$���189�0$0$��&OHDU
'HVFULSWLRQ

7KHb25MAMA�PRGH�ZLWK� WKH�189�0$0$�SURYLGHV�KLJK�WKURXJKSXW�EURDG�EDQG�QHDU�XOWUDYLROHW� �189�
LPDJLQJ�ZLWK�H[FHOOHQW�SL[HO�VDPSOLQJ�DQG�YHU\�KLJK�WKURXJKSXW�DW�a�������

5HFRPPHQGHG�8VHV

7KLV�ILOWHU�LV�DYDLODEOH�IRU�EURDG�EDQG�189�LPDJLQJ��EXW�QRW�UHFRPPHQGHG��VHH�EHORZ�

6SHFLDO�&RQVLGHUDWLRQV

189�0$0$�FOHDU�LPDJHV� bEHFDXVH�WKH�PLUURU�RSWLPDOO\�IRFXVHV�IRU�XVH�RI�DDUH�PDUJLQDOO\�GHIRFXVHG
ILOWHU��:KHQHYHU�SRVVLEOH��XVHb LQVWHDG�RIb bIRU�189�0$0$�LPDJLQJ��RU� bF25SRF2 F25QTZ 25MAMA

)RU�ORQJ�H[SRVXUHV�RI�IDLQW�WDUJHWV��VN\�EDFNJURXQG�LV�OLNHO\�WR�EH�D�OLPLWLQJ�IDFWRU��2EVHUYHUV�VKRXOG
FRQVLGHU� WKH� XVH� RIb b RU� �SUHIHUDEO\�� XVH� WKHb ILOWHU�� ZKLFK� KDV� QHDUO\� WKH� VDPHDARKTIME bF25QTZ
WKURXJKSXW�EXW�UHMHFWV�JHRFRURQDO�/\PDQ� DQG�2b ��������WULSOHW�DLU�JORZ�͆b I

8VHUV�VKRXOG�DOVR�FRQVLGHU�ZKHWKHU�:)&��ZLWK�WKH�)���:��WKH�)���;�RU�WKH�)���:�ILOWHUV�PLJKW�EH�D
EHWWHU�FKRLFH�IRU�WKHLU�VFLHQFH�JRDOV�

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ������ ������ ����H��� ������ ���� ��
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��0$0$�189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b

��0$0$�189�0$0$�6HQVLWLYLW\�	�7KURXJKSXW7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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����� ����(�� ����

3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH���0$0$�189�0$0$577



3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH���0$0$�189�0$0$
PRGH��7RS�FXUYHV�DUH�IRU�'$5.7,0(��%RWWRP�FXUYHV�DUH�IRU�DYHUDJH�VN\��&XUYHV�DUH�ODEHOHG
E\�UHTXLUHG�H[SRVXUH�WLPH��VHF���

([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ�WKH�9�EDQG)LJXUH�������b b IRU� WKH���0$0$�189�578



([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ�WKH�9�EDQG)LJXUH�������b b IRU� WKH���0$0$�189�
0$0$�PRGH��7RS�FXUYHV�DUH� IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH� IRU���DUFVHF��
$YHUDJH�VN\�DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

5DGLDO�3URILOH�IRU���0$0$7DEOH�������b

5DGLXV
b

)UDFWLRQ�RI�(QHUJ\�(QFLUFOHG

3L[HOV $UFVHF ,QWHQVLW\

� ����� �����H��� �����

��� ����� �����H��� �����

� ����� �����H��� �����

� ����� �����H��� �����

� ����� �����H��� �����

� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����
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�� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����

6HHb67,6�,65���������

3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU���0$0$�189�0$0$)LJXUH�������b 580
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3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU���0$0$�189�0$0$)LJXUH�������b

3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU���0$0$�189�0$0$)LJXUH�������b 581



3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU���0$0$�189�0$0$)LJXUH�������b
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)��1'����189�0$0$
'HVFULSWLRQ

7KHbF25ND3bPRGH�ZLWK�WKH�189�0$0$�SURYLGHV�EURDG�EDQG�LPDJLQJ�ZLWK�DQ�DWWHQXDWLRQ�RI��� ��� ZLWK
�� 7KH� YDOXH� RI� 5UHVSHFW� WR� VLPLODU� ILOWHUV� �H�J��� �� �25MAMA F25QTZ ��b DQG� WKH� FHQWUDO� SL[HO� IOX[� DUH

XQPHDVXUHG�EXW�DVVXPHG�WR�EH�DSSUR[LPDWHO\�WKH�VDPH�DV�SURGXFHG�E\�WKH F25QTZbILOWHU�

5HFRPPHQGHG�8VHV

7KLV�ILOWHU�LV�UHFRPPHQGHG�IRU�EURDG�EDQG�189�LPDJLQJ�RI�REMHFWV�WKDW�DUH�WRR�EULJKW�E\�D�IDFWRU�RI���
�IRU�WKH���0$0$��FOHDU��ILOWHU��

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ������ ����� ����H��� ����� ���� ��

)��1'��189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b 583



)��1'��189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b

7KURXJKSXW�DQG�6HQVLWLYLW\�IRU�)��1'��189�0$0$7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��1'��189�0$0$585



3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��1'��189�0$0$
PRGH��7RS�FXUYHV�DUH�IRU�'$5.7,0(��%RWWRP�FXUYHV�DUH�IRU�DYHUDJH�VN\��&XUYHV�DUH�ODEHOHG
E\�UHTXLUHG�H[SRVXUH�WLPH��VHF���

([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH�)��1'��189�586



([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH�)��1'��189�
0$0$�PRGH��7RS�FXUYHV�DUH� IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH� IRU���DUFVHF��
$YHUDJH�VN\�DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��
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)��1'����189�0$0$
'HVFULSWLRQ

7KH F25ND5bPRGH�ZLWK�WKHb189�0$0$bSURYLGHV�EURDG�EDQG�LPDJLQJ�ZLWK�DQ�DWWHQXDWLRQ�RI��b�b�� ���
�7KH�YDOXH�RI�5�ZLWK�UHVSHFW�WR�VLPLODU�EURDG�EDQG�LPDJLQJ�ILOWHUV��H�J��� �� �25MAMA F25QTZ ��bDQG�WKH

FHQWUDO�SL[HO�IOX[�DUH�XQPHDVXUHG�EXW�DVVXPHG�WR�EH�DSSUR[LPDWHO\�WKH�VDPH�DV�SURGXFHG�E\�WKHb
F25QTZbILOWHU�

5HFRPPHQGHG�8VHV

7KLV�ILOWHU�LV�UHFRPPHQGHG�IRU�EURDG�EDQG�189�LPDJHV�WKDW�DUH�WRR�EULJKW�E\�D�IDFWRU�RI��b �IRU�b���
WKH���0$0$��FOHDU��ILOWHU�

6SHFLDO�&RQVLGHUDWLRQV

7KH�WKURXJKSXW�RI�WKH�1'��ILOWHU�DQGb bFRPELQDWLRQ�UHODWLYH�WR�WKH�XQILOWHUHGb bYDULHVNUV-MAMA NUV-MAMA
VWURQJO\�DV�D� IXQFWLRQ�RI�ZDYHOHQJWK��$W�ZDYHOHQJWKV�EHWZHHQ������DQG�������� WKH� WUDQVPLVVLRQ
IDFWRU�LV�FORVH�WR� ��$W�VKRUWHU�ZDYHOHQJWKV�WKH�UHODWLYH�WKURXJKSXW�FDQ�EH�D�IDFWRU�RI�WHQ�RU�b b��� ��

PRUH�VPDOOHU��ZKLOH�DW�ORQJHU�ZDYHOHQJWKV�LW�LV�FRQVLGHUDEO\�ODUJHU��VR�VSHFLDO�FDUH�VKRXOG�EH�WDNHQ
IRU�UHG�VRXUFHV��7R�PDNH�DQ�DFFXUDWH�SUHGLFWLRQ�RI�WKH�H[SHFWHG�FRXQW�UDWH��REVHUYHUV�VKRXOG�XVH�D
JRRG�DSSUR[LPDWLRQ�RI�WKH�VRXUFH�VSHFWUXP�DV�LQSXW�IRU�WKHb �67,6�(7&

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ������ ����� ����H�� ����� ���� ��

)��1'��189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b 588
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)��1'��189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b

7KURXJKSXW�DQG�6HQVLWLYLW\�IRU�)��1'��189�0$0$7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��1'��189�0$0$590



3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��1'��189�0$0$
PRGH��7RS�FXUYHV�DUH�IRU�'$5.7,0(��%RWWRP�FXUYHV�DUH�IRU�DYHUDJH�VN\��&XUYHV�DUH�ODEHOHG
E\�UHTXLUHG�H[SRVXUH�WLPH��VHF���

([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH�)��1'��189�591



([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH�)��1'��189�
0$0$�PRGH��7RS�FXUYHV�DUH� IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH� IRU���DUFVHF��
$YHUDJH�VN\�DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��
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)��1'4���189�0$0$
'HVFULSWLRQ

7KHbF25NDQbPRGH�ZLWK�WKHbNUV-MAMA�GHWHFWRU�SURYLGHV�EURDG�EDQG�LPDJLQJ�ZLWK�DWWHQXDWLRQ�IDFWRUV
WKDW�YDU\bEHWZHHQ������DQG��� ��� ZLWK� UHVSHFW� WR� VLPLODU�EURDG�EDQG� LPDJLQJ� ILOWHUV� �H�J��� ��25MAMA

��7KH�IXOO� ILHOG�RI�YLHZ�LV����DUFVHF� b���DUFVHF��EXW�WKHb bILOWHU� LV�XQLTXH�LQ�WKDW� LW� LV�F25QTZ � F25NDQ
GLYLGHG�LQWR�IRXU�TXDGUDQWV��HDFK�KDYLQJ�D�GLIIHUHQW�QHXWUDO�GHQVLW\�IDFWRU��7KXV��WKH�ILHOG�RI�YLHZ�IRU
HDFK�TXDGUDQW� LV����DUFVHF������DUFVHF�� ,Q�FORFNZLVH�RUGHU�VWDUWLQJ�IURP�WKH�XSSHU� OHIW� WKHVH�DUHb
F25NDQ1�b F25NDQ2�b F25NDQ3�� DQGb F25NDQ4�� ZKHUH� WKH� QXPEHU� DSSHQGHG� WR� HDFK� QDPH� LV� WKH
DSSUR[LPDWH� GH[� 1'� IDFWRU�� 7KH� 5��b DQG� FHQWUDO� SL[HO� IOX[� DUH� XQPHDVXUHG� EXW� DVVXPHG� WR� EH
DSSUR[LPDWHO\�WKH�VDPH�DV�SURGXFHG�E\�WKHb bF25SRF2 ILOWHU�

5HFRPPHQGHG�8VHV

5HFRPPHQGHG�IRU�EURDG�EDQG� LPDJLQJ�RI�EULJKW�REMHFWV�ZKLFK�UHTXLUH�DWWHQXDWLRQ�RI�EHWZHHQ�����

bDQG�����bWR�PHHWbNUV-MAMAbEULJKW�REMHFW�OLPLWV�

6SHFLDO�&RQVLGHUDWLRQV

,I� D� WDUJHW�ZRXOG� YLRODWH�%23� UHVWULFWLRQV� LQ� DQ\�TXDGUDQW� RI� WKHbF25NDQb DSHUWXUH�� WKH� UHVWULFWLRQV
UHJDUGLQJ�SRLQWLQJ�FORVH�WR�REMHFWV�YLRODWLQJ�VDIHW\�OLPLWV�GLVFXVVHG�LQb&KDSWHU��bDQGb67,6�,65��������
DSSO\��$OVR�WKH�GLYLGLQJ�OLQHV�EHWZHHQ�WKH�TXDGUDQWV�DUH�VRPHZKDW�GLVSODFHG�IURP�WKH�FHQWHU�RI�WKH
GHWHFWRU�DQG�DUH�QRW�TXLWH�SDUDOOHO�WR�WKH�GHWHFWRU�HGJHV��VHHb)LJXUH���������VR�REVHUYHUV�IRU�ZKRP
WKH�H[DFW�ORFDWLRQV�RI�WKH�TXDGUDQW�ERXQGDULHV�DUH�LPSRUWDQW�VKRXOG�FRQVXOW�WKHb+HOS�'HVN�

$SHUWXUH 3LYRWb͐b
���
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���
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)��1'4�,QWHJUDWHG�6\VWHP�7KURXJSXWV�)LJXUH�������b

7KURXJKSXWV�DQG�6HQVLWLYLWLHV�IRU�)��1'4�189�0$0$�TXDGUDQWV�7DEOH�������b

6HQVLWLYLWLHV 7KURXJKSXWV

͐ )��1'4� )��1'4� )��1'4� )��1'4� )��1'4� )��1'4� )��1'4� )��1'4�
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)��47=���189�0$0$��/RQJSDVV
'HVFULSWLRQ

7KH F25QTZbILOWHU�ZLWK�WKHbNUV-MAMA�SURYLGHV�KLJK�WKURXJKSXW�EURDG�EDQG�189�LPDJLQJ�ZLWK�EHWWHU
UHMHFWLRQ�RI�JHRFRURQDO�HPLVVLRQ�WKDQ�WKH�F25MAMAbRUbF25SRF2bPRGHV��WKH�VDPH�ILHOG�RI�YLHZ��DQG�WKH
VDPH�KLJK�VSDWLDO�UHVROXWLRQ�

5HFRPPHQGHG�8VHV

7KLV�ILOWHU�LV�UHFRPPHQGHG�IRU�EURDG�EDQG�189�LPDJLQJ�RI�IDLQW�WDUJHWV�

6SHFLDO�&RQVLGHUDWLRQV

6N\�EDFNJURXQG�RQ�WKH�GD\�VLGH�RI� WKH�RUELW�FRQWDLQV�D�VLJQLILFDQW�FRQWULEXWLRQ�IURP�>2b ,,@�DLU�JORZ
HPLVVLRQ�DW���������,Q�KLJK�EDFNJURXQG�FRQGLWLRQV��WKH�VN\�EDFNJURXQG�FDQ�FRQWULEXWH�D�VLJQLILFDQW
DPRXQW�WR�WKH�GHWHFWRU�EDFNJURXQG��2EVHUYHUV�FDQ�OLPLW�WKH�EDFNJURXQG��ZLWK�VRPH�FRVW�WR�WKH�WRWDO
DPRXQW�RI�REVHUYLQJ�WLPH�SHU�RUELW��E\�XVLQJ�WKHbDARKTIMEbVSHFLDO�UHTXLUHPHQW�

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ����� ������ ����H��� ������ ���� ��

)��47=�189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b 596



)��47=�189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b

)��47=�189�0$0$�6HQVLWLYLW\�	�7KURXJKSXW7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��47=�189�0$0$598



3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��47=�189�0$0$
PRGH��7RS�FXUYHV�DUH�IRU�'$5.7,0(��%RWWRP�FXUYHV�DUH�IRU�DYHUDJH�VN\��&XUYHV�DUH�ODEHOHG
E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH�)��47=�189�599



([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH�)��47=�189�
0$0$�PRGH��7RS�FXUYHV�DUH� IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH� IRU���DUFVHF��
$YHUDJH�VN\�DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

5DGLDO�3URILOH�IRU�)��47=��VHHb7DEOH�������b 67,6�,65���������

5DGLXV
b

)UDFWLRQ�RI�(QHUJ\�(QFLUFOHG

3L[HOV $UFVHF ,QWHQVLW\
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3RLQW�6RXUFH�36)� IRU�)��47=�189�0$0$�������VTXDUH� �DW�SL[HO���������� ORJ)LJXUH�������b 601



3RLQW�6RXUFH�36)� IRU�)��47=�189�0$0$�������VTXDUH� �DW�SL[HO���������� ORJ)LJXUH�������b
VFDOHG���1RWH�36)�JKRVW�a���SL[HOV�OHIW�RI�SHDN�SL[HO�DQG�D�IHZ�����bRI�WKH�SHDN

3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��47=�189�0$0$)LJXUH�������b 602



3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��47=�189�0$0$)LJXUH�������b

3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��47=�189�0$0$)LJXUH�������b 603



3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��47=�189�0$0$)LJXUH�������b
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)��65)����189�0$0$��/RQJSDVV
'HVFULSWLRQ

7KHbF25SRF2bILOWHU�ZLWK�WKHbNUV-MAMA�SURYLGHV�KLJK�WKURXJKSXW�EURDG�EDQG�189�LPDJLQJ�ZLWK�EHWWHU
UHMHFWLRQ�RI�JHRFRURQDO�HPLVVLRQ�WKDQ�WKH�F25MAMAbEXW�ZRUVH�WKDQ�WKHbF25QTZ�PRGH��,W�SURYLGHV�WKH
VDPH�ILHOG�RI�YLHZ�DQG�KLJK�VSDWLDO�UHVROXWLRQ�

5HFRPPHQGHG�8VHV

7KLV� ILOWHU�KDV�VOLJKWO\�KLJKHU� WKURXJKSXW� WKDQbF25QTZ��EXW� OHWV� LQ�JHRFRURQDO�2� ,�������� WULSOHW�� ,Q
PRVW�FDVHV�WKH�VN\�EDFNJURXQG�ZLOO�VWLOO�EH�ORZHU�WKDQ�WKH�GHWHFWRU�EDFNJURXQG�

6SHFLDO�&RQVLGHUDWLRQV

6N\�EDFNJURXQG�RQ�WKH�GD\�VLGH�RI� WKH�RUELW�FRQWDLQV�D�VLJQLILFDQW�FRQWULEXWLRQV�IURP�>2,,@�DLU�JORZ
HPLVVLRQ� DW� ����� �� DQG� 2� � ����� �� WULSOHW� DLU� JORZ�� ,Q� KLJK�EDFNJURXQG� FRQGLWLRQV�� WKH� VN\I
EDFNJURXQG� FDQ� GRPLQDWH� WKH� GHWHFWRU� EDFNJURXQG�� ,Q� DYHUDJH� GD\�VLGH� REVHUYLQJ� FRQGLWLRQV� WKH
EDFNJURXQG� IURP� WKH� VN\� LV� DSSUR[LPDWHO\� KDOI� RI� WKH� EDFNJURXQG� FRPLQJ� IURP� WKH� GHWHFWRU� GDUN
FXUUHQW�� $OVR�� WKH� EDFNJURXQG� WKURXJK� F25SRF2b ZLOO� EH� DERXW� ���� KLJKHU� WKDQ� WKURXJKb F25QTZ�
2EVHUYHUV�FDQ�OLPLW�WKH�EDFNJURXQG�E\�XVLQJ�WKHbDARKTIMEbVSHFLDO�UHTXLUHPHQW�

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO
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)��65)��189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b

)��65)��189�0$0$�6HQVLWLYLW\�	�7KURXJKSXW7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��65)��189�0$0$607



3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��65)��189�0$0$
PRGH��7RS�FXUYHV�DUH�IRU�'$5.7,0(��%RWWRP�FXUYHV�DUH�IRU�DYHUDJH�VN\��&XUYHV�DUH�ODEHOHG
E\�UHTXLUHG�H[SRVXUH�WLPH��VHF���

([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ�WKH�9�EDQG)LJXUH�������b b IRU�WKH�)��65)��189�608



([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ�WKH�9�EDQG)LJXUH�������b b IRU�WKH�)��65)��189�
0$0$�PRGH��7RS�FXUYHV�DUH� IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH� IRU���DUFVHF��
$YHUDJH�VN\�DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

609



)��0*,,���189�0$0$
'HVFULSWLRQ

7KHbF25MGIIb ILOWHU�ZLWK� WKHbNUV-MAMAbSURYLGHV�QDUURZ�EDQG� LPDJLQJ�FHQWHUHG�RQ� WKH�0J� ,,�������
IHDWXUH�

5HFRPPHQGHG�8VHV

7KLV�ILOWHU�LV�UHFRPPHQGHG�IRU�QDUURZ�EDQG�LPDJLQJ�RI�WKH�0J�,,��������OLQH�

6SHFLDO�&RQVLGHUDWLRQV

7KHUH�LV�D�VXEVWDQWLDO�UHG�OHDN�LQ�WKLV�ILOWHU��6RXUFHV�ZLWK�D�UHG�XQGHUO\LQJ�FRQWLQXXP�PD\�EH�GLIILFXOW
WR� REVHUYH�� 8VHUV� VKRXOG� EH� FDUHIXO� WR� WDNH� LQWR� DFFRXQW� WKH� XQGHUO\LQJ� FRQWLQXXP� LQ� HVWLPDWLQJ
ZKHWKHU� WKH� REVHUYDWLRQ� ZLOO� IDOO� ZLWKLQ� WKH� EULJKW� REMHFW� SURWHFWLRQ� OLPLWV�� 7KLV� ILOWHU� DOVR� KDV� D
FRPSOH[�36)�DQG�H[KLELWV�VHYHUDO�JKRVWV�

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ���� ������ ����H��� ���� ���� ���

)LJXUH�������b3RLQW�6RXUFH�36)� IRU� )��0*,,�189�0$0$������ VTXDUH� �DW�SL[HO���������� ORJ610



)LJXUH�������b3RLQW�6RXUFH�36)� IRU� )��0*,,�189�0$0$������ VTXDUH� �DW�SL[HO���������� ORJ
VFDOHG��%�9 ��������1RWH�36)�JKRVW�a���SL[HOV�OHIW�RI�SHDN�SL[HO�ZLWK�D�EULJKWQHVV�RI�VHYHUDO
WKRXVDQGWKV�RI�WKH�SHDN��DV�ZHOO�DV�WKH�PXFK�PRUH�FRPSOH[�JKRVW�DERXW����SL[HOV�WR�WKH
ULJKW�RI�WKH�FHQWUDO�SL[HO�

)��0*,,�189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b 611



)��0*,,�189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b

b6HQVLWLYLW\�	�7KURXJKSXW7DEOH�������)��0*,,

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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3RLQW�6RXUFH�6�1�YV�� OLQH� IOX[)LJXUH�������b b IRU� WKH�)��0*,,�189�0$0$�PRGH��&XUYHV�DUH613



3RLQW�6RXUFH�6�1�YV�� OLQH� IOX[)LJXUH�������b b IRU� WKH�)��0*,,�189�0$0$�PRGH��&XUYHV�DUH
ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

([WHQGHG� 6RXUFH� 6�1� YV�� OLQH� IOX[)LJXUH� ������b b IRU� WKH� )��0*,,� 189�0$0$� PRGH�� 7RS614



([WHQGHG� 6RXUFH� 6�1� YV�� OLQH� IOX[)LJXUH� ������b b IRU� WKH� )��0*,,� 189�0$0$� PRGH�� 7RS
FXUYHV� DUH� IRU� DQ� DUHD� RI� ���� DUFVHF��� ERWWRP� FXUYHV� DUH� IRU� �� DUFVHF��� $YHUDJH� VN\
DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

5DGLDO�3URILOH�IRU�)��0*,,7DEOH�������b

5DGLXV
b

)UDFWLRQ�RI�(QHUJ\�(QFLUFOHG
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3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��0*,,�189�0$0$)LJXUH�������b

3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��0*,,�189�0$0$)LJXUH�������b 617



3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��0*,,�189�0$0$)LJXUH�������b
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)��&1������189�0$0$
'HVFULSWLRQ

7KHbF25CN270b ILOWHU�ZLWK�WKHbNUV-MAMA�SURYLGHV�PHGLXP�EDQGZLGWK� LPDJLQJ�QHDU� WKH�0J� ,,�������
IHDWXUH�

5HFRPPHQGHG�8VHV

7KLV�ILOWHU�LV�UHFRPPHQGHG�IRU�LPDJLQJ�0J�,,��������OLQH�HPLVVLRQ�DQG�LWV�ORFDO�FRQWLQXXP�

6SHFLDO�&RQVLGHUDWLRQV

7KHUH�LV�D�VXEVWDQWLDO�UHG�OHDN�LQ�WKLV�ILOWHU��6RXUFHV�ZLWK�D�UHG�XQGHUO\LQJ�FRQWLQXXP�PD\�EH�GLIILFXOW
WR� REVHUYH�� 8VHUV� VKRXOG� EH� FDUHIXO� WR� WDNH� LQWR� DFFRXQW� WKH� XQGHUO\LQJ� FRQWLQXXP� LQ� HVWLPDWLQJ
ZKHWKHU�WKH�REVHUYDWLRQ�ZLOO�IDOO�ZLWKLQ�WKH�EULJKW�REMHFW�SURWHFWLRQ�OLPLWV�

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ����� ������ ����H��� ����� ���� ���

)��&1����189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HG�/HDN)LJXUH�������b 619



)��&1����189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HG�/HDN)LJXUH�������b

)��&1����189�0$0$�6HQVLWLYLW\�	�7KURXJKSXW7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��&1����189�0$0$621



3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��&1����189�0$0$
PRGH��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��&1����189�622



([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��&1����189�
0$0$�PRGH��7RS�FXUYHV�DUH� IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH� IRU���DUFVHF��
$YHUDJH�VN\�DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

5DGLDO�3URILOH�IRU�)��&1���7DEOH�������b

5DGLXV
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)UDFWLRQ�RI�(QHUJ\�(QFLUFOHG
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3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ����� ������ ����H��� ����� ���� ���

)��&,,,�189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b 627



)��&,,,�189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b

)��&,,,�189�0$0$�6HQVLWLYLW\�	�7KURXJKSXW7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

628



����� ����(�� ����

3RLQW�6RXUFH�6�1�YV��WRWDO�OLQH�IOX[)LJXUH�������b bIRU�WKH�)��&,,,�189�0$0$�PRGH��&XUYHV�DUH629



3RLQW�6RXUFH�6�1�YV��WRWDO�OLQH�IOX[)LJXUH�������b bIRU�WKH�)��&,,,�189�0$0$�PRGH��&XUYHV�DUH
ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

([WHQGHG�6RXUFH�6�1�YV��WRWDO� OLQH�IOX[)LJXUH�������b bIRU�WKH�)��&,,,�189�0$0$�PRGH��7RS630



([WHQGHG�6RXUFH�6�1�YV��WRWDO� OLQH�IOX[)LJXUH�������b bIRU�WKH�)��&,,,�189�0$0$�PRGH��7RS
FXUYHV� DUH� IRU� DQ� DUHD� RI� ���� DUFVHF��� ERWWRP� FXUYHV� DUH� IRU� �� DUFVHF��� $YHUDJH� VN\
DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

7DEOH�������b5DGLDO�3URILOH�IRU�)��&,,,��VHHb67,6�,65����������

5DGLXV
b

)UDFWLRQ�RI�(QHUJ\�(QFLUFOHG

3L[HOV $UFVHF ,QWHQVLW\

� ����� �����H��� �����

��� ����� �����H��� �����

� ����� �����H��� �����

� ����� �����H��� �����

� ����� �����H��� �����

� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����

631

http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200301.pdf


�� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����

)LJXUH� ������b 3RLQW� 6RXUFH� 36)� IRU� )��&,,,� 189�0$0$�� ����� VTXDUH� �DW� SL[HO� ��������� ORJ632



)LJXUH� ������b 3RLQW� 6RXUFH� 36)� IRU� )��&,,,� 189�0$0$�� ����� VTXDUH� �DW� SL[HO� ��������� ORJ
VFDOHG��%�9 ��������1RWH�36)�JKRVW�a���SL[HOV�OHIW�RI�SHDN�DQG�D�IHZ�����bRI�WKH�SHDN

3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��&,,,�189�0$0$)LJXUH�������b 633



3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��&,,,�189�0$0$)LJXUH�������b

3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��&,,,�189�0$0$)LJXUH�������b 634



3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��&,,,�189�0$0$)LJXUH�������b

635



)��&1������189�0$0$
'HVFULSWLRQ

7KHbF25CN182b ILOWHU�ZLWK�WKHbNUV-MAMA�SURYLGHV�PHGLXP�EDQGZLGWK� LPDJLQJ�RI� WKH�FRQWLQXXP�QHDU
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7KLV�ILOWHU�LV�UHFRPPHQGHG�IRU�PHGLXP�EDQG�LPDJLQJ�RI�OLQH�DQG�FRQWLQXXP�HPLVVLRQ�LQ�WKH�YLFLQLW\�RI
�������

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ����� ������ ����H��� ����� ���� ���

)��&1����189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b 636



)��&1����189�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b

)��&1����189�0$0$�6HQVLWLYLW\�	�7KURXJKSXW7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW

����� ���(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

637



����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

����� ����(�� ����

3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��&1����189�0$0$638



3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��&1����189�0$0$
PRGH��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��&1����189�639



([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��&1����189�
0$0$�PRGH��7RS�FXUYHV�DUH� IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH� IRU���DUFVHF��
$YHUDJH�VN\�DVVXPHG�&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

5DGLDO�3URILOH�IRU�)��&1���7DEOH�������b

5DGLXV
b

)UDFWLRQ�RI�(QHUJ\�(QFLUFOHG

3L[HOV $UFVHF ,QWHQVLW\

� ����� �����H��� �����

��� ����� �����H��� �����

� ����� �����H��� �����

� ����� �����H��� �����

� ����� �����H��� �����

� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����

640



�� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����

�6HHb67,6�,65���������

3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��&1����189�0$0$)LJXUH�������b 641

http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200301.pdf


3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��&1����189�0$0$)LJXUH�������b

3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��&1����189�0$0$)LJXUH�������b 642



3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��&1����189�0$0$)LJXUH�������b

643



�����)89�0$0$

7KLV�VHFWLRQ�SURYLGHV�WKH�EDVLF�SURSHUWLHV�RI�WKH�ILOWHUV�DYDLODEOH�IRU�XVH�ZLWK�WKH� �GHWHFWRU��bFUV-MAMA
7KH� ILHOG� RI� YLHZ� RI� WKH� )89�0$0$� LV� ��� DUFVHF��� ��� DUFVHF�� XQOHVV� RWKHUZLVH� VWDWHG�� b 7KH� )89
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'HVFULSWLRQ

7KH� �ILOWHU�LV�LQWHQGHG�WR�EH�XVHG�IRU�VSHFWURVFRSLF�REVHUYDWLRQV�ZLWK�WKH� �DQG�25MAMAD1 G140L G140M
JUDWLQJV�b�$OWKRXJK�LW�LV�WKH�VDPH�RSWLFDO�HOHPHQW�DV� �LW�VKRXOG�EH�XVHG�ZKHQ�WKH�WDUJHW�KDV25MAMA,
EHHQ�RIIVHW�WR�WKH�'��SRVLWLRQ��DZD\�IURP�WKH�UHJLRQ�RI�DPSOLILHU��JORZ��LQ�WKHbFUV-MAMAbWR�PLQLPL]H
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REWDLQHG�DW�WKH�VWDQGDUG�SRVLWLRQ�

6SHFLDO�&RQVLGHUDWLRQV

5HIHU�WRb6HFWLRQ���0$0$)89�0$0$�&OHDU�IRU�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�SURSHUWLHV�RI�WKH�25MAMD1
ILOWHU�b�1RWH�WKDW�LW�FDQ�RQO\�EH�XVHG�ZLWK�WKH� �DQG� �JUDWLQJV�G140L G140M
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PRGH��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��
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)��1'����)89�0$0$
'HVFULSWLRQ

7KHbF25ND5bPRGH�ZLWK�WKHbFUV-MAMAbGHWHFWRU�SURYLGHV�EURDG�EDQG�LPDJLQJ�ZLWK�DQ�DWWHQXDWLRQ�RI��b
�� 7KH� 5�b �� � ZLWK� UHVSHFW� WR� VLPLODU� ILOWHUV� �H�J��� �� ��� 25MAMA F25QTZ ��b DQG� FHQWUDO� SL[HO� IOX[� DUH

XQPHDVXUHG�EXW�DVVXPHG�WR�EH�DSSUR[LPDWHO\�WKH�VDPH�DV�SURGXFHG�E\�WKHbF25QTZbILOWHU�

5HFRPPHQGHG�8VHV

7KLV� ILOWHU� LV� UHFRPPHQGHG� IRU�EURDG�EDQG� LPDJLQJ�RI�REMHFWV� WKDW�DUH�EULJKWHU� WKDQ� WKH�FUV-MAMA
%23�OLPLWV�E\�D�IDFWRU�RI����(��

6SHFLDO�&RQVLGHUDWLRQV

$W�)89�ZDYHOHQJWKV�WKH�DWWHQXDWLRQ�LV�FORVHU�WR�D�IDFWRU�RI��� bUDWKHU�WKDQ�WKH�QRPLQDO��� ��EXW�WKH� �

DWWHQXDWLRQ�IDFWRU�GHFUHDVHV�DW�ORQJHU�ZDYHOHQJWKV��VR�VSHFLDO�FDUH�VKRXOG�EH�WDNHQ�IRU�UHG�VRXUFHV�
7R� PDNH� DQ� DFFXUDWH� SUHGLFWLRQ� RI� WKH� H[SHFWHG� FRXQW� UDWH�� REVHUYHUV� VKRXOG� XVH� D� JRRG
DSSUR[LPDWLRQ�RI�WKH�VRXUFH�VSHFWUXP�DV�LQSXW�IRU�WKH� �67,6b(7&

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ����� ����� ����H� ����� ���� ���

)��1'��)89�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b 659
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7KURXJKSXW�DQG�6HQVLWLYLW\�IRU�)��1'��)89�0$0$7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��1'��)89�0$0$
PRGH��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH�)��1'��)89�662



([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH�)��1'��)89�
0$0$�PRGH��7RS�FXUYHV�DUH� IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH� IRU���DUFVHF��
$YHUDJH�VN\�DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

663



)��1'4���)89�0$0$
'HVFULSWLRQ

7KHbF25NDQbPRGH�ZLWK�WKHbFUV-MAMA�GHWHFWRU�SURYLGHV�EURDG�EDQG�LPDJLQJ�ZLWK�DWWHQXDWLRQ�IDFWRUV
��7KH�IXOO�ILHOG�RI�YLHZ�LV����DUFVHF��WKDW�YDU\�EHWZHHQ������DQG��� ��� ZLWK�UHVSHFW�WR�WKH� �ILOWHU25MAMA

��� DUFVHF�� EXW� WKHb b ILOWHU� LV� XQLTXH� LQ� WKDW� LW� LV� GLYLGHG� LQWR� IRXU� TXDGUDQWV�� HDFK� KDYLQJ� DF25NDQ
GLIIHUHQW�QHXWUDO�GHQVLW\�IDFWRU��7KXV��WKH�ILHOG�RI�YLHZ�IRU�HDFK�TXDGUDQW�LV����DUFVHF��b���DUFVHF��,Q
FORFNZLVH� RUGHU� VWDUWLQJ� IURP� WKH� XSSHU� OHIW� WKHVH� DUHb F25NDQ1�b F25NDQ2�b F25NDQ3�� DQGb F25NDQ4�
ZKHUH�WKH�QXPEHU�DSSHQGHG�WR�HDFK�QDPH�LV�WKH�DSSUR[LPDWH�GH[�1'�IDFWRU��7KH�5��bDQG�FHQWUDO
SL[HO�IOX[�DUH�XQPHDVXUHG�EXW�DVVXPHG�WR�EH�DSSUR[LPDWHO\�WKH�VDPH�DV�SURGXFHG�E\�WKHbF25SRF2
bILOWHU��$SSUR[LPDWH�GLPHQVLRQV�RI�HDFK�TXDGUDQW�DQG�WKH�GHIDXOW�WDUJHW�ORFDWLRQ�LQ�HDFK�TXDGUDQW�DUH
JLYHQ�LQb7DEOH�������

5HFRPPHQGHG�8VHV

7KLV� ILOWHU� LV� UHFRPPHQGHG� IRU�EURDG�EDQG� LPDJLQJ�RI�REMHFWV� WKDW�DUH�EULJKWHU� WKDQ� WKH�FUV-MAMA
%23�OLPLWV�E\�IDFWRUV�EHWZHHQb���DQG�����

6SHFLDO�&RQVLGHUDWLRQV

,I�D�WDUJHWbYLRODWHV�%23�UHVWULFWLRQV�LQ�DQ\�TXDGUDQW�RI�WKHbF25NDQbDSHUWXUH��WKH�UHVWULFWLRQV�UHJDUGLQJ
SRLQWLQJ�FORVH�WR�REMHFWV�YLRODWLQJ�VDIHW\� OLPLWV�GLVFXVVHG�LQb&KDSWHU��bDQGb67,6�,65���������DSSO\�

)��1'4��TXDGUDQW� UDWKHU� XVHOHVV�� DQG� WKH� )��1'4��TXDGUDQW� LV� UHGXQGDQW7KLV� UXOH� UHQGHUV� WKH�
ZLWK� WKH� IXOO� ILHOG� )��1'�� DSHUWXUH�� $OVR� WKH� GLYLGLQJ� OLQHV� EHWZHHQ� WKH� TXDGUDQWV� DUH� VRPHZKDW
GLVSODFHG�IURP�WKH�FHQWHU�RI�WKH�GHWHFWRU�DQG�DUH�QRW�TXLWH�SDUDOOHO�WR�WKH�GHWHFWRU�HGJHV��VHHb)LJXUH
�����bIRU�D�ODPS�LPDJH�WDNHQ�WKURXJK�WKLV�ILOWHU���VR�REVHUYHUV�IRU�ZKRP�WKH�H[DFW�ORFDWLRQV�RI�WKH
TXDGUDQW�ERXQGDULHV�DUH�LPSRUWDQW�VKRXOG�FRQWDFW�WKHb+HOS�'HVN�

1'4�TXDGUDQW�GLPHQVLRQV�DQG�WKH�GHIDXOW�ORFDWLRQV�DW�ZKLFK�D�WDUJHW�LV�SODFHG�LQ�HDFK7DEOH�������b
TXDGUDQW

$SHUWXUH 3LYRWb ͐b
���

):+0
���

$%� PDJ� ]HUR
SRLQW

6SHDN %͐ 5 � �
�DUFVHF�

)OX[� LQ� FHQWUDO
SL[HO

)��1'4� ������ ��� ������ � ���
H���

��� ��� ��

)��1'4� ������ ��� ������ � ���
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)��47=���)89�0$0$��/RQJSDVV
'HVFULSWLRQ

7KHbF25QTZb ILOWHU�ZLWK� WKHb bFUV-MAMA SURYLGHV�KLJK�WKURXJKSXW�EURDG�EDQG�)89� LPDJLQJ�ZLWK�EHWWHU
UHMHFWLRQ�RI�JHRFRURQDO�HPLVVLRQ�WKDQ�WKHbF25MAMAbRUbF25SRF2bPRGHV�DQG�WKH�VDPH�ILHOG�RI�YLHZ�DQG
VSDWLDO�UHVROXWLRQ�

5HFRPPHQGHG�8VHV

7KLV�ILOWHU�LV�UHFRPPHQGHG�IRU�EURDG�EDQG�)89�LPDJLQJ�RI�IDLQW�WDUJHWV�

6SHFLDO�&RQVLGHUDWLRQV

:LWK� WKLV� ILOWHU� WKH� EDFNJURXQG� LV� GRPLQDWHG� E\� GHWHFWRU� GDUN� FXUUHQW�� 7KH� GDUN� FXUUHQW� LV� QRW
FRQVWDQW� DFURVV� WKH� GHWHFWRU� DQG� QRW� FRQVWDQW� LQ� WLPH�� 7KLV� FRXOG� OLPLW� WKH� VHQVLWLYLW\� IRU� YHU\
H[WHQGHG�IDLQW�WDUJHWV��KRZHYHU��QRWH�WKDW�WKH� bGDUN�LV�H[WUHPHO\�ORZ�FUV-MAMA

8VHUV�PD\�DOVR�ZDQW�WR�FRQVLGHU�ZKHWKHU�WKH�$&6�6%&�GHWHFWRU�PLJKW�EH�EHWWHU�IRU�WKHLU�REVHUYLQJ
SURJUDP�

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ����� ������ ����H��� ����� ���� ���

)��47=�)89�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b 667
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)��47=�)89�0$0$�6HQVLWLYLW\�	�7KURXJKSXW7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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3RLQW�VRXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b b IRU�WKH�)��47=�)89�0$0$
PRGH��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

([WHQGHG� VRXUFH�6�1� YV�� $%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH� )��47=�)89�670



([WHQGHG� VRXUFH�6�1� YV�� $%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH� )��47=�)89�
0$0$�PRGH��7RS�FXUYHV�DUH� IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH� IRU���DUFVHF��
$YHUDJH�VN\�DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

5DGLDO�3URILOH�IRU�)��47=7DEOH�������b

5DGLXV
b

)UDFWLRQ�RI�(QHUJ\�(QFLUFOHG

3L[HOV $UFVHF ,QWHQVLW\
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�6HHb67,6�,65���������

3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��47=�)89�0$0$)LJXUH�������b 672
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)��47='����)89�0$0$��/RQJSDVV�3VHXGR�$SHUWXUH
'HVFULSWLRQ

7KH� � ILOWHU� LV� LQWHQGHG� WR� EH� XVHG� ZLWK� WKH� � DQG� � JUDWLQJV� IRU� VSHFWURVFRSLFF25QTZD1 G140L G140M
REVHUYDWLRQV� RI� YHU\� IDLQW� WDUJHWV� DW� WKH� '�� SRVLWLRQ� WKDW� UHTXLUHb EHWWHU� UHMHFWLRQ� RI� JHRFRURQDO
HPLVVLRQ�WKDQ�SURYLGHG�E\bF25MAMAD1�RUbF25SRF2'���b ,W� LV�WKH�VDPH�RSWLFDO�HOHPHQW�DV�WKH�F25QTZ

�7KLV�DSHUWXUH�PRYHV�WKH�WDUJHW���DUFVHFRQGV�DERYH�WKH�ERWWRP�HGJH�RI�WKH�ILOWHU�b FUV-MAMA��b,W�LV�\HW
WR� EH�GHWHUPLQHG� LI� WKH� WKURXJKSXW� IRU� D� WDUJHW� DW� WKLV� SRVLWLRQ� LV� VLJQLILFDQWO\� GLIIHUHQW� IURP� WKDW
REWDLQHG�DW�WKH�VWDQGDUG�SRVLWLRQ�

6SHFLDO�&RQVLGHUDWLRQV

5HIHU� WR� 6HFWLRQ� )��47=)89�0$0$� IRU� LQIRUPDWLRQ� FRQFHUQLQJ� WKH� SURSHUWLHV� RI� WKH� F25QTZD1
ILOWHU��b1RWH�WKDW�LW�FDQ�RQO\�EH�XVHG�ZLWK�WKH� �DQG� �JUDWLQJV�G140L G140M
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)��65)����)89�0$0$��/RQJSDVV
'HVFULSWLRQ

7KHb F25SRF2b ILOWHU� ZLWK� WKHb FUV-MAMA� SURYLGHV� KLJK�WKURXJKSXW� EURDG�EDQG� )89� LPDJLQJ� ZLWK� DQ
LQWHUPHGLDWH�GHJUHH�RI�UHMHFWLRQ�RI�JHRFRURQDO�HPLVVLRQ��EHWWHU�WKDQ� ��EXW�ZRUVH�WKDW� �bF25MAMA F25QTZ
b,W�SURYLGHV�WKH�VDPH�ILHOG�RI�YLHZ�DQG�VSDWLDO�UHVROXWLRQ�DV�WKHVH�PRGHV�

5HFRPPHQGHG�8VHV

7KLV�ILOWHU�KDV�VOLJKWO\�KLJKHU�WKURXJKSXW�WKDQbF25QTZ��EXW�DGPLWV�OLJKW�IURP�WKH�JHRFRURQDO�2�,�����
��WULSOHW��)RU�VN\�OLPLWHG�LPDJLQJ�F25QTZbLV�XVXDOO\�D�EHWWHU�FKRLFH�

6SHFLDO�&RQVLGHUDWLRQV

6N\�EDFNJURXQG�RQ�WKH�GD\�VLGH�RI�WKH�RUELW�FRQWDLQV�D�VLJQLILFDQW�FRQWULEXWLRQV�IURP�2�,@��������DQG
2� ,��������������������DLU�JORZ�HPLVVLRQ�� ,Q�KLJK�EDFNJURXQG�FRQGLWLRQV�� WKH�VN\�EDFNJURXQG�FDQ
GRPLQDWH� WKH� GHWHFWRU� EDFNJURXQG�� ,Q� DYHUDJH� GD\�VLGH� REVHUYLQJ� FRQGLWLRQV� WKH� VN\� EDFNJURXQG
WKURXJK� WKLV� ILOWHU� ZLOO� EH� DERXW� D� IDFWRU� RI� ���� KLJKHU� WKDQ� IRU� )��47=�� 2EVHUYHUV� FDQ� OLPLW� WKH
EDFNJURXQG��ZLWK�VRPH�FRVW�WR�WKH�WRWDO�DPRXQW�RI�REVHUYLQJ�WLPH�SHU�RUELW��E\�XVLQJ�WKH�'$5.7,0(
VSHFLDO�UHTXLUHPHQW�

8VHUV�PD\�DOVR�ZDQW�WR�FRQVLGHU�ZKHWKHU�WKH�$&6�6%&�GHWHFWRU�PLJKW�EH�EHWWHU�IRU�WKHLU�REVHUYLQJ
SURJUDP�

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ����� ������ ����H��� ����� ���� ��

)��65)��)89�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b 676



)��65)��)89�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b

)��65)��)89�0$0$�6HQVLWLYLW\�	�7KURXJKSXW7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��65)��)89�0$0$678



3RLQW�6RXUFH�6�1�YV��$%�PDJQLWXGH�LQ�WKH�9�EDQG)LJXUH�������b bIRU�WKH�)��65)��)89�0$0$
PRGH��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH�)��65)��)89�679



([WHQGHG�6RXUFH�6�1�YV��$%�PDJQLWXGH� LQ� WKH�9�EDQG)LJXUH�������b b IRU� WKH�)��65)��)89�
0$0$�PRGH��7RS�FXUYHV�DUH� IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH� IRU���DUFVHF��
$YHUDJH�VN\�DVVXPHG��&XUYHV�DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

5DGLDO�3URILOH�IRU�)��65)�7DEOH�������b

5DGLXV
b

)UDFWLRQ�RI�(QHUJ\�(QFLUFOHG

3L[HOV $UFVHF ,QWHQVLW\

� ����� �����H��� �����

��� ����� �����H��� �����

� ����� �����H��� �����

� ����� �����H��� �����
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�� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����

�� ����� �����H��� �����

�6HHb67,6�,65���������

3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��65)��)89�0$0$)LJXUH�������b 681
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3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��65)��)89�0$0$)LJXUH�������b

3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��65)��)89�0$0$)LJXUH�������b 682



3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��65)��)89�0$0$)LJXUH�������b
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)��65)�'����)89�0$0$��/RQJSDVV�3VHXGR�$SHUWXUH
'HVFULSWLRQ

7KH� � ILOWHU� LV� LQWHQGHG� WR� EH� XVHG�ZLWK� WKH� � DQG� � JUDWLQJV� IRU� VSHFWURVFRSLFF25SRF2D1 G140L G140M
REVHUYDWLRQV�RI�YHU\�IDLQW�WDUJHWV�DW�WKH�'��SRVLWLRQ�b�,W�SURYLGHV�DQ�LQWHUPHGLDWH�GHJUHH�RI�UHMHFWLRQ

7KLV�LV�WKH�VDPH�SK\VLFDORI�JHRFRURQDO�HPLVVLRQ��EHWWHU�WKDQ� ��EXW�ZRUVH�WKDQ� ��bF25MAMAD1 F25QTZD1
DSHUWXUH�DV�WKHbF25SRF2�DSHUWXUH�DQG�LV�DYDLODEOH�IRU�XVH�ZLWK�WKH�FUV-MAMA�GHWHFWRU�WR�PLQLPL]H�WKH
FRQWULEXWLRQ�IURP�WKH�GDUN�FXUUHQW�ZKHQ�REVHUYLQJ�YHU\�IDLQW�WDUJHWV��b7KLV�DSHUWXUH�PRYHV�WKH�WDUJHW
��DUFVHFRQGV�DERYH�WKH�ERWWRP�HGJH�RI�WKHbFUV-MAMA�WR�DYRLG�WKH�GHWHFWRU�JORZ�UHJLRQ��b,W�LV�\HW�WR
EH� GHWHUPLQHG� LI� WKH� WKURXJKSXW� IRU� D� WDUJHW� DW� WKLV� SRVLWLRQ� LV� VLJQLILFDQWO\� GLIIHUHQW� IURP� WKDW
REWDLQHG�DW�WKH�VWDQGDUG�SRVLWLRQ�

6SHFLDO�&RQVLGHUDWLRQV

5HIHU� WR� b6HFWLRQ� )��65)�)89�0$0$ IRU� LQIRUPDWLRQ� FRQFHUQLQJ� WKH� SURSHUWLHV� RI� WKH�F25SRF2D1
ILOWHU�b�1RWH�WKDW�LW�FDQ�RQO\�EH�XVHG�ZLWK�WKH� �DQG� �JUDWLQJV�G140L G140M
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)��/<$���)89�0$0$��/\PDQ�DOSKD
'HVFULSWLRQ

7KHbF25LYAbILOWHU�ZLWK�WKHbFUV-MAMAbSURYLGHV�QDUURZEDQG�LPDJLQJ�RI�WKH�+,��������/\PDQ�͆bOLQH�

5HFRPPHQGHG�8VHV

7KLV�ILOWHU�LV�UHFRPPHQGHG�IRU�LPDJLQJ�/\PDQ�͆�HPLVVLRQ��'LIIHUHQFLQJ�WZR�LPDJHV�WDNHQ�ZLWKb25MAMA
bDQGbF25SRF2�LV�DQRWKHU�RSWLRQ�

6SHFLDO�&RQVLGHUDWLRQV

6HQVLWLYLW\�LV�OLPLWHG�E\�JHRFRURQDO�/\PDQ� ��2EVHUYHUV�FDQ�OLPLW�WKH�EDFNJURXQG��ZLWK�VRPH�FRVW�WR͆
WKH�WRWDO�DPRXQW�RI�REVHUYLQJ�WLPH�SHU�RUELW��E\�XVLQJ�WKHb bVSHFLDO�UHTXLUHPHQW�DARKTIME

8VHUV�PD\�DOVR�ZDQW� WR� FRQVLGHU�ZKHWKHU� WKH�$&6�6%&�GHWHFWRU�ZLWK� WKH� )���0�RU� )���/3� ILOWHUV
PLJKW�EH�D�EHWWHU�FKRLFH�IRU�WKHLU�REVHUYLQJ�SURJUDP�

3LYRWb ���͐b ):+0���� $%�PDJ�]HUR�SRLQW 6SHDN %͐ 5 �DUFVHF���� )OX[�LQ�FHQWUDO�SL[HO

������ ����� ������ ����H��� ���� ���� ��

)��/<$�)89�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b 685



)��/<$�)89�0$0$�,QWHJUDWHG�6\VWHP�7KURXJKSXW�DQG�5HGOHDN)LJXUH�������b

)��/<$�)89�0$0$�6HQVLWLYLW\�	�7KURXJKSXW7DEOH�������b

͐ 6HQVLWLYLW\ ��7KURXJKSXW
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3RLQW�6RXUFH�6�1�YV��IOX[�IRU�WKH�)��/<$�)89�0$0$�PRGH��&XUYHV�DUH�ODEHOHG)LJXUH�������b 687



3RLQW�6RXUFH�6�1�YV��IOX[�IRU�WKH�)��/<$�)89�0$0$�PRGH��&XUYHV�DUH�ODEHOHG)LJXUH�������b
E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

([WHQGHG�6RXUFH�6�1�YV��IOX[�IRU�WKH�)��/<$�)89�0$0$�PRGH��7RS�FXUYHV�DUH)LJXUH�������b 688



([WHQGHG�6RXUFH�6�1�YV��IOX[�IRU�WKH�)��/<$�)89�0$0$�PRGH��7RS�FXUYHV�DUH)LJXUH�������b
IRU�DQ�DUHD�RI�����DUFVHF���ERWWRP�FXUYHV�DUH�IRU���DUFVHF���$YHUDJH�VN\�DVVXPHG��&XUYHV
DUH�ODEHOHG�E\�UHTXLUHG�H[SRVXUH�WLPH��VHFRQGV��

5DGLDO�3URILOH�IRU�)��/<$7DEOH�������b

5DGLXV
b

)UDFWLRQ�RI�(QHUJ\�(QFLUFOHG

3L[HOV $UFVHF ,QWHQVLW\
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�� ����� �����H��� �����

�6HHb67,6�,65���������

3RLQW�6RXUFH�36)� IRU�)��/<$�)89�0$0$�������VTXDUH� �DW�SL[HO����������� ORJ)LJXUH�������b 690
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3RLQW�6RXUFH�36)� IRU�)��/<$�)89�0$0$�������VTXDUH� �DW�SL[HO����������� ORJ)LJXUH�������b
VFDOHG��%�9 ������

b

3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��/<$�)89�0$0$)LJXUH�������b 691



3RLQW�6RXUFH�(QFLUFOHG�(QHUJ\�IRU�)��/<$�)89�0$0$)LJXUH�������b

3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��/<$�)89�0$0$)LJXUH�������b 692



3RLQW�6RXUFH�,QWHQVLW\�YV��5DGLXV�IRU�)��/<$�)89�0$0$)LJXUH�������b
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�����,PDJH�0RGH�*HRPHWULF�'LVWRUWLRQ
7KH�67,6�FDPHUDV�KDYH�VLJQLILFDQW�JHRPHWULF�GLVWRUWLRQ�WKDW�QRW�RQO\�DIIHFWV�DVWURPHWU\��EXW�DOVR�LQ
SULQFLSOH� DIIHFWV� SKRWRPHWU\� �EHFDXVH� WKH� H[WHQGHG� VRXUFHV� XVHG� WR� JHQHUDWH� IODW� ILHOGV� KDYH� DQ
LQGXFHG�FKDQJH�LQ�WKH�DSSDUHQW�VXUIDFH�EULJKWQHVV���)RU�WKH�&&'�WKH�LPDJH�GLVWRUWLRQV�DUH�OHVV�WKDQ
RQH�SL[HO� DFURVV� WKH�ZKROH� GHWHFWRU�� DQG� FDQ� RIWHQ� EH� LJQRUHG�� )RU� WKH�0$0$� WKH� GLVWRUWLRQV� DUH
ODUJHU��DSSURDFKLQJ���SL[HOV�DW�WKH�FRUQHUV�RI�FDPHUDV�

*HRPHWULF�GLVWRUWLRQ�DQG�SODWH�VFDOHV� IRU� WKH�67,6� LPDJLQJ�FRQILJXUDWLRQV�KDYH�EHHQ�PHDVXUHG�RQ�
RUELW�E\�REVHUYLQJ�VWDU�ILHOGV�VKLIWHG�WR�GLIIHUHQW�SRVLWLRQV�LQ�WKH�ILHOG��IROORZLQJ�D�SURFHGXUH�VLPLODU�WR
WKDW�XVHG� IRU�:)3&��� � ��� 7KH�JHRPHWULF� GLVWRUWLRQ�GDWD�DOVR+ROW]PDQ�HW� DO��� ������ 3$63�� ����� ���
DOORZHG�D�GHWHUPLQDWLRQ�RI�WKH�PHDQ�SODWH�VFDOH�DW�WKH�FHQWHU�RI�WKH�ILHOG�IRU�HDFK�GHWHFWRU��7KHVH
SODWH�VFDOHV��IRU�XQILOWHUHG�&&'�H[SRVXUHV�DQG�ILOWHUHG�0$0$�H[SRVXUHV��VHH ���DUHb,65�67,6��������
JLYHQ�LQb ��7KH�TXRWHG�HUURUV�DUH�IRUPDO�UDQGRP�HUURUV�GHULYHG�IURP�WKH�XQFHUWDLQWLHV�LQ7DEOH������
PHDVXULQJ� WKH� SRVLWLRQV� RI� WKH� VRXUFHV�� 7KH� 67,6� WHDPb KDV� GHWHUPLQHG� WKDW� WKH� SODWH� VFDOH� IRU
XQILOWHUHGb b LPDJHV����0$0$�� LV��������WLPHV� ODUJHU�WKDQ�IRU� ILOWHUHG� LPDJHV��)��47=�DQGFUV-MAMA
)��65)����WKH�SODWH�VFDOH�IRU�XQILOWHUHGb bLPDJHV����0$0$��LV��������WLPHV�VPDOOHU�WKDQ�IRUNUV-MAMA
ILOWHUHG�LPDJHV��)��47=�DQG�)��&1�����

0HDQ�SL[HO�VFDOHV�IRU�67,6�GHWHFWRUV�7DEOH�������b

'HWHFWRU ;�VFDOH
�DUFVHF�SL[�

;�HUURU
�DUFVHF�SL[�

<�VFDOH
�DUFVHF�SL[�

<�HUURU
�DUFVHF�SL[�

&RUUHFWHG
PHDQ�VFDOH

Unfiltered CCD �������� �������� �������� �������� ��������

Filtered FUV-MAMA �������� �������� �������� �������� ��������

Filtered NUV-MAMA �������� �������� �������� �������� ��������

'LVWRUWLRQ�VROXWLRQV�KDYH�EHHQ�LPSOHPHQWHG�LQ�WKH�,'&7$%�UHIHUHQFH�ILOHV��VHHb ���7KH$&6�,65��������
HTXDWLRQV�ZKLFK�UHODWH�WKH�WUXH�[ ��\ bSRVLWLRQV�RI� WKH�VWDUV�ZLWK�WKH�REVHUYHG�SRVLWLRQV�[��\�DUH�DVL L
IROORZV�� ��67,6�,65��������

ZKHUHb bDQGb bDUH�WKH�FRRUGLQDWHV�RI�WKH�FHQWUDO�SL[HO�[U \U
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0D¯]�$SHOO£QL]� 	� /�� �EHGD� GLVFRYHUHG� WKDW� WKH� FRHIILFLHQWV� IRU� WKH� b KDG� EHHQ� LQFRUUHFWO\NUV-MAMA
LPSOHPHQWHG�LQ�WKH�RULJLQDO�,'&7$%�UHIHUHQFH�ILOH�DQG�SHUIRUPHG�D�UHYLVHG�DQDO\VLV��,65�67,6��������
���$�VLPLODU� UH�DQDO\VLV� IRU� WKHb bKDV� UHFHQWO\�EHHQ�SHUIRUPHG�E\�6RKQ�� ��FUV-MAMA 67,6� ,65��������
%RWK�DQDO\VHV�HPSOR\�D�IRXUWK�RUGHU�WUDQVIRUPDWLRQ�EHWZHHQ�UDZ�DQG�UHFWLILHG�FRRUGLQDWHV��XVLQJ�WKH
PHDQ�SODWH�VFDOHV�JLYHQ�LQb ��7KH�SODWH�VFDOHV�LPSRVHG�RQ�UHFWLILHG�LPDJHV�SURGXFHG�E\�7DEOH������

�XVLQJ�WKH�ODWHVW�,'&7$%V��FROXPQ��6&$/(���DUH�JLYHQ�LQb �FDOVWLV 7DEOH������

3ODWH�VFDOHV�RI�UHFWLILHG�DQG�GUL]]OHG�LPDJHV�7DEOH�������b

'HWHFWRU ,'&7$% 3ODWH�6FDOH��DUFVHF�SL[HO�

&OHDU )LOWHUHG

CCD R�J����GRBLGF ������� �������

FUV-MAMA �������URBLGF �������� ��������

NUV-MAMA R�J����IRBLGF �������� ��������
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�����6SDWLDO�'HSHQGHQFH�RI�WKH�67,6�36)
7KH�67,6�36)�YDULHV�DFURVV�WKH�ILHOG�RI�YLHZ��2EVHUYDWLRQV�RI�2PHJD�&HQ�DQG�1*&������KDYH�EHHQ
XVHG� WR� VWXG\� WKH�36)�YDULDWLRQV��DQG�FRQILUP� WKH�EHKDYLRU�H[SHFWHG� IURP� WKH�RSWLFV��2QH�ZD\�RI
FKDUDFWHUL]LQJ�WKH�VSDWLDO�YDULDWLRQ�LV�WR�PHDVXUH�WKH�IOX[�LQ�D�IL[HG�DSHUWXUH�b bWKURXJKb)LJXUH������

b VKRZ� WKH� IUDFWLRQ� RI� WKH� IOX[� HQFORVHG� ZLWKLQ� D� ����� DUFVHF� UDGLXV� DSHUWXUH�� 7KLV)LJXUH� �����
SDUDPHWHU� LV� UHODWLYHO\� FRQVWDQW� IRU� WKH� &&'�� EXW� LV� PRUH RU� WKH� 0$0$� GHWHFWRUV�� )RU� YDULDEOH� I
H[DPSOH��WKH������HQFLUFOHG�HQHUJ\�YDULHV�IURP�����WR�����DFURVV�WKHb bZLWK�WNUV-MAMA KHbF25CN182
OWHU�bIL

6HHb bIRU�D�GLVFXVVLRQ�RI� �૿EUHDWKLQJ�HIIHFWV�RQ�WKH�36)�%RZHUV�� ������+67�&DOLEUDWLRQ�:RUNVKRS +67

)UDFWLRQ�RI�WKH�WRWDO�IOX[�RI�D�SRLQW�VRXUFH�WKDW�SDVVHV�WKURXJK�DQ�DSHUWXUH�RI)LJXUH�������b 696
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)UDFWLRQ�RI�WKH�WRWDO�IOX[�RI�D�SRLQW�VRXUFH�WKDW�SDVVHV�WKURXJK�DQ�DSHUWXUH�RI)LJXUH�������b
����� UDGLXV� IRU� WKH� &&'� DQG� D� FOHDU� DSHUWXUH� ���&&'��� 7KH� GDWD� ZHUH� REWDLQHG� IURP
REVHUYDWLRQV�RI� WKH�2PHJD�&HQ�VWDU�FOXVWHU��&URVVHV�UHSUHVHQW�VWDUV�WKDW�KDYH� OLWWOH�RU�QR
FRQWDPLQDWLRQ� IURP� RWKHU� VRXUFHV�� ZKLOH� WULDQJOHV� DUH� VRXUFHV� WKDW� ZHUH� PDUJLQDOO\
FRQWDPLQDWHG� LQ� WKH� UHJLRQ� RXWVLGH� WKH� 36)� FRUH�� 1R� REMHFWV� ZHUH� XVHG� WKDW� KDG
FRQWDPLQDWLRQ�ZLWKLQ������RI�WKH�FHQWHU�
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)UDFWLRQ�RI�WKH�WRWDO�IOX[�RI�D�SRLQW�VRXUFH�WKDW�SDVVHV�WKURXJK�DQ�DSHUWXUH�RI)LJXUH�������b
����� UDGLXV� IRU� WKH� 189�0$0$� ZLWK� WKH� )��&1����� 7KH� GDWD� ZHUH� REWDLQHG� IURP
REVHUYDWLRQV� RI� WKH� VWDU� FOXVWHU�1*&������� &URVVHV� UHSUHVHQW� VWDUV� WKDW� KDYH� OLWWOH� RU� QR
FRQWDPLQDWLRQ� IURP� RWKHU� VRXUFHV�� ZKLOH� WULDQJOHV� DUH� VRXUFHV� WKDW� ZHUH� PDUJLQDOO\
FRQWDPLQDWHG� LQ� WKH� UHJLRQ� RXWVLGH� WKH� 36)� FRUH�� 1R� REMHFWV� ZHUH� XVHG� WKDW� KDG
FRQWDPLQDWLRQ�ZLWKLQ������RI�WKH�FHQWHU�

)UDFWLRQ�RI�WKH�WRWDO�IOX[�RI�D�SRLQW�VRXUFH�WKDW�SDVVHV�WKURXJK�DQ�DSHUWXUH�RI)LJXUH�������b 698



)UDFWLRQ�RI�WKH�WRWDO�IOX[�RI�D�SRLQW�VRXUFH�WKDW�SDVVHV�WKURXJK�DQ�DSHUWXUH�RI)LJXUH�������b
����� UDGLXV� IRU� WKH� 189�0$0$� ZLWK� WKH� )��&1���� ILOWHU�� 7KH� GDWD� ZHUH� REWDLQHG� IURP
REVHUYDWLRQV� RI� WKH� VWDU� FOXVWHU�1*&������� &URVVHV� UHSUHVHQW� VWDUV� WKDW� KDYH� OLWWOH� RU� QR
FRQWDPLQDWLRQ� IURP� RWKHU� VRXUFHV�� ZKLOH� WULDQJOHV� DUH� VRXUFHV� WKDW� ZHUH� PDUJLQDOO\
FRQWDPLQDWHG� LQ� WKH� UHJLRQ� RXWVLGH� WKH� 36)� FRUH�� 1R� REMHFWV� ZHUH� XVHG� WKDW� KDG
FRQWDPLQDWLRQ�ZLWKLQ������RI�WKH�FHQWHU�

)UDFWLRQ�RI�WKH�WRWDO�IOX[�RI�D�SRLQW�VRXUFH�WKDW�SDVVHV�WKURXJK�DQ�DSHUWXUH�RI)LJXUH�������b 699



)UDFWLRQ�RI�WKH�WRWDO�IOX[�RI�D�SRLQW�VRXUFH�WKDW�SDVVHV�WKURXJK�DQ�DSHUWXUH�RI)LJXUH�������b
����� UDGLXV� IRU� WKH� )89�0$0$� ZLWK� WKH� )��47=� ILOWHU�� 7KH� GDWD� ZHUH� REWDLQHG� IURP
REVHUYDWLRQV� RI� WKH� VWDU� FOXVWHU�1*&������� &URVVHV� UHSUHVHQW� VWDUV� WKDW� KDYH� OLWWOH� RU� QR
FRQWDPLQDWLRQ� IURP� RWKHU� VRXUFHV�� ZKLOH� WULDQJOHV� DUH� VRXUFHV� WKDW� ZHUH� PDUJLQDOO\
FRQWDPLQDWHG� LQ� WKH� UHJLRQ� RXWVLGH� WKH� 36)� FRUH�� 1R� REMHFWV� ZHUH� XVHG� WKDW� KDG
FRQWDPLQDWLRQ�ZLWKLQ������RI�WKH�FHQWHU�
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�����0$0$�,PDJLQJ�%ULJKW�2EMHFW�/LPLWV
$V� GHVFULEHG� LQb �� WKH� 0$0$V� DUH� VXEMHFW� WR� DEVROXWH� EULJKWQHVV� OLPLWV�� DERYH� ZKLFK6HFWLRQ� ���
VRXUFHV� FDQQRW� EH� REVHUYHG� RU� WKH\�ZRXOG� SRWHQWLDOO\� GDPDJH� WKH� GHWHFWRUV�� ,Qb �� ZH7DEOH� �����
SUHVHQW�WKH�FRPSOHWH�VHW�RI�EULJKW�REMHFW�SRLQW�VRXUFH�DQG�LQWHJUDWHG�PDJQLWXGH�VFUHHQLQJ�OLPLWV�IRU
WKH�0$0$�LPDJLQJ�PRGHV��7KHVH�VFUHHQLQJ�PDJQLWXGHV�DUH�SUHVHQWHG�DV�Db ��:KHWKHU�RU�QRW�DQJXLGH
LQGLYLGXDO� VRXUFH� FDQ� EH� REVHUYHG� LV� GHWHUPLQHG� E\� ZKHWKHU� WKH� GHVLUHG� FRQILJXUDWLRQ� DQG� WKH
VSHFWUXP�RI� WKDW�VRXUFH� LV�SUHGLFWHG� WR�H[FHHG� WKH�JOREDO�DQG� ORFDO�DEVROXWH�REVHUYLQJ�FRXQW� UDWH
OLPLWV��DV�GHVFULEHG� LQb ��5HPHPEHU�� VRXUFHV�FDQQRW�EH�REVHUYHG� LQ�FRQILJXUDWLRQV�ZKHUH&KDSWHU��
WKH\� H[FHHG� WKH� DEVROXWH� EULJKW� REMHFW� OLPLWV�� 7KH� LQIRUPDWLRQ� SUHVHQWHG� KHUH� VKRXOG� EH� XVHG� LQ
FRQMXQFWLRQ�ZLWK�WKH�PDWHULDO�SUHVHQWHG�LQb �&KDSWHU��

$�IHZ�LPSRUWDQW�SRLQWV�WR�QRWH�

bHUJV�V�FP/LPLWV�DUH�JLYHQ�DV�-RKQVRQ�9�9HJD�PDJQLWXGHV� �����RU�HUJV�V�FP����DUFVHF��
7KH�OLPLWV�ZHUH�GHULYHG�DVVXPLQJ�]HUR�VOLW�ORVV�
7KH�LPDJLQJ�WDEOH�LQFOXGHV�D�VLQJOH�SRLQW�VRXUFH�OLPLW��1R�VLQJOH�VRXUFH�LQ�WKH�ILHOG�RI�YLHZ�FDQ
H[FHHG�WKLV�OLPLW�
7KH�OLPLWV�LQ�WKH�WDEOHV�DVVXPH�]HUR�H[WLQFWLRQ��,I�\RXU�VRXUFH��ZKHQ�FRUUHFWHG�IRU�LQWHUVWHOODU
H[WLQFWLRQ��GRHV�QRW�H[FHHG�WKH�DEVROXWH�OLPLWV��WKHQ�\RX�ZLOO�EH�DOORZHG�WR�REVHUYH�\RXU�VRXUFH�
7KH�LPDJLQJ�WDEOH�DOVR�LQFOXGHV�DQ�LQWHJUDWHG�PDJQLWXGH�OLPLW��5HPHPEHU�WKDW�WKH�JOREDO�OLPLW
RI� �������� FRXQWV�V� DSSOLHV� WR� DOO� VRXUFHV� LPDJHG� RQWR� WKH�0$0$� GHWHFWRU�� 7KH� LQWHJUDWHG
PDJQLWXGH� OLPLW� JLYHV� WKH� WRWDO�PDJQLWXGH� IURP� DOO� VWDUV� �RU� JDOD[LHV�� RU� GLIIXVH� REMHFWV�� RI
VSHFWUDO� W\SH� 2� ZKLFK� FDQ� DSSHDU� LQ� WKH� 0$0$� ILHOG� RI� YLHZ�� ,QLWLDO� VFUHHQLQJ� RI� DOO� 0$0$
LPDJLQJ�REVHUYDWLRQV�ZLOO�EH�GRQH�DVVXPLQJ�DOO�VWDUV�DUH�2�VWDUV��KRZHYHU��XOWLPDWHO\�IRU�WKH
ILQDO� GHFLVLRQ�� WKH� FRORUV� RI� WKH� VWDUV� DUH� WDNHQ� LQWR� DFFRXQW� ZKHQHYHU� VXFK� LQIRUPDWLRQ� LV
DYDLODEOH��VHHb&KDSWHU����
%H�DZDUH�RI�WKH�DGGLWLRQDO�OLPLWDWLRQV�WKDW�H[LVW�IRU�FURZGHG�ILHOGV�DQG�VOLJKWO\�UHVROYHG�VWHOODU
FOXVWHUV��VHHb6HFWLRQ��������
0�GZDUI�IODULQJ�LV�D�SRWHQWLDO�LVVXH�IRU�0$0$�LPDJLQJ�REVHUYDWLRQV��)RU�PRUH�LQIRUPDWLRQ��VHHb
67,6�,65���������
7KLV�WDEOH�LV�SURYLGHG�IRU�JHQHUDO�JXLGDQFH��EXW�GHIHUHQFH�VKRXOG�EH�JLYHQ�WR� �FDOFXODWLRQV�(7&
SDUWLFXODUO\� IRU� VWDUV� ZKLFK� GHYLDWH� VLJQLILFDQWO\� IURP� WKH� VSHFWUDO� W\SH� WHPSODWH� �H�J��
DFFUHWLRQ��FKURPRVSKHULF�HPLVVLRQ��HWF���

0$0$� %ULJKW�2EMHFW� OLPLWV� �9� PDJQLWXGHV� DQG� FJV� XQLWV��� 9� PDJQLWXGHV� LQFOXGH� 127DEOH� ������b
DGGLWLRQDO�VDIHW\�IDFWRU�WR�DFFRXQW�IRU�H[WUDSRODWLRQ�XQFHUWDLQWLHV�IURP�WKH�RSWLFDO�WR�WKH�89�VSHFWUDO
UDQJH�

b
)89�0$0$ 189�0$0$

6SHFWUDO�
7\SH
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)ODW��SRLQW�
VRXUFH�

���b�b
�����

���b�b
�����

���b�
b�����

���b�
b�����

���b�
b�����

���b�
b�����

���b�
b�����

���b�b��
���

���b�
b�����

���b�b��

701

https://hst-docs.stsci.edu/display/STISIHB/7.7+MAMA+Bright+Object+Limits#id-7.7MAMABrightObjectLimits-7.7.3
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2017_02.pdf


)ODW��
H[WHQGHG��
SHDN�

���b�b
�����

���b�b
�����

���b�
b�����

���b�
b�����

���b�
b�����

���b�
b�����

���b�
b�����

���b�b��
���

���b�
b�����

���b�b��

2��9� ���� ���� ���� ���� ���� ���� ���� ���� ����

2��9 ���� ���� ���� ���� ���� ���� ���� ���� ����

2��9 ���� ���� ���� ���� ���� ���� ���� ���� ����

%��9 ���� ���� ���� ���� ���� ���� ���� ���� ����

%��9 ���� ���� ���� ���� ���� ���� ���� ���� ����

%��9 ���� ���� ���� ���� ���� ���� ���� ���� ����

%��9 ���� ���� ���� ���� ���� ���� ���� ���� ����

%��9 ���� ���� ���� ���� ���� ���� ���� ���� ����

$��9 ���� ���� ���� ��� ���� ���� ���� ���� ����

$��9 ���� ���� ���� ��� ���� ���� ���� ���� ����

$��9 ���� ���� ���� ��� ���� ���� ���� ���� ����

)��9 ��� ��� ��� ��� ���� ���� ���� ���� ���

)��9 ��� ��� ��� ��� ���� ���� ���� ���� ���

)��9 ��� ��� ��� ���� ���� ���� ���� ���� ���

)��9 ��� ��� ��� ����� ���� ���� ���� ��� ���

*��9� ��� ��� ��� ��� ���� ���� ���� ��� ���

*��9� ��� ��� ��� ��� ���� ���� ���� ��� ���

.��9� ��� ��� ��� ��� ���� ���� ���� ��� ���

.0�,,,� ��� ��� ��� ��� ���� ���� ���� ��� ���

,QWHJUDWHG�
9�
PDJQLWXGH
�

���� ���� ���� ��� ���� ���� ���� ���� ���

)ODW��
H[WHQGHG��
DOO�
GHWHFWRU�

���b�
b�����

���b�
b�����

���b�
b�����

���b�
b�����

���b�
b�����

���b�
b�����

���b�
b�����

���b�b��
���

���b�
b�����

���b�b��

�b0D[LPXP�DOORZHG�IOX[�IRU�D�SRLQW�VRXUFH�LQ�HUJV�V�FP����

�b0D[LPXP�SHDN�DOORZHG�IOX[�IRU�DQ�H[WHQGHG�VRXUFH�LQ�HUJV�V�FP����DUFVHF ��

702



�b 9�PDJQLWXGH� OLPLW� IRU� XQUHGGHQHG� VLQJOH� VWDUV��2��9� WKURXJK� )�� 9� DUH� EDVHG� RQ� .XUXF]� ������
PRGHOV�
�b7KH�PDJQLWXGHV�OLVWHG�IRU�*��9�DUH�IRU�WKH�6RODU�WHPSODWH�LQ�WKH�67,6� �(7&
b� 7KH�PDJQLWXGHV�OLVWHG�IRU�*��9�DUH�IURP�,8(�GDWD�IRU�WKH�VWDU�7DX�&HWL�
b� 7KH�PDJQLWXGHV�OLVWHG�IRU�.��9�DUH�IURP�,8(�GDWD�IRU�WKH�VWDU�(SVLORQ�(UL�
b� 7KH�PDJQLWXGHV�OLVWHG�IRU�.0�,,,�DUH�IURP�,8(�GDWD�IRU���VWDUV�RI�WKHVH�W\SHV�
b� 0D[LPXP�LQWHJUDWHG�9�PDJQLWXGH�IRU�VWDUV�LQ�WKH�ILHOG�DVVXPLQJ�DOO�DUH�RI�2��9�VSHFWUDO�W\SH�
b ���DUFVHF� 0D[LPXP�DOORZHG�IOX[�IRU�DQ�H[WHQGHG�VRXUFH�ZKLFK�FRYHUV�WKH�IXOO�GHWHFWRU�LQ�HUJ�V�FP� �
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&KDSWHU�����2YHUYLHZ�RI�3LSHOLQH�&DOLEUDWLRQ
&KDSWHU�&RQWHQWV

�����3LSHOLQH�3URFHVVLQJ�2YHUYLHZ
�����+RZ�3KDVH�,,�3DUDPHWHU�&KRLFHV�$IIHFW�&DOLEUDWLRQ
�����0RUH�'HWDLOHG�,QIRUPDWLRQ
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�����3LSHOLQH�3URFHVVLQJ�2YHUYLHZ
+HUH��ZH�EULHIO\�VXPPDUL]H�WKH�EDVLF�UHGXFWLRQV�DQG�FDOLEUDWLRQV�WKDW�DUH�SHUIRUPHG�LQ�WKH�676F,�67,6
SLSHOLQH�� DQG� VXPPDUL]H� WKH� HIIHFWV� WKDW� SDUWLFXODU� 3KDVH� ,,� SURSRVDO� SDUDPHWHU� FKRLFHV� KDYH� RQ
FDOLEUDWLRQ��7KH�PDWHULDO� LQ� WKLV�FKDSWHU� LV� LQWHQGHG�WR�SURYLGH�RQO\�HQRXJK�EDFNJURXQG�WR�GHYHORS
UREXVW�REVHUYLQJ�SURSRVDOV��$�VHULHV�RI� b�VHH�D�OLVWLQJ�LQ� �67,6�,QVWUXPHQW�6FLHQFH�5HSRUWV 6HFWLRQ�����
DQG�WKHb bSURYLGH�WKH�PRUH�GHWDLOHG�LQIRUPDWLRQ�QHHGHG�IRU�DQDO\]LQJ�\RXU�GDWD�67,6�'DWD�+DQGERRN

'DWD�WDNHQ�ZLWK�67,6�DUH� LQLWLDOO\� UHFHLYHG�E\�WKH�6SDFH�7HOHVFRSH�'DWD�&DSWXUH�)DFLOLW\�DW�1$6$
V
*RGGDUG�6SDFH�)OLJKW�&HQWHU�EHIRUH�EHLQJ�VHQW�WR�676F,��b2QFH�DW�676F,��WKH�GDWD�DUH�UHIRUPDWWHG�DQG
UHSDFNDJHG� LQWR� UDZ� �XQFDOLEUDWHG�� )OH[LEOH� ,PDJH� 7UDQVSRUW� 6\VWHP� �),76�� ILOHV� E\� WKH� JHQHULF
FRQYHUVLRQ�SURFHVV��ZKLFK�LQFOXGHV�SRSXODWLQJ�KHDGHU�NH\ZRUGV�ZLWK�LQIRUPDWLRQ�H[WUDFWHG�IURP�WKH
WHOHPHWU\�VWUHDP�� b$OO�67,6�GDWD�SURGXFWV�DUH�),76� ILOHV�b �0RVW�RI� WKHP�DUH�VWRUHG�DV� LPDJHV��ZLWK
VHSDUDWH� ),76� H[WHQVLRQV� KROGLQJ� WKH� VFLHQFH�� HUURU�� DQG� GDWD� TXDOLW\� DUUD\V� LQ� D� VLQJOH
ILOH��b8QFDOLEUDWHG�),76�ILOHV�DUH�WKH�LQSXW�WR�WKH�FDOVWLV�VRIWZDUH�SDFNDJH��ZKLFK�SURGXFHV�FDOLEUDWHG
),76�ILOHV�IRU�VXEVHTXHQW�DQDO\VLV�b�&RQVXOW�WKH� �IRU�PRUH�GHWDLOV�FRQFHUQLQJ�WKH67,6�'DWD�+DQGERRN
VWUXFWXUH�DQG�QDPLQJ�FRQYHQWLRQV�IRU�WKH�ILOHV�SURGXFHG�E\�FDOVWLV�

&DOVWLVbSHUIRUPV�WKH�IROORZLQJ�FDOLEUDWLRQV�IRU�DQ�LQSXW�ILOH��URRWQDPHBUDZ�ILWV��

%DVLF�� WZR�GLPHQVLRQDO� LPDJH� UHGXFWLRQ� SURGXFLQJ� D� IODW�ILHOGHG� RXWSXW� LPDJH� �URRWQDPHBIOW�
ILWV��� ZKLFK�� GHSHQGLQJ� RQ�ZKHWKHU� WKH� GDWD� DUH� IURP� WKH�0$0$� GHWHFWRUV� RU� WKH� &&'� DQG
ZKHWKHU� WKH\� DUH� LPDJLQJ� RU� VSHFWURVFRSLF� GDWD�� LQFOXGHV� WKH� IROORZLQJ�� GDWD� TXDOLW\
LQLWLDOL]DWLRQ�� GDUN� VXEWUDFWLRQ�� ELDV� VXEWUDFWLRQ�� QRQ�OLQHDULW\� IODJJLQJ�� IODW� ILHOGLQJ�� DQG
SKRWRPHWULF�FDOLEUDWLRQ�
7ZR�GLPHQVLRQDO�VSHFWUDO�H[WUDFWLRQ�SURGXFLQJ�D�IOX[�FDOLEUDWHG��UHFWLILHG�VSHFWURVFRSLF� LPDJH
�XVXDOO\bURRWQDPHB[�G�ILWV�IRU�0$0$�GDWD�bURRWQDPHBV[��ILWV�IRU�&&'��ZLWK�GLVWDQFH�DORQJ�WKH
VOLW� UXQQLQJ� OLQHDUO\� DORQJ� WKH� <� D[LV� DQG� ZDYHOHQJWK� UXQQLQJ� OLQHDUO\� DORQJ� WKH� ;� D[LV�� IRU
VSHFWURVFRSLF�ILUVW�RUGHU�PRGH�GDWD��6HHb �LQ�WKH�7DEOH���� 67,6�'DWD�+DQGERRN�
2QH�GLPHQVLRQDO� VSHFWUDO� H[WUDFWLRQ� SURGXFLQJ� D� RQH�GLPHQVLRQDO� VSHFWUXP� RI� IOX[� YHUVXV
ZDYHOHQJWK� �XVXDOO\b URRWQDPHB[�G�ILWVb IRU� 0$0$� GDWD�b URRWQDPHBV[��ILWV� IRU� &&'��
XQLQWHUSRODWHG�LQ�ZDYHOHQJWK�VSDFH��EXW�LQWHJUDWHG�DFURVV�DQ�H[WUDFWLRQ�DSHUWXUH�LQ�WKH�VSDWLDO
GLUHFWLRQ�� IRU� ILUVW�RUGHU� DQG� HFKHOOH� VSHFWURVFRSLF� GDWD�� 6HHb � LQ� WKH�7DEOH� ��� 67,6� 'DWD
+DQGERRN�
'DWD�WDNHQ� LQbTIME-TAGbPRGH�DUH�FRUUHFWHG�IRU�WKH�'RSSOHU�VKLIW� IURP�WKH�VSDFHFUDIW�PRWLRQ
DQG�RXWSXW�DV�DQ�XQFDOLEUDWHG�HYHQW�VWUHDP�E\�WKH�SLSHOLQH� LQ�D�),76�ELQDU\�WDEOH��URRWQDPH
BWDJ�ILWV��� 7KH� WLPH�WDJ� GDWD� VWUHDP� LV� b LQWHJUDWHG� LQ� WLPH� WR� SURGXFH� DQVXEVHTXHQWO\
XQFDOLEUDWHGb ACCUMbPRGH� LPDJH� �URRWQDPHBUDZ�ILWV�� ZKLFK� LV� WKHQ� SDVVHG� WKURXJK� VWDQGDUG
FDOLEUDWLRQ��7R�FRUUHFW� �VSDFHFUDIW�WLPHV�WR�KHOLRFHQWULF�WLPHV��UHIHU�WR� �LQTIME-TAG 6HFWLRQ������
WKH� �67,6�'DWD�+DQGERRN

,Q�DGGLWLRQ�b SHUIRUPV�WZR�W\SHV�RIbbFDOVWLV �FRQWHPSRUDQHRXV�FDOLEUDWLRQV

)RU�&&'�H[SRVXUHV�ZKLFK�KDYH�EHHQb bRU�ZKHQ�PXOWLSOH�H[SRVXUHV�KDYH�EHHQ�WDNHQ�bCR-SPLIT
b FRPELQHV� WKH� H[SRVXUHV�� SURGXFLQJ� D� FRVPLF� UD\� UHMHFWHG� LPDJH� � BFUM�ILWV�FDOVWLV URRWQDPH

ZKLFK�LV�WKHQ�SDVVHG�WKURXJK�VXEVHTXHQW�FDOLEUDWLRQ�VWHSV��H�J���VSHFWUDO�oH[WUDFWLRQ��
)RU� VSHFWURVFRSLF�H[SRVXUHV�� FDOVWLVbSURFHVVHV� WKH�DVVRFLDWHG�ZDYHFDO�H[SRVXUH� �VHHb 6HFWLRQ
����5RXWLQH�:DYHFDOV��WR�GHWHUPLQH�WKH�]HUR�SRLQW�RIIVHW�RI�WKH�ZDYHOHQJWK�DQG�VSDWLDO�VFDOHV
LQ�WKH�VFLHQFH�LPDJH��WKHUHE\�FRUUHFWLQJ�IRU�WKHUPDO�GULIWV�DQG�WKH�ODFN�RI�UHSHDWDELOLW\�RI�WKH
PRGH� VHOHFW� PHFKDQLVP�� 5DZ� ZDYHFDO� GDWD� DUH� VWRUHG� LQ� WKH� ILOH� URRWQDPHBZDY�ILWV� WR
GLVWLQJXLVK�WKHP�IURP�WKH�XQFDOLEUDWHG�VFLHQFH�GDWD�LQ�URRWQDPHBUDZ�ILWV�
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)LJXUH�����bWKURXJKb �VKRZ�H[DPSOH�RXWSXWV�IURP�WKHb �SLSHOLQH��7KHb �SURJUDP)LJXUH����� FDOVWLV FDOVWLV
SURSDJDWHV�VWDWLVWLFDO�HUURUV�DQG�WUDFNV�GDWD�TXDOLW\�IODJV�WKURXJK�WKH�FDOLEUDWLRQ�SURFHVV��$OWKRXJK�
FDOVWLV� LV� ZULWWHQ� LQ� &�� FRQYHQLHQW� 3\WKRQ� ZUDSSHU� SURJUDPV� DUH� DYDLODEOH� DV� SDUW� RI� WKH� VWHQY
HQYLURQPHQW��7KHVH�URXWLQHV�PD\�EH�XVHG�WR�UHFUHDWH�WKH�UHVXOWV�RI�WKH�SLSHOLQH��H�J���E\�UH�UXQQLQJb
FDOVWLV� LQ� LWV� HQWLUHW\�� RU� WR� FXVWRPL]H� WKH�SURFHVVLQJ�E\� UXQQLQJ�PRGXODU� FRPSRQHQWV� VXFK� DV� DV
EDVLF� WZR�GLPHQVLRQDO� LPDJH� UHGXFWLRQ� �EDVLF�G��� WZR�GLPHQVLRQDO� VSHFWUDO� H[WUDFWLRQ� �[�G��� RQH�
GLPHQVLRQDO�VSHFWUDO�H[WUDFWLRQ��[�G���RU�FRVPLF�UD\�UHMHFWLRQ��RFUUHMHFW���8VHUV�FDQ�PDQXDOO\�XSGDWH

7KH�FDOLEUDWLRQ�VWHSV�WKDWbWKH�UHIHUHQFH�ILOHV�OLVWHG�LQ�),76�KHDGHUV�E\�XVLQJ�WKHb �VFULSW��FUGV�EHVWUHIV
�SHUIRUPV�FDOVWLV GHSHQGV�RQ�WKH�W\SH�RI�GDWD��7KH�DFWLRQ�RI�HDFK�SURFHVVLQJ�VWHS�LV�FRQWUROOHG�E\�WKH

YDOXH�RI�D�NH\ZRUG� IODJ� LQ� WKH�),76�KHDGHU� �HLWKHU� �RU� ���+RZHYHU��GDWD�REWDLQHG�E\20,7 3(5)250
DYDLODEOH�EXW�XQVXSSRUWHG�PRGHV�DUH�FDOLEUDWHG�RQO\�WKURXJK�IODW�ILHOGLQJ�LQ�WKH�SLSHOLQH�

2EVHUYHUV� FDQ� UHWULHYH� 67,6� GDWD� IURPb WKH� �� WKH� �b RU� FDQ� XVH� WKH� $VWURS\0$67� 3RUWDO � $UFKLYH+67
PRGXOH� �WR�TXHU\�DQG�GRZQORDG�GDWD�DVWURTXHU\�PDVW

%HWZHHQ�6SULQJ������DQG�)DOO�������FDOLEUDWHG�GDWD�SURGXFWV�IRU�67,6�ZHUH�DYDLODEOH�WKURXJK�RQ�WKH�
IO\�UHSURFHVVLQJ��27)5���ZKLFK�UHSODFHG�RQ�WKH�IO\�FDOLEUDWLRQ��27)&���7KH�27)5�V\VWHP�VWDUWHG�ZLWK
UDZ�WHOHPHWU\�SURGXFWV��FRQYHUWHG�WKHVH�WR�),76�ILOHV��DQG�DGGHG�WKH�ODWHVW�LQVWUXPHQW�FDOLEUDWLRQV�

&XUUHQWO\�� WKH�0$67�DUFKLYH�PDLQWDLQV�D�FDFKH�RI�DOO�67,6�GDWD� WKDW�KDV�EHHQ�XQLIRUPO\�SURFHVVHG
ZLWK� WKH� FXUUHQW� LQVWUXPHQWDO� FDOLEUDWLRQ� ILOHV�� :KHQ� QHZ� UHIHUHQFH� ILOHV� EHFRPH� DYDLODEOH�� DOO
DIIHFWHG�GDWD�VHWV�DUH�SURPSWO\� UHSURFHVVHG�DQG�WKH�FDFKH� LV�XSGDWHG��7KLV�DSSURDFK�RFFDVLRQDOO\
UHVXOWV� LQ� D� GHOD\� EHWZHHQ� WKH� VXEPLVVLRQ� RI� UHYLVHG� UHIHUHQFH� ILOHV� DQG� WKHLU� DSSOLFDWLRQ� WR� WKH

�8VHUV�ZKR�UHTXLUH�GDWD�FDOLEUDWHG�ZLWK�WKH�PRVW�UHFHQWO\�XSGDWHG�UHIHUHQFH�ILOHV�PD\FDFKHG�GDWD�
ZLVK�WR�FRQVXOW�ZLWK�WKH�67,6�WHDP�WR�YHULI\�YLD�WKH� �ZKHQ�FDOLEUDWHG�SURGXFWV�PDGH�+HOS�'HVN+67
XVLQJ�WKHVH�XSGDWHG�ILOHV�ZLOO�EH�DYDLODEOH�

&DOVWLV�HYROYHV�DQG�LPSURYHV�ZLWK�WLPH�DV�ZH�XQGHUVWDQG�DQG�FKDUDFWHUL]H�WKH�RQ�RUELW�SHUIRUPDQFH
RI� 67,6�PRUH� IXOO\�� )RU� GHWDLOV� DERXW� WKH� YDULRXV� FKDQJHV�PDGH� WR� WKH�67,6� FDOLEUDWLRQ� SURFHVVHV�
SOHDVH�UHIHU�WR�WKH� �67,6�'DWD�+DQGERRN

7ZR�'LPHQVLRQDO�5HFWLILFDWLRQ)LJXUH������b 706
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�����+RZ�3KDVH�,,�3DUDPHWHU�&KRLFHV�$IIHFW�&DOLEUDWLRQ
&DOLEUDWLRQ�'HSHQGHQFLHV�RQ�3KDVH�,,�3DUDPHWHU�&KRLFHV�7DEOH������b

3DUDPHWHU (IIHFW�LQ�3LSHOLQH�&DOLEUDWLRQ

(QJLQHHULQJbMODE 1RW�FDOLEUDWHG��UHFHLYH�UDZ�GDWD�ILOHV�RQO\�

$YDLODEOH�EXW�
XQVXSSRUWHGbMODE

&DOLEUDWHG�WKURXJK�IODW�ILHOGLQJ�RQO\��QR���'�UHFWLILFDWLRQ��FRVPLF�UD\�
UHMHFWLRQ��LI�DSSOLFDEOH���IOX[�FDOLEUDWLRQ��RU���'�H[WUDFWLRQ�

MODE=ACQbRUbACQ/PEAK 1RW�FDOLEUDWHG��UHFHLYH�UDZ�GDWD�ILOHV�RQO\�

MODE=TIME-TAG 'DWD�HYHQWV�DUH�WDEXODWHG�LQb BWDJ�ILWV�ILOH�ZLWK�RQH�ELQDU\�WDEOH�URRWQDPH
H[WHQVLRQ�IRU�HDFK�EXIIHU�UHDG��GHWHUPLQHG�E\�H[SRVXUH�WLPH�DQGb

bSDUDPHWHUV���$OO�UDZ�GDWD�HYHQWV�DUH�JDWKHUHG�LQWR�D�BUFFER-TIME
VLQJOH�LPDJH�b ZKLFK�LV�WKHQ�SDVVHG�WKURXJK�WKH�URRWQDPHBraw.fits�b
QRUPDO�FDOLEUDWLRQ�VWHSV�

CCDbRQO\
�� >CR-SPLIT

RU
Number_of_Iterations 
��>

7KH�QXPEHU�RI�LPVHWV�LQ�WKH�UDZ�ILOH�HTXDOVb bRUbCR-SPLIT
��5DZ�ILOH�LPVHWV�DUH�FRVPLF�UD\�UHMHFWHG�DQG�Number_of_Iterations

VXPPHG�EHIRUH�WKH�ELDV��GDUN��DQG�IODW�ILHOGLQJ�FRUUHFWLRQV�DUH�PDGH��
SURGXFLQJ�Db BFUM�ILWVILOH��7KH�LQGLYLGXDO�LPVHWV�DUH�DOVR�IODJJHG�URRWQDPH
IRU�FRVPLF�UD\V�DQG�SURFHVVHG�ZLWKRXW�VXPPLQJ�WR�SURGXFH�DbURRWQDPHB

ILOH�flt.fitsb

MAMAbRQO\
Number_of_Iterations 
��>

7KH�UDZ�ILOH�FRQWDLQV� �LPVHWV��DV�GR�WKH�IODW�Number_of_Iterations
ILHOGHG�DQG���'�UHFWLILHG�ILOHV��WKH���'�H[WUDFWHG�ILOHV�FRQWDLQb

bWDEOHV��5HSHDW�H[SRVXUH�LPVHWV�DUH�VXPPHG�Number_of_Iterations
DIWHU�IODW�ILHOGLQJ�DQG���'�UHFWLILFDWLRQ�SURGXFLQJ�ILOHVb BVIO�ILWV�URRWQDPH
DQGb B[�G�ILWV�UHVSHFWLYHO\��WKLV�LV�DOVR�WUXH�IRU�LPDJLQJ�GDWD���URRWQDPH
1RWH�WKDW�IRU�WKH�0$0$�GHWHFWRUV����'�VSHFWUDO�H[WUDFWLRQ�GDWD�DUH�QRW�
VXPPHG�HYHQ�ZKHQ�WKHUH�DUH�UHSHDW�H[SRVXUHV�

POS-TARG 1RUPDO�FDOLEUDWLRQ�SURFHVVLQJ�

PATTERN 6HSDUDWHb bVWHS�H[SRVXUHV�DUH�QRW�DVVRFLDWHG�ZLWK�HDFK�RWKHU��PATTERN
(DFKb bVWHS�H[SRVXUH�LV�SURFHVVHG�WKURXJK�FDOLEUDWLRQ�PATTERN
LQGHSHQGHQWO\�

WAVECAL=NO ,I�*2�ZDYHFDOV��L�H��b bH[SRVXUHV��DUH�REWDLQHG�DW�WKH�VDPH�TARGET=WAVE
060�SRVLWLRQ�LQVWHDG�RI�DXWRZDYHFDOV��IXOO�SLSHOLQH�VSHFWUDO�FDOLEUDWLRQ�
LV�SHUIRUPHG��,I�QR�RQERDUG�ZDYHFDOV�DUH�REWDLQHG����'�H[WUDFWLRQ�DQG���
'�UHFWLILFDWLRQ�RI�VSHFWUDO�GDWD�ZLOO�QRW�EH�GRQH��EHFDXVH�WKH�DVVRFLDWHG�
ZDYHOHQJWKV�ZRXOG�EH�LQFRUUHFW�DQG�WKHUHIRUH�PLVOHDGLQJ�

Target_Name=CCDFLAT $Q�LQWHUQDO�67,6�&&'�IODW�ILHOG�ODPS�H[SRVXUH�XVHIXO�LQ�SRVW�SLSHOLQH�
SURFHVVLQJ�WR�FRUUHFW�IRU�IULQJLQJ�DERYH�a�������ZLWK�JUDWLQJVbG750L
bDQGb ��8VHUV�PXVW�DSSO\�IULQJH�IODWV�FRUUHFWLRQV�WKHPVHOYHV�XVLQJ�0G750
WKH� �LQ�WKH� �SDFNDJH�GHIULQJLQJ�WRROV VWLVWRROV
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�����0RUH�'HWDLOHG�,QIRUPDWLRQ
0RUH� GHWDLOHG� GHVFULSWLRQV� RI� WKHb � VRIWZDUH� DQG� LWV� PRGXODU� FRPSRQHQWV� DUH� DYDLODEOH� LQFDOVWLV b

��DQG�LQ�D�VHULHV�RI�67,6�GRFXPHQWV��OLVWHG�EHORZ��DQG�DFFHVVLEOH&KDSWHU��bRI�WKH�67,6�'DWD�+DQGERRN
YLD�WKHb �67,6�ZHESDJHV

67,6�,65����������૿&DOVWLV���3LSHOLQH�&DOLEUDWLRQ�RI�67,6�'DWD$�'HWDLOHG�9LHZ
67,6�,65����������૿&DOVWLV���%DVLF�7ZR�'LPHQVLRQDO�,PDJH�5HGXFWLRQ
67,6�,65����������૿&DOVWLV���&RVPLF�5D\�5HMHFWLRQ�LQ�WKH�67,6�&DOLEUDWLRQ�3LSHOLQH
67,6�,65����������૿&RVPLF�5D\�5HMHFWLRQ�LQ�67,6�&&'�,PDJHV
67,6� ,65� ��������� ૿&DOVWLV��� FDOVWLV���� FDOVWLV����:DYHFDO� 3URFHVVLQJ� LQ� WKH� 67,6� &DOLEUDWLRQ
3LSHOLQH
67,6�,65����������૿&DOVWLV���૿([WUDFWLRQ�RI���'�6SHFWUD�LQ�WKH�67,6�&DOLEUDWLRQ�3LSHOLQH
67,6� ,65� ��������� ૿&DOVWLV��� 7ZR�GLPHQVLRQDO� UHFWLILFDWLRQ� RI� VSHFWURVFRSLF� GDWD� LQ� WKH� 67,6
&DOLEUDWLRQ�3LSHOLQH
67,6�,65���������b૿7KH�67,6�3LSHOLQH���'HWHUPLQDWLRQ�RI�&DOLEUDWLRQ�6ZLWFK�6HWWLQJV
67,6�,65���������b૿��'�$OJRULWKP�IRU�5HPRYLQJ�6FDWWHUHG�/LJKW�IURP�67,6�(FKHOOH�'DWD
67,6�,65���������b૿$Q�$OJRULWKP�IRU�&RUUHFWLQJ�&7(�/RVV�LQ�6SHFWURSKRWRPHWU\�RI�3RLQW�6RXUFHV
ZLWK�WKH�67,6�&&'
67,6�,65����������૿$�QHZ�&7(�&RUUHFWLRQ�$OJRULWKP�IRU�3RLQW�6RXUFH�6SHFWURVFRS\�ZLWK�WKH�67,6
&&'�� &RUUHFWLQJ� IRU� FKDUJH� WUDS� ILOOLQJ� E\� WKH� 
UHG� KDOR
� RI� WKH� &&'� 3RLQW� 6SUHDG� )XQFWLRQ
UHGZDUG�RI�������
67,6�,65����������૿7LPH�'HSHQGHQW�7UDFH�$QJOHV�IRU�WKH�67,6�)LUVW�2UGHU�0RGHV
67,6�,65���������b૿Z[�G��$�3\5$)�5RXWLQH�WR�5HVDPSOH�6SHFWUDO�,PDJHV
67,6�,65�����������$�3\WKRQ�6FULSW�IRU�$OLJQLQJ�WKH�67,6�(FKHOOH�%OD]H�)XQFWLRQ�
3L[HO�EDVHG�&7,�&RUUHFWLRQV�IRU�67,6�&&'�'DWD

7KH�,65V�FXUUHQWO\�FRQWDLQ�WKH�PRVW�XS�WR�GDWH�GHVFULSWLRQV�RI�WKH�FDOLEUDWLRQ�VRIWZDUH��1HZ�UHOHDVHV
RIb bDUH�DFFRPSDQLHG�E\�XSGDWHV�XQGHU�WKHb bSDJH�RQ�WKHFDOVWLV ૿6RIWZDUH�7RROV b67,6�ZHEVLWH�

$�VHULHV�RI�-XS\WHU�QRWHERRNV�DYDLODEOH�RQ�WKH� �SURYLGH�H[DPSOHV�RQ�XVLQJ�1RWHERRNV�5HSRVLWRU\+67
GLIIHUHQW�PRGXOHV�RI� DQG�ZRUNLQJ�ZLWK�67,6�GDWDFDOVWLV� �b

FDOVWLV��'�&&'�&DOLEUDWLRQ�6WHSV
�'�6SHFWUD�([WUDFWLRQ
9LHZLQJ�67,6�'DWD
&XVWRP�&&'�'DUNV
&RUUHFWLQJ�IRU�0LVVLQJ�:DYHFDOV�ZLWK�&URVV�&RUUHODWLRQ

712

https://hst-docs.stsci.edu/stisdhb/chapter-3-stis-calibration
https://hst-docs.stsci.edu/display/STISDHB
http://www.stsci.edu/hst/instrumentation/stis/
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199810.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199826.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199811.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199822.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199812.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199903.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199813.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199828.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200201.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200303.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200603.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200703.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200704.pdf
https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2018_01.pdf
https://www.stsci.edu/hst/instrumentation/stis/data-analysis-and-software-tools/pixel-based-cti
http://www.stsci.edu/hst/instrumentation/stis/data-analysis-and-software-tools
http://www.stsci.edu/hst/instrumentation/stis/
https://spacetelescope.github.io/hst_notebooks/notebooks/STIS/README.html


&KDSWHU�����$FFXUDFLHV
&KDSWHU�&RQWHQWV

�����6XPPDU\�RI�$FFXUDFLHV

713



�����6XPPDU\�RI�$FFXUDFLHV
,Q�WKLV�FKDSWHU�ZH�VXPPDUL]H�WKH�W\SLFDO�DFFXUDFLHV�DFKLHYHG�E\�WKH�67,6�SKRWRPHWULF��VSHFWUDO��DQG
DVWURPHWULF�FDOLEUDWLRQV��7DEOHVb bWKURXJKb bOLVW�WKH�H[SHFWHG�DFFXUDFLHV�IRU�HDFK�RI�WKH�EDVLF���� ����
67,6�REVHUYDWLRQ�PRGHV��&&'�VSHFWURVFRS\��0$0$�VSHFWURVFRS\��&&'�LPDJLQJ��0$0$�LPDJLQJ��DQG
WDUJHW�DFTXLVLWLRQ��$OO�WKH�DFFXUDFLHV�FRUUHVSRQG�WR���VLJPD�OLPLWV��IRU�WKH�0$0$�GHWHFWRUV��WKH�SL[HOV
DUH�WKH��QDWLYH��ORZ�UHVROXWLRQ�SL[HOV��7KH�VSHFLILF�YDOXHV�JLYHQ�LQ�WKH�WDEOHV�DUH�WKRVH�FKDUDFWHUL]LQJ
WKH��FORVH�RXW��FDOLEUDWLRQ�RI�GDWD�REWDLQHG�SULRU�WR�WKH�VXVSHQVLRQ�RI�67,6�RSHUDWLRQV�HDUO\�LQ�&\FOH
���� UHIOHFWLQJ�RXU�XQGHUVWDQGLQJ�RI�67,6�DV�RI������$XJXVW��7KH� OLVWHG�YDOXHV�WKXV�DUH� WKRVH�WR�EH
H[SHFWHG� IRU� WKH�SUH�60��GDWD� WKDW�ZHUH�GHOLYHUHG� WR� WKH�DUFKLYH�XQGHU� WKDW�FORVH�RXW�FDOLEUDWLRQ�
)ROORZLQJ�WKH�UHSDLU�RI�67,6�LQ�60���ERWK�WKH�&&'�DQG�WKH�0$0$�GHWHFWRUV�KDYH�H[KLELWHG�VRPHZKDW�

�� �FRQWLQXHG�� VORZ� GHFOLQHV� LQ� VHQVLWLYLW\�� DQG� �IRU� WKH� &&'�� UHGXFHG� FKDUJHLQFUHDVHG� GDUN� UDWHV
WUDQVIHU� HIILFLHQF\� �6HFWLRQVb b WKURXJKb �� $IWHU� DFFRXQWLQJ� IRU� WKRVH� HIIHFWV�� KRZHYHU�� VLPLODU��� ����
DFFXUDFLHV�JHQHUDOO\�KDYH�DOVR�EHHQ�DFKLHYHG�IRU�SRVW�60��67,6�GDWD��7KH�VRXUFHV�RI�LQDFFXUDF\�DUH
GHVFULEHG�LQ RI�WKHb ��ZKLFK�LQFOXGHV�GLVFXVVLRQV�RI�YDULRXV�LQVWUXPHQWDOb b&KDSWHU�� 67,6�'DWD�+DQGERRN
SKHQRPHQD� DQG� WKH� FUHDWLRQ� RI� UHIHUHQFH� ILOHV� WKDW� FKDUDFWHUL]H� WKRVH� SKHQRPHQD��0RUH� GHWDLOHG
GLVFXVVLRQV� PD\� EH� IRXQG� LQ� YDULRXVb b �,65V�� DQGb67,6� ,QVWUXPHQW� 6FLHQFH� 5HSRUWV 676F,� $QDO\VLV

b�67$1V��1HZVOHWWHUV

7KH�DEVROXWH�DQG�UHODWLYH�IOX[�DFFXUDFLHV�TXRWHG�LQ�7DEOHVb bDQGb �DSSO\�RQO\�WR�VSHFWURVFRSLF���� ����
REVHUYDWLRQV�XVLQJ�UHODWLYHO\�ODUJH�DSHUWXUHV����������IRU��VW�RUGHU�PRGHV�������������IRU�WKH�HFKHOOH
PRGHV��b�)RU�VPDOOHU�DSHUWXUHV��KRZHYHU��WKH�UHOLDELOLW\�DQG�UHSHDWDELOLW\�RI�WKH�WKURXJKSXW�KDV�EHHQ
OHVV�ZHOO�TXDQWLILHG��7KHUH�LV�VRPH�HYLGHQFH�WKDW�WKH�DYHUDJH�67,6�IRFXV��UHODWLYH�WR�WKDW�RI�RWKHU�+67
LQVWUXPHQWV��FKDQJHG�EHWZHHQ������DQG������� ���)RU�DSHUWXUHV�OHVV�WKDQ�RU�HTXDO�WR67,6�,65��������
DERXW� ����� LQ� VL]H�� WKDW� FKDQJH� LQ� IRFXV� DSSHDUV� WR� KDYH� UHVXOWHG� LQ� ERWK� GHFUHDVHG� DYHUDJH
WKURXJKSXW�DQG�LQFUHDVHG�WKURXJKSXW�YDULDELOLW\��$QDO\VLV�RI�HFKHOOH�REVHUYDWLRQV�WDNHQ�WKURXJK�WKH
������������DQG�������������DSHUWXUHV�LQGLFDWHG�WKDW�WKH�DYHUDJH�WKURXJKSXW�ZDV�RQO\�DERXW�����RI
QRPLQDO��ZLWK�VRPH�LQGLYLGXDO�H[SRVXUHV�VKRZLQJ�DV�PXFK�DV�D�����WKURXJKSXW�ORVV��IRU�WKH�VPDOOHVW
DSHUWXUH����������������WKH�DYHUDJH�WKURXJKSXW�ZDV�W\SLFDOO\�RQO\�KDOI�LWV�QRPLQDO�YDOXH���1RWH�WKDW
IRU� WKHVH� DSHUWXUHV�� WKURXJKSXW� YDULDWLRQV� RI� RUGHU� ���� GXH� WR� WHOHVFRSH� EUHDWKLQJ� KDYH� EHHQ
FRPPRQO\�REVHUYHG�WKURXJKRXW�WKH�OLIHWLPH�RI�67,6��b �$IWHU�������KRZHYHU��WKH�DYHUDJH�67,6�IRFXV
DSSHDUV�WR�KDYH�UHFRYHUHG�VRPHZKDW�� ��b �%HFDXVH�WKH�WKURXJKSXW�ORVVHV�FDQ�YDU\67,6�,65��������
VLJQLILFDQWO\�IURP�REVHUYDWLRQ�WR�REVHUYDWLRQ��LW�LV�QRW�SRVVLEOH�WR�VLPSO\�XSGDWH�WKH�(7&�WKURXJKSXWV�
DV�WKH�(7&�PXVW�DOVR�ZDUQ�DJDLQVW�REVHUYDWLRQV�ZKLFK�DUH�WRR�EULJKW�RU�ZKLFK�PD\�FDXVH�VDWXUDWLRQ�
DQG�PXVW�WKHUHIRUH�DGRSW�WKH�KLJKHVW�WKURXJKSXW�WKDW�PLJKW�UHDVRQDEO\�EH�REWDLQHG��)RFXV�RIIVHWV
FDQ�DOVR�DIIHFW�WKH�UHODWLYH�IOX[�FDOLEUDWLRQ�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�ZLWKLQ�D�JLYHQ�REVHUYDWLRQ��)RU
PRGHV�FRYHULQJ�D�ZLGH�UDQJH�RI�ZDYHOHQJWKV��UHODWLYH�IOX[�HUURUV�RI�����RYHU�WKH�ZDYHOHQJWK�VSDQ�RI
(���0�DQG�(���0�REVHUYDWLRQV�GRQH�ZLWK�WKH�������������DSHUWXUH�DUH�QRW�XQFRPPRQ��,I�FRPELQHG
ZLWK� VPDOO� DSHUWXUH� FHQWHULQJ�HUURUV�� WKH� UHODWLYH� WKURXJKSXW� HUURUV� FDQ� VRPHWLPHV� LQFUHDVH� WR� DV
PXFK�DV������7KH�PRVW�XS�WR�GDWH�LQIRUPDWLRQ�DERXW�67,6�IRFXV�FDQ�EH�IRXQG�DW�+67
V�)RFXV�SDJH�
ZKLFK�LQFOXGHV�D�OLQN�WR�DQ�LQWHUDFWLYH�IRFXV�PRGHO�b
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0DQ\� VLJQLILFDQW� FKDQJHV� LQ� SLSHOLQH� FDOLEUDWLRQ� KDYH� EHHQ� PDGH� GXULQJ� WKH� OLIHWLPH� RI� 67,6
UHIOHFWLQJ�ERWK�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LQVWUXPHQW�DQG�FRPSHQVDWLRQ�IRU�REVHUYHG�FKDQJHV�LQ�LWV
EHKDYLRU�� VHHb RI� WKHb b IRU� GHWDLOV�� ([WUDFWHG� VSHFWUD� DQG� UHFWLILHG&KDSWHU� �b 67,6� 'DWD� +DQGERRN
VSHFWUDO� LPDJHV� IURP� DOO� WKUHH� 67,6� GHWHFWRUV� DUH� QRZ� FRUUHFWHG� IRU� ERWK� WLPH�GHSHQGHQW� DQG
WHPSHUDWXUH�GHSHQGHQW�YDULDWLRQV�LQ�VHQVLWLYLW\�� �b67,6�'DWD�+DQGERRNb6HFWLRQ������� 67,6�,65������
���([WUDFWHG�&&'�VSHFWUD�DUH�FRUUHFWHG�IRU�&7(�ORVVHV�� ��DQG�DUH�DGMXVWHG�IRU�WKH�� 67,6�,65�����B��

IRUPHUO\�QHJOHFWHG� LQWHUGHSHQGHQFH�RI�JUDWLQJ�DQG�DSHUWXUH� WKURXJKSXWV��7LPH�GHSHQGHQW� URWDWLRQ
RI� WKH� VSHFWUDO� WUDFHV� LV� DSSOLHG� WR� WKH� PRVW� FRPPRQO\� XVHG� ILUVW� RUGHU� PRGHV� GXULQJ� VSHFWUDO
H[WUDFWLRQ�DQG�VSHFWUDO�LPDJH�UHFWLILFDWLRQ�� ���%RWK�WKH�HFKHOOH�EOD]H�VKLIW�FRUUHFWLRQ67,6�,65��������
�IRU�VSHFWUDO�H[WUDFWLRQV��DQG�WKH�HFKHOOH�IOX[�FDOLEUDWLRQ�KDYH�UHFHQWO\�EHHQ�VXEVWDQWLDOO\� LPSURYHG
�H�J��b �� ���7KH�IODW�ILHOG�UHIHUHQFH�ILOHV�KDYH�DOVR�EHHQ�UHYLVHG�������$XJXVW�67$1 67,6�,65�������� 67,6

b ��b � 5HFHQW� LPSURYHPHQWV� WR� WKH� VWHOODU� DWPRVSKHULF� PRGHOV� IRU� WKH'DWD� +DQGERRN 6HFWLRQ� �����
SULPDU\�IOX[�VWDQGDUG�VWDUV��LQFRUSRUDWHG�LQWR�WKH� ��KDYH�SURPSWHG�DQ�HIIRUW�WR&$/63(&Y���GDWDEDVH
XSGDWH�WKH�IOX[�FDOLEUDWLRQ�DQG�]HUR�SRLQWV�IRU�DOO�RI�WKH�67,6�VSHFWURVFRSLF�DQG�LPDJLQJ�PRGHV�b�7KH
UHYLVHG�FDOLEUDWLRQV� IRU� WKH�KLJKHVW�SULRULW\� VSHFWURVFRSLF�PRGHV�ZHUH�GHOLYHUHG� LQ������$SULO�� DQG
ZRUN�LV�FRQWLQXLQJ�RQ�WKH�UHVW�RI�WKH�PRGHV��VHH�KWWSV���ZZZ�VWVFL�HGX�KVW�LQVWUXPHQWDWLRQ�VWLV�IOX[�

��UHFDOLEUDWLRQ

:H�UHPLQG�XVHUV�WKDW�FDOLEUDWLRQ�GDWD�KDYH�DOZD\V�EHHQ�LPPHGLDWHO\�QRQ�SURSULHWDU\��,I�XVHUV�KDYH�D
QHHG�IRU�KLJKHU�DFFXUDF\�RU�XUJHQW�UHVXOWV��WKH\�PD\�ZLVK�WR�FRQVLGHU�GLUHFW��FXVWRP�DQDO\VLV�RI�WKH
FDOLEUDWLRQ� GDWD� IRU� WKHLU� SDUWLFXODU� REVHUYLQJ�PRGH�� 6HH� DOVR� b RI� WKLV� KDQGERRN� IRU� D&KDSWHU� ��
GHVFULSWLRQ�RI�RXU�UHJXODU�RQ�RUELW�FDOLEUDWLRQ�SURJUDP�

&&'�6SHFWURVFRSLF�$FFXUDFLHV7DEOH������b

$WWULEXWH $FFXUDF\ /LPLWLQJ�)DFWRUV

5HODWLYH�ZDYHOHQJWK� �������SL[HO 6WDELOLW\�RI�RSWLFDO�GLVWRUWLRQ
$FFXUDF\�RI�GLVSHUVLRQ�VROXWLRQV

$EVROXWH�ZDYHOHQJWK�
�DFURVV�H[SRVXUHV�

�������SL[HO 7KHUPDO�VWDELOLW\
'HULYDWLRQ�RI�ZDYHFDO�]HUR�SRLQW
$FFXUDF\�RI�GLVSHUVLRQ�VROXWLRQV

$EVROXWH�SKRWRPHWU\� b
,QVWUXPHQW�VWDELOLW\
&RUUHFWLRQ�RI�FKDUJH�WUDQVIHU�HIILFLHQF\
7LPH�GHSHQGHQW�SKRWRPHWULF�FDOLEUDWLRQ
)ULQJH�FRUUHFWLRQ��IRUb͐�!��������

b
/�PRGHV
0�PRGHV

��
��

5HODWLYH�SKRWRPHWU\�
�ZLWKLQ�DQ�H[SRVXUH� b

,QVWUXPHQW�VWDELOLW\
&RUUHFWLRQ�RI�FKDUJH�WUDQVIHU�HIILFLHQF\
7LPH�GHSHQGHQW�SKRWRPHWULF�FDOLEUDWLRQ
)ULQJH�FRUUHFWLRQ��IRUb͐�!��������

b
/�PRGHVb
0�PRGHV

��
��
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�b)RU�PRUH�UHFHQW�DQDO\VHV�RI�ZDYHOHQJWK�DFFXUDF\��VHHb ��67,6� ,65�������� � �67,6� ,65��������� DQG
��1RWH�WKDW�WKH�ZDYHOHQJWK�DFFXUDFLHV�ZLOO�DOVR�GHSHQG�RQ�WKH�DFFXUDFLHV�RI�WKH�UHVW67,6�,65��������

ZDYHOHQJWKV� XVHG� LQ� FDOFXODWLQJ� WKH� GLVSHUVLRQ� UHODWLRQV�b � 7KH� TXRWHG� DFFXUDFLHV� UHIHU� WR� VSHFWUD
REWDLQHG� DW� WKH� QRPLQDO� �FHQWUDO�� ORFDWLRQV�� WKH� ZDYHOHQJWK� ]HUR� SRLQWV� PD\� EH� VRPHZKDW� OHVV
DFFXUDWH�IRU�UHFHQW�VSHFWUD�REWDLQHG�DW�WKH�(��SVHXGR�DSHUWXUH�
$VVXPHV�VWDU�LV�ZHOO�FHQWHUHG�LQ�VOLW�DQG�XVH�RI�D���DUFVHFRQGV�ZLGH�SKRWRPHWULF�VOLW��6HH�WKH�b b67,6

IRU� D� PRUH� FRPSOHWH� GHVFULSWLRQ� RI� WKH� LPSDFW� RI� FHQWHULQJ� DQG� VOLW� ZLGWK� RQ'DWD� +DQGERRNb
DFFXUDFLHV��7KLV�DFFXUDF\�H[FOXGHV�WKHb bDQGb �PRGHV�ZKHQ�XVHG�ZLWK�UHG�WDUJHWV��IRU*���/% *���0%
ZKLFK�JUDWLQJ�VFDWWHU�FDQ�FDXVH�ODUJH�LQDFFXUDFLHV�LQ�WKH�IOX[�FDOLEUDWLRQ�DW�WKH�VKRUWHVW�ZDYHOHQJWKV�
VHH� � � �� � 3KRWRPHWULF� DFFXUDFLHV*UHJJ� HW� DO�� ���� +67� &DOLEUDWLRQ�:RUNVKRS �DQG 67,6� ,65� ������� b
UHIHUHQFHG�DUH�IRU�FRQWLQXXP�VRXUFHV��HTXLYDOHQW�ZLGWK�DQG�OLQH�SURILOH�PHDVXUHV�DUH�VXEMHFW�WR�RWKHU
XQFHUWDLQWLHV��VXFK�DV�VSHFWUDO�SXULW\�DQG�EDFNJURXQG�VXEWUDFWLRQ���6HH� �IRU�UHFHQW67,6�,65��������
ZRUN�RQ�&7(�FRUUHFWLRQ�WR�HQVXUH�WKH�IOX[�DFFXUDFLHV�ZHUH�PHW�

0$0$�6SHFWURVFRSLF�$FFXUDFLHV7DEOH������b

$WWULEXWH $FFXUDF\ /LPLWLQJ�)DFWRUV

5HODWLYH�ZDYHOHQJWK�
�ZLWKLQ�DQ�H[SRVXUH�

��������SL[HO� 6WDELOLW\�RI�VPDOO�VFDOH�JHRPHWULF�GLVWRUWLRQ
2SWLFDO�GLVWRUWLRQ
$FFXUDF\�RI�GLVSHUVLRQ�VROXWLRQV

$EVROXWH�ZDYHOHQJWKV b�
�DFURVV�H[SRVXUHV�

�������SL[HO� 7KHUPDO�VWDELOLW\
'HULYDWLRQ�RI�ZDYHFDO�]HUR�SRLQWb
$FFXUDF\�RI�GLVSHUVLRQ�VROXWLRQV

$EVROXWH�SKRWRPHWU\� ,QVWUXPHQW�VWDELOLW\
7LPH�GHSHQGHQW�SKRWRPHWULF�FDOLEUDWLRQ

b
/�PRGHV
0�PRGHV
(FKHOOH�PRGHV�

��
��
��

5HODWLYH�SKRWRPHWU\b
�ZLWKLQ�DQ�H[SRVXUH��

,QVWUXPHQW�VWDELOLW\
)ODW�ILHOGV
(FKHOOH�PRGHV�b
%OD]H�VKLIW�FRUUHFWLRQ�DFFXUDF\
6FDWWHUHG�OLJKW�VXEWUDFWLRQb

/�PRGHV
0�PRGHV
(FKHOOH�PRGHV �� �

��
��
��

��)RU�PRUH�UHFHQW�DQDO\VHV�RI�ZDYHOHQJWK�DFFXUDF\��VHHb �� �67,6�,65�������� 67,6�,65�������� �67,6�,65
��DQG� ��1RWH�WKDW�WKH�ZDYHOHQJWK�DFFXUDFLHV�ZLOO�DOVR�GHSHQG�RQ�WKH�DFFXUDFLHV�RI������� $\UHV�����

WKH�UHVW�ZDYHOHQJWKV�XVHG�LQ�FDOFXODWLQJ�WKH�GLVSHUVLRQ�UHODWLRQV�
�$�SL[HO�IRU�WKH�0$0$�UHIHUV�WR�����b b�����QDWLYH�IRUPDW�SL[HOV�� �
�$VVXPHV�VWDU�LV�ZHOO�FHQWHUHG�LQ�VOLW�DQG�XVH�RI�D�ZLGH�SKRWRPHWULF�VOLW��

�)RUb �DUFVHFRQG�VOLW��7KHVH�DUH�W\SLFDO�DFFXUDFLHV��ZKLFK�FDQ�EH���WR���WLPHV�EHWWHU�RU�ZRUVH� ���b�b���
DV� D� IXQFWLRQ� RI� ZDYHOHQJWK�� VHH� � IRU� GHWDLOV��� )RU� UHFHQW� LPSURYHPHQWV� WR� WKH67,6� ,65� �������
HFKHOOH�PRGH�IOX[�VHQVLWLYLW\�DQG�WKURXJKSXWV��VHHb �� ��DQG�67,6�,65�������� 67,6�,65�������� 67,6�,65

��������

716

http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/201101.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2015_02.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2018_04.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/_documents/stis_dhb.pdf
https://hst-docs.stsci.edu/display/STISDHB
https://hst-docs.stsci.edu/display/STISDHB
https://ui.adsabs.harvard.edu/abs/2006hstc.conf..209G/abstract
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2022_05.pdf
https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2022_07.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/201101.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2015_02.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2018_04.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2018_04.pdf
https://ui.adsabs.harvard.edu/abs/2022AJ....163...78A/abstract
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/199818.pdf
https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/2022-04.pdf
https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/STIS_ISR_2024-02.pdf
https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/STIS_ISR_2024-04.pdf
https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/STIS_ISR_2024-04.pdf


��4XRWHG� UHODWLYH� IOX[�DFFXUDFLHV�RI� HFKHOOH� VSHFWUD�DVVXPH� WKDW� WKH� WLPH�GHSHQGHQW� VKLIWV� LQ� WKH
HFKHOOH� EOD]H� IXQFWLRQ� DUH� SURSHUO\� FRUUHFWHG�� ,PSURYHPHQWV� WR� WKH� EOD]H� VKLIW� FRUUHFWLRQ� \LHOG
DJUHHPHQW�LQ�WKH�RUGHU�RYHUODS�UHJLRQV�WR�EHWWHU�WKDQ����IRU�(���+��VHH� ��$XJXVW������67$1

&&'�,PDJLQJ�$FFXUDFLHV7DEOH������b

$WWULEXWH $FFXUDF\ /LPLWLQJ�)DFWRUV

5HODWLYH�DVWURPHWU\�ZLWKLQ�DQ�LPDJH ����SL[HO 6WDELOLW\�RI�RSWLFDO�GLVWRUWLRQ

$EVROXWH�SKRWRPHWU\ �� ,QVWUXPHQW�VWDELOLW\

5HODWLYH�SKRWRPHWU\�ZLWKLQ�DQ�LPDJH �� ([WHUQDO�LOOXPLQDWLRQ�SDWWHUQ

0$0$�,PDJLQJ�$FFXUDFLHV7DEOH������b

$WWULEXWH $FFXUDF\ /LPLWLQJ�)DFWRUV

5HODWLYH�DVWURPHWU\�ZLWKLQ�DQ�LPDJH �����SL[HO �b� � 6PDOO�VFDOH�GLVWRUWLRQ�VWDELOLW\

$EVROXWH�SKRWRPHWU\ �� ,QVWUXPHQW�VWDELOLW\�DQG�FDOLEUDWLRQ

5HODWLYH�SKRWRPHWU\�ZLWKLQ�DQ�LPDJH �� )ODW�ILHOGV�DQG�H[WHUQDO�LOOXPLQDWLRQ

��$�SL[HO�IRU�WKH�0$0$�UHIHUV�WR�����b b�����QDWLYH�IRUPDW�SL[HOV��
�$�UHFHQW�UH�DQDO\VLV�RI�WKH�)89�0$0$�JHRPHWULF�GLVWRUWLRQ�KDV�\LHOGHG�UPV�UHVLGXDOV�RI��PDV�������

SL[��LQ�HDFK�FRRUGLQDWH��FRPSDUHG�WR�WKH�SRVLWLRQV�LQ�DQ�DVWURPHWULF�VWDQGDUG�FDWDORJ�EDVHG�RQ�:)&�
�89,6�LPDJLQJ�GDWD�VHH�� �DQG� ��$XJXVW������67$1 67,6�,65��������

7DUJHW�$FTXLVLWLRQ�$FFXUDFLHV7DEOH������b

$WWULEXWH $FFXUDF\ /LPLWLQJ�)DFWRUV

*XLGH�VWDU�DFTXLVLWLRQ ���ଖ
�������ଖ

*6&��FDWDORJ�XQFHUWDLQWLHV
*6&��FDWDORJ�XQFHUWDLQWLHV
DFFXUDF\�RI�LQSXW�WDUJHW�FRRUGLQDWHV
6HHb6HFWLRQ������

)ROORZLQJ�WDUJHW�DFTXLVLWLRQ�H[SRVXUH

����ଖ
�������ଖ

6LJQDO�WR�QRLVH
6RXUFH�VWUXFWXUH
&HQWHULQJ�DFFXUDF\�SOXV�SODWH�VFDOH�DFFXUDF\�
WR
FRQYHUW�SL[HOV�WR�DUFVHFRQGV
6HH�6HFWLRQVb bDQGb ������ ���

b
3RLQW�VRXUFHV
'LIIXVH�VRXUFHV

)ROORZLQJ�SHDNXS�DFTXLVLWLRQ�
H[SRVXUH

���RI�
WKHb
VOLW�ZLGWK

6LJQDO�WR�QRLVH
6RXUFH�VWUXFWXUH
1XPEHU�RI�VWHSV�LQ�VFDQ�DQG�36)
6HH�6HFWLRQVb bDQGb ������ ���
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)ROORZLQJ�DSHUWXUH�VOLW�FKDQJH ������ $FFXUDF\�RI�VOLW�SRVLWLRQLQJ
6HHb6HFWLRQ������
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&KDSWHU�����&DOLEUDWLRQ�6WDWXV�DQG�3ODQV
&KDSWHU�&RQWHQWV

�����,QWURGXFWLRQ
�����*URXQG�7HVWLQJ�DQG�&DOLEUDWLRQ
�����67,6�,QVWDOODWLRQ�DQG�9HULILFDWLRQ��6029��
�����&\FOH���&DOLEUDWLRQ
�����&\FOH���&DOLEUDWLRQ
�����&\FOH���&DOLEUDWLRQ
�����&\FOH����&DOLEUDWLRQ
�����&\FOH����&DOLEUDWLRQ
�����&\FOH����&DOLEUDWLRQ
������60��DQG�6029��&DOLEUDWLRQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ
������&\FOH����&DOLEUDWLRQ�3ODQ

719



�����,QWURGXFWLRQ
,Q�WKLV�FKDSWHU�ZH�JLYH�D�EULHI�JXLGH�WR�WKH�FDOLEUDWLRQ�REVHUYDWLRQV�REWDLQHG�GXULQJ�JURXQG�WHVWLQJ�
WKH�RULJLQDO�SHULRG�RI�6HUYLFLQJ�0LVVLRQ�2UELWDO�9HULILFDWLRQ��6029����&\FOHV���WKURXJK�����WKH�SRVW�
60�� UHSDLU� YHULILFDWLRQ� �6029���� DQG�&\FOHV���� WKURXJK�����'HWDLOV� RI� LPSURYHPHQWV�PDGH� WR� WKH
SLSHOLQH�FDOLEUDWLRQ�RI�67,6�GDWD�DIWHU� WKH� IDLOXUH�RI� WKH�67,6�6LGH���HOHFWURQLFV� LQ�$XJXVW������DUH
GLVFXVVHG� LQb �� )XUWKHU� LQIRUPDWLRQ�RQ�FDOLEUDWLRQ�� LQFOXGLQJ�GHWDLOHG�GHVFULSWLRQV�RI� WKH6HFWLRQ�����
SURSRVDOV��FDQ�EH�IRXQG�RQ�WKHb �67,6�&DOLEUDWLRQ�SDJH

67,6�SURYLGHV�D� ODUJH�QXPEHU�RI�DYDLODEOH�EXW�XQVXSSRUWHG�FDSDELOLWLHV� � ��EH\RQG� WKRVH$SSHQGL[�$
ZKLFK�DUH� URXWLQHO\� VXSSRUWHG��2EVHUYHUV� VKRXOG� UHPHPEHU� WKDWb676F,�ZLOO�QRW�QRUPDOO\�XQGHUWDNH

�� 2EVHUYHUVDGGLWLRQDO� FDOLEUDWLRQV� IRU� WKHVH� DYDLODEOH�EXW�XQVXSSRUWHG� LQVWUXPHQW� FRQILJXUDWLRQV
ZLVKLQJ�WR�XVH�QRQ�VWDQGDUG�LQVWUXPHQW�FRQILJXUDWLRQV�VKRXOG�DVVHVV�WKHLU�VSHFLILF�FDOLEUDWLRQ�QHHGV
DQG�LQFOXGH�WLPH�LQ�WKHLU�3KDVH�,�SURSRVDO�IRU�DQ\�DGGLWLRQDO�FDOLEUDWLRQV�WKDW�DUH�UHTXLUHG��3URSRVHUV
ZKR�EHOLHYH�WKDW�PRUH�H[WHQVLYH�FDOLEUDWLRQ�REVHUYDWLRQV�RU�DQDO\VLV�PD\�EH�RI�EHQHILW� WR�XVHUV�RI
67,6�VKRXOG�FRQVLGHU�VXEPLWWLQJ�D�&\FOH����&DOLEUDWLRQ�2XWVRXUFLQJ�3URSRVDO��VHH�WKH�&\FOH����૿&DOO

bIRU�GHWDLOV��IRU�3URSRVDOV
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�����*URXQG�7HVWLQJ�DQG�&DOLEUDWLRQ
7KH�67,6 ,'7��3ULQFLSDO� ,QYHVWLJDWRU��%UXFH�:RRGJDWH��*6)&��ZDV� � � �,QVWUXPHQW�'HILQLWLRQ�7HDP 67,6
UHVSRQVLEOH�IRU�WKH�JURXQG�WHVWLQJ�DQG�JURXQG�FDOLEUDWLRQ�RI�67,6��0RVW�RI�WKH�JURXQG�WHVW�GDWD�ZHUH
REWDLQHG� LQ� ODWH� ������ GXULQJ� WKHUPDO� YDFXXP� WHVWLQJ� DW� %DOO� $HURVSDFH� LQ� &RORUDGR�� DQG� GXULQJ
VXEVHTXHQW� WHVWLQJ� LQ� D� GU\�QLWURJHQ� HQYLURQPHQW� DW� *6)&�� 7KHVH� WHVWV� FKDUDFWHUL]HG� WKH� EDVLF
SURSHUWLHV� RI� WKH� RSWLFV�� WKH� GHWHFWRUV�� DQG� WKH� PHFKDQLVPV�� &HUWDLQ� PHDVXUHPHQWV� �H�J��
PHDVXUHPHQWV�RI�WKH�TXDQWXP�HIILFLHQF\�RI�WKH�67,6�GHWHFWRUV�YV��ZDYHOHQJWK��FDQQRW�EH�UHSHDWHG�LQ
RUELW��+RZHYHU��PRVW�RI�WKH�JURXQG�WHVW�GDWD�KDYH�EHHQ�VXSHUVHGHG�E\�RQ�RUELW�PHDVXUHPHQWV�
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�����67,6�,QVWDOODWLRQ�DQG�9HULILFDWLRQ��6029��
7KH�SULPDU\�JRDO�RI�WKH�6HFRQG�6HUYLFLQJ�0LVVLRQૼV�2EVHUYDWRU\�9HULILFDWLRQ��6029���ZDV�WKH�WLPHO\
FRPPLVVLRQLQJ�RI�WKH�+67�REVHUYDWRU\�IRU�QRUPDO�VFLHQFH�RSHUDWLRQV��)RU�67,6�� MXVW� LQVWDOOHG�DW�WKLV
WLPH�� WKLV� LQFOXGHG� WHVWLQJ� WKH� IRFXV� �LQWHUQDO� DQG� H[WHUQDO��� YHULI\LQJ� WKH� WDUJHW� DFTXLVLWLRQ
SURFHGXUHV��PRQLWRULQJ� LQVWUXPHQW� VWDELOLW\� �ERWK� LQ� WHUPV� RI� LPDJH�PRWLRQV� DQG� VHQVLWLYLW\��� DQG
PHDVXULQJ�VHOHFWHG�FKDUDFWHULVWLFV��SODWH�VFDOHV��VOLW�WKURXJKSXWV�� OLQH�VSUHDG�IXQFWLRQV��HWF��6029�
REVHUYDWLRQV�ZHUH� FRPSOHWH� E\� WKH� VXPPHU� RI� ������0RVW� RI� WKH� UHVXOWV� RI� WKH� FDOLEUDWLRQV�ZHUH
SUHVHQWHG�LQ�WKHb ��$�KLJK�OHYHO�VXPPDU\�ZDV�SURYLGHG�LQ�WKH������+67�&DOLEUDWLRQ�:RUNVKRS .LPEOH

�� �b ��/����SDSHU�RQ�67,6�RQ�RUELW�SHUIRUPDQFH��)RU�DQ�XSGDWH�LQFOXGLQJ�HDUO\�&\FOH��HW�DO������ $S- ���
FDOLEUDWLRQ��VHH�DOVR� �� �b ��������%ULHI�GHVFULSWLRQV�RI�WKH�6029��SURSRVDOV%DXP�HW�DO������ 63,( ����
DUH�JLYHQ� LQ� ��'DWD� IURP�FDOLEUDWLRQ�SURSRVDOV�DUH�QRQ�SURSULHWDU\��DQG�FDQ�EH�REWDLQHG7DEOH�����
IURP�WKH�DUFKLYH�ZLWK�WKH�SURSRVDO�,'V�OLVWHG�LQ�WKH�WDEOH�

7DEOH������b �b67,6�6029��3URSRVDOV

,' 7LWOH

���� 67,6�0HPRU\�/RDG�DQG�'XPS

���� 6FLHQFH�'DWD�%XIIHU�&KHFN�ZLWK�6HOI�7HVW

���� &&'�)XQFWLRQDO

���� &&'�7HPSHUDWXUH�6HW�3RLQW�'HWHUPLQDWLRQ

���������� 67,6�6029�&RQWDPLQDWLRQ�0RQLWRU

���� 67,6�WR�)*6�$OLJQPHQW

���� 67,6�$FTXLVLWLRQ�$SHUWXUH�DQG�6OLW�/RFDWLRQ

���� 67,6�&&'�3RLQW�6RXUFH�$FTXLVLWLRQ

���� 67,6�&&'�'LIIXVH�6RXUFH�$FTXLVLWLRQ

���� 67,6�&&'�&RURQDJUDSKLF�$FTXLVLWLRQ

���� &&'�7DUJHW�&HQWHULQJ

���� &&'�3HDNGRZQV�IRU�&RURQDJUDSKLF�$FTXLVLWLRQ

���� 67,6�&RUUHFWRU�$OLJQPHQW��&RDUVH

���� 67,6�&RUUHFWRU�$OLJQPHQW��)LQH

���������� 6SHFWURVFRSLF�0RGH�,PDJH�4XDOLW\

���������� &DPHUD�0RGH�,PDJH�4XDOLW\

���������� 5HSHDWDELOLW\�RI�,PDJH�3RVLWLRQV�IRU�67,6�0RGHV

���������� 9HULILFDWLRQ�RI�2SWLFDO�)RUPDW�RI�67,6�0RGHV

���������� 67,6�6OLW�WR�'HWHFWRU�,QWHUQDO�6WDELOLW\
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���� 27$�67,6�3RLQWLQJ�DQG�7KURXJKSXW�6WDELOLW\

���������� 2FFXOWLQJ�%DU�6FDWWHUHG�/LJKW

���� 36)�PHDVXUHPHQW�IRU�0$0$V

���� 67,6�3L[HO�7R�3L[HO�5HVSRQVH�6WDELOLW\

���� &&'�'DUN�5DWH�DQG�5HDG�1RLVH

���� 'DUN�0HDVXUHPHQW�IRU�0$0$V

���������� 67,6�6HQVLWLYLW\�2Q�$[LV

���������� 67,6�6HQVLWLYLW\��9LJQHWWLQJ�

���� 0$0$�)ODW�ILHOG�8QLIRUPLW\

���� &&'�)ODW�ILHOG�6WDELOLW\

���� 6029�6OLW�7UDQVPLVVLRQ

���� 6029�6OLW�7UDQVPLVVLRQ

���� 67,6�0HFKDQLVP�0LQL�)XQFWLRQDO

���� 67,6�2QERDUG�'RSSOHU�3URFHVVLQJ�&KHFNRXW

���� 0$0$�7XUQ�2Q

���� 67,6�0$0$�)ROG�'LVWULEXWLRQ

���� 67,6�&&'�+RW�3L[HO�$QQHDOLQJ

���� 67,6�0$0$�7LPH�7DJ�0RGH

���������� 67,6�,PDJLQJ�0RGH�*HRPHWULF�'LVWRUWLRQ

���� 67,6�WR�)*6�DOLJQPHQW

���� &&'�)ODW�ILHOG�0RQLWRULQJ

���� &&'�,QWHUQDO�,PDJH�VWDELOLW\�ZLWK�/936�F\FOLQJ

���� 67,6�7KHUPDO�6WDELOLW\�ZLWK�/936�F\FOLQJ

���� 67,6�)LQH�&RUUHFWRU�$OLJQPHQW�ZLWK�&&'

���� 67,6�&&'�7DUJHW�$FTXLVLWLRQ�:RUNRXW

���� 67,6�&&'�9�9��$SHUWXUH�9HULILFDWLRQ

���� 189�0$0$b'DUN�&XUUHQW�YV��7LPH�IURP�6$$

���� &&'�5HFRQILJXUDWLRQ�(IIHFWV
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�����&\FOH���&DOLEUDWLRQ
�������&DOLEUDWLRQ�3ULRULWLHV
�������&DOLEUDWLRQ�6WDWXV

7KHb bLQFOXGHG�DGGLWLRQDO�FKDUDFWHUL]DWLRQ�RI�67,6�SHUIRUPDQFH��DORQJ�ZLWK67,6�&\FOH���FDOLEUDWLRQ�SODQ
SHULRGLF�PRQLWRULQJ� RI� VHQVLWLYLW\�� IODW� ILHOGV�� GDUN� FXUUHQW�� JDLQ�� HWF�� %HFDXVH� LW� LV� QRW� IHDVLEOH� WR
FDOLEUDWH�WKH�LQVWUXPHQW�LQ�DOO�SRVVLEOH�REVHUYLQJ�PRGHV��WKH�FDOLEUDWLRQ�HPSKDVL]HV�PHDVXUHPHQWV
LQ�DOO�WKHb PRGHV��7KH�UHVXOWV�RI�DOO�&\FOH���FDOLEUDWLRQ�SURJUDPV�DUH�SUHVHQWHG�LQ�WKH�FORVH�VXSSRUWHGb
RXW�UHSRUWb �67,6�,65��������

������b&DOLEUDWLRQ�3ULRULWLHV
7KH�WDVN�RI�FDOLEUDWLQJ�67,6�LQYROYHV�D�QXPEHU�RI�LPSRUWDQW�WUDGH�RIIV��+67�FDOLEUDWLRQ�REVHUYDWLRQV
DUH�SODQQHG� WR�XVH�D� OLPLWHG�QXPEHU�RI�RUELWV� �QR�PRUH� WKDQ�DERXW�����RI� WKH� WRWDO� VFLHQFH� WLPH
DOORFDWHG�LQ�WKH�&\FOH���DQG�WR�VWUHWFK�RXW�WKURXJK�HDFK�&\FOH�VR�WKDW�WKH�REVHUYLQJ�VFKHGXOH�LV�QRW
WRR� KHDYLO\� IURQW�ORDGHG� ZLWK� FDOLEUDWLRQV�� 7KH� DOORFDWLRQ� RI� VSDFHFUDIW� DQG� VWDII� UHVRXUFHV� WR� WKH
FDOLEUDWLRQ�HIIRUW�IRU�67,6�KDV�IROORZHG�URXJKO\�WKH�IROORZLQJ�VHW�RI�SULRULWLHV�

0RQLWRU�WKH�KHDOWK�DQG�VDIHW\�RI�67,6��&DUU\�RXW�WKH�QHFHVVDU\�SHULRGLF�PRQLWRULQJ�RI�67,6�WR
HQVXUH� WKDW� LW� LV� RSHUDWLQJ� FRUUHFWO\�� 5HYLVH� RSHUDWLRQV� DV� QHFHVVDU\� WR� HQVXUH� WKDW� LW� ZLOO
PDLQWDLQ�LWV�VFLHQWLILF�SHUIRUPDQFH�RYHU�LWV�OLIHWLPH�

�8SGDWH�DQG�0DLQWDLQ�3LSHOLQH�5HIHUHQFH�ILOHV �7KLV�LQFOXGHV�WKLQJV�VXFK�DV�GDUNV��ELDVHV��IODWV�
DQG� VHQVLWLYLWLHV�� ,QIRUPDWLRQ� RQ� QHZO\� UHOHDVHG� ILOHV� LV� DQQRXQFHG� YLD� WKH� 5HIHUHQFH� )LOHV
8SGDWH�PDLOLQJ�OLVW��VWLVBUHIILOHVBXSG���WKH�6SDFH�7HOHVFRSH�$QDO\VLV�1HZVOHWWHUV��67$1V���DQG�LV
SRVWHG�WR�WKHb67,6�ZHESDJHV�b7R�VXEVFULEH�WR�WKH�VWLVBUHIILOHVBXSG�PDLOLQJ�OLVW��VHQG�DQ�HPDLO�WRb
OLVWVHUY#VWVFL�HGXbZLWK�D�EODQN�VXEMHFW�OLQH�DQG�૿VXEVFULEH�VWLVBUHIILOHVBXSG�LQ�WKH�ERG\�RI�WKH
HPDLO��$V�QHZ�UHIHUHQFH�ILOHV�DUH�LQFRUSRUDWHG�LQWR�WKH�SLSHOLQH��WKH�૿UHFRPPHQGHG�UHIHUHQFH
ILOHV�DUH�XSGDWHG�DV�DSSURSULDWH�IRU�HDFK�GDWDVHW�LQ�WKH�+67�$UFKLYH�
%DVLF�VHQVLWLYLW\�FDOLEUDWLRQ�RI�VSHFWURVFRSLF�PRGHV��7KH�PDMRULW\�RI�67,6�VFLHQFH�REVHUYDWLRQV
XVH�WKH�VSHFWURVFRSLF�PRGHV��6HQVLWLYLW\�FDOLEUDWLRQ�LV�LPSRUWDQW�IRU�LQVWUXPHQW�VDIHW\��VFLHQFH
RSWLPL]DWLRQ��DQG�GDWD�DQDO\VLV��7KH�VHQVLWLYLW\�FDOLEUDWLRQ�LQFOXGHV�EDVLF�PHDVXUHPHQWV�RI�RQ�
RUELW�WKURXJKSXW��DQG�PRQLWRULQJ�RI�WLPH�YDULDWLRQV�HLWKHU�GXH�WR�FRQWDPLQDWLRQ�RU�GXH�WR�JDLQ
YDULDWLRQV�LQ�WKH�GHWHFWRUV�
&KDUDFWHUL]DWLRQ�RI�RSWLFDO�SHUIRUPDQFH�b7KLV�LQFOXGHV�SRLQW�VSUHDG�IXQFWLRQV��36)V���OLQH�VSUHDG
IXQFWLRQV��DSHUWXUH�WKURXJKSXWV��HQFORVHG�HQHUJ\�IRU�GLIIHUHQW�VSHFWUDO�H[WUDFWLRQ�KHLJKWV��DQG
LPDJLQJ� DQG� VSHFWURVFRSLF� JHRPHWULF� GLVWRUWLRQ� FDOLEUDWLRQV�� 'HWDLOHG� FKDUDFWHUL]DWLRQ� RI
VFDWWHULQJ� �H�J��� LQ� ZDYHOHQJWK� LQ� WKH� JUDWLQJV�� RU� LQ� WKH� IDU� ZLQJV� RI� WKH� LPDJLQJ� 36)�� LV
LQFOXGHG��EXW�LV�RUELW�LQWHQVLYH�DQG�WKHUHIRUH�ZLOO�EH�FDUULHG�RXW�RYHU�D�ORQJHU�WLPH�VFDOH�

�&KDUDFWHUL]DWLRQ� RI� GHWHFWRU� DQG� REVHUYDWLRQ� VSHFLILF� SHFXOLDULWLHV b 7KLV� LQFOXGHV� GHWHFWRU
QRQOLQHDULWLHV�� FKDUJH� WUDQVIHU� HIIHFWV�� IULQJLQJ�� ORQJ�ZDYHOHQJWK� VFDWWHULQJ� ZLWKLQ� WKH� &&'�
JUDWLQJ�VFDWWHU�DQG�H[WHQGHG�36)�ZLQJV��HWF�

�&DOLEUDWLRQ�DQG� WHVWLQJ�RI� IXWXUH�REVHUYLQJ�PRGH�VWUDWHJLHV b7KH�RULJLQDO�JRDOV� WR� WHVW� FURVV�
GLVSHUVHG�JUDWLQJV�DQG�RWKHU�RSHUDWLQJ�PRGHV�ZHUH�VFDOHG�EDFN�WKURXJK�WKH�FRXUVH�RI�&\FOH��
GXH�WR�WKH�SUHVV�RI�WKH�KLJKHU�SULRULW\�FDOLEUDWLRQV�

:LWKLQ�HDFK�RI�WKHVH�SULRULW\�JURXSV��FDOLEUDWLRQ�SULRULW\�LV�LQ�WKH�IROORZLQJ�RUGHU�E\�REVHUYLQJ�PRGH�

)LUVW�RUGHU�SULPH�/�JUDWLQJ�PRGHV��G140L�bG230L�bG430L�bG750L��
(FKHOOH�VSHFWURVFRS\�

)LUVW��RUGHU�0�PRGH�JUDWLQJV� 724

https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/c07/C07calplan.pdf
http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200004.pdf
http://www.stsci.edu/hst/instrumentation/stis/documentation/stsci-analysis-newsletter-stan
http://www.stsci.edu/hst/instrumentation/stis
mailto:listserv@stsci.edu


����

����
����
����
����

)LUVW��RUGHU�0�PRGH�JUDWLQJV�
&&'�LPDJLQJ��EURDG�EDQG�ILUVW��WKHQ�QDUURZ�EDQG��
0$0$�LPDJLQJ��EURDG�EDQG�ILUVW��WKHQ�QDUURZ�EDQG��

�G230LB DQG G230MBbEDFNXS�PRGHV��LQFOXGLQJ�DQDO\VLV�RI�VFDWWHUHG�UHG�OLJKW�

,Q�DGGLWLRQ��RQ�D[LV�FDOLEUDWLRQV�KDYH�KLJKHU�SULRULW\�WKDQ�RII�D[LV�FDOLEUDWLRQV��7KDW�LV��ZH�VRXJKW�ILUVW
WR�HVWDEOLVK� WKH�FDOLEUDWLRQV�DW� WKH� ILHOG�VOLW�FHQWHU�DQG�WKHUHDIWHU�� WR�H[SDQG�WKH�FDOLEUDWLRQ�WR� WZR
GLPHQVLRQV�

������b&DOLEUDWLRQ�6WDWXV
7KH�RYHUDOO�VWDWXV�RI�67,6�FDOLEUDWLRQ�ZDV�VXPPDUL]HG�LQ�WKH�676F,�1HZVOHWWHU�LQ�2FWREHU������DQG�LQ
WKH�&\FOH���&DOLEUDWLRQ�&ORVH�RXW�5HSRUW�� ���0DQ\�UHIHUHQFH�ILOHV�ZHUH�XSGDWHG�ZLWK67,6�,65��������
QHZ�FDOLEUDWLRQV� IURP�RQ�RUELW� GDWD�� 7KHb b DQGb b ILHOGV� RI� WKH� FDOLEUDWLRQ� UHIHUHQFHHISTORY PEDIGREE
ILOHV�VKRXOG�EH�FRQVXOWHG� LI�\RX�DUH� LQ�GRXEW�DERXW� WKH�RULJLQ�RI� WKH�FDOLEUDWLRQ�b bNH\ZRUGVHISTORY
FRQWDLQ�FRPPHQWDU\�RQ�WKH�ILOHૼV�FUHDWLRQ��7KHb bNH\ZRUG�GHVFULEHV�WKH�W\SH�RI�GDWD��PEDIGREE GROUND
�b ��DQG�JLYHV�WKH�GDWH�UDQJH�RYHU�ZKLFK�WKH�FDOLEUDWLRQ�GDWD�ZHUH�WDNHQ�INFLIGHT
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http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/documentation/instrument-science-reports/_documents/200004.pdf


����

����
����
����

����

����

�����&\FOH���&DOLEUDWLRQ
7KHb b ZDV� PRGHOHG� FORVHO\� RQ� WKH� &\FOHb �� FDOLEUDWLRQ� SODQ�� 2QFH� DJDLQ�b&\FOHb �� FDOLEUDWLRQ� SODQ

PRGHV� ZHUH�PRQLWRUHG� IRU� VXFK� WKLQJV� DV� VHQVLWLYLW\� FKDQJHV�� IODW�ILHOG� HYROXWLRQ�� DQGbVXSSRUWHG
GLVSHUVLRQ� VROXWLRQV�� 1R� DGGLWLRQDO� FDOLEUDWLRQV� ZHUH� WDNHQ� IRU� PRVWb bDYDLODEOH�EXW�XQVXSSRUWHG
FRQILJXUDWLRQV�

,Q�DGGLWLRQ�WR�PRQLWRULQJ�LQVWUXPHQW�KHDOWK�DQG�VDIHW\�DQG�PDLQWDLQLQJ�WKH�RYHUDOO�FDOLEUDWLRQ�RI�67,6
VXSSRUWHG�PRGHV��RXU�VSHFLDO�JRDOV�ZHUH�DV�IROORZV�

7R� LPSURYH� WKH� LPDJLQJ� WKURXJKSXW� FDOLEUDWLRQ� DFFXUDF\� �WR� EHWWHU� WKDQ� WKH� FXUUHQW� ��
V\VWHPDWLF�XQFHUWDLQW\��
7R�LPSURYH�36)�FKDUDFWHUL]DWLRQ�LQ�LPDJLQJ�PRGH�DQG�LQ�FRURQDJUDSKLF�PRGH�
7R�LPSURYH�&&'�KRW�SL[HO�DQG�ELDV�VXEWUDFWLRQ�
7R� LPSURYH� WKH�&&'�FKDUJH� WUDQVIHU�HIILFLHQF\� �&7(��FKDUDFWHUL]DWLRQ� IRU�VSDUVH� ILHOGV�DW� ORZ
FRXQW�OHYHOV�
7R�FDOLEUDWH�WKH�GLVSHUVLRQ�DV�D�IXQFWLRQ�RI�SRVLWLRQ�IRU�0$0$�VOLWOHVV�VSHFWURVFRS\�ZLWK�WKH�/�
PRGH�JUDWLQJV�
7R� FKDUDFWHUL]H� REVHUYDWLRQV� ZLWK� WKHb )89�0$0$� UHSHOOHU� ZLUH� WXUQHG� RII�� ZLWK� WKH� DLP� RI
SRVVLEO\�PDNLQJ�WKLV�DYDLODEOH�IRU�&\FOH�����7KLV�VKRXOG�LPSURYH�WKH�VSHFWUDO�UHVROXWLRQ�DW�WKH
H[SHQVH�RI�D�a����ORVV�RI�VHQVLWLYLW\�

7KH�UHVXOWV�RI�DOO�WKH�&\FOH���FDOLEUDWLRQ�SURJUDPV�DUH�SUHVHQWHG�LQ�WKH�FORVH�RXW�UHSRUWb67,6�,65������
���
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�����&\FOH���&DOLEUDWLRQ
7KHb bZDV�PRGHOHG� FORVHO\� RQ� WKH�&\FOH� �� FDOLEUDWLRQ�SODQ�b67,6�&\FOH� �� FDOLEUDWLRQ�SODQ 6XSSRUWHG
PRGHV� ZHUH� PRQLWRUHG� IRU� LWHPV� VXFK� DV� VHQVLWLYLW\� FKDQJHV�� IODW�ILHOG� HYROXWLRQ�� DQG� GLVSHUVLRQ
VROXWLRQV�

,Q�DGGLWLRQ�WR�PRQLWRULQJ�LQVWUXPHQW�KHDOWK�DQG�VDIHW\�DQG�PDLQWDLQLQJ�WKH�RYHUDOO�FDOLEUDWLRQ�RI�67,6
VXSSRUWHG�PRGHV�DW� WKH�DFFXUDFLHV�DV�HVWDEOLVKHG�GXULQJ�&\FOHV���DQG����D� IHZ�VSHFLDO�FDOLEUDWLRQ
SURJUDPV�ZHUH�DGGHG�IRU�&\FOH����ZLWK�WKH�IROORZLQJ�JRDOV�

7R� LPSURYH� WKH� FKDUJH� WUDQVIHU� HIILFLHQF\� �&7(�� FKDUDFWHUL]DWLRQ� IRU� WKH� &&'�� L�H��� LWV
GHSHQGHQFHV�RQ�WLPH��VRXUFH�LQWHQVLW\��VRXUFH�QDWXUH��SRLQW�VRXUFH�YV��H[WHQGHG�VRXUFH���DQG
VN\�EDFNJURXQG�
7R�TXDQWLI\� WKH� UHPDQHQFH� LQWHQVLW\� OHYHO�DIWHU�RYHU�LOOXPLQDWLRQ�RI� WKH�&&'�DV�D� IXQFWLRQ�RI
WLPH�DIWHU�VDWXUDWLRQ�DQG�RI�QXPEHU�RI�UHDGRXWV�DIWHU�VDWXUDWLRQ��7KH�UHPDQHQFH�OHYHO�PD\�ZHOO
KDYH�LQFUHDVHG�VLQFH�67,6�ZDV�LQVWDOOHG�RQ�+67�GXH�WR�WKH�GHJUDGHG�&7(�
7R� LPSURYH� 36)� FKDUDFWHUL]DWLRQ� IRU� WKH� &&'� LQ� LPDJLQJ� PRGH�� FRURQDJUDSKLF� PRGH�� DQG
VSHFWURVFRSLF�PRGH�DV�D�IXQFWLRQ�RI�VRXUFH�FRORU�
7R�LPSURYH�WKH�GLVSHUVLRQ�VROXWLRQV�IRU�WKH�UHGGHVW�VHWWLQJV�RI�WKHbG750MbJUDWLQJ�
7R�PRGHO�WKHbJKRVWVb�ZKLFK�DUH�FDXVHG�E\�PXOWLSOH�UHIOHFWLRQV�LQ�WKH�&&'�ZLQGRZ��LQ�WKHbG750M
bJUDWLQJ�PRGH�

7KH�UHVXOWV�RI�DOO�WKH�&\FOH���FDOLEUDWLRQ�SURJUDPV�DUH�SUHVHQWHG�LQ�WKH�FORVH�RXW�UHSRUWb67,6�,65������
���
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�����&\FOH����&DOLEUDWLRQ
7KHb �ZDV�YHU\� VLPLODU� WR� WKH�&\FOH���FDOLEUDWLRQ�SURJUDP��6XSSRUWHG67,6�&\FOH����FDOLEUDWLRQ�SODQ
PRGHV� FRQWLQXHG� WR� EH� PRQLWRUHG� IRU� LWHPV� VXFK� DV� VHQVLWLYLW\� FKDQJHV�� IODW�ILHOG� HYROXWLRQ�
GLVSHUVLRQ�VROXWLRQV��DQG�HYROXWLRQ�RI�FKDUJH�WUDQVIHU�HIILFLHQF\��&7(��RI�WKH�&&'�GHWHFWRU�

,Q�DGGLWLRQ�WR�PRQLWRULQJ�LQVWUXPHQW�KHDOWK�DQG�VDIHW\�DQG�PDLQWDLQLQJ�WKH�RYHUDOO�FDOLEUDWLRQ�RI�67,6
VXSSRUWHG�PRGHV�DW�WKH�DFFXUDFLHV�DV�HVWDEOLVKHG�GXULQJ�&\FOHV���WKURXJK����D�IHZ�QHZ�FDOLEUDWLRQ
SURJUDPV�ZHUH�DGGHG�IRU�&\FOH�����ZLWK�WKH�IROORZLQJ�JRDOV�

7R�REWDLQ�H[SRVXUHV�RI� SULPDU\� VSHFWURSKRWRPHWULF� VWDQGDUG� VWDUV� LQb bHYHU\� VLQJOH VXSSRUWHG
VSHFWURVFRSLF�PRGH�RI�67,6��LQFOXGLQJ�WKH�HFKHOOH�DQG�ILUVW�RUGHU�PHGLXP�UHVROXWLRQ�PRGHV�
7R�FKDUDFWHUL]H�WKH�HIIHFW�RI�WKH�SUHVHQFH�RI�EULJKW�VWDUV�RXWVLGH�WKH�ILHOG�RI�YLHZ�RI�WKH�67,6
&&'�RQ�WKH�DPRXQW�RI�VFDWWHUHG�OLJKW�
7R�IXUWKHU�LPSURYH�36)�FKDUDFWHUL]DWLRQ�IRU�WKH�&&'�LQ�LPDJLQJ�DQG�FRURQDJUDSKLF�PRGH�DV�D
IXQFWLRQ�RI�VRXUFH�FRORU�
7R�ILQDOL]H�WKH�DFFXUDWH�GHWHUPLQDWLRQ�RI� WKH�WKURXJKSXW�FXUYH�RI� WKH� ORQJSDVV�ILOWHU�XVHG�IRU
&&'�LPDJLQJ�
7R�PRQLWRU� WKH� WKURXJKSXW� FXUYHV� RI� WKH� EURDG�EDQG� DQG�PHGLXP�EDQG� LPDJLQJ� ILOWHUV� XVHG
ZLWK�WKH�0$0$�GHWHFWRUV�DQG�WKH�&&'�
7R� FKDUDFWHUL]H� 67,6� VSHFWURVFRSLF� SHUIRUPDQFH� DW� WKH� UHFHQWO\� GHILQHG� ૿SVHXGR�DSHUWXUHV
ORFDWHG�QHDU�URZ�����RI�WKH�&&'��VHH�6HFWLRQ��������WKDW�KDYH�EHHQ�GHILQHG�WR�UHGXFH�ORVVHV
GXH�WR�WKH�GHFUHDVLQJ�&7(�RI�WKH�&&'�ZLWK�WLPH��6SHFWURVFRSLF�VHQVLWLYLW\��36)V��DQG�/6)V�ZLOO
EH�PHDVXUHG�DW�WKH�SVHXGR�DSHUWXUHV�XVLQJ�DOO�VXSSRUWHG�ORQJ�VOLWV�

7KH�UHVXOWV�RI�DOO�WKH�&\FOH���FDOLEUDWLRQ�SURJUDPV�DUH�SUHVHQWHG�LQ�WKH�FORVH�RXW�UHSRUWb67,6�,65������
���
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�����&\FOH����&DOLEUDWLRQ
7KHb �FORVHO\�IROORZV�WKH�SODQV�IRU�SUHYLRXV�&\FOHV��6XSSRUWHG�PRGHV�FRQWLQXH&\FOH����FDOLEUDWLRQ�SODQ
WR�EH�PRQLWRUHG�IRU�VHQVLWLYLW\�FKDQJHV��IODW�ILHOG�HYROXWLRQ��GLVSHUVLRQ�VROXWLRQV��DQG�WKH�HYROXWLRQ�RI
WKH� FKDUJH� WUDQVIHU� HIILFLHQF\� �&7(�� RI� WKH� &&'� GHWHFWRU�� ([LVWLQJ� PRQLWRU� SURJUDPV� KDYH� EHHQ
H[SDQGHG� WR� LQFOXGH� URXWLQH� VHQVLWLYLW\�PHDVXUHPHQWV� DW� WKH� (�� DSHUWXUH� SRVLWLRQV�� WR� LQFOXGH� DQ
DQQXDO� � IOX[� PRQLWRU� REVHUYDWLRQ� �ZKLFK� ZDV� VWRSSHG� DIWHU� &\FOH� ����� DQG� WR� PRUH189�35,60
WKRURXJKO\�FKHFN�WKH�DGRSWHG�67,6�GLVSHUVLRQ�VROXWLRQV��7KH�IUHTXHQF\�RI�VRPH�RWKHU�PRQLWRUV�KDV
EHHQ� GHFUHDVHG�� DV� RXU� LPSURYHG� XQGHUVWDQGLQJ� RI� 67,6� DOORZV� XV� WR� SUHGLFW� IXWXUH� WUHQGV� ZLWK
JUHDWHU�FRQILGHQFH�

,Q�DGGLWLRQ�WR�PRQLWRULQJ�LQVWUXPHQW�KHDOWK�DQG�VDIHW\�DQG�PDLQWDLQLQJ�WKH�RYHUDOO�FDOLEUDWLRQ�RI�67,6
VXSSRUWHG�PRGHV�DW�WKH�DFFXUDFLHV�HVWDEOLVKHG�GXULQJ�&\FOHV���WKURXJK�����D�IHZ�VSHFLDO�FDOLEUDWLRQ
SURJUDPV�KDYH�EHHQ�DGGHG�IRU�&\FOH�����ZLWK�WKH�IROORZLQJ�JRDOV�

7R�LPSURYH�WKH�FDOLEUDWLRQ�RI�GHWHFWRU�VHQVLWLYLW\��DSHUWXUH�WKURXJKSXWV��DQG�WKH�36)�DW�WKH�(�
SRVLWLRQV�WKDW�ZHUH�GHILQHG�WR�PLWLJDWH�&7(�HIIHFWV�
7R�EHWWHU�WHVW�WKH�HIIHFWV�RI�WKH�PRQWKO\�060�RIIVHWWLQJ�RQ�HFKHOOH�VHQVLWLYLW\�
7R�YHULI\�PRGHOV�RI� WKH�36)� IRU� ILUVW�RUGHUbG750LbDQGbG750MbREVHUYDWLRQV� WKDW�DUH�FULWLFDO� IRU
PDQ\�SURJUDPV�WDUJHWHG�DW�GHWHUPLQLQJ�URWDWLRQ�FXUYHV�RI�JDOD[LHV�DQG�EODFN�KROH�PDVVHV�
7R� UH�PHDVXUH�� ZLWK� LPSURYHG� DFFXUDF\�� WKH� UDWLR� EHWZHHQb CCDGAIN=1b DQGb CCDGAIN=4
bREVHUYDWLRQV�
7R�GHILQH�DGGLWLRQDO�IDLQW�VSHFWURVFRSLF�IOX[�VWDQGDUGV�WR�VXSSRUW�FDOLEUDWLRQ�RI�$&6��HVSHFLDOO\
WKH�$&6�6ORDQ�ILOWHUV���DQG�&26�

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKHb67,6�&DOLEUDWLRQ�SDJH�
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�����&\FOH����&DOLEUDWLRQ
7KHb �FRQWLQXHV�WKH�URXWLQH�PRQLWRULQJ�SURJUDPV�RI�&\FOH�����ZLWK�UHGXFWLRQV&\FOH����FDOLEUDWLRQ�SODQ
LQ�REVHUYLQJ�WLPH�ZKHUH�OHVV�GDWD�RU�OHVV�IUHTXHQW�PRQLWRULQJ�DUH�QRZ�VXIILFLHQW��$V�EHIRUH��PXFK�RI
WKH�SURJUDP� LV�GHYRWHG� WR�SURGXFLQJ� WLPHO\�GDUNV��ELDVHV�� IODWV��DQG�VHQVLWLYLW\�FRUUHFWLRQV��DQG� WR
PRQLWRULQJ�EDVLF�LQVWUXPHQW�FKDUDFWHULVWLFV�DQG�SHUIRUPDQFH��&KDUDFWHUL]DWLRQ�RI�&7(�UHPDLQV�D�KLJK
SULRULW\��WR�VXSSRUW�XSFRPLQJ�&7(�FRUUHFWLRQ�RI�IOX[HV�LQ�H[WUDFWHG�&&'�VSHFWUD�LQ�WKH�SLSHOLQH�

$GGLWLRQDO�RU�PRGLILHG�REVHUYDWLRQV�ZHUH�PDGH�WR�PHHW�VSHFLILF�QHHGV�LQ�VRPH�FRQWLQXLQJ�SURJUDPV�
DQG�VRPH�QHZ�REVHUYDWLRQV�ZHUH�PDGH��DV�IROORZV�

&&'�VSHFWURVFRSLF�VHQVLWLYLW\�ZDV�PRQLWRUHG�PRUH�IUHTXHQWO\�VR�WKDW�GHSHQGHQFH�RQ�GHWHFWRU
WHPSHUDWXUH�FDQ�EH�PRGHOOHG�PRUH�DFFXUDWHO\��DORQJ�ZLWK�WUDFNLQJ�WHPSRUDO�GHSHQGHQFH�
'HHSHU�0$0$�ZDYHFDO� H[SRVXUHV�ZHUH�PDGH� WR� VXSSRUW�SK\VLFDO�PRGHOOLQJ� WKDW�ZLOO� OHDG� WR
EHWWHU�GLVSHUVLRQ�VROXWLRQV�
6SHFWURVFRSLF�REVHUYDWLRQV�ZHUH�PDGH�RI� D� VWDU� VWHSSHG�DORQJ� WKH� VOLW�� DFKLHYLQJ� ORZ� VLJQDO
DQG�EDFNJURXQG� OHYHOV�� WR� LPSURYH�RXU�FKDUDFWHUL]DWLRQ�RI� WKH� ODUJH�&7(� ORVVHV� WKDW�RFFXU�DW
WKHVH�ORZ�OHYHOV�
1HZ�૿DSHUWXUHV��WDUJHW�ORFDWLRQV�LQ�H[LVWLQJ�DSHUWXUHV��ZHUH�GHILQHG�WR�LPSURYH�REVHUYDWLRQV
KLJK� RQ� WKH� &&'� GHWHFWRU� �ZKHUH� &7(� ORVVHV� DUH� OHVV�� DQG� ORZ� RQ� WKHb )89�0$0$b GHWHFWRU
�ZKHUH�GDUN�FXUUHQW�LV�OHVV���DQG�WR�SURYLGH�D�QHZ�FRURQDJUDSKLF�DSHUWXUH��VHHb6HFWLRQ��������
7KH�ORFDWLRQV�RI�WKH�QHZ�DSHUWXUHV�ZHUH�YHULILHG�

7KH�67,6�6LGH���HOHFWURQLFV� IDLOXUH�RFFXUUHG�YHU\�HDUO\� LQ�&\FOH�����EHIRUH� WKH�&\FOH����FDOLEUDWLRQ
SODQ�FRPPHQFHG��+RZHYHU��URXWLQH�PRQLWRULQJ�REVHUYDWLRQV�IURP�WKH�67,6�&\FOH����FDOLEUDWLRQ�SODQ
ZHUH�VWLOO�RQJRLQJ��DQG�SURYLGHG�WKH�QHFHVVDU\�FDOLEUDWLRQ�GDWD�IRU�WKH�&\FOH����67,6�*2�GDWD�WKDW
ZHUH�FROOHFWHG��$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKHb67,6�&DOLEUDWLRQ�SDJH
�
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������60��DQG�6029��&DOLEUDWLRQ
$IWHU� WKH� VXFFHVVIXO� UHSDLU� RI� 67,6� GXULQJ� 6HUYLFLQJ� 0LVVLRQ� �� �60���� D� SODQ� IRU� YHULILFDWLRQ� DQG
SUHOLPLQDU\�FDOLEUDWLRQ�ZDV�H[HFXWHG�GXULQJ�WKH�VXEVHTXHQW�SHULRG�RI�6HUYLFLQJ�0LVVLRQ�2EVHUYDWRU\
9HULILFDWLRQ��6029����7KH�6029��SODQ�IRU�67,6�IRFXVHG�RQ�HQVXULQJ�WKDW�REVHUYHUV�FDQ�REWDLQ�GDWD�RI
VXIILFLHQW� TXDOLW\� WR�PHHW� WKHLU� VFLHQWLILF� JRDOV�� EXW� VRPH� RI� WKH�PRUH� WLPH� FRQVXPLQJ� FDOLEUDWLRQ
REVHUYDWLRQV�WKDW�GR�QRW�DIIHFW�WKH�SODQQLQJ�RI�REVHUYDWLRQV�DQG�ZKLFK�FDQ�EH�DSSOLHG�UHWURDFWLYHO\�
�H�J��� KLJK� VLJQDO�WR�QRLVH� SL[HO�WR�SL[HO� IODWV� DQG� KLJK� SUHFLVLRQ� VHQVLWLYLW\� GHWHUPLQDWLRQV� IRU� DOO
FHQWUDO�ZDYHOHQJWK�VHWWLQJV���ZHUH�GHIHUUHG�DQG�LQFOXGHG�LQ�WKH�&\FOH����FDOLEUDWLRQ�SODQ��$V�D�UHVXOW
WKH� LQLWLDO� FDOLEUDWLRQ�SUHFLVLRQ� IRU�67,6�GDWD�SURGXFWV�GHOLYHUHG�HDUO\� LQ�&\FOH���� LV� OHVV� WKDQ� WKDW
ZKLFK�ZLOO� XOWLPDWHO\� EH� REWDLQDEOH�ZKHQ� WKH� ILQDO� FDOLEUDWLRQ� UHIHUHQFH� ILOHV� EHFRPH� DYDLODEOH� IRU
WKRVH�REVHUYDWLRQV��6LJQLILFDQW�XSGDWHV�WR�WKH�FDOLEUDWLRQ�ZLOO�EH�DQQRXQFHG�RQ�WKH� �67,6�ZHESDJHV
b
$�VXPPDU\�RI�SUHOLPLQDU\�67,6�6029��DFWLYLWLHV�IROORZV�

67,6�����0RGHV�DQG�'DWD�,QWHUIDFH�&KHFNV

,QFOXGHV� WXUQ�RQ�DQG� WHOHPHWU\�FKHFNV� WKDW�YHULI\� WKH�FDSDELOLW\� WR�HQWHU� UHTXLUHG� LQVWUXPHQW
DQG�GHWHFWRU�VWDWHV�GXULQJ�QRUPDO�RSHUDWLRQV�
,QFOXGHV� WKH� LQLWLDO� WXUQ�RQ� RI� WKH�0$0$� ORZ� YROWDJH� �/9�� DQG� FKHFNV� RI� WKH�0$0$� UHDGRXW
HOHFWURQLFV�WKDW�FDQ�EH�PDGH�ZLWK�WKH�KLJK�YROWDJH��+9��RII�
,QFOXGHV�WKH�LQLWLDO�WXUQ�RQ�RI�WKH�&&'�WKHUPDO�HOHFWULF�FRROHU��7(&��

67,6�����0HPRU\�/RDG�DQG�'XPS

/RDGV��GXPSV�DQG�FRPSDUHV�VHFWLRQV�RI�PHPRU\�ZLWK�VWRUHG�LPDJHV�WR�YHULI\�RSHUDWLRQV�

67,6�����6FLHQFH�'DWD�%XIIHU�&KHFN�ZLWK�6HOI�7HVW

/RDGV� D� WHVW� SDWWHUQ� LQWR� WKH� VFLHQFH� GDWD� EXIIHU�� 7KH� EXIIHU� FRQWHQWV� DUH� VXEVHTXHQWO\
H[DPLQHG�XVLQJ�PHPRU\�DQG�H[SRVXUH�GXPSV�

67,6�����0HFKDQLVP�0LQL�)XQFWLRQDO

,QLWLDOL]HV� DOO� PHFKDQLVPV�� H[FHSW� WKH� IRFXV� DQG� FRUUHFWRU� PHFKDQLVP�� FRPPDQGV� WKHP� WR
VHOHFWHG� SRVLWLRQV�� DQG� PRYHV� WKHP� RYHU� WKH� IXOO� UDQJH� QHFHVVDU\� IRU� QRUPDO� RSHUDWLRQV�
&RPPDQGHG�PRWLRQV�DUH�YHULILHG�XVLQJ�WHOHPHWU\�

67,6�����&&'�$QQHDO

7KH�&&'�LV�ZDUPHG�IURP�a����&�WR�a���&�WR�UHSDLU�KRW�SL[HOV��$�VHULHV�RI�GDUNV�DQG�ELDVHV�DUH
WDNHQ�WR�PRQLWRU�DQG�HYDOXDWH�&&'�SHUIRUPDQFH�EHIRUH�DQG�DIWHU�WKH�DQQHDO�SURFHVV�

67,6�����&&'�)XQFWLRQDO

%LDV�� GDUN�� DQG� WXQJVWHQ� ODPS� H[SRVXUHV� DUH� WDNHQ�� XVLQJ� YDULRXV� JDLQV� DQG� ELQQLQJ�� WR
PHDVXUH�WKH�EDVHOLQH�&&'�SHUIRUPDQFH�

67,6�����&&'�%LDV�DQG�'DUN�0RQLWRU

$FTXLVLWLRQ�RI�VXIILFLHQW�GDUN�DQG�ELDV�IUDPHV�WR�SHUPLW�FRQVWUXFWLRQ�RI�VXSHUELDV�DQG�VXSHUGDUN
IUDPHV�QHHGHG�IRU�SLSHOLQH�LPDJH�UHGXFWLRQ�
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67,6�����$SHUWXUH�:KHHO�DQG�/DPS�)XQFWLRQDO�7HVWV

$SHUWXUH�SRVLWLRQV�DUH�FKHFNHG�XVLQJ�WXQJVWHQ�ODPS�LPDJHV�WKURXJK�VHYHUDO�VOLWV�
7KHUPDO�GULIWV�DUH�PHDVXUHG�XVLQJ�UHSHDWHG�REVHUYDWLRQV�RI�WKHb0.2X0.2bDSHUWXUH�LQWHUVSHUVHG
WKURXJKRXW�WKH�WHVW�
3W�&U�1H� ODPS� IXQFWLRQDOLW\� LV� FKHFNHG�E\�REWDLQLQJ� LPDJHV�ZLWK� WKHbHITM1�bHITM2�� DQGbLINE
bODPSV�

67,6�����67,6�WR�)*6�$OLJQPHQW

7DUJHW� SRVLWLRQLQJ� DFFXUDF\� LQ� WKH� 67,6� DSHUWXUH� SODQH� XVLQJ� ILQH� JXLGDQFH� VHQVRUV� �)*6�
JXLGLQJ�LV�PHDVXUHG�XVLQJ�VWDU�ILHOG�DQG�ODPS�LPDJHV�LOOXPLQDWLQJ�WKHb50CCDbDSHUWXUH�

67,6�����&&'�2SWLFDO�)RUPDW�9HULILFDWLRQ

0HDVXUHPHQW� RI� WKH� ORFDWLRQ� RI� WKH� &&'� VSHFWUD� DQG� LPDJHV� RQ� WKH� GHWHFWRU� IRU� HDFK� &&'
VSHFWUDO� HOHPHQW� �G230LB�b G230MB�b G430L�b G430M�b G750M�b G750�� DQGb MIRVISb XVLQJ� WKHb HITM
bFDOLEUDWLRQ�ODPSV�

67,6�����([WHUQDO�)RFXV�&KHFN

(YDOXDWLRQ�RI�WKH�67,6�36)�DW�WKH�DSHUWXUH�SODQH�XVLQJ�VPDOO�VOLW�� �b LPDJHV0.1X0.09 ACQ/PEAK 
DQG�SRLQW�VRXUFH�LPDJHV�ZLWK�WKHb ILOWHU�F28X50OII 
'HWHUPLQDWLRQ�RI� WKH�VKDSH�RI� WKH�36)�DW�XOWUDYLROHW� �89��ZDYHOHQJWKV� IURP�VSHFWUD�DFTXLUHG
XVLQJ�WKHb bJUDWLQJ�G230LB
(VWLPDWLRQ�RI� WKH�67,6� IRFXV� WKURXJK�FRPSDULVRQ�RI� WKH�DSHUWXUH� WKURXJKSXWV�DQG�36)�VKDSH
ZLWK�SUHYLRXV�YDOXHV�

67,6�����&RUUHFWRU�DQG�)RFXV�$OLJQPHQW

&RDUVH� DQG�RU� ILQH� DGMXVWPHQWV� RI� WKH� 67,6� IRFXV� DUH� PDGH� LI� 67,6���� ILQGV� D� VLJQLILFDQWO\
GHJUDGHG�36)��,I�D�IRFXV�DGMXVWPHQW�LV�QHFHVVDU\��WKHQ�WKH�67,6�&0��PLUURU�ZLOO�EH�DGMXVWHG�LQ
WLS�WLOW�DQG�IRFXV�WR�RSWLPL]H�WKH�36)��&RDUVH�DGMXVWPHQWV�RSWLPL]H�WKH�HQFLUFOHG�HQHUJ\�RI�DQ
LVRODWHG�VWDU�REVHUYHG�WKURXJK�WKHb50CCDbDSHUWXUH�ZKLOH�ILQH�DGMXVWPHQW�VZHHSV�RSWLPL]H�WKH
VPDOO�DSHUWXUH�WKURXJKSXWV�

67,6�����&&'�6SHFWURVFRSLF�,PDJH�4XDOLW\�DQG�$&4�7HVWV

&KHFNV�WKH�FURVV�GLVSHUVLRQ�36)�XVLQJ�SRLQW�VRXUFH�VSHFWUD�REWDLQHG�DW�PXOWLSOH�SRVLWLRQV�DORQJ
D�ORQJ�VOLW�
3HDN�XSV�DUH�H[HFXWHG�WR�FKHFN�WDUJHW�FHQWHULQJ�DW�WKH�(��VOLW�ORFDWLRQ�

67,6�����&&'�&7(�&KHFN

/DPS�H[SRVXUHV�DUH� WDNHQ�DW�PXOWLSOH�SRVLWLRQV�DORQJ�WKHb bVOLW��DQG�UHDG�RXW�XVLQJ0.05X31ND
DPSOLILHUV�'�DQG�%��WR�VHDUFK�IRU��DQG�FRPSDUH��&7(�ORVVHV�DV�D�IXQFWLRQ�RI�<�SRVLWLRQ�RQ�WKH
GHWHFWRU�

67,6�����&&'�6SHFWURVFRSLF�7KURXJKSXWV

'HWHUPLQDWLRQ� RI� WKH� WKURXJKSXW� RI� HDFK� VSHFWURVFRSLF� &&'�PRGH� IURP� REVHUYDWLRQV� RI� WKH
VWDQGDUG�KLJK�ODWLWXGH�VG2�W\SH�VWDU�$*.���'����
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67,6�����&&'�,PDJH�DQG�3RLQWLQJ�6WDELOLW\

7KH� SRLQWLQJ� VWDELOLW\� LV� DVVHVVHG� DIWHU� H[HFXWLRQ� RI� D� ODUJH� SRLQWLQJ�PDQHXYHU� VHOHFWHG� WR
DSSO\�D�VLJQLILFDQW�WKHUPDO�FKDQJH�WR�67,6��6WDU�ILHOG�LPDJHV�DQG�ODPS�LPDJHV�RI�DQ�DSHUWXUH
DUH�LQWHUVSHUVHG�WR�PHDVXUH�WKH�LPDJH�VWDELOLW\�DW�GHWHFWRU�DQG�DSHUWXUH�SODQHV�

67,6����b b+9�5HFRYHU\FUV-MAMA

7KHbFUV-MAMAbYROWDJH�LV�UDPSHG�XS�LQ�VWDJHV�ZKLOH�WDNLQJ�GDUN�H[SRVXUHV�DQG�XVLQJ�RQ�ERDUG
FRXQW�UDWH�PRQLWRUV�WR�SURWHFW�DJDLQVW�DQRPDOLHV��)ROG�DQDO\VLV�LV�SHUIRUPHG�DIWHU�LW�KDV�EHHQ
YHULILHG�WKDW�WKH�YROWDJH�FDQ�EH�VDIHO\�UDPSHG�XS�WR�WKH�UHTXLUHG�OHYHO�

67,6����b b+9�5HFRYHU\NUV-MAMA

7KHbNUV-MAMAbYROWDJH�LV�UDPSHG�XS�LQ�VWDJHV�ZKLOH�WDNLQJ�GDUN�H[SRVXUHV�DQG�XVLQJ�RQ�ERDUG
FRXQW�UDWH�PRQLWRUV�WR�SURWHFW�DJDLQVW�DQRPDOLHV��$�IROG�DQDO\VLV�LV�SHUIRUPHG�DIWHU�LW�KDV�EHHQ
YHULILHG�WKDW�WKH�YROWDJH�FDQ�EH�VDIHO\�UDPSHG�XS�WR�WKH�UHTXLUHG�OHYHO�

67,6����b b'DUN�0HDVXUHFUV-MAMA

&KDUDFWHUL]DWLRQ� RI� WKHb FUV-MAMAb JORZ� DV� D� IXQFWLRQ� RI� GHWHFWRU� ZDUP�XS� WKURXJK� WKH
DFTXLVLWLRQ�RI�D�VHULHV�RI�GDUNV�VSDQQLQJ�WKH���RUELW�6$$�IUHH�SHULRG�

67,6�����189�'DUN�0RQLWRU

0RQLWRULQJ�RI�WKH�189�SKRVSKRUHVFHQW�ZLQGRZ�JORZ�WR�GHWHUPLQH�WKH�HTXLOLEULXP�EHKDYLRU�DQG
WKH�RQVHW�RI�VFLHQFH�REVHUYDWLRQV�

67,6����b b2SWLFDO�)RUPDW�9HULILFDWLRQFUV-MAMA

0HDVXUHPHQW�RI� WKH� ORFDWLRQ�RI� WKH�)89�VSHFWUD�RQ� WKH�GHWHFWRU� IRU�HDFKbFUV-MAMAb VSHFWUDO
HOHPHQW��G140L�bG140M�bE140M��DQGbE140H��XVLQJ�WKHbHITMbFDOLEUDWLRQ�ODPSV�

67,6����b b2SWLFDO�)RUPDW�9HULILFDWLRQNUV-MAMA

0HDVXUHPHQW�RI� WKH� ORFDWLRQ�RI� WKH�189�VSHFWUD�RQ� WKH�GHWHFWRU� IRU�HDFKbNUV-MAMAb VSHFWUDO
HOHPHQW��G230L�bG230M�bE230M�bE230H��DQGbPRISM��XVLQJ�WKHbHITMbFDOLEUDWLRQ�ODPSV�

67,6����b b,PDJH�4XDOLW\FUV-MAMA

&KHFNV� WKH� FURVV� GLVSHUVLRQ� 36)� XVLQJ� SRLQW� VRXUFH� VSHFWUD� RIb G140Lb REWDLQHG� DW� PXOWLSOH
SRVLWLRQV�DORQJ�D�ORQJ�VOLW�

67,6����b b,PDJH�4XDOLW\NUV-MAMA

&KHFNV� WKH� FURVV� GLVSHUVLRQ� 36)� XVLQJ� SRLQW� VRXUFH� VSHFWUD� RIb /G230 b REWDLQHG� DW� PXOWLSOH
SRVLWLRQV�DORQJ�D�ORQJ�VOLW�

67,6�����0$0$�6SHFWURVFRSLF�7KURXJKSXWV

'HWHUPLQDWLRQ�RI� WKH� WKURXJKSXW�RI�HDFK� VSHFWURVFRSLF�0$0$�PRGH��H[FHSW� WKH�189�35,60�
IURP�VWDQGDUG�VWDU�REVHUYDWLRQV��SUHIHUDEO\�*5:���'������$*.���'�����RU�%'���'������
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67,6�����0$0$�,PDJH�6WDELOLW\

7KH�SRLQWLQJ�VWDELOLW\�LV�DVVHVVHG�DIWHU�WKH�H[HFXWLRQ�RI�D�ODUJH�SRLQWLQJ�PDQHXYHU�VHOHFWHG�WR
DSSO\�D�VLJQLILFDQW�WKHUPDO�FKDQJH�WR�67,6��5HSHDWHG�ODPS�LPDJHV�RI�DQ�DSHUWXUH�DUH�REWDLQHG
WR�PHDVXUH�WKH�LPDJH�VWDELOLW\�DW�GHWHFWRU�RYHU�D�WZR�RUELW�SHULRG�
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������&\FOH����&DOLEUDWLRQ�3ODQ
7KHb �LQFOXGHV�WKH�XVXDO�URXWLQH�FDOLEUDWLRQ�DQG�PRQLWRULQJ�REVHUYDWLRQV67,6�&\FOH����FDOLEUDWLRQ�SODQ
SHUIRUPHG�LQ�SUHYLRXV�&\FOHV��+RZHYHU��EHFDXVH�RI�WKH�ORQJ�JDS�LQ�67,6�RSHUDWLRQV��DQG�FKDQJHV�LQ
67,6�XVDJH��WKH�HPSKDVLV�RQ�VRPH�DFWLYLWLHV�KDYH�FKDQJHG�

3URJUDPV� WR� GHULYH� QHZ� SL[HO�WR�SL[HO� IODW� ILHOGV� IRU� ERWK� WKH� 0$0$� �SURJUDPV� ������ DQG
�������DQG�&&'��SURJUDPV�������DQG��������GHWHFWRUV�ZHUH�D�KLJK�SULRULW\�IRU�HDUO\�LQ�&\FOH
���
1HZ�IOX[�FDOLEUDWLRQV�IRU�DOO�67,6�HFKHOOH�FHQWUDO�ZDYHOHQJWK�VHWWLQJV�KDYH�DOVR�EHHQ�LQFOXGHG
HDUO\�LQ�WKH�&\FOH��LQ�RUGHU�WR�PHDVXUH�FKDQJHV�LQ�WKH�HFKHOOH�EOD]H�IXQFWLRQ��SURJUDP��������
6SHFLDO� FDOLEUDWLRQ� SURJUDPV� WR� LPSURYH� WKH� FURVV�FDOLEUDWLRQ� EHWZHHQ� 67,6�� &26�� DQG� RWKHU
VSDFH�EDVHG�LQVWUXPHQWDWLRQ��SURJUDPV�������DQG��������ZHUH�DOVR�H[HFXWHG�
1HZ� VXSSOHPHQWDO� &\FOH� ��� FDOLEUDWLRQ� SURJUDPV�ZHUH� DGGHG� WR� IROORZ� XS� RQ� WKH� UHVXOWV� RI
HDUOLHU�6029��DQG�&\FOH����FDOLEUDWLRQ�REVHUYDWLRQV��6SHFLILFDOO\��SURJUDP��������WR�YHULI\�WKH
DGMXVWPHQW�RI� WZR�67,6�060�SRVLWLRQV�DQG�������� WR� VWXG\� WKH�FDOLEUDWLRQ� ODPS� UDWLRV�DW�DOO
ZDYHOHQJWKV�
2EVHUYDWLRQV�ZHUH�DGGHG�DV�SDUW�RI� WKH�&\FOH����VXSSOHPHQWDO� FDOLEUDWLRQ�SODQ� WR�SURJUDPV
��������������DQG�������WR�LPSURYH�WKH�FKDUDFWHUL]DWLRQ�RI�WKHbFUV-MAMAbIODW�ILHOGV��WKH�0$0$
GDUN�UDWH��DQG�WKH�HFKHOOH�WLPH�GHSHQGHQW�VHQVLWLYLW\�

7KH� UHVXOWV�RI�DOO� WKH�&\FOH����FDOLEUDWLRQ�SURJUDPV�DUH�SUHVHQWHG� LQ� WKH�FORVH�RXW� UHSRUW� 67,6� ,65
���������$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKHb67,6�&DOLEUDWLRQ�ZHE�SDJH�
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������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� �FRQWLQXHV�WKH�&\FOH����PRQLWRULQJ�SURJUDPV�DGMXVWLQJ�REVHUYLQJ�WLPHV&\FOH����FDOLEUDWLRQ�SODQ
DV�QHFHVVDU\�WR�EHWWHU�FKDUDFWHUL]H�WKH�LQVWUXPHQW��7KLV�FDOLEUDWLRQ�SODQ�WDNHV�LQWR�DFFRXQW�WKH�&\FOH
���*2�FDOLEUDWLRQ�UHTXLUHPHQWV�IRU�WKH�&&'�DQG�0$0$�GHWHFWRUV�

)RU� &\FOH� ���� VHSDUDWH� FDOLEUDWLRQ� GDWD� ZLOO� QR� ORQJHU� EH� URXWLQHO\� FROOHFWHG� WR� VXSSRUW� RQ�FKLS
ELQQLQJ��DV�WKLV�RSWLRQ�LV�UDUHO\�XVHG��$�QHZ�VSHFLDO�FDOLEUDWLRQ�SURJUDP���������ZLOO�HYDOXDWH�WKH�XVH
RI� WKH�'%�ZKLWH�GZDUI� VWDU�:'���������DV�D�SRVVLEOH� IOX[� VWDQGDUG� IRU�&26�DQG�67,6��$�'%�W\SH
ZKLWH� GZDUI� ZRXOG� SURYLGH� D� XVHIXO� FURVV�FKHFN� RQ� WKH� '$�ZKLWH� GZDUI� VWDQGDUGV� QRUPDOO\� XVHG�
HVSHFLDOO\�IRU�ZDYHOHQJWKV�QHDU�/\PDQ�DOSKD�

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKH �b67,6�&DOLEUDWLRQ�ZHE�SDJH
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/c18/cy18CalPlan.pdf
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������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZKLOH�DGMXVWPHQWV�DUH�EHLQJ�PDGH�DV�QHFHVVDU\�WR�EHWWHU�FKDUDFWHUL]H�WKH�LQVWUXPHQW�DQG�WR
PHHW�&\FOH����*2�FDOLEUDWLRQ�UHTXLUHPHQWV�

,Q�DGGLWLRQ� WR� WKH�QHZ�DQG�PRGLILHG� FDOLEUDWLRQ�SURJUDPV�� WKH� IROORZLQJ�DUHDV�DUH�XQGHU� VWXG\� IRU
SRVVLEOH�LPSURYHPHQW�

3L[HO�EDVHG�&7(�FRUUHFWLRQ�
5HYLVHG�&&'�GDUN�WHPSHUDWXUH�VFDOLQJ�UHODWLRQ�
7KH�&&'�DQG� �GLVWRUWLRQ�VROXWLRQ�FUV-MAMA

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKH �b67,6�&DOLEUDWLRQ�ZHE�SDJH
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_19/cy19CalPlan.pdf
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������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZKLOH�DGMXVWPHQWV�DUH�EHLQJ�PDGH�DV�QHFHVVDU\�WR�EHWWHU�FKDUDFWHUL]H�WKH�LQVWUXPHQW�DQG�WR
PHHW� &\FOH� ���*2� FDOLEUDWLRQ� UHTXLUHPHQWV�� $� VSHFLDO� SURJUDP�ZDV� DGGHG� WR� VWXG\� &&'� UHVLGXDO
LPDJHV�DIWHU�RYHU�LOOXPLQDWLRQ�

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKH �b67,6�&DOLEUDWLRQ�ZHE�SDJH
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_20/cy20CalPlan.pdf
http://www.stsci.edu/hst/instrumentation/stis/calibration


������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZKLOH�DGMXVWPHQWV�DUH�EHLQJ�PDGH�DV�QHFHVVDU\�WR�EHWWHU�FKDUDFWHUL]H�WKH�LQVWUXPHQW�DQG�WR
PHHW� &\FOH� ��� *2� FDOLEUDWLRQ� UHTXLUHPHQWV�� $� VSHFLDO� SURJUDP� ZDV� DGGHG� WR� VWXG\� WKH� &&'
VDWXUDWLRQ�OLPLWV�

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKH �b67,6�&DOLEUDWLRQ�ZHE�SDJH
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_21/cy21CalPlan.pdf
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������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZKLOH�DGMXVWPHQWV�DUH�EHLQJ�PDGH�DV�QHFHVVDU\�WR�EHWWHU�FKDUDFWHUL]H�WKH�LQVWUXPHQW�DQG�WR
PHHW�&\FOH����*2�FDOLEUDWLRQ�UHTXLUHPHQWV�

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKH �b67,6�&DOLEUDWLRQ�ZHE�SDJH
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_22/cy22CalPlan.pdf
http://www.stsci.edu/hst/instrumentation/stis/calibration


������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZKLOH�DGMXVWPHQWV�DUH�EHLQJ�PDGH�DV�QHFHVVDU\�WR�EHWWHU�FKDUDFWHUL]H�WKH�LQVWUXPHQW�DQG�WR
PHHW�&\FOH����*2�FDOLEUDWLRQ�UHTXLUHPHQWV��$�VSHFLDO�SURJUDP�ZDV�DGGHG�WR�VWXG\�WKH�FRURQDJUDSKLF
FDSDELOLWLHV�RI� �DQG�WR�UHPHDVXUH�WKH�&&'�JDLQ�YDOXHV�RI�$PSV�$��&��DQG�'��([WUD�REVHUYDWLRQVBAR5
ZHUH�DGGHG�WR�HQKDQFH�WKH�FDOLEUDWLRQ�RI�&7,�HIIHFWV�DQG�WR�PRQLWRU�WKH�IRFXV�RIIVHW�EHWZHHQ�67,6
DQG�WKH�RWKHU�+67�LQVWUXPHQWV��$GGLWLRQDOO\��D�VSHFLDO�SURJUDP�ZDV�FDUULHG�RXW�WR�DVVHVV�WKH�IDGLQJ
RI�WKH� �FDOLEUDWLRQ�ODPS�DW�WKH�EOXHVW�)89�ZDYHOHQJWK�VHWWLQJV�HITM2

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKH �b67,6�&DOLEUDWLRQ�ZHE�SDJH
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_23/cy23CalPlan.pdf
http://www.stsci.edu/hst/instrumentation/stis/calibration


������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZKLOH�DGMXVWPHQWV�DUH�EHLQJ�PDGH�DV�QHFHVVDU\�WR�EHWWHU�FKDUDFWHUL]H�WKH�LQVWUXPHQW�DQG�WR
PHHW�&\FOH����*2�FDOLEUDWLRQ�UHTXLUHPHQWV��$�VSHFLDO�SURJUDP�ZDV�DGGHG�WR�REVHUYH�WKUHH�+67�ZKLWH
GZDUI�VWDQGDUG�VWDUV� WR�YHULI\� WKH�VSHFWURSKRWRPHWULF�VWDELOLW\�RI� WKH�VWDUVbREVHUYHG� IRU� WKH�0$0$
DQG�&&'�VSHFWURVFRSLF� VHQVLWLYLW\�PRQLWRUV�� 6LPXOWDQHRXV�SDUDOOHO� REVHUYDWLRQV�ZLWK� WKH�67,6�&&'�
:)&��89,6��DQG�$&6�:)&�GHWHFWRUV�ZHUH� LQFOXGHG� WR�PRQLWRU� WKH� IRFXV�RIIVHWV�EHWZHHQ� WKH� WKUHH
+67�LQVWUXPHQWV�

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKH �b67,6�&DOLEUDWLRQ�ZHE�SDJH
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_24/cy24CalPlan.pdf
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������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZLWK�PLQRU�DGMXVWPHQWV�WR�LPSURYH�FKDUDFWHUL]DWLRQ�RI�WKH�LQVWUXPHQW�DQG�PHHW�&\FOH����*2
FDOLEUDWLRQ�UHTXLUHPHQWV��$�VSHFLDO�SURJUDP�ZDV�DGGHG�WR�RSWLPL]H�67,6�VSDWLDO�VFDQV�E\�GHWHUPLQLQJ
WKH�VFDQ�DQJOH�DOLJQPHQW�DQG�WHVWLQJ�WKH�IOX[�UHSHDWDELOLW\�RI�WUDLOHG�REVHUYDWLRQV�LQ�D�ZLGH�DSHUWXUH�
$GGLWLRQDOO\��D�VSHFLDO�SURJUDP�ZDV�LQFOXGHG�WR�GHULYH�D�QHZ�VHW�RI�VHQVLWLYLW\�FXUYHV�IRU�WKH�E140M
JUDWLQJ�

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKH �b67,6�&DOLEUDWLRQ�ZHE�SDJH
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_25/cy25CalPlan.pdf
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������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZLWK�PLQRU�DGMXVWPHQWV�WR�LPSURYH�FKDUDFWHUL]DWLRQ�RI�WKH�LQVWUXPHQW�DQG�WR�PHHW�&\FOH���
*2� FDOLEUDWLRQ� UHTXLUHPHQWV�� 6SHFLDO� SURJUDPV� ZHUH� DGGHG� WR� DVVHVV� WKH� LPSDFW� RI� LQFUHDVHG
VSDFHFUDIW� MLWWHU� RQ� � FRURQDJUDSKLF� H[SRVXUHV� DQG� WR�PRQLWRU� WKH� WKUHH� SULPDU\� ZKLWH� GZDUIBAR5
VWDQGDUG�VWDUV�XVHG�IRU�IOX[�FDOLEUDWLRQ�

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKHb67,6�&DOLEUDWLRQ�ZHE�SDJH�
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_26/cy26CalPlan.pdf
http://www.stsci.edu/hst/instrumentation/stis/calibration


������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZLWK�PLQRU�DGMXVWPHQWV�WR�LPSURYH�FKDUDFWHUL]DWLRQ�RI�WKH�LQVWUXPHQW�DQG�WR�PHHW�&\FOH���
*2�FDOLEUDWLRQ�UHTXLUHPHQWV��$�VSHFLDO�SURJUDP�ZDV�DGGHG�WR�HQDEOH�PRUH�UHOLDEOH�FURVV�FRUUHODWLRQ
ZLWK� &26� E\� REWDLQLQJ� KLJK� VLJQDO�WR�QRLVH� VSHFWUDO� HQHUJ\� GLVWULEXWLRQV� RI� ZKLWH� GZDUIV� XVHG� DV
VWDQGDUGV�IRU�&26�b

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKHb67,6�&DOLEUDWLRQ�ZHE�SDJH�
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_27/cy27_cal_final_plan1.pdf
http://www.stsci.edu/hst/instrumentation/stis/calibration


������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZLWK�PLQRU�DGMXVWPHQWV�WR�LPSURYH�FKDUDFWHUL]DWLRQ�RI�WKH�LQVWUXPHQW�DQG�WR�PHHW�&\FOH���
*2�FDOLEUDWLRQ� UHTXLUHPHQWV��$OVR� LQFOXGHG�DUH� WKH�ELHQQLDO�PRQLWRULQJ�RI� WKH� WKUHH�SULPDU\�ZKLWH
GZDUI� �:'�� IOX[�VWDQGDUGV�DQG� IRXU�QHZ�VSHFLDO�FDOLEUDWLRQ�SURJUDPV��DEVROXWH� IOX[�PHDVXUHPHQWV
IRU� VHYHUDO� IDLQWHU�:'�VWDQGDUGV� �LQ�RUGHU� WR� LPSURYH�FURVV�FDOLEUDWLRQ�ZLWK�RWKHU� LQVWUXPHQWV���DQ
LQYHVWLJDWLRQ�RI�)89�IOX[�YDULDWLRQV�DW�RII�QRPLQDO�GHWHFWRU�SRVLWLRQV��D�PRUH�H[WHQVLYH�DVVHVVPHQW�RI
WKH� IOX[�UHSURGXFLELOLW\�REWDLQDEOH�ZLWK�67,6�VSDWLDO�VFDQV��DQG�D�189�IODW� ILHOG�PRQLWRU�SURJUDP�WR
SUREH�WKH�FXUUHQW�EULJKWQHVV�RI�WKH�'HXWHULXP�ODPS��ZDV�DSSURYHG�LQ�WKH�PLGGOH�RI�&\FOH�����

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKHb67,6�&DOLEUDWLRQ�ZHE�SDJH�
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_28/cy28_cal_final_plan2.pdf
http://www.stsci.edu/hst/instrumentation/stis/calibration


������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZLWK�PLQRU�DGMXVWPHQWV�WR�LPSURYH�FKDUDFWHUL]DWLRQ�RI�WKH�LQVWUXPHQW�DQG�WR�PHHW�&\FOH���
*2�FDOLEUDWLRQ�UHTXLUHPHQWV��1R�DGGLWLRQDO�VSHFLDO�FDOLEUDWLRQ�SURJUDPV�ZHUH�SHUIRUPHG�GXULQJ�&\FOH
���

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKHb67,6�&DOLEUDWLRQ�ZHE�SDJH�
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_29/STIS_cyc29_regular_calibrations.pdf
http://www.stsci.edu/hst/instrumentation/stis/calibration


������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV&\FOH���� FDOLEUDWLRQ�SODQ
&\FOHV��ZLWK�PLQRU�DGMXVWPHQWV�WR�LPSURYH�FKDUDFWHUL]DWLRQ�RI�WKH�LQVWUXPHQW�DQG�WR�PHHW�&\FOH���
*2� FDOLEUDWLRQ� UHTXLUHPHQWV�b � %LHQQLDO�PRQLWRULQJ� RI� WKH� WKUHH� SULPDU\�ZKLWH� GZDUI� IOX[� VWDQGDUG
VWDUV� �*����%�%�� *'���� *'����� ��� GRQH� DV� VSHFLDO� SURJUDPV� LQ� F\FOHV� ���� ���� DQG� ��� ��� ZDV
LQFRUSRUDWHG� LQWR� WKH� UHJXODU� FDOLEUDWLRQ� SURJUDP�b � 1R� DGGLWLRQDO� VSHFLDO� FDOLEUDWLRQ� SURJUDPV� DUH
FXUUHQWO\�SODQQHG�IRU�&\FOH����

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKHb67,6�&DOLEUDWLRQ�ZHE�SDJH�
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_30/STIS_cyc30_regular_calibrations.pdf
http://www.stsci.edu/hst/instrumentation/stis/calibration


������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�&\FOH���� FDOLEUDWLRQ�SODQ SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV
&\FOHV��ZLWK�PLQRU�DGMXVWPHQWV�WR�LPSURYH�FKDUDFWHUL]DWLRQ�RI�WKH�LQVWUXPHQW�DQG�WR�PHHW�&\FOH���
*2�FDOLEUDWLRQ�UHTXLUHPHQWV��b$OVR�LQFOXGHG�LV�D�VSHFLDO�FDOLEUDWLRQ�SURJUDP�WR�VXSSOHPHQW�WKH�189
VSHFWURVFRSLF�VHQVLWLYLW\�PRQLWRULQJ�REVHUYDWLRQV� WKURXJK�VRODU�PD[LPXP�� b7KLV�SURJUDP� LQFUHDVHV
WKH� FDGHQFH� RI� PRQLWRULQJ� REVHUYDWLRQV� ZLWK� WKH� 189�0$0$� DQG� &&'� WR� EHWWHU� WUDFN� VHQVLWLYLW\
FKDQJHV�EHWZHHQ������DQG������$QJVWURPV�

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKHb67,6�&DOLEUDWLRQ�ZHE�SDJH�
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_31/STIS_cyc31_regular_calibrations.pdf
http://www.stsci.edu/hst/instrumentation/stis/calibration


������&\FOH����&DOLEUDWLRQ�3ODQ
7KH� � FRQWLQXHV� WKH� VWDQGDUG�PRQLWRULQJ�&\FOH���� FDOLEUDWLRQ�SODQ SURJUDPV�HVWDEOLVKHG� LQ�SUHYLRXV
&\FOHV��ZLWK�PLQRU�DGMXVWPHQWV�WR�LPSURYH�FKDUDFWHUL]DWLRQ�RI�WKH�LQVWUXPHQW�DQG�WR�PHHW�&\FOH���
*2�FDOLEUDWLRQ�UHTXLUHPHQWV�b�6RPH�VOLJKW�DGMXVWPHQWV�KDYH�EHHQ�PDGH�WR�WKH�H[SRVXUH�WLPHV�DQG�RU
VFKHGXOLQJ�RI�WKH�SURJUDPV�WKDW�REVHUYH�H[WHUQDO�WDUJHWV��LQ�YLHZ�RI�WKH�FRQVWUDLQWV�LPSRVHG�E\�WKH
VZLWFK�WR���J\UR�PRGH�b�,Q�DGGLWLRQ��WKH�VSHFLDO�FDOLEUDWLRQ�SURJUDP�LQVWLWXWHG�LQ�&\FOH����WR�SURYLGH
VXSSOHPHQWDO�PRQLWRULQJ�RI�WKH�189�VSHFWURVFRSLF�VHQVLWLYLW\�GXULQJ�WKH�FXUUHQW�VRODU�PD[LPXP�ZLOO
EH�H[WHQGHG�WKURXJK�&\FOH�����b7KLV�SURJUDP�LQFUHDVHV�WKH�IUHTXHQF\�IRU�PRQLWRULQJ�WKH�FKDQJHV�LQ
VHQVLWLYLW\� WKDW�KDYH� UHFHQWO\�EHHQ�REVHUYHG�EHWZHHQ������DQG������$QJVWURPV� �VHH�0DUFK�����

���XVLQJ�REVHUYDWLRQV�RI�VHOHFWHG�ZDYHOHQJWK�VHWWLQJV�ZLWK�ERWK�WKH�189�0$0$�DQG�WKH�&&'��67$1

7KH� 67,6� WHDP� LV� FXUUHQWO\� HYDOXDWLQJ� WKH� VWDWH� RI� WKH� FDOLEUDWLRQV� WR� GHWHUPLQH� ZKDW� DGGLWLRQDO
FDOLEUDWLRQ�GDWD�PLJKW�EH�QHHGHG�XVHIXO�IRU�FRQVWUXFWLRQ�RI�D�ILQDO�DUFKLYH�RI�67,6�VSHFWUD�

$�GHWDLOHG�VXPPDU\�RI�WKH�FDOLEUDWLRQ�SODQV�FDQ�EH�IRXQG�RQ�WKHb67,6�&DOLEUDWLRQ�ZHE�SDJH�
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https://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/stis/calibration/_documents/calibration_files/Cycle_32/STIS_cyc32_regular_calibrations.pdf
https://www.stsci.edu/contents/news/stis-stans/march-2024-stan.html#article3
https://www.stsci.edu/contents/news/stis-stans/march-2024-stan.html#article3
http://www.stsci.edu/hst/instrumentation/stis/calibration


$SSHQGL[� $�� $YDLODEOH�%XW�8QVXSSRUWHG� 6SHFWURVFRSLF
&DSDELOLWLHV
$SSHQGL[�&RQWHQWV

$���,QWURGXFWLRQ
$���)XOO�$SHUWXUH�&RPSOHPHQW
$����$GGLWLRQDO�$YDLODEOH�EXW�8QVXSSRUWHG�2SWLRQV
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$���,QWURGXFWLRQ
67,6�SURYLGHV�DGGLWLRQDOb �FDSDELOLWLHV�EH\RQG�WKRVH�ZKLFK�ZLOO�EH�URXWLQHO\�$YDLODEOH�EXW�8QVXSSRUWHG

�GHVFULEHV�WKH�GLVWLQFWLRQV�EHWZHHQ�VXSSRUWHG�DQG�DYDLODEOH�EXW�XQVXSSRUWHGVXSSRUWHG�b6HFWLRQ����
PRGHV�DQG� WKH�SROLFLHV� UHJDUGLQJ�XVH�RI� WKH� ODWWHU�b �$�PRGH� LV�D� FRPELQDWLRQ�RI� DSHUWXUH�� RSWLFDO
HOHPHQW��DQG�FHQWUDO�ZDYHOHQJWK�VHWWLQJ���DQG�GHWHFWRU�

7KLV� DSSHQGL[� WR� WKHb b LQGLFDWHV� ZKLFK�PRGHV� DUH� VXSSRUWHG� DQG� JLYHV67,6� ,QVWUXPHQW� +DQGERRN
LQIRUPDWLRQ�DERXW�WKH�DGGLWLRQDO�$YDLODEOH�EXW�8QVXSSRUWHG�PRGHV�RI�67,6��6LQFH�DOO�RI� WKH� LPDJLQJ
FDSDELOLWLHV�DUH�VXSSRUWHG��DSDUW�IURP�VSHFLDO�XVH�FDVH�RI�FRURQDJUDSKLF�LPDJLQJ��VHH� ��6HFWLRQ������
LW� FRQWDLQV� LQIRUPDWLRQ� UHOHYDQW� WR� VSHFWURVFRSLF� REVHUYDWLRQV� RQO\�� $V� GHWDLOHG� LQ� �6HFWLRQ� $��
QXPHURXV�HQWUDQFH�VOLWV�RU�DSHUWXUHV�DUH�VXSSRUWHG�IRU�D�OLPLWHG�VHW�RI�RSWLFDO�HOHPHQWV�DQG�DYDLODEOH
IRU�RWKHUV��RU�DUH�XVHG�LQ�DYDLODEOH�PRGH�RQO\��$�VPDOO�QXPEHU�RI�FHQWUDO�ZDYHOHQJWK�VHWWLQJV�KDYH
EHHQ�UHPRYHG�IURP�WKH�VHW�RI�VXSSRUWHG�VHWWLQJV�GXH�WR�GLIILFXOWLHV�ZLWK�WKHP��H�J���RUGHU�RYHUODS��b�

� OLVWV� VHYHUDO� DGGLWLRQDO� DYDLODEOH�EXW�XQVXSSRUWHG� FDSDELOLWLHV� WKDW� KDYH� EHHQ� XVHG� LQ6HFWLRQ� $��
VRPH�UHFHQW�SURJUDPV�
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$���)XOO�$SHUWXUH�&RPSOHPHQW
7KH�67,6�DSHUWXUH�ZKHHO� KDV����SRVLWLRQV�� VHYHUDO� RI�ZKLFK� FRUUHVSRQG� WR�PXOWLSOH� VOLWV� RU�PDVNV�
2QO\�D�VPDOO�IUDFWLRQ�RI�WKH�IXOO�FRPSOHPHQW�RI�VSHFWURVFRSLF�DSHUWXUHV�LV�FXUUHQWO\�VXSSRUWHG��7DEOH
bDQGb �SURYLGH�FRPSOHWH�OLVWV�RI�67,6�DSHUWXUHV�IRU�VSHFWURVFRS\��WRJHWKHU�ZLWK�FRPPHQWV$�� 7DEOH�$��

UHJDUGLQJ�WKHLU�FKDUDFWHULVWLFV�RU�SXUSRVHV��)RU�PRVW�DSHUWXUHV��WKH�DSHUWXUH�QDPH�JLYHV�WKH�OHQJWK
LQ� WKH�VSDWLDO�GLUHFWLRQ�E\� WKH�ZLGWK� LQ� WKH�GLVSHUVLRQ�GLUHFWLRQ� LQ�DUFVHFRQGV��6FKHPDWLFV�RI� WKUHH
FRPSOH[�DSHUWXUHV�DUH�JLYHQ�LQ� �b ��DQGb �)LJXUH�$�� )LJXUH�$�� )LJXUH�$��

1RWH�WKDW�DOO�VHW�XSV�ZLWK�WKH� �DUH�DYDLODEOH�EXW�XQVXSSRUWHG�VWDUWLQJ�&\FOH����NUV-PRISM

67,6�6SHFWURVFRSLF�$SHUWXUHV��6XSSRUWHG�DSHUWXUHV�DUH�LQb �7DEOH�$���b EROGIDFH

$SHUWXUHV�WKDW�FDQ�EH�XVHG�ZLWK�WKH�(FKHOOH�*UDWLQJV

$SHUWXUHV &RPPHQWV

0.1X0.060.1X0.03  0.1X0.09 0.1X0.
2

7KH�ODWWHU�WZR�DUH�VXSSRUWHG�ZLWKb bRQO\��7KHbE230H 0.1X
LV�VXSSRUWHG�ZLWK�DOO�HFKHOOH�JUDWLQJV�0.03 

0.2X0.06 0.2X0.09 0.2X0.2 0.2X0.5 0.2X0.2�LV�VXSSRUWHG�ZLWK�DOO�HFKHOOH�PRGHV��ZKLOH�0.2
�LVbVXSSRUWHG�ZLWK� bDQGbX0.09 E230H E140H��DQG� �0.2X0.06

LV�RQO\�VXSSRUWHG�RQ� �DQG� �E230M E140M

0.2X0.06FP 0.2X0.2FP 0DVNV�ZLWK�ILYH�DSHUWXUHV��VXIIL[HG�$�WKURXJK�(��IRU�
UHGXFWLRQ�RI�IL[HG�SDWWHUQ�QRLVH��VHHb �)LJXUH�$��

0.2X0.05ND 0.3X0.05ND 1HXWUDO�GHQVLW\�VOLWV��'H[�1'�IDFWRUV�DUH�����DQG������
UHVSHFWLYHO\�

0.3X0.06 0.3X0.09 0.3X0.2 0.5X0.
5 1X0.06 1X0.2

0LVFHOODQHRXV�DYDLODEOH�EXW�XQVXSSRUWHG�HFKHOOH�
DSHUWXUHV�

 6X0.5 6X62X2 6X0.06 6X0.2 7KHb bORQJ�VOLW�LV�VXSSRUWHG�ZLWK�WKH�HFKHOOHV�6X0.2

 52X0.05 52X0.1 52X0.2 52x0.5 52X2 /RQJ�VOLWV�IRU�XVH�ZLWK�WKH�HFKHOOHV�b bLV�VXSSRUWHG��52X0.05
DQG�WKH�RWKHUV�DUH�DYDLODEOH�EXW�XQVXSSRUWHG�ZLWK�WKH�
HFKHOOH�JUDWLQJV�

52X0.05F1 52X0.05F2 52X0.1F1 
52X0.1F2 52X0.2F1 52X0.2F2 52X0.
5F1 52X0.5F2 52X2F1 52X2F2

7KH�ILGXFLDO�EDU�VOLWV�DUH�DYDLODEOH�EXW�XQVXSSRUWHG�ZLWK�
WKH�HFKHOOH�JUDWLQJV�

52X0.1B0.5 52x0.1B1.0 52x0.1B3.0 $�ORQJ�VOLW�ZLWK���ILGXFLDO�EDUV��7KH�EDU�OHQJWK�LQ�
DUFVHFRQGV�LV�JLYHQ�E\�WKH�WKLUG�GLPHQVLRQ��6HHb)LJXUH�$�
��

31X0.05NDA 31X0.05NDB 31X0.05NDC 1HXWUDO�GHQVLW\�ILOWHUHG�ORQJ�VOLWV��ZKLFK�PD\�EH�XVHG�IRU�
EULJKW�REMHFWV��7KH�GH[�1'�IDFWRUV�DUH�����������DQG������
UHVSHFWLYHO\�

25MAMA )XOO�ILHOG�FOHDU�DSHUWXUH�

F25QTZ F25SRF2 6XSSRUWHG�ORQJ�SDVV�ILOWHUV��ZLWK�DOO�HFKHOOHV�
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F25ND3 F25ND5 F25NDQ1 F25NDQ2 
F25NDQ3 F25NDQ4

6XSSRUWHG�QHXWUDO�GHQVLW\�ILOWHUV�IRU�0$0$�GHWHFWRUV�7KH�
QXPEHUV�JLYH�WKH�GH[�1'�IDFWRUV�

F25MGII F25CN270 F25CIII F25CN182 1DUURZ�EDQG� ILOWHUV� b LV� VXSSRUWHG� IRUb F25MGII E230H
b DQGb (���0�� 2WKHUV� DUH� DYDLODEOH� ZLWK� WKHb 189�
0$0$bRQO\�

F25LYA $YDLODEOH�EXW�XQVXSSRUWHG�ZLWK�WKHb)89�0$0$ RQO\�b

36X0.05P45 36X0.05N45 36X0.6P45 
36X0.6N45

/RQJ�VOLWV�ZKLFK�DUH�LQFOLQHG�DW ��r�WR�IDFLOLWDWH�bs
REVHUYDWLRQV�RI�PRYLQJ�WDUJHWV�DW�RII�QRPLQDO�UROOV��6HHb

�)LJXUH�$��

67,6�6SHFWURVFRSLF�$SHUWXUHV��6XSSRUWHG�DSHUWXUHV�DUH�LQb �7DEOH�$���b EROGIDFH

$SHUWXUHV�WKDW�FDQ�EH�XVHG�ZLWK�WKH�)LUVW�2UGHU�*UDWLQJV

$SHUWXUHV &RPPHQWV

52X0.05 52X0.1 52X0.2 
52X0.5 52X2

/RQJ�VOLWV�

52X0.05E1 52X0.1E1 52X0.
2E1 52X0.5E1 52X2E1

/RQJ�VOLWV�FHQWHUHG�DW������DUFVHFRQGV�LQ��<�SRVLWLRQ���3ODFHV�
FRPSDFW�WDUJHW�DW�URZ�a����RQ�WKH�&&'�WR�UHGXFH�&7(�ORVVHV����
6XSSRUWHG�ZLWK�DOO�&&'�JUDWLQJV��8VH�ZLWK�WKH�0$0$V�LV�QRW�DOORZHG�

52X0.2E2 52X0.5E2 52X2E2 7KHVH�&7(�DSHUWXUH�SRVLWLRQV�DUH�FHQWHUHG�QHDU�URZ�����RQ�WKH�
67,6�&&'�GHWHFWRU��KRZHYHU��WKH�SRVLWLRQV�DUH�RIIVHW�IURP�WKH�
SK\VLFDO�DSHUWXUH�FHQWHUV�WR�JLYH�EHWWHU�DOLJQPHQW�ZLWK�IULQJH�IODWV�
GRQH�XVLQJ�WKHb bDSHUWXUH��7KH�(��SRVLWLRQV�DUH�VXSSRUWHG�IRU�52X0.1
WKHb bDQGb bJUDWLQJV�RQO\�G750L G750M

52X0.05D1 52X0.1D1 52X0.
2D1 52X0.5D1 52X2D1

7KHVH�DSHUWXUH�SRVLWLRQV�SXW�D�WDUJHW�QHDU�WKH�ERWWRP�HGJH�RI�
WKHb)89�0$0$�DQG�DUH�LQWHQGHG�IRU�REVHUYDWLRQ�RI�YHU\�IDLQW�
WDUJHWV�ZKHUH�LW�LV�QHFHVVDU\�WR�PLQLPL]H�WKH�FRQWULEXWLRQ�RI�
WKHb)89�0$0$bGDUN�FXUUHQW��7KH\�DUH�DOO�VXSSRUWHG�ZLWK�WKHbG140L
bDQGb bJUDWLQJV�b bDQGb DUH�DOVR�VXSSRUWHG�G140M 52X0.05D1 52X0.1D1 
IRU�&&'�SHDNXSV�

52X0.05F1 52X0.05F2 
52X0.1F1 52X0.1F2 52X0.
2F1 52X0.2F2 52X0.5F1 
52X0.5F2 52X2F1 52X2F2

)LGXFLDO�EDUV�RQ�WKH�ORQJ�VOLWV�ZKLFK�FDQ�EH�XVHG�IRU�FRURQDJUDSKLF�
VSHFWURVFRS\��7KHb bLV�VXSSRUWHG�IRU�DOO�ILUVW�RUGHU�JUDWLQJV�52X0.2F1
DQG�LV�DYDLODEOH�EXW�XQVXSSRUWHG�IRU�WKHb ��7KH�RWKHU�ILGXFLDO�PRISM
EDUV�DUH�DYDLODEOH�EXW�XQVXSSRUWHG�ZLWK�DOO�JUDWLQJV�DQG�WKHb ��PRISM
7KH�)��DQG�)��EDUV�DUH�����DUFVHFRQGV�DQG������DUFVHFRQGV�ORQJ��
UHVSHFWLYHO\��VHHb ��)LJXUH�����

52X0.1B0.5 52X0.1B1.0 
52X0.1B3.0

$�ORQJ�VOLW�ZLWK���ILGXFLDO�EDUV�ZKHUH�WKH�EDU�OHQJWK�LQ�DUFVHFRQGV�LV�
JLYHQ�E\�WKH�WKLUG�GLPHQVLRQ��6HHb �)LJXUH�$��

31X0.05NDA 31X0.05NDB 
31X0.05NDC

1HXWUDO�GHQVLW\�ILOWHUHG�ORQJ�VOLWV�RI�WKH�JLYHQ�GLPHQVLRQV�LQ�
DUFVHFRQGV��ZKLFK�PD\�EH�XVHG�IRU�EULJKW�REMHFWV�RU�IODW�ILHOG�
FDOLEUDWLRQ��7KH�GH[�1'�IDFWRUV�DUH�����������DQG������UHVSHFWLYHO\��
8VH�ZLWK�WKH�189�35,60�LV�૿DYDLODEOH�EXW�XQVXSSRUWHG�
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0.5x0.5 2X2 6X6 6TXDUH�DSHUWXUHV�RI�WKH�JLYHQ�GLPHQVLRQV�LQ�DUFVHF�

0.1X0.03 0.1X0.06 0.1X0.
09 0.1X0.2 0.2X0.06 0.2

 0.2X0.5 X0.09 0.2X0.2
0.3X0.06 0.3X0.09 0.3X0.
2 1X0.06 1X0.2 6X0.06 
6X0.2 6X0.5 0.2X0.05ND 
0.3X0.05ND

$V�RI�&\FOH�����WKHb bDSHUWXUH�LV�VXSSRUWHG�IRU�XVH�ZLWK�DOO�0.2X0.2
ILUVW�RUGHU�JUDWLQJV��LW�LV�DYDLODEOH�EXW�XQVXSSRUWHG�ZLWK�WKH�35,60��
:KLOH�QRW�VXSSRUWHG�IRU�ILUVW�RUGHU�REVHUYDWLRQV��WKH�RWKHU�HFKHOOH�
DSHUWXUHV�FDQ�EH�XVHG�LQ�ILUVW�RUGHU�DV�DYDLODEOH�EXW�XQVXSSRUWHG�
DSHUWXUHV��7KLV�LQFOXGHV�WKH�HFKHOOH�QHXWUDO�GHQVLW\�VOLWVb0.2X0.05ND
bDQGb bZLWK�GH[�1'�IDFWRUV�RI�����DQG������UHVSHFWLYHO\�0.3X0.05ND

25MAMA 50CCD 6XSSRUWHG�IXOO�ILHOG�FOHDU�DSHUWXUHV�

F25QTZ F25SRF2 F25QTZbDQGb bDUH�VXSSRUWHG�IRU�DOO�0$0$�JUDWLQJV EXW�DUH�F25SRF2 �b
XQDYDLODEOH�ZLWK�WKH�&&'�DQG�QR�ORQJHU�VXSSRUWHG�IRU�PRISM�

25MAMAD1 F25SRF2D1 
F25QTZD1

7KHVH�DSHUWXUH�SRVLWLRQV�SXW�D�WDUJHW�QHDU�WKH�ERWWRP�HGJH�RI�WKHb
DQG�DUH�LQWHQGHG�IRU�REVHUYDWLRQ�RI�YHU\�IDLQW�WDUJHWV�)89�0$0$�

ZKHUH�LW�LV�QHFHVVDU\�WR�PLQLPL]H�WKH�FRQWULEXWLRQ�RI�WKHb)89�0$0$
bGDUN�FXUUHQW��7KH\�DUH�DOO�VXSSRUWHG�ZLWK�WKHb bDQGbG140L G140M
bJUDWLQJV�

F25ND3 F25ND5 F25NDQ1 
F25NDQ2 F25NDQ3 F25NDQ4

6XSSRUWHG�QHXWUDO�GHQVLW\�ILOWHUV�IRU�0$0$�GHWHFWRUV��&DQ�EH�XVHG�
DV�DYDLODEOH�EXW�XQVXSSRUWHG�DSHUWXUHV�ZLWK�WKH�&&'�JUDWLQJV��7KH�
QXPEHUV�JLYH�WKH�GH[�1'�IDFWRUV�

F25MGII F25CN270 
F25CIII F25CN182

F25MGII�LV�VXSSRUWHG�DQG�WKHVH�RWKHU�ILOWHUV�DUH�DYDLODEOH�EXW�
XQVXSSRUWHG�ZLWK�WKHb bJUDWLQJV�DQGb bRQO\�189�0$0$ PRISM

F25LYA 7KHb bILOWHU�LV�DYDLODEOH�EXW�XQVXSSRUWHG�ZLWK�WKHb �bF25LYA G140L G140M
�b ��DQGb bJUDWLQJV�RQO\�E140H E140M

F28X50LP F28X50OII 
F28X50OIII

7KHVH�&&'�LPDJLQJ�ILOWHUV�DUH�DYDLODEOH�EXW�XQVXSSRUWHG�ZLWK�WKH�
&&'�JUDWLQJV��EXW�DUH�XQDYDLODEOH�ZLWK�WKH�0$0$�GHWHFWRUV�

36X0.05P45 36X0.05N45 
36X0.6P45 36X0.6N45

/RQJ�VOLWV�RI�JLYHQ�GLPHQVLRQV�LQ�DUFVHFRQGV��LQFOLQHG�DWb ��r�WR�s
IDFLOLWDWH�REVHUYDWLRQV�RI�PRYLQJ�WDUJHWV�DW�RII�QRPLQDO�UROOV��6HHb

�)LJXUH�$��

6FKHPDWLF�6KRZLQJ�WKH���[�����DUFVHFRQG�/RQJ�6OLW�ZLWK���2FFXOWLQJ�%DUV�)LJXUH�$���b 755



6FKHPDWLF�6KRZLQJ�WKH���[�����DUFVHFRQG�/RQJ�6OLW�ZLWK���2FFXOWLQJ�%DUV�)LJXUH�$���b

6FKHPDWLF�6KRZLQJ�WKH���r�6OLWV�'HVLJQ��$�VHFRQG�SDLU�KDV�WKH�VDPH�PRUSKRORJ\)LJXUH�$���b 756



6FKHPDWLF�6KRZLQJ�WKH���r�6OLWV�'HVLJQ��$�VHFRQG�SDLU�KDV�WKH�VDPH�PRUSKRORJ\)LJXUH�$���b
EXW�ZLGWKV�RI�����DUFVHFRQG��FHQWUDO��DQG�����DUFVHFRQG��SHULSKHUDO��

6FKHPDWLF�6KRZLQJ� WKH�&RQILJXUDWLRQ�RI� WKH�)L[HG�3DWWHUQ�6OLWV��7KHUH�DUH� WZR)LJXUH�$���b 757



6FKHPDWLF�6KRZLQJ� WKH�&RQILJXUDWLRQ�RI� WKH�)L[HG�3DWWHUQ�6OLWV��7KHUH�DUH� WZR)LJXUH�$���b
VHWV��ZLWK�VOLW�ZLGWKV�RI������DUFVHFRQG�DQG�����DUFVHFRQG��DQG�OHQJWKV�RI�����DUFVHFRQG�LQ
ERWK�FDVHV��$[LV��FRUUHVSRQGV�WR�WKH�GLVSHUVLRQ�GLUHFWLRQ�
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$����$GGLWLRQDO�$YDLODEOH�EXW�8QVXSSRUWHG�2SWLRQV
7KHUH�DUH�D�IHZ�DGGLWLRQDO�DYDLODEOH�EXW�XQVXSSRUWHG�FDSDELOLWLHV�WKDW�FDQ�EH�XVHG��XSRQ�MXVWLILFDWLRQ
DQG�DSSURYDO��IRU�FHUWDLQ�DSSOLFDWLRQV�

6SDWLDO� VFDQV��ZKLFK� DUH� D� VXSSRUWHG�PRGH� IRU�:)&�� REVHUYDWLRQV� �VHH�:)&�� ,65� ��������
���FDQ�DOVR�EH�XVHG�ZLWK�WKH�67,6�&&'�DV�DQ&RQVLGHUDWLRQV�IRU�XVLQJ�6SDWLDO�6FDQV�ZLWK�:)&�

DYDLODEOH�EXW�XQVXSSRUWHG�PRGH��)RU�PRUH� LQIRUPDWLRQ�RQ�WKH�SRWHQWLDO�DGYDQWDJHV�RI�VSDWLDO
VFDQQLQJ�DQG� LQVWUXFWLRQV�RQ� LWV� LPSOHPHQWDWLRQ��SOHDVH� UHIHU� WR� WKH�GHGLFDWHG�VHFWLRQ������

�6SDWLDO�6FDQV�ZLWK�WKH�67,6�&&'
:KLOH� WKH�XVH�RI�*2�ZDYHFDOV�HPSOR\LQJ� WKH�GHIDXOW�H[SRVXUH� WLPHV� LV� VXSSRUWHG�� WKHUH�DUH
FDVHV�ZKHUH� ORQJHU�H[SRVXUH�WLPHV�PD\�EH�QHHGHG��3URJUDPV�WKDW�UHTXLUH�H[WUHPHO\�SUHFLVH
ZDYHOHQJWK� ]HUR� SRLQWV� RU� VHWWLQJV�ZKHUH� WKH� IDGLQJ� RI� WKH� HPLVVLRQ� OLQHV� LQ� WKH� FDOLEUDWLRQ
ODPSV� KDV� EHHQ� PRVW� VHYHUH� �H�J��� 67,6� ,65� ���������� PD\� EHQHILW� IURP� VRPHZKDW� ORQJHU
ZDYHFDO� H[SRVXUHV� WLPHV�b � %HFDXVH� WKH� FDOLEUDWLRQ� ODPSV� KDYH� OLPLWHG� OLIHWLPHV�� WKH� XVH� RI
ORQJHU�ZDYHFDO�H[SRVXUHV�UHTXLUHV�DGHTXDWH�MXVWLILFDWLRQ�DQG�DSSURYDO�
POS TARGV� �VHH� �� PD\� EH� XVHG� WR� DGMXVW� WKH� SODFHPHQW� RI� WDUJHWV� EHKLQG� WKH6HFWLRQ� ����
FRURQDJUDSKLF�EDUV�
6RPH� SURJUDPV� UHTXLULQJ� YHU\� KLJK� SKRWRPHWULF� DFFXUDF\� DQG� UHSURGXFLELOLW\� LQ� ILUVW�RUGHU
VSHFWUD� REWDLQHG� ZLWK� WKH� )89�� DQG� 189�0$0$V� �H�J��� LQ� FRPSDULVRQV� EHWZHHQ� GDWD� IURP
PXOWLSOH�HSRFKV��PD\�EHQHILW� IURP�GLVDEOLQJ� WKH�GHIDXOW�PRQWKO\�SRVLWLRQDO�RIIVHWV�DSSOLHG� LQ
H[HFXWLQJ�VXFK�REVHUYDWLRQV��VHHb ���,Q�&\FOH����WKLV�SUHYLRXVO\�UHVWULFWHG�FDSDELOLW\6HFWLRQ������
XVLQJ� WKHb �PRGH�EHFDPH�DYDLODEOH�EXW�XQVXSSRUWHG� IRU�*2�SURJUDPV��+RZHYHU�� LW�FDQMSMOFF
RQO\� EH� XVHG� LI� H[SRVXUHV� DUH� WDNHQ� LQ� $&&80�PRGH�b � 8VHUV� IRU�ZKRP� WKLV� RSWLRQ�PD\� EH
EHQHILFLDO�VKRXOG�FRQVXOW�WKH� �+HOS�'HVN
'XH�WR� ODFN�RI�UHFHQW�XVH�DQG�WR�VLJQLILFDQW�XQFHUWDLQWLHV� LQ� LWV�FXUUHQW�VHQVLWLYLW\��XVH�RI� WKH
189�35,60�ZLOO�EH�FRQVLGHUHG�DV�DYDLODEOH�EXW�XQVXSSRUWHG�VWDUWLQJ�LQ�&\FOH����
3URJUDPV�XVLQJ�*���/�RU�*���0�WKDW�QHHG�KLJK�VLJQDO�WR�QRLVH�PD\�DVN�IRU� ORQJHU�IULQJH�IODW
H[SRVXUH�WLPHV�b�6LQFH�WKH�ODPSV�KDYH�D�OLPLWHG�OLIHWLPH��WKLV�LV�DQ�DYDLODEOH�EXW�XQVXSSRUWHG
PRGH��VHH� ��6HFWLRQ�������
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*ORVVDU\
7KH�IROORZLQJ�WHUPV�DQG�DFURQ\PV�DUH�XVHG�LQ�WKLV�+DQGERRN�
b

$�' $QDORJ�WR�'LJLWDO

$&6 $GYDQFHG�&DPHUD�IRU�6XUYH\V

$%0$* ����ORJ�� ���������ZKHUHb bLV�WKH�IOX[�IURP�WKH�VRXUFH�LQ�HUJ�FP �V�K])͒ )͒
�

$37 $VWURQRPHUૼV� 3URSRVDO� 7RRO�� 8VHG� WR� FRQVWUXFW� 3KDVH� ,� DQG� 3KDVH� ,,� REVHUYLQJ
SURSRVDOV�� KWWSV���ZZZ�VWVFL�HGX�VFLHQWLILF�FRPPXQLW\�VRIWZDUH�DVWURQRPHUV�SURSRVDO�
WRRO�DSW

%23 %ULJKW�2EMHFW�3URWHFWLRQ

&$/67,6 67,6�FDOLEUDWLRQ�SLSHOLQH�VRIWZDUH��KWWSV���VWLVWRROV�UHDGWKHGRFV�LR�HQ�ODWHVW�FDOVWLV�KWPO

&&' &KDUJH�&RXSOHG�'HYLFH��6ROLG�VWDWH�SKRWRQ�FRXQWLQJ�GHYLFH

&'%6 &DOLEUDWLRQ� 'DWD� %DVH�� 6\VWHP� IRU� PDLQWDLQLQJ� UHIHUHQFH� ILOHV� DQG� WDEOHV� XVHG� WR
FDOLEUDWH� �REVHUYDWLRQDO�GDWDVHWV�+67

&,0 &DOLEUDWLRQ�LQVHUW�PHFKDQLVP

&26 &RVPLF�2ULJLQV�6SHFWURJUDSK

&3��&I3 &DOO�IRU�3URSRVDOV

&5 &RVPLF�UD\

&5�63/,7 'LYLVLRQ�RI�D�&&'�H[SRVXUH�LQWR�VKRUWHU�H[SRVXUHV�WR�EH�XVHG�IRU�FRVPLF�UD\�UHMHFWLRQ

&7( &KDUJH�7UDQVIHU�(IILFLHQF\

&7, &KDUJH�7UDQVIHU�,QHIILFLHQF\��&7,� ����&7(

&9= &RQWLQXRXV� 9LHZLQJ� =RQH�b � $� UDQJH� RI� WDUJHW� GHFOLQDWLRQV� IRU� ZKLFK� IXOO�RUELW
REVHUYDWLRQV�PD\�EH�REWDLQHG��ZLWKRXW�(DUWK�RFFXOWDWLRQ��

'4 'DWD�4XDOLW\�b �'4�IODJV� LQ�WKH�GDWD�ILOHV� LQGLFDWH�YDULRXV�SRWHQWLDO�RU�DFWXDO�SUREOHPV
ZLWK�WKH�GDWD�

'+% 'DWD�+DQGERRN��KWWSV���KVW�GRFV�VWVFL�HGX�VWLVGKE

'1 'DWD�1XPEHU

(7& ([SRVXUH� 7LPH� &DOFXODWRU�� (7&V� DUH� :HE� EDVHG� WRROV�� ZKLFK� FDQ� EH� DFFHVVHG� DW�
�KWWSV���HWF�VWVFL�HGX

(52 (DUO\�5HOHDVH�2EVHUYDWLRQV

)*6 )LQH�*XLGDQFH�6HQVRUV
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),76 )OH[LEOH� ,PDJH� 7UDQVSRUW� 6\VWHP�� $� JHQHULF� ,(((� DQG� 1$6$� GHILQHG� VWDQGDUG� ILOH
IRUPDW�XVHG�IRU�VWRULQJ�LPDJH�GDWD�

)2& )DLQW�2EMHFW�&DPHUD

)26 )DLQW�2EMHFW�6SHFWURJUDSK

)29 )LHOG�RI�9LHZ

)6: )OLJKW�6RIWZDUH

)73 )LOH�7UDQVIHU�3URWRFRO��%DVLF�WRRO�XVHG�WR�UHWULHYH�ILOHV�IURP�D�UHPRWH�V\VWHP��$VN�\RXU
V\VWHP�PDQDJHU�IRU�LQIRUPDWLRQ�DERXW�XVLQJ�)73�

)89 )DU�XOWUDYLROHW��a����������

):+0 )XOO�:LGWK�DW�+DOI�0D[LPXP

*$/(; *DOD[\�(YROXWLRQ�([SORUHU

*+56 *RGGDUG�+LJK�5HVROXWLRQ�6SHFWURJUDSK

*2 *HQHUDO�2EVHUYHU

*6& *XLGH�6WDU�&DWDORJ

*72 *XDUDQWHHG�7LPH�2EVHUYHU

+HOS�'HVN )DFLOLW\�IRU�JHWWLQJ�KHOS�RQ� �UHODWHG�WRSLFV�� bRUb+67 KWWS���KVWKHOS�VWVFL�HGX KHOS#VWVFL�HGX
�

+,70 +ROH�LQ�WKH�0LUURU�b�3DUW�RI�WKH�RSWLFDO�SDWK�IRU�VRPH�FDOLEUDWLRQ�ODPSV�

+63 +LJK�6SHHG�3KRWRPHWHU

+67 +XEEOH�6SDFH�7HOHVFRSH

+87 +RSNLQV�8OWUDYLROHW�7HOHVFRSH

,&' ,QWHUIDFH�FRQWURO�GRFXPHQW��'HILQHV�GDWD�VWUXFWXUHV�XVHG�EHWZHHQ�VRIWZDUH�RU�V\VWHPV
WR�HQVXUH�FRPSDWLELOLW\�

,'7 ,QVWUXPHQW�'HILQLWLRQ�7HDP

,+% ,QVWUXPHQW�+DQGERRN

,5 ,QIUDUHG

,5$) ,PDJH� 5HGXFWLRQ� DQG� $QDO\VLV� )DFLOLW\�� 7KH� HQYLURQPHQW� LQ�ZKLFK� o676'$6� RSHUDWHV
�QR�ORQJHU�VXSSRUWHG��

,6 ,QVWUXPHQW�6FLHQWLVW

,65 ,QVWUXPHQW�6FLHQFH�5HSRUW

,8( ,QWHUQDWLRQDO�8OWUDYLROHW�([SORUHU
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. 'HJUHH�.HOYLQ

/0& /DUJH�0DJHOODQLF�&ORXG

/6) /LQH�VSUHDG�IXQFWLRQ

0$0$ 0XOWL�$QRGH� 0LFURFKDQQHO� $UUD\�b � 67,6� XVHV� 0$0$� GHWHFWRUV� IRU� )89� DQG� 189
REVHUYDWLRQV�

0$67 %DUEDUD� $�� 0LNXOVNL� $UFKLYH� IRU� 6SDFH� 7HOHVFRSHV�� $� UHSRVLWRU\� IRU� GDWD� IURP� +67�
-:67��DQG�RWKHU�PLVVLRQV��KWWSV���PDVW�VWVFL�HGX�

0&3 0LFURFKDQQHO�3ODWH

060 0RGH�6HOHFWLRQ�0HFKDQLVP

1' 1HXWUDO�GHQVLW\

1,5 1HDU�LQIUDUHG

1,&026 1HDU�,QIUDUHG�&DPHUD�DQG�0XOWL�2EMHFW�6SHFWURJUDSK

189 1HDU�XOWUDYLROHW��a�����������

266 2EVHUYDWLRQ�6XSSRUW�6\VWHP

27$ 2SWLFDO�7HOHVFRSH�$VVHPEO\

27)5 2Q�WKH�)O\� 5H�SURFHVVLQJ�� 5H�SURFHVVLQJ� RI� GDWD�� XVLQJ� WKH� PRVW� UHFHQW�DSSURSULDWH
UHIHUHQFH�ILOHV�DQG�VRIWZDUH��ZKHQ�WKH�GDWD�DUH�UHTXHVWHG�IURP�WKH�DUFKLYH�

3& 3URJUDP�&RRUGLQDWRU

3HDNGRZQ 0RYHPHQW�RI�D�WDUJHW�DORQJ�D�VOLW�WR�FHQWHU�LW�XQGHU�DQ�RFFXOWLQJ�EDU�

3HDNXS 0RYHPHQW�RI�D�WDUJHW�LQ�RQH�RU�ERWK�GLUHFWLRQV�WR�FHQWHU�LW�LQ�D�VOLW�

3KDVH�I $�SURSRVDO�IRU�REVHUYLQJ�WLPH�RQ�+67

3KDVH�II $Q�DSSURYHG� �SURSRVDO�� LQFOXGHV�GHWDLOHG� LQVWUXFWLRQV� IRU�KRZ�D�SURJUDP�LV� WR�EH+67
H[HFXWHG

3, 3ULQFLSDO�LQYHVWLJDWRU

36) 3RLQW�VSUHDG�IXQFWLRQ

4( 4XDQWXP�HIILFLHQF\

4(+ 4XDQWXP�HIILFLHQF\�K\VWHUHVLV

462 4XDVL�VWHOODU�REMHFW

5$ 5LJKW�DVFHQVLRQ

UHIHUHQFH
ILOH

'DWD� ILOH� FRQWDLQLQJ�67,6�SDUDPHWHUV�RU� FDOLEUDWLRQ� LQIRUPDWLRQ�ZKLFK� LV�XVHG�E\� WKH
SLSHOLQH
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UPV 5RRW�PHDQ�VTXDUH

6$$ 6RXWK�$WODQWLF�DQRPDO\�b�$�UHJLRQ�RI�HQKDQFHG�EDFNJURXQG�UDGLDWLRQ�b�67,6�LV�QRW�XVHG
ZKHQ�WKH�RUELWDO�SDWK�RI�+67�SDVVHV�WKURXJK�WKH�6$$�

6,0 6SDFH�,QWHUIHURPHWU\�0LVVLRQ

6,7H 6FLHQWLILF�,PDJH�7HFKQRORJLHV��FRPSDQ\�WKDW�GHVLJQHG�WKH�67,6�&&'

60� 6HUYLFLQJ�PLVVLRQ���b�6HUYLFLQJ�PLVVLRQ�LQ�ZKLFK�67,6�RSHUDWLRQV�ZHUH�UHVWRUHG

6029 6HUYLFLQJ�0LVVLRQ�2EVHUYDWRU\�9HULILFDWLRQ

6�1��615 6LJQDO�WR�QRLVH�UDWLR

67�(&) 6SDFH�7HOHVFRSH�(XURSHDQ�&RRUGLQDWLQJ�)DFLOLW\

67$1 6SDFH�7HOHVFRSH�$QDO\VLV�1HZVOHWWHU

VWHQY (QYLURQPHQW� IRU� +67� DQG� -:67� SLSHOLQHV� DQG� �PRVW�� SDFNDJHV� IRUPHUO\� DYDLODEOH
WKURXJK�DVWURFRQGD��KWWSV���VWHQY�UHDGWKHGRFV�LR�HQ�ODWHVW�

67,6 6SDFH�7HOHVFRSH�,PDJLQJ�6SHFWURJUDSK

VWLVWRROV $�VXLWH�RI�VRIWZDUH�WRROV�IRU�67,6�GDWD�FDOLEUDWLRQ�DQG�DQDO\VLV��KWWSV���VWLVWRROV�
UHDGWKHGRFV�LR�HQ�ODWHVW�

VWLVBFWL 3L[HO�EDVHG� &7,� FRUUHFWLRQ� VRIWZDUH� IRU� WKH� 67,6� &&'�� KWWSV���ZZZ�VWVFL�HGX�KVW
�LQVWUXPHQWDWLRQ�VWLV�GDWD�DQDO\VLV�DQG�VRIWZDUH�WRROV�SL[HO�EDVHG�FWL

670$* 676F,�PDJQLWXGH�V\VWHP������ORJ�� ��������ZKHUHb bLV�WKH�IOX[�IURP�WKH�VRXUFH�LQ)͐ )͐

HUJ�FP �V���

676F, 6SDFH�7HOHVFRSH�6FLHQFH�,QVWLWXWH

676'$6 6SDFH� 7HOHVFRSH� 6FLHQFH� 'DWD� $QDO\VLV� 6\VWHP�� 7KH� FRPSOHWH� VXLWH� RI� ,5$)� GDWD
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https://stenv.readthedocs.io/en/latest/
https://stistools.readthedocs.io/en/latest/
https://stistools.readthedocs.io/en/latest/
https://www.stsci.edu/hst/instrumentation/stis/data-analysis-and-software-tools/pixel-based-cti
https://www.stsci.edu/hst/instrumentation/stis/data-analysis-and-software-tools/pixel-based-cti
https://synphot.readthedocs.io/en/latest/
https://stistarg.readthedocs.io/en/latest/


:)�3& :LGH�)LHOG�3ODQHWDU\�&DPHUD

:)3&� :LGH�)LHOG�3ODQHWDU\�&DPHUD����5HSODFHPHQW�IRU�:)�3&�LQVWDOOHG�GXULQJ�ILUVW�VHUYLFLQJ
PLVVLRQ�RI�'HFHPEHU������

:)&� :LGH�)LHOG�&DPHUD��

764


	Table of contents
	STIS Instrument Handbook
	Acknowledgments
	Chapter 1: Introduction
	1.1 Overview
	1.2 Introduction to the Handbook
	1.3 Handbook Layout
	1.4 Proposal Preparations and Observations with STIS
	1.5 The Help Desk at STScI
	1.6 The STIS Web Pages and Support Information
	1.7 Non-proprietary STIS Data

	Chapter 2: Special Considerations for Cycle 33
	2.1 Impacts of Reduced Gyro Mode on Planning Observations
	2.2 STIS Performance Changes Pre- and Post-SM4
	2.3 New Capabilities for Cycle 33
	2.4 Use of Available-but-Unsupported Capabilities
	2.5 Choosing Between COS and STIS
	2.6 Scheduling Efficiency and Visit Orbit Limits
	2.7 MAMA Scheduling Policies
	2.8 Prime and Parallel Observing: MAMA Bright-Object Constraints
	2.9 STIS Snapshot Program Policies

	Chapter 3: STIS Capabilities, Design, Operations, and Observations
	3.1 Instrument Capabilities
	3.2 Instrument Design
	3.3 Basic Instrument Operations
	3.4 Designing STIS Observations

	Chapter 4: Spectroscopy
	4.1 Overview
	4.2 First-Order Long-Slit Spectroscopy
	4.3 Echelle Spectroscopy in the Ultraviolet
	4.4 Objective Prism Spectroscopy

	Chapter 5: Imaging
	5.1 Imaging Overview
	5.2 Optical CCD Imaging
	5.3 Ultraviolet Imaging with the MAMA Detectors
	5.4 Neutral Density Filters

	Chapter 6: Exposure Time Calculations
	6.1 Overview
	6.2 Determining Count Rates from Sensitivities
	6.3 Throughput and Sensitivity
	6.4 Computing Exposure Times
	6.5 Detector and Sky Backgrounds
	6.6 Tabular Sky Backgrounds
	6.7 Extinction Correction
	6.8 Exposure Time Examples

	Chapter 7: Feasibility and Detector Performance
	7.1 STIS Detectors
	7.2 The CCD
	7.3 CCD Operation and Feasibility Considerations
	7.4 The MAMA Detectors
	7.5 MAMA Operation and Feasibility Considerations
	7.6 MAMA Spectral and Spatial Offsetting
	7.7 MAMA Bright Object Limits

	Chapter 8: Target Acquisition
	8.1 Introduction
	8.2 STIS Onboard CCD Target Acquisitions - ACQ
	8.3 Onboard Target Acquisition Peakups - ACQ PEAK
	8.4 Determining Coordinates in the International Celestial Reference System (ICRS) Reference Frame
	8.5 Acquisition Examples
	8.6 STIS Post-Observation Target Acquisition Analysis

	Chapter 9: Overheads and Orbit-Time Determination
	9.1 Overview
	9.2 STIS Exposure Overheads
	9.3 Orbit Use Determination Examples

	Chapter 10: Summary and Checklist
	10.1 Phase I Proposing
	10.2 Phase II - Scheduling Approved Observations

	Chapter 11: Data Taking
	11.1 Basic Operating Modes
	11.2 Exposure Sequences and Contemporaneous Calibrations
	11.3 Patterns and Dithering
	11.4 Fixing Orientation on the Sky
	11.5 Target Positioning

	Chapter 12: Special Uses of STIS
	12.1 Slitless First-Order Spectroscopy
	12.2 Long-Slit Echelle Spectroscopy
	12.3 Time-Resolved Observations
	12.4 Observing Too-Bright Objects with STIS
	12.5 High Signal-to-Noise Ratio Observations
	12.6 Improving the Sampling of the Line Spread Function
	12.7 Considerations for Observing Planetary Targets
	12.8 Special Considerations for Extended Targets
	12.9 Parallel Observing with STIS
	12.10 Coronagraphic Spectroscopy
	12.11 Coronagraphic Imaging - 50CORON
	12.12 Spatial Scans with the STIS CCD

	Chapter 13: Spectroscopic Reference Material
	13.1 Introduction
	13.2 Using the Information in this Chapter
	13.3 Gratings
	First-Order Grating G750L
	First-Order Grating G750M
	First-Order Grating G430L
	First-Order Grating G430M
	First-Order Grating G230LB
	Comparison of G230LB and G230L
	First-Order Grating G230MB
	Comparison of G230MB and G230M
	First-Order Grating G230L
	First-Order Grating G230M
	First-Order Grating G140L
	First-Order Grating G140M
	Echelle Grating E230M
	Echelle Grating E230H
	Echelle Grating E140M
	Echelle Grating E140H
	PRISM
	PRISM Wavelength Relationship

	13.4 Apertures
	52X0.05 Aperture
	52X0.05E1 and 52X0.05D1 Pseudo-Apertures
	52X0.1 Aperture
	52X0.1E1 and 52X0.1D1 Pseudo-Apertures
	52X0.2 Aperture
	52X0.2E1, 52X0.2E2, and 52X0.2D1 Pseudo-Apertures
	52X0.5 Aperture
	52X0.5E1, 52X0.5E2, and 52X0.5D1 Pseudo-Apertures
	52X2 Aperture
	52X2E1, 52X2E2, and 52X2D1 Pseudo-Apertures
	52X0.2F1 Aperture
	0.2X0.06 Aperture
	0.2X0.2 Aperture
	0.2X0.09 Aperture
	6X0.2 Aperture
	0.1X0.03 Aperture
	FP-SPLIT Slits 0.2X0.06FP(A-E) Apertures
	FP-SPLIT Slits 0.2X0.2FP(A-E) Apertures
	31X0.05ND(A-C) Apertures
	0.2X0.05ND Aperture
	0.3X0.05ND Aperture
	F25NDQ Aperture

	13.5 Spatial Profiles
	First-Order Spatial Profiles
	Echelle Spatial Profiles

	13.6 Line Spread Functions
	First-Order Line Spread Functions
	Echelle Line Spread Functions

	13.7 Spectral Purity, Order Confusion, and Peculiarities
	13.8 MAMA Spectroscopic Bright Object Limits

	Chapter 14: Imaging Reference Material
	14.1 Introduction
	14.2 Using the Information in this Chapter
	14.3 CCD
	CCD Clear Imaging - 50CCD
	CCD Long-Pass Imaging F28X50LP
	F28X50OIII - CCD
	F28X50OII - CCD
	50CORON - Clear CCD

	14.4 NUV-MAMA
	25MAMA - NUV-MAMA, Clear
	F25ND3 - NUV-MAMA
	F25ND5 - NUV-MAMA
	F25NDQ - NUV-MAMA
	F25QTZ - NUV-MAMA, Longpass
	F25SRF2 - NUV-MAMA, Longpass
	F25MGII - NUV-MAMA
	F25CN270 - NUV-MAMA
	F25CIII - NUV-MAMA
	F25CN182 - NUV-MAMA

	14.5 FUV-MAMA
	25MAMA - FUV-MAMA, Clear
	25MAMAD1 - FUV-MAMA Pseudo-Aperture
	F25ND3 - FUV-MAMA
	F25ND5 - FUV-MAMA
	F25NDQ - FUV-MAMA
	F25QTZ - FUV-MAMA, Longpass
	F25QTZD1 - FUV-MAMA, Longpass Pseudo-Aperture
	F25SRF2 - FUV-MAMA, Longpass
	F25SRF2D1 - FUV-MAMA, Longpass Pseudo-Aperture
	F25LYA - FUV-MAMA, Lyman-alpha

	14.6 Image Mode Geometric Distortion
	14.7 Spatial Dependence of the STIS PSF
	14.8 MAMA Imaging Bright Object Limits

	Chapter 15: Overview of Pipeline Calibration
	15.1 Pipeline Processing Overview
	15.2 How Phase II Parameter Choices Affect  Calibration
	15.3 More Detailed Information

	Chapter 16: Accuracies
	16.1 Summary of Accuracies

	Chapter 17: Calibration Status and Plans
	17.1 Introduction
	17.2 Ground Testing and Calibration
	17.3 STIS Installation and Verification (SMOV2)
	17.4 Cycle 7 Calibration
	17.5 Cycle 8 Calibration
	17.6 Cycle 9 Calibration
	17.7 Cycle 10 Calibration
	17.8 Cycle 11 Calibration
	17.9 Cycle 12 Calibration
	17.10 SM4 and SMOV4 Calibration
	17.11 Cycle 17 Calibration Plan
	17.12 Cycle 18 Calibration Plan
	17.13 Cycle 19 Calibration Plan
	17.14 Cycle 20 Calibration Plan
	17.15 Cycle 21 Calibration Plan
	17.16 Cycle 22 Calibration Plan
	17.17 Cycle 23 Calibration Plan
	17.18 Cycle 24 Calibration Plan
	17.19 Cycle 25 Calibration Plan
	17.20 Cycle 26 Calibration Plan
	17.21 Cycle 27 Calibration Plan
	17.22 Cycle 28 Calibration Plan
	17.23 Cycle 29 Calibration Plan
	17.24 Cycle 30 Calibration Plan
	17.25 Cycle 31 Calibration Plan
	17.26 Cycle 32 Calibration Plan

	Appendix A: Available-But-Unsupported Spectroscopic Capabilities
	A.1 Introduction
	A.2 Full Aperture Complement
	A.3: Additional Available-but-Unsupported Options

	Glossary


