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PART 1

Introduction

The chaptz in thizs part explain how to ns= this handbook, whers to go for
help, and describe special considerations far msing MUCHIOS in Cyele 7.
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CHAPTER 1

Introduction

In This Chapter...

Puiposa /

Layout /

MNIC WS Proposal Prepamation /

The Help Desk at 5T5cl /

Tha MICKDS Instrument Team at 5Tacl /
Suppaorting Infarmation and the MICKMOS Web Site /

= e

0 o

The Mear Infrared Camera and hluolti- Ohject Spectrometer, WICKIOS, is a
sscond-generation instrument i nstalled on the Hobble Space Telescope doring the
Second Servicing Wlission in Febroary 1997, WICWMOS provides HST with
infrard imaging and spectroscopic capabilitiss between 0.8 and 2.5 microns.
From above the earth®s atmosphers, HICKW OS5 povides access to this complets
spectral range withont hindrance from atmospheric emission or absomption at a
sensitivity and angnlar resolntion not possible from the gronnd.

This Handbook provides the instrumemnt specific information yon need to
prposs HST observations (Fhase 1), design accepted proposals (Fhase 115, and
nnderstand WICHOS in detail. 1t has been revised to inclode the resolts of the
arrorbit checkont progmm (S 0OV) available as of Jaly 7, 1997.

This chapter =xplaire the lavomt of the Handbook and how to get additional
help and information thiongh the Help Desk and 5TScl Word Wide Web pages.

Purpose

The MCMOS mstrument Handbook is the basic reference manual for the Mear
Lnfrared Camera and Multi-Object Spectrameter and describes the instmments
poperties, expected perfommance, opemtions, and calibration. The Handbook is
maintained by scientists at 5TScL Dr. R.L. Thompson, the Principal Lvestigator
for MICKOS, and scientific staff at Steward Observatory and Ball Aesrospace
kindly provided information and test data in support of this Handbook.
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We designed the document to serve three purposes:

+ To provide ilstmment-specific infommation for preparing Cycle 7 and Cycle
T-HICHOS observing proposals with MICKL OS5,

+  To provide irstmment-specific information to snpport the design of Phass 11
prposals for acoepted MICMOS proposals fin conjunction with the Phass
11 Propesal Lnstmctions).

+ To pwvide technical information abont the operation and perfomnance of
the irstmment, which can help in understanding problems and imerpreting
data acqnired with MK O3,

Thiz Handbook is not meant to s=rve as a manval for the redoction and analysis
of data taken with HICMOS. Late in 1997, we will poblish an addition to the H5T
Dara Handbeol describing how to work with MLCN OS5 data.

qt‘; A significant change from the first vemion of the NICMOS fnsrument Hand bool:

is that the fundamental sonmre of photometric performance is now the NICHLOS
Exposure Time Calcnlator (ETC) available on the World Wide Web (zes
Chapter &).

|

Document Conventions

Thizs document follows the wual STScl canvention in which terms, words, and
phrases which are to be enter=d by the nserin a literal way on a form are shown in
a typewrter font (eg., BRIGHT=RETURI, FP-SPLIT). Mames of softwars
packages orcommands (e.g., synphot) are given in bold type.

Wavelength units in this Handbook are in micons (Um) and flimes are mainl y
given in lanskys (1y].

Layout

MICHMOS has a variety of imaging modes. The instrument pmvides divect
imaging in broad, medinm, and narrow-band filter= at 2 mnge of spatial
resolutions in the near infrared from 0.8 to 2.5 microns, together with broad- band
imaging polarimetry, comnographic imaging and maskless grism spectroscopy.
To guide yon throngh MICKIOS"s capahbilitiss and help optimize your scientific
nse of the instmment we have divided this Handbook imo foor pars: Part 1 -
Lrtrodnction; Part 11- Userss Guide; Part 111 - Supparting Material; and Part 1V -
Calibmtion. Figure 1.1 provides a roadmap to navigating the docnment; following
the roadmap is a listof chapters and their comtents.
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Figure 1.7: Roadmap for Using the NICKWMOS Instrumant Handoook
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The chaptes of this Handbook are & follows:

Part 1 - Lmtrodoction

L

-

Chnptr.r L, Insroducrion on page 3.

Chapter 2, Special Considerations for Cyele 7-NICMO5 on page L1,
describes special comsiderations for the me of WICKOS during Cycle
T-HLICHI OS5,

Fart 11- Users Guide

-

Chapter 3, Overview of NICMOS on page 19, provides an imrodoction to
the full capabilities of MICHI 05 A discossion is provided to help gonide von
thmngh the t=chnical details yon will need to consider in choosing the opti-
mum MICKMOS configuration and in determining the number of orbits o
request.

Chapter 4, fmaging on page 39, provides a description of MICH 05s imag-
ing capabilities including camera resolutione and thoughpuots.

Chapter 5, Coronography, Polarimerry and Grism  Specroscopy  on
page &7, provides detailed information on coronogmphic imaging, grism
spectmscopy, and polanmetry.

Chapter &, Exposnure Time Calcularions on page 89, desciibes how to per
form signal to noiss calcnlations, either by nsing pencil and paper, or nsing
software tools that ar pmvided on the Word Wide Web (W W W)

Chapter 7, NICMOS Detactors on page 105, describes the basic pmoperties
of the detectors teed in the thres cameras incloding their physical charac-
teristics, capabilities and limitations.

Chapter B, Detacror Readour Modes on page 119 explains the data taking
modes which take advantage of the non-destroctive readont capabilities of
the WLCHOS arays. Whils nearly all obssrvers will chooss to nss WIULTL-
ACCUNM mode, we give advice the obssrver should consider in choosing
the most appropriate mode.

Chapter 9, Overheads and Orbit Time Determination on page 133, povides
infommation to comvert from a series of planned science exposures to an esti-
mate of the number of orbits, including spacecraft and MICHOS overheads.
This chapter applies principally to the planning of Phase 1 pmposals.

Fart 111 - Supporting hlaterial

-

Chapter 10, Technigues for Dithering Background Measurement and
Maosaicing on page 145, gives a guide to measuring the sky backgroond
when obssrving with WLCW O35, This chapter describes the implementation
of a pre-defined szt of patterns which accamplish ditheting and chopping
from the field of interest, and allow easy generation of lage mosaic images.

Chapter L1, fmaging Reference Marerial on page 161, povides snmmary
infommation and filter tmnsmission curves for sach imaging filter, ordered
by camera and increasing wavelength.
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+ Chapter 12, Fliux Units and Line Lists on page 209, povides formuolas and
tables for the comversion of flux nnits, and a list of common infrared spec-
tral lines.

Part 1V - Calibration

+ Chapter 13, Calibration Fipeline on page 231, briefly describes the pro-
cessing of MICH OS5 data by the STScl pipeline and the data that will be
g=ntto observers.

+ Chapter 14, Expecrad Calibranon Accuracies on page 243 summarizes the
accuracies expected for MICKIOS data calibmted by the 5TScl pipeline
during Cyele T-HLICKOS.

+ Chapter 15, Calibration Flans on page 245, provides a snmmary of the sta-
tnz and results from the Servicing Mission Observatory Verification
[SHLOV ) and an overview of the Cycle 7 calibration plan.

NICMOS Proposal Preparation

Use the NMICMOS Insrrimens Handbook and the Cvole 7-NICMOS Call for
Froposals & Fhase | Froposal fstructions (CP) when assembling yonr MICH 03
Fhaes 1 Proposal. The CF pmvides policy and irstmctions for proposing; the
NICMOS Instriment Handbook contains technical information abont MICHIOS,
describing its expected perfommance, and presenting snggestions for nse. The next
chapterin the Handbook describes special considemtions for Cycle 7-HMIZHOS.

If your Phase 1 poposal is accepted, yon will be asked to snbmit a Phase 11
proposal in which yon specify the exact confignrations, exposure times and
sequences of observatiors that MICKOS and the telescope should perform. To
assemble your Phass 11 proposal, yon should vse the NICMOS fnsrrument
Handboolk in conjonction with the Phase N Proposal {nsmmacrions. Thess
instroctions describe the roles and syntax that apply to the planning and
schedoling of WMWICWOS observatiors and pmvide mlevant observatory
information.

. ________ ___________________________________________________ |
v At this time, predictions of the performance of MICKOS shonld be treated as

provisional, and neers shovld adopt conservative expectations for the performance

of the instroment in Cyele T-MICHI0S. See Chapter 2 for a detailed discuesion of

iz=n=s which ar unrssolved as this is writt=n.

. ________ ___________________________________________________ |
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The Help Desk at STScl

5T5cl maintains a Help Desk. The Help Desk staff at STScl quickly provide
arswers to any HET-lated topic, including quoestions regarding MICHL0S and the
Cycle 7 proposal process. The Help Desk staff has access to all of the resomrces
available at the Lrstitute, and they maintain a database of arewers =0 that
frequently ssked guestiors can be immediately answerd. The Help Desk staff
alsa provide 5T5cl documentation, in either hardcopy or electronic form,
incloding instrument science reports, instrument handbooks, and the  like.
Questions sent to the Help Desk during normal business hours are answered
within ane hour. QJuoestiors mosived ootside normal bosiness howrs will be
arewered the next business day. Usnally, the Help Desk staff will reply with the
arewer to a question, but occasionally they will nesd more time to imestigate the
arewer. In these cases, they will reply with an estimate of the time nesded to
supply a foll answer.

We ask that yon please send all initial ingoiries to the Help Desk If youor
question mquires a MICHOS Lrstroment Scientist to answer it, the Help Desk
staff will pot a WICKIOS Lretmment Scientist in contact with von. By sending
your request to the Help Desk, yon are guaranteed that someone will provide yon
with a timel ¥ s porss.

To contact the Help Desk at STScl:
+ Semd e-mzil { preferred methodk helofzt=ci. edu
* Phone: | 410-338- 1082

The Space Telescops Enmpean Coomlinating Facility (ST-ECF) also maintains
a help desk. Enmpean nses shonld generally contact the ST-ECF for help: all
other nsers shonld contact 5T5cl. To contact the ST-ECF Help Desk:

= Semd e-mall stdeskiezo. org

The NICMOS Instrument Team at STScl

5T5cl maintaire a team of Lnstroment Scientists, Scientific Progmmmers, and
Data Analysts who sopport the development, operation and calibration of
HICH OS5, The t=am is also msponsible for supparting MICH 0S8 mees. The table
inside the front cover of this Handbook lists the current members of the MLICHOS
Lrstroment Team at STScl.
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Supporting Information and the NICMOS Web Site

The MLCKOS Instrument Team at 5TScl maintains a World Wide Web page,
as part of the 5TScl home page. The URL for the STScl MICH O3 page is:

http:/fwww.otool. edu/fto/inct nmant_new s 11 ICHOS 't opalomos  html

The STScl MICHI OS5 web page inclodes:

+ Advisories: This is wher we will post npdates to instrument perfoomance
as these are prodoced thoogh gmund testing and on-orbit imvestigations.

+ Documentation: An electronic vemion of this Handbook will be main-
tained on the WWAW sitz. In addition, more detailed technical information
inot needed to proposs for Cycle 7) conceming the development, perfor
mance, ground testing, opemtion and calibmtion of MICWMOS itsslf are
found in a series of WMICH OS5 instmment science and calibration reports
maintained an the web, while others can be obtained npon mquoest from the
Help Desk.

+  User Support: Will contain gensral infomation on data redoction and
support for HET msem.

+ Sofiware: Some softwars can be mtrizved or run dirsctly over the web,
including an exposure time calculator, and a fli units conversion pogram.

+ Frequenily Asked Questions: A list of fraqoently asked questiors abont
BLCMOS, and their arswers, mnging fom pmoposal preparation to data
analysis.
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CHAPTER 2
Special Considerations
for Cycle 7-NICMOS

In This Chapter...

HMICKWOS i a New Instrument £ 12

Information Updates for Cycle T-MICKMOE 12

MICKWEDS Status Summary £ 13

Recommeandation Summary /14

Supportad MICWMOS Capabilitias for Cycle 7-NICKMOS 7 15

H5T's second s=rvicing mission snccessful ly irstalled two second-generation
instruments, WICKOS and 5TLS ithe Space Telescope lmaging Spectrogmphi
while mmoving the Faint Object Spectograph (FOS5) and Goddawd High
Resolotion Spectograph (GHRS). In addition, a Fine Guidance Sensor (FGS) was
replaced and a solid state data recorder installed. The increased data capacity of
the new recorder, exploited thmoogh a series of changes to the gmouond system,
considembly increases the capacity of HS T to handle large volumes of data.

While MICHIOS has demoretmted ite capability for excellent scientific
obesrvations, problems within its cryogenic cooling syetem msplted in some
degmdation of the Camera 3 capability and a significantly shortened life
expectancy. As discossed in the Cycle T-WICWOS call for poposals (CP), this
gpecial CF is being issned to maximize the scientific retorn from MICH OS within
its predicted lifetime. To solicit, select, and prepar proposals within the timescale
necessary to acoslerate the BICKMOS science progmm, this Handbook is being
prepared before the Servicing hlission Observatory Verification (ShOV ) period is
completed and its resolts folly analyzed. Thos, this Handbook represents a
snapshot of our corrent bot evolving understanding of NICKOS. While observers
shonld rly npon this Handbook (except where noted) when preparing propesals
for Cyecle 7-TICHIOS, they ar advised to s=ek vpdated infomnation when
preparing Phase 11 proposals and analyzing MICK OS observations.

Bl
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NICMOS is a New Instrument

While planning your Cycle 7-WICW OS5 observations, keep in mind that
WICKLOS is a mew capability, as well & a new irstroment for HST. The
sensitivities, brightness limits, and optical performance contained in this
Handbook ars based on our initial calibration and t=st obs=rvations fand in many
instances also rely npon gmund-based tests). You showld rely wpon the WWW
based Exposure Time Calcwlator (ETC) for the best available estimates of
NICMOS performance. as these may still change.

H5Ts performance as an infrared telescope is now significantly better
characterized than it was prior to the installation of MICWOS. The level of
thermal ermission from the telescope is comsiderably lower than was predicted in
the previons vemsion of this Handbook isee Chapter 3.

As MICKOS is experiencing difficolties with both cryogen lifetime and
Camem 3 focus, observers shounld pay carefnl attention to its status, the limitations
imposed by this sitnation, and the resnlting policies which have been adopted to
maximize its scientific rtorn.

Information Updates for Cycle 7-NICMOS

Updates with new resnlts from SHIOV will be posted to the STScl MICHIOS
W W site (see “Supporting Information and the BILCK OS5 Web Site""on pags 91
as soon as they become available. Additional npdates, applicable only to accepred
Cycle 7-WLCHOS poposals, will be provided prior to Phase 11 Sobmission as
required.

Becamse the SWMOV testing of the coronogmph is nnderway as this Hand book:
is being completed, asnmmary of the coronograph perfommance will be posted on
the STScl HLICHL OS5 W% W site an Angust L, 1997,

|
v Your Cyele 7-MICKOS HE T proposal must be based on the Exposure Time Cal-
culator (ETC) predictions of MICK 05 performance. The ETC is accessible from
the 5TScl MICHIOS WWW sit= and has been vpdated to reflect the on-orbit per
formance of WMICHOS.
|
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NICMOS Status Summary

Eady omrorbit tests of MWUCHIOS mvealed dynamic changes to its
characteristics and perfomnance. On-orbit expansion of the solid nitrogen in the
dewar (meed to cool the detectors) has deformed the dewar leading to a themnal
contact betwesn the instrnment cold well (which containe the thme detectors
inside the solid nitogen dewar) and the inner vaporcooled shield and also
camsing changes in focus for all three MITH 05 cameras. The expected lifetime of
the WLCKIOS cryogen has been significantly redoced as a wsult. Best estimates
are that, if the corent rate of cryogen loss continnes, WICKIOS will remain
operational until late 1998 or eady 1999, 1f the thermal contact breaks and the
cryogen loss rate is comseqoently decreased, that time conld be longer. MICHIOS
camera 3 M1C3) has soffered the largest perfomnance loss. Cameras | and 2
(BLC L, WLT2) are performing well and can meet most observational mquirements.
Bassd on oor best estimates of the cument sitnation, we are working from the
following set of assumptions:

*  Lifetime:

- The vseful lifetime of MICHWOS will be rednced, we are planning for
HWITKLOS observations to end by abont Hovember 1995,

* Focnrs [smes:

- lmage quality in MIC1 and MIZ2 is excellent. Both cameras ar, how-
ever, very slightly vignetted.

- The best focus positions for WMLTL and M1C2 are different, bot the image
quality of MICL at MLC2'%s focus or MUC2 at WICLs focns is only
marginally degraded.

- BLC3 cannaot corrently be bronght into focos teing the intemal MICHLOS
focns mechanism. The image quality is very poor when either M1CL ar
B1C2 are in focns as the prime camem. M3 is vignetted over appmoxd-
mately 25% of the detector (althongh this vignetting may be redoced as
a result of ongoing experiments with the intemal optical alignment of
the LK OS5 optics).

- B1C3 may wtorn to focms as cryogen is depleted, bot when and if this
will oceur is difficolt to predict. ™1C3 can be placed into focus by
adjusting the OTA focue mechanism althongh other irstmments wonld
then be ftemporarily ) out of focs.

- The spectral resolution and semsitivity of the grisms are seriomsly
degmded for point somces when MIC3 is oot of focus. For extended
sonrces the loss of performance is less severe.

*  Thermal Background:

- Thermal backgronnds ars moch lower than estimated in Version 1.0 of
the NICMOS fnsrruoment Handbool: (s2e Chapter 3.
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* Coronograph:

The comnograph performance in WLC2 is slightly degmded as the coro-
nogaphic hale is no longer confocal with the detector (a compromiss
focns is presently being explored and rsnlts shonld be available an the
WO W by August L, 1997].

The position of the coronogmphic hole is changing with time. A flight
software modification is being developed in time for Cyele 7-MICHOS
which will lacate the hole prior to a coronographic acqnisition with min-
imal overh=ad cost.

Detector {sses:

A small percentage of pixels in each camera have redoced throughput,
pmwbably from debris on the detectors. The pattern of affected pinels is
time= variable and therefore difficult to folly calibate.

The bias level exhibits enhanced signal after periods of non-mse which
presently cannot be fully calibrated owm. Excess signal levels of ~10 DM
are not unocommon. Laboratory testing is ongoing to validate an
improved detector opemtion method which may redoce or eliminate this
effect.

Recommendation Summary

We give here a snmmary of geneml recommendations. However, observes are
strongly advised to read the technical sections that follow and develop an optimal
obesrvation strategy based on the demands of their individnal scientific goals.

-

Proposers should attempt to mee MWLCL or MLUC2 if their scientific objectives
can be met. Proposals which mquire MIC3 feg., for its field of view or
spectmscopic capabilities) shonld recognize the scheduling limitation
which campaigre may impose.

Proposers shonld weigh the nse of the grisms in M1C3 against nsing narrow
band filters in M1C2 or MLCL to meet their science goals.

Proposers should dither observations that conld be adversely affected by
bad pixels.

Proposers shonld eliminate restrictive schednling equirements =g, OR1-
EMNT) whemver possible to decrease the chance that their program will fail
to be schednled befor the MICH O3 cryogen supply is exhansted.
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Supported NICMOS Capabilities for Cycle 7-NICMOS

As was done for both MICKO0S and STLS for Cyele 7,we have established a s=t
of core scientific capabilities of MICWOS which will be supported for Cycle
T-MICK 05 science. These capabilities cover an enormoue range of science
applications. In practice, the supparted capabilities will be phased in doring Cyele
7, as our nnderstanding of the instrument and on-orbit performance grows. This
phasing will optimize the likelihood that observatiors are snccessfully exscnted
and assure that the requisite calibration obssrvations are o btained.

MICHOS has additional capabilities that are not sopported for Cycle
T-MICKI 05, These capabilities are “available™ in the form of Engineering-only
modes, npon consnltation with a WICKMOS Lrstmment Scientist. If vou find that
your science cannor be performed with the capabilities described in this
handbook, you may wish to consider an unsnpported capability. The vse of thess
capabilities requirs approval from 5TScl and sopport for calibration may be
limited or non-existent.

Supported capabilities inclnde:
+ MLCL, BLCZ obssrvatiors in any filter or polarizer.
+ MLC3 obssrvatiors in campaign mode (i.e, in-focns MIC3 observations).

* MULTLACCUN and ACTUN detector readomt modes (bt see Chapter 8
for a discussion of the problems that can be faced when ming ACCURL
mode).

- The defined MULTIACCUN S AMP-SE() exposnre time ssquences,

- A sobset of the ACCUN exposnre times & defined in Chapter 8.
- ACCUR MEEAD=] ar 2 values anly.

+ Comnographic obssrvations incloding on-boamrd target acqnisitions.
Uneupported Mavailable™) capahilities i nclode:
* The Field Offset Blitmr (FOLL

+ ERIGHTOEJT readomt mods. The calibmtion and linsarity of this maode is
problematic.

* The BAMP readomt mode. This detector readomt mode is similar to a limi tad
version of the MUL TITACCTUM mode with the pocssing carried ot within

the MICKIOS instrument computer and only the final processed image
derarnlinked.

+  Any non-standard ACC UM exposnr time or any MULTLACCUN expo-
snme times not incorporated in one of the standad sequences of exposures
ISAMP-5E). ACCUN with MREAD other than 1 or9.

Use of nrenpported modes comes at a price, and these modes shoold be mead
anly if the need and scientific justification are particnlady compelling. Proposers
shonld be aware of the following caveats in the use of unsupported modss:
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+ Calibmtiors for ursupported capabilities will not be provided by STScl
Observers most sither determi ne that they can create calibration files from
data in the HST Archive or they must obtain calibrations as part of their
obesrvatiors. The 5TScl pipeline will not calibrate data taken in ursnp-
ported modes bt will deliver uncalibrated FITS files (or in some cases par
tially calibmted FITS files) to the observer and the HET Archive.

+ 5T5cl adopts a policy of shared risk with the observer for the mse of nnsnp-
portzed capabilities. Requests to repeat failed observations taken nsing
nrenpported capabilities will not be honored if the failore is related to the
nze of the tnsopported capability.

* User support from STScl for the redoction and analysis of data taken vsing
nmenpported capabilities will be limited and provided at a low prioxty.
Users taking data with unsupported capahbilities should be prepard to
shonlder the incmassd burden of calibmtion, redoction, and analysis of
these data.

Cycle 7-MICMOS pmposals which inclode mee of nrenpported MICHIOS
capahilities must inclode a jostification of why the science cannot be done with a
supported configuration, most inclode a mquoest for any observing time needed o
perform calibmtions, must justify the added sk of vsing an unsupported mode in
terme of the science payback, and mnst inclode a demonstration that the obeervers
are able= to shonlder the increassd burden of calibration, redoction, and analysis of
their data.



PART 2

User’'s Guide

The chapters in this part describe the basics of observing with
MICMOS. Incloded are: a description of the irstmment layont and basic
operation; the imaging and spectmscopic capabilities of MICHOS;
exposure time calcolations, the p:rl:m'munc: and limitations of its
detectors, and evethead and orbit request determination.

17
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CHAPTER 3
Overview of NICMOS

In This Chapter...

Instrument Capabilties / 19
Instrument Design / 20

Basic Opaations/ 27

Attached Pamallels /s 20

Ce=igning MICKWOS Chsarvations s 35

Ln this Chapter we provide an averview of the hasic properties and capabilities
of MICKWOS. We describe the optical and mechanical layout and the basic
operation of the instrument. For those not familiar with 1R array technology we
compare the chamcteristics of these detectos with CCDs. In the final section in
this chapter, we present a flowchart and a discussion to help yon design a
technically femible and scientifically optimized MICWOS obssrving proposal.

Instrument Capabilities

MICHOS, the Mear Lnfrared Camera and Multi-Object Spectrometer, is an
HET axial irstrument, containing thmee cameras designed for simultaneons
operation. The HICK OS5 optics present the detectors with three adjacent bt not
spatially contignows fields-of-view of differ=nt image scales. The instmment
covers the wavelength mnge from 0.8 to 2.5 micons, and contains a vanety of
filters, grisms, and polarizes. Each camera carries a complement of 19 optical
elements, selected throngh independent filter wheel mechanisms, one per camera.

The basic capabilities of the instrument, and the chapters which discues them
ars;

+ IR imaging: WICKOS provides its highest sensitivity from L1 to ~2
microns, where it is supetior to that achievable on an Bm class telescope,
and better sensitivity than the WFEPC2 for all observations for wavelengths
longward of 09 microns. Chapter 4 discusses the overall thronghpot of
BLCW 05 and the optical elements available in each camem. The low back-

19
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gmound will allow desp photometry. Our estimates of limiting sensitivities
per pinel to give a 5 & detection in a 80 minote integmtion are given in
Table 3.1.

Table 3.1: Limiting Sensitivitias par Pixal in Janskys for 5& Dataction in &0
Minutes [assumas point source cantaad on pixal)

Fitter
Camera
F110W F1 4o FleoW Fz4oM
bandwidth (microme) 0840 L35 084 18 144a 18 2.34a 25
nreol 2 4= 10” 3l 55wl —
(238 (1-24 & (H-23.13
nroz 8 S0 — 18 5.2 10°
(~25.1 (H-24.3) (K~20.1%
nros & 510 — 78xli® 18 10°
(253 (H~2523 (K~2071

+  Grism Spectroscopy: Camera 3, WIC3E, has three grisms which provide a
multi-ohject spectroscopic capability with a msolving power of R ~200
over the full fizld of view of the camem. Their wavelength ranges ar 0.8 to
1.2 microns, 1.1 to 1.9 microns, and 1.4 10 2.5 micons. Becanse the grisms
are slitless, the spectm of spatial ly resolved objects are confosed and multi-
ple objects can ovedap.

+ Imaging Polarimetry: Three polatizing filters with pms directions of 0,
120, and 240 degress ar provided for the wavebands 0.8-1.2 micmoms in
Camem 1, 111C1 and 1921 micwores in Camera 2, NIC2.

+ Coronography: A 03 arsec mdins occulting spot and cold mask, in the
intermediate msolntion Camera 2, NIC2, provides a coronographic imag-

ing capability.
Chapter 5 discueses these thres special capabilities.

Instrument Design

Physical Layout

WICHOS is an axial bay instmment which replaced the FOS in the HST aft
shmnd doring the Second HST Servicing Mission in Febroary 1997, 18 enclosore
containe four major elements: a graphite epoxy bench, the dewar, the for-optics
bench, and the electronics bowes. The large bench serves to establish the
alignment and dimersional stability betwesn the HST optics (via the latches or
fittings, the wom temperatire fore optics bench, and the cryogenic optics and
detectos mounted ingside the dewar. The MICKOS dewar mses solid nitrogen as a
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cryogen for a design lifetime of approximately 4.5 4/~ 0.5 years. Cold gas vented
from the dewar is vsed to cool the vapor cooled shisld VTS which provides a
cold emvironment for both the dewar and the transmissive optical elements (ie,
the filters, palarizers, and grisms). The VCS iz itsel f enclosed within two layers of
thermal electrically cooled shells [TECs .

Figure 3.1 iz an overview of the MICHIOS instroment; Figore 3.2 shows details
of the dewar.

Figure 3.1: Instrumant Cha rvisw

[ IR B LT LE ]
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Figure 3.2: Solid Nitregan Dawar
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Dewar Anomaly

The WICHIOS dewar was filled with abont 240 pounds of lignid nitrogen
which was then solidified (in stages) by passing cold helinm gas throngh a ooil
located at the aft end (the fore end has the “A™ latch and the entrance apertuore).
This mdoced the temperatore of the nitrogen to abomt 40K, Doring testing and
stomge, the black of solid nitmgen increassd in temperatire as expected (from
passive heat inpts). To avoid maching the tiple point (at ~63K) the block was
recooled appoximately every ©-8 weeks nsing the helinm cooling coil. After
several iterations of this procedome, it was observed that the focal position of the
detectoms was moving bath with the change in temperatnre and over the themnal
cycles. 1t became clear that solid nitmgen with alnminom foam fa 1% by volome
material incloded to assure good themnal condoctivity as the nitrogen soblimated
on orbitl, was both strocturally quite strong and that the mcooling cycle was
resulting in cryopumping at the aft fcolder) end of the dewar. That is, nitrogen
vapar, evapomting from the “warm™ fore end of the nitrogen block, froze onta the
coaling coil atthe aftend. This mdoced the vapor pressore at the aft end, pnmping
more vapor to this end, and prompting more evaporation at the fore end. This
process ponmped nitrogen from the fore end to the aft end. As the dewar was
allowed to warm vp, the ice at the aft end poushed in the intedor surfaces of the
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dewar, expanding it. By mid-1996 the thee cameras in WICH OS5 wer no-longest
confocal althongh there wer good reasons to expect that they would retorn to a
nearly confocal state after a fraction of the nitoge=n had evapomted on orbit. At
that time a total deformation of ~4 mm had been obssrved and steps were taken to
both assure that the dewar mmained flightworthy and that subsequoent recoaling
cycles did not stretch the dewar further. Also, the imternal optical alignment and
focns mechaniam (the Pupil Alignment Mechanism—FPANL ) was replaced with a
version pemmitting twice the focos range and a demorstmted capability faor
frequent movement. The PAM, orginally intended to align the inpit beam onto
the cormctive optic and to bring MICW O35 into confocality with the WERC2 (the
only HST instrument withowt an intemal focus mechanizm), wouold be used to
support unique focns setting for each MICH OS5 camem and to switch between
them muti nely.

After WICN 05 was installed in HST, the dewar expanded corsidemably further
than it had on the gronnd for rasone still not nndestood. A macimum motion of
~1l mm was obssrved in Wlarch 1997 and a slow contmction since then has
oocnmed. The motion history of MICKOS and the resolting image qoality are
discuesed in Chapter 4.

This nnexpectedly large defommation has several nndesirable effects:

* The MIC3 camem’s focns has moved ontside of the focts range of the PARKL.
While it is presertly moving back toward being within the focte range, the
rate of motion is slow and nnpredictable. The present extmpaolation wonld
resnlt in an acceptable focte becoming available in late 1997,

+ The three camems now have significantly different foci, hence parallel
obesrvations are degmded (althongh the difference between the WLCL and
MLC2 foci is sofficiently small that an intemmediate focos yields good
quality images in both cameras).

+ Duoe to the off-axiz optical design, the relative positions of the fizlds of view
change with the position of the PAKl mimor as it is moved to adjust the
focns. This increases the calibration burden some=what.

+ Lateral motion of the detectors relative to the fizld divider assembly
llocated omside the dewar) has resulted in a slight (~20 rows) vignetting in
all thre= camems.

+ MLC3 has an additional vignetting which effects ~25% of its fizld of view. 1t
iz presently expected that adjustment of the FON miror will redoce or
remove this vignetting, and an experi ment is beingimplementad to test this.

+ Lateml motion of the detectors in the focal plane resnlts in a variable posi-
tion for the coronographic hole in WLC2. Mew flight software is being devel-
oped to rapidly locate this hole as part of the target acquisition pmocess. This
softwars should be available for Cyele T-HICHLOS.

+ Finally, the motion of the inner shell of the dewar was snfficiently lage that
it made physical contract with the vapor cooled shield. This resuolted in a
thermal short which i ncreased the heat flux into the inner shell fand there-
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fore the solid nitmgen) by a factor of 25 and has thewby redoced the
expected lifetime of MICHMOS from 4.5 to = 2 years. The expected and
present thermal states of WMICKIOS are shown in Table 3 2.

Table 3.2: Dawar Tharmal State [* K)

Expected Presant
Cold Well 53 &0
WS 155 {[4]1
TEZ L 199 190
TEZO 218 217
D=t Shell 270 70
Imaging Layout

The MICWOS fore-optics assembly is designed to cormct the sphetically
aberrated HST input beam. As shown in the left hand panel of Fignme 33 it
comprises a mumber of distinct elements. The Popil Alignment Mechanism/mirror
[PAN) directs light from the telescope oo a m-imaging mirmr, which focnses an
image of the OTA popil onto an intemal Field Offset Blechanism (FOWL)
comprising a pupil miror that provides a small offset capability (26 arcsec). An
internal flat fizld sonree is also provided. The FOW provides cormction for conic
erorin the OTA pupil.

After the FOM, the Field Divider Assembly provides thees sepamte buot
clogely-spaced imaging fizlds, one for each camem (right hand panel of Figore
33). The dewar its=lf contains a seriss of cold maks to =liminats sty 1R
ermission from peripheral warm surfaces.

A series of mlay mimos genemte different focal lengths and magnifications for
the thiee cameras, each of which contairs a dedicated 256 x 256 pixel HgTdTe
detector amray that is developed from the MICHWOS 3 design. WICKIOS achisves
diffmetion limited performance in the high msolution Camera 1, 1121, longward
of 1.0 microns, and in Camera 2, NIC2, longward of 1.75 micons.

The operation of each camem is separate from the others which mears that
filters, integration times, readont times and readout modes can be differnt in
each, even when two or three are msed simnltancously. The basic imaging
properties of =ach of the camers is snmmarized in Table 3.3

Camera 1

Camem | (MIC1) provides the highest available spatial msolution with an
Ll x 1l arcsec field of view and 43 milliarsec sized pinsls (equivalent to the
WEPCZ PC pinel scale). The filter complement includes broad and medinm hand
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Figure 3.3: Ray Diagrams of the NICKWOE Optical Train. The left panal shows
tha fore-optics. Tha right panal shows the field divider and re-imaging optics for
tha thiga camaras.
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Table 3.3: Basic Imaging Parametars

Parameter Camera 1 Camera 2 Camera 3
Pinel Size (arcsec) 0.043 Q475 0.z

Field of View {arcsec x atcsec) 1l=xll 192 %192 512x 512
Diffraction Limited Wavelength (um) 14 L75

filters covering the spectral mnge from 0.8 to 1.8 microns and narmw band filters
for Paschen o, He 1, [Fe 11] & L&4um, and [5 111] & 0.953 um, both on and off
band. 1tis equipped with the short wavelength polatizers (0.8 to 1.3 microns).

Camera 2

Camem 2 (NIC2) provides an intermediate spatial resolmtion with a 19.2 x
19.2 arcsec field of view and 75 mas pixnels. The filtes inclode broad and medinm
band filters covering the spectml range from 0.8 to 2.45 microns. The filter s=t
also inclodes filtes for 0, Brackett 7, H2 52 (1-0) A 2,122 um, Paschen o, HC 04

+ T, and the long wavelength polarizers (1.9-2.1 micwoms). Camera 2 also
provides a coronographic mask with a 300 milliarcsec mdins.
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Camera 3

Camem 3 MIC3) provides the lowest spatial msolotion with a large
51.2x 51.2 arsec field of view and 200 milliarcs=c pixels. 1t inclodes broad filters
covering the spectral mnge 0.8 to 2.3 micmone, medinm band filtes for the CO
band fand an adjacent shorter wavelength continnum region), and narmw band
filters for Hy 52 (1-0), [Si V1] & L 962 Um, Paschen-t, [Fe LI A 1 6+ um, and He l
A 1.08B3 um. Camera 3 also containg the muolti-object spectroscopic capability of
MICM OS5 with grisms covering the wavelength rangss 0.8-1.2 micwoms, 1.1-19
roicrare, and 1.4-2.5 micmmes.

Placement and Orientation of Cameras

The placement and orisntation of the WMUCW OS5 cameras in the HST focal plans
is shown in Fignme 3.4. Motice that the cameras ar in a straight line pointing
radially omward from the center of the telescope focal plane. From the obssrver’s
point of view the most important aspsct of the layomt of MICMOS comes when
trying to plan an observation of an extended source with all thee cameras
simnltaneously, when the mser must bear in mind the relative positiors and
onentations of the thiee camems. Mote that the gaps between the cameras are
large, and therfore that getting good positioning for all camems may be rather
difficnlt.

Mot that the position of the WMICK OS5 cameras rlative to the HST focal plans
fie., the FGS frame) depends strongly on the focus position of the PARL. Since
independent foci and their associated sstometric solutions are supported for sach
camera, this is transpamnt to the observer.

Comparison to WFPC2 and STIS

Ln addition ta HICKLOS, betwesn 0.8 and 1.0 microns HST affers the WEPCZ
camera for wide fizld imaging. Thess two cameras complement sach other. The
Wide Field CCDs of WFPC2 have an imaging plate scale of ~0.1 amsec per pinel
over each of the three chips, while the PC offers a plate scale of ~0045 axsec per
pinel onone ©CD. The WEPC 2 CCDs cover a moch larger area of the sky (neady
160 x 160 arcsec) comparsd with TICKIOS. On the other hand, MICW OS5 has
increasingly higher sersitivity as we move towards 1.0 micons.

A uvnigue featore of the WFEPC2 is the presence of mmp filters which pemmit
obssrvations in any narmw bandpass vp to 9800A. These filters ars limited to a
~10 x 10 awsec field of view. The WFPCZ has a narmw band methane filter at
E920A. Both WFPC2? and NICHOS have [5 11] filters. BICHIOS offers an
adjacent off-band for slightly redehifted) complementary continoom fi lter.

Ln Table 3.4, we snmmarize the sensitivities of WFEPCZ and M1CHWOS in their
region of overap. In this wavelength region WFPC2s sensitivity is dmopping
rapidly with increming wavelength, while WICHIO05" is rising. The signal to
noiss achisvable in one hour on a V=20 AD star is seen to be comparable in the
overap mgion, and so the choice of which i rstroment to mse is likely to be driven



Basic Oparations [l 27

Figure 2.4: NICHMOS Field Armrangs mant
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by the field of view desired (WFPC2s is much larger) and whether any forther
obssrvations are required at either shorer (WEPCZ) or longer (HICHOS)
wavelengthes. TLT3 observations assume that it is in focos.

The Space Telescope lmaging Spectrograph (5T15) also offers OCD based
irmaging to L.1 Um with 0.057 pixels and higher gqnantom efficiency than WEPC2
falthough without a weefol filter set). Additionally, STLS offers a large
complement of slit and slitless spectroscopic capabilities that conld complement
near-infrared MICHLOS sciznce.

Basic Operations

MICHI OS5 employs three low-noise, high QE, 256x256 pixel HgZ dTe amays in
a passive dewar vsing solid 1, a8 a coolant. The detector design is based an the
BT OS5 3 design that many 1R observers may have msed; however, ther are
differences between the two (see Chapter 7). Her we sommarize the basic
preperties of the NICKOS detectorm most mlevant to the planning of your
obssrvations.

The MICMOS detectors have dark corent of less than 0.05 electons per
second and effective readowmt noise for a single exposure of appoximately 35
electmres.
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Table 3.4: Comparison of WFPC2 and NICKMO S Sensitivities for V=20 A0 Star

Instrument

Filer Mean Wavelength Effective Count Rate SN inone

(um} Width (um) (a7 zac) haur
WEFPRC2 FTE5LF 08366 Q20ms 14 215
F W 03006 01304 3 EEL
FE14%W 038269 01758 33 Ekky
FE5OLF 08703 0.14740 7.1 1500
FCXCHAM (GmadDy 05929 00064 047 kTR
Fa53m 08544 Qaas32 a2l 1'3,15*'
Fl0421 10443 aaall Q20 E,E’J’
LEF® 03000 aanas L5 1]
02000 aalLs 054 40
089742 00124 023 20
LTS Fooant? Q0Em Q1585 L5 a3
Foa st Q8535 QaaES 0074 T3
Foa T4 Q8715 QaoEd 0aEs 51
FI0EM {Camam 13 116 Qoo 085 5
FLLOW {Camem 1) 1.1a22 a592q 54 135
FLLOW {Camem 2) 1.1a35 asals 15 e 1
FLLOW (Camem 3) 1.1a35 asals A2 340

a. Aszomes ivwo 1300 s=cond exposnies fol costnic tay =meval.

b. ¥alo=s given for WEC and BC.

c. LRF fill=i iz continooosly fonable ficm 037 lpm 1o 0.9762pum. LRF fi=ld of view is 0" 10",
d. Thes= MICWOS fileis aie available only on Cameta L which has feld of view of LI"<11™.

=. Cooni iates aie foi the o=nital pixel on HICKO S,

The MICKIOS detectors are capable of very high dynamic range observations
and have no connt-rate limitations. The dynamic range, for a single exposnm, is
lirnited by the depth of the foll well, or mor comectly the onset of non-linzarty,
which limits the total number of electons which can msefuolly be accomuolated in
any individoal pixel during an exposore to ~ 160,000 electons.

MICHI 0S5 has four detector mad-omt modss that may be me=d to take data (se=
Chapter ) plus a target acqunisition mode (ACCUM, MULT IRCCUM, ERIGHTOE T,
EAMP, and 2C0Q). For Cyele 7T-WLICKLOS, only ACCUM, MOLTIACCUM, and 2070
are supported and A0CUM mode observations are strongly disconmged.

The simplest mode is ACCUM which provides a single integmtion on a sonwce.
A second mode, called MUL TTACCUM, proovides intermediate read-onts during an
intsgration that snbesquoently can be analyzed on the groond. A third mode,
ERIGHTOEJ, has besn designed to obssrve very brght targets that would
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otherwise satirate the detector. BRIGHTOE J mode reads-ont a single pixel at a
time. Doe to the many resets and mads required to map the aray ther are
snbetantial time penalties imolved. BRIGHTOET mode may nor be nsed in
parallel with the ather MICHO0S detectors. BERIGHTOE T mode appears to have
significant linzarity pmblems and has not been tested, chameterized, or cali brated
onorbit. FAMP mode implements a sobsst of the MULTIACCUM mode with
onboard processing to avoid the transfer of large volomes of data. With the
snccessfol installation of the Solid State Recorder doring the Second Servicing
Mlission, this mode is not necessary, has not been tested, and is not supported.

Users who require time-msolved images will have to nee either A0CTM whers
the minimum exposure time is expected to be 0.6 seconds, and the minimuom ti me
between snccessive exposures is 20 seconds, or MUL TIACCUM where the shortest
spacing between exposnes can be redoced to 0.203 seconds.

it is expected thar MOL TTACCUM mode will be used for mosr observarions. 1t
providess the best dynamic range and cormection for cosmic rays, since
post-observation processing of the data can make foll e of the multiple madonts
of the accnmnlating image on the detector. However, a sequence of 2CCUM mods
obesrvations potentially offers a significant advantage for read noise limmited
obesrvations nsing the IREAD S option to decreass the effective read noise by np
to a factor of ~2 (see Chapter B). To enhance the tility of MULTIACCUM mode
and to simplify the implementation, exscution, and calibration of MUL TI A0CTM
obesrvations, a set of predefined MUL T IRCCUM sequences ha been defined. The
observer neeck only to specify the name of the sequence and the number of
samples which should be obtained (with defines the total duration of the
exposnre). For a set of faitly long exposnme times these include sequences which
accomplish an equivalent madont noise redoction to the me of RAOCUM with
multiple reads.

Comparison to CCDs

Thess amays, while they shar some of the same properties as CC Ds, are not
CC Dz and offer their own s=t of advantages and difficuolties. Uses nnfamiliar with
LR amays shonld therfore not fall into the trap of treating them like CCDs. Far
Comyeni=nos we snmmarize the main points nfcnmparisnn:

+ Az with OCDs, thers is noiss (rmad-noiz=) and time (r=ad-tims) associated
with the reading ont. In addition, there is an effect called shading which is
an extraneons bias generated by the readom amplifies. Fuorthermore, the
dark coment associated with WLCKOS amays, while low for LR armys, is
quite substantial compared to that prodoced by the curent genesration of
L -

+ Unlike a OCDO, the individoal pixsls of the MICHWOS amays are strictly
independent and can be read-ont nonrdestmctively. Read-out modes have
been designed which take advantage of the non-destmctive read capabilities
of the detectors to yield the optimnm signal to noise for your science obser
vatiors (see Chapters 7 and 8). Becavse the amay elements ar indepen-
dently addrssed, the WICHLOS amays do not suffer foom some of the
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artifacts which afflict CCDs, such as chaige tmnsfer smeari ng and bleading
duoe to filling the wells. 1f, however, they are illnminated to satnmtion for
snstainad periods they mtain amemory of the object in the satorated pixels.
This iz only a concern for the photometric integrity of back to back expo-
sums of very bright targets, as the ghost images takes many minites to be
flushed from the detectors.

Target Acquisition Modes

Mlost target acquisitions can be accomplished by direct poirting of the
telescope. The meer shonld tee target coordinates which have been measnmed with
the Guide Star Astrometric Support Package IGASP) to ensume the best accuracy
with mspect to the HST Guide Star Catalog. Particular car mnst be exewised
with targets in Camera 1 doe to its small fizld of view.

However, dirct pointing will not be sufficient for coronographic observations
since the achieved precision (~1 awsec rms) is moch larger than the 0.3 arcsec
rading coronagmphic spat. Note thar this is a function af the rotal HET painting
error and not only the result of uncertainties in the target’s coo rdinares.

There are thres target acguisition options for coronogmphic observations:

* An on-board acquisition (AC7 mode) can be obtained. This commands
MLICH OS5 to obtain an image of the target and rapidly position the brightest
source in a restricted field of view behind the comnographic spot (zes
Chapter 5).

+ The RE-USE TARGET OFF SE T special requirement can be msed to accom-
plish a positioning relative to an eatly acquisition image.

+ A real time acquisition [IT-207) can be obtained although this is costly
in spacecmft time and is a limited resource.

While 200 mode is restricted to coronographic observations in Camera 2, the
last two target acquisition modss may be msefol for positioning targets whers
higher than normal 11-2 arssec) accuracy is reqoired j=.g., crowded field grism
CXPOSULSS .

Attached Parallels

While the three NICHIOS camems are no longer at a common focos, nnder
many cicnmstances it is desirable to obtain data simnltancomsly in mouoltiple
cameras. Genemmlly, Cameras L and 2 will be nsed simoltansowsly whils Camera 3
will be msed by its=If.

Since some progmms by their natore do not require mor than one camera
ieg., stodies of isolated compact objects ), to make the most of the limited lifeti me
of MIZKOS, observers are encowmraged to add exposures to their proposals o
obtain the moximum amount of BICKIOS data consistznt with efficiently
accomplishing their primary science pmogram. Detailed instrctiors for this
process will be included in the Phase 11 proposal instroctiors. Intemal MICHLOS
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parallel obssrvatiors obtained vnder this policy will be known as armached
parallels and will be delivered to the prime progmms observer and will have the
nsnal proprietary period.

R —
This section applies only to Phase 11 proposals—you need naot worry about this for
wour Phase 1 proposal.

I —

The rmcommendations attachad below are imtendsd for General Obssrvers
(G0=) who do not establish a sci=ntific rationale for obssrvations with the
non-prirme WICKIO0S camerals) in their Phase 1 snbmission to the TAC. They are
snbject to revision.

Takble 3.5: Attachad Paallel Recommandations

Fointing Camera Camera 2

Eximgahciic F l&ow F1 10%W, Fladw

Calactic Clonds Fl&4m, F1aaT F110%W, Fladw,
FZa5W

(if ==4 orbils) Fl&4m, F1aaT FZ121, F2151

CGalactic Fhne Fl&0w F110%W, Fl&a0w

(add if = | arbil) F110%W FZa5%W

Pointings are defined as:
+ Extragalactic: = 5 degrees above the galactic plane.
+ Galactic Clonds: Dark/molscular clond regions (e.g., OMC, tho Oph, etc )

+ Galactic Plane: all pointings not Extragalactic or Galactic Clonds.

The Infrared Background

From the gmund, the infrared backgronnd is affected by telluric absorption and
ermission which limite the depth of astwnomical imaging. As is well known,
between L and 2.5 microns thers are a mimber of deep molecular absomption bands
in the atmospher (top panel of Figne 3.5), and the bandpasses of the
comventional near-lR bands of JHK were designed to sit in the gaps between thess
opaque mgions (middle panel of Fignme 35). Unfortonately, ontside the
absorption features there is also comsiderable background emission in both lines
and cortinuorm. Most of the backgmuond between | and 2 microns cormes from OH
and 0, emission prodnced in a layver of the atmeospher at an altitnde ~ 87 km
(bottom panel of Figure 3.5).
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Figure 2.5: Atmospheric Absorption and Emission Ling Spectrum in MICKOS
Cpeational Range
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The location of HST above the atmospher removes thess terrestrial effects
from the backgronnd. Mow, the dominant sources of backgronnd mdiation will be
the zodiacal light at short wavelengthe and the thermal background emission from
the telescope at long wavelengthe. The sum of thess two components will be a
minimnm at 1.& microns (ronghly the H band). All three MICWOS camems carry
boad-band filters which are center=d on this wavelength.

At the shorter wavelengths, sensitivities will be affected by the zodiacal
backgronnd which is, of conrse, strongly spatially depsndent (see Table 3.6).
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Observations by the COBE satellite have implisd that at positions 45 degress ont
of the ecliptic the zodiacal background can be approximated as:

sox10fa e +611CI'EELI AT photons e um ™ setadian™

Wher & is the wavelength in Um and B; is the blackbody function for the zodia-
cal dost tempemtor T (ronghly 265 K.

Table 3.6: Sky Brightnass (V mag arcsec™) as a Function of Helioce ntric Ecliptic
Latitude and Longituds. "5A" denotes that the targst is unch=arvable dus to =olar
avaidanca.

Heliccentric Ecliptic Latitude

Lsﬁ;ﬁtﬁe a° 5 W0 5 &t 75 g
1= 171 734 17 230 3.2 134 133
165" 3 715 M8 230 13.2 34 133
150° 74 126 el 731 13.3 34 133
135 74 126 e 732 13.3 134 133
1200 M4 16 A 732 13.3 733 133
a5 1 115 el 731 13.3 133 133
ag® 70 713 el 230 13.2 733 133
75 117 713 pad 174 131 732 133
ad° 113 719 4 117 3.0 132 133
45 5A 5A 11 175 129 731 133
30 5A 5A 5A 173 117 731 133
15 5A 5A 5A EA 176 730 133
a° 5A 5A 5A 5A 126 730 133

At wavelengthe longer than 1.6 microns the thermal background of the
telescope rises and may have to be removed by obtaining offsonce images. By
nsing filtering techniques such as median filtering any contaminating sonrces in
these offset fizlds can be removed in 2 composite backgronnd frame which can
then be subtractsd from the data

Figure 3.6 shows the HST backgmwund for each of the three cameras ithe solid
line mprsents Camera L, the dotted line represents Camem 2, the dashed line
represents Camera 3) as a fonction of wavelength. This background has been
calcvlated assonming a zodiacal light contribution consistent with the mean
obesrved by COBE for an scliptic latitnde of 457, and also inclodes themnal
ermission by the HST primary and secondary mirrors, and the MICKOS optics,
based on-orbit data and the tranamizsion of all the MICH O35 for-optics. 1t does
not include the transmission of any filter, nor the response of the detectors.

We are presently obtaining direct observatiors to measnre and establish the
stability of the thermal contribotion to the backgmund during WOV and early in
Cyele 7.

Onrorbit measurements now indicate that the prelannch estimates for the HST
thermal emission were overy conservative. The emissivity of the OTA appeais to
be close to 4% leading to a significant mdoction in the expectsd thermal
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Figure 3.6: H53T Badsground for Each Cama@a
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backgronnd for all filters longward of 1.5 micmre. (In addition, it appeais that the
contribition to the backgronnd from the zodiacal dust was overestimated by a
factor of two, a change that affects all filters. ) Thess changes wsult in =i gnificant
improvemnents in the sensitivity of MUCKIOS at the longest wavelengths where the
backgronnd connt rates are mdoced by the lagest amount.

Table 3.7 compares the predicted backgmoond rates in several filtes in MIC2
before SKIOV with the revised rates resnlting from the first on orbit test. The
exposure time calcolator tool on the 5TScl MITHIOS WWW page has been
npdated to reflact the newly measured backgronnd mtes. Backgmund count rates
for any filter/camera combination may be obtained by selecting hput Mo on the
exposnte time calenlator menlts page.
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Table 3.7 : Backgound count iates for salacted fikars in NICG2

Fredicted Revisad
Filier Background Background
(e-/a/pix) (e-/aipix)
W
F1&0w a39 00
F1301 033 ga:
Fledr Q27 0z
FZ071 1| 2a
FZ15H il 050
F222N ™ 18
F237H e 3l

For pointings very close to the Earth, the modiacal backgmund may be
excesded by the earthehine. The brightness of the carthshine falls very mpidly
with increasing angle from the Earths limb, and for most observations only a few
mimites at the beginning and end of the taget visibility period will be
significantly affect=d. The major exception to this behavior is a target in the
continnons viewing zone (CVZ). Soch a target will always be mther close to the
Earth’s limb, and so will always ses an elevated backgmound fat the shorter
wavelengthe where zodiacal emission wonld ordinarily dominate). For tagets
faint enongh that the background level is expected to be moch brighter than the
target, the observer is recommended to specify the LOW-SKY option. This will
increase the minimuom allowed Earth avoidance angle, mquiring schedoling
during a time for which the zodiacal backgronnd is no greater than 30% abowve the
minimom achievable level, at the cost of a slight decrease of the available
obesrving (visibility) time dorng each orbit. Mote that this restriction is only
helpfol when observations are backgronnd i mited.

Conversion Between Fluxes and Magnitudes

Thronghaont the MICK 05 documentation we will frequently nse flox onits of
Janskys (J¥). A detailed discussion of the comersion betwesn various units and
Janskys is given in Chapter 12, Here we summarize the central wavelengths and
zew-point floxes for the mor commonly enconntered photometric bands in
Table 3.8, nsing the most commonly enconntered photometric systems, the C1IT
and the UKIRT systems.

Designing NICMOS Observations

Ln the preceding sections, we provided yon with an overview of the scientific
capabilities of WMICW OS5 and the basic layout and opemtion of the instrument.
Subssquent chapters will povide detailed information abowt the performance and
operation of the irstmment. In this section, we describe the conceptnal steps yon
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Takble

of MICGKMOS

3.8: Effactive Wavalengths and Zero-points for Photomeatric Bands
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will nesd to take when designing a MICMOS observing proposal. The basic
sequence of steps in defining a WICKIOS observation are shown in flow diagram

form i

-

n Fignme 3.7, and am:

ldentify youor science mquirements and select the basic MICWVOS confige-
ration to support those requirmments (e.g., imaging, polarimetry, coronogm-
phyi. Refer to the detailed acconnts given in Chapter 4 and Chapter 5.

Select the wavelength region of interst and hence determine if your obser
vations will be Backgmound or Read Moise limited meing the Exposure Time
Calculator available an the 5TScl MICHOS WWW page (sse Chaptes +
and &).

Establish which MUL T IR0CUM sequence yono need to tee. Detailed descrip-
tiore of these are provided in Chapter B. This does not need to be speci fied
in 2 Phase | proposal. However, if yon regoire a readont mode other than
MULTIACCUM this shouold be justified in the Phase 1 poposal.

Estimate the exposnre time to achieve the mquited signal to noiss ratio and
check feasibility (i.e, satumtion and bright object limits). To determine
vour exposure time raquirernents and assess whether yoo are closs to the
brightness and dynamic range limitations of the detectom, e the Exposnre
Time Calculator.

If necessary choose a chop and dithering pattern ei ther to measure the back-
gound or to enable mapping of arsas bigger than the field of view of the
MICH 05 camems yon plan to use. See Chapter 10,

If you are doing coronographic observations, additional target acquisition
expoantes will be mquired to center youor target in the apertore to the accn-
racy required for your scientific aims le.g., yon may wish to cemer the
nuclews of 2 galaxy in a crowded fizld behind the comnographic spot).
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+ Calcnlate the total number of orbits mquited, taking into account the over
heads. Ln this, the final step, yon combine all your exposnres (science and
non-science, alike) into orbits, nsing tabolated overheads, and determine the
total number of othits yon reqoire. Refer to Chapter 9 when performing this
step.
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Figure 3.7: Specifying a NICKWO S Obsarvation
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CHAPTER 4
Imaging

In This Chapter...

Fittars & Optical Elements/ 22
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HICWOS Coondinate Systam Comentions £ 63
Crients /64

This chapter povides the information nesdsd to constroct an imaging
prposal. Filter transmission corves are presented. The sensitivity comves and
exclusion corves available from the Exposur Time Calculator are described.
Lretructions and examples for calcnlating exposnre times and signal to noise mtios
are provided in Chapter &.

Filters & Optical Elements

Each camera has 20 filter positions on a single filter wheel: 19 filtes and one
blank. A=z a r=solt, not all filters are awvailable in all cameras. Llorecwsr, the
specialized optical elements, such as the polarizes and grisme, cannot be crossed
with ather filters, and can only be nsed in fixed bands. In geneml the filters have
been located in a way which best otilizes the characteristics of NIZKOS, thos at
shorter wavelengths the most important namwow band filters are located in Camera
L =0 that the diffraction limited performance can be maintained wherever possible,
while those in Camera 2 have been selected to work primarily in the langer
wavelength range where it will also deliver diffraction limited imaging.

Table 4.1 through Table 4.3 list the available filters and provide an initial
geneml description of sach, starting with Camem 1 and working down in spatial
resolution to Camera 3. Fignre 4.1 thmuogh Figore 4.3 show the pemxentage
traremizsion of each optical elernent plotted agairet wavelength. Chapter L1
provides forther details and the individoal filter traremission comves.
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Nomenclature

The name of each optical element starts with a letter or gronp of letters
identifving what kind of element it is: filters start with an “F”, grisme with 2 “G",
and polatizers with “POL™. Following the initial letter(s) is a number which in the
case of filters identifies its appmximate centrl wavelength in microns, e.g.,
FO09511 implies a centml wavelength of 0.95 microns. A trailing letter identifies
the filter width, with “#" forwide, “M™ for medinm and “17" for natnow. Ln the case
of grisms, the initial G iz followed by a mumber which gives the certer of the
free-spectral range of the slement, =g, G20&. For the polarzers, a somewhat
different notation is msed, with the initial “POL” being followed by a number
which gives the PA of the principal axis of the polarizer in degrees, and a trailing
letter identifying the wavelength mnge it can be msed in, which is either 5™ for
short 0.8 1.3 micons ) or “L™ for long (1.9-2.1 micrans).

Figures 4.1, 4.2, and 4.3 show the transmission curves of all of the MICH O3
filters for Camems L, 2, and 3, respectively. The wide, medinm, and namaow
bandwidth filters ar plotted sepamtely for each camem. Only the filter
traremission is shown—the efficiency of other optical =lements or the detectors
has not been incloded. Differ=nt line styles have been nsad for the different filters
only to help differ=ntiate them.

Table 4.1: Cam=ma 1 Fikars

Mame wsvecl:rll-;ilm m) &Tm:;dth Comment Lea glan
Elanl: WA A bhnk

Fllimd 1025 05135 page 1G4
Flams 13 05-138 Troad Band paze= 143
Flams L55 L35-175 pag= 170
FOS a9 03-14 page lal
Fli 1.1 1a-12 page= 145
Flamm L45 1.35-1 55 Water page 169
Flaom la 155-1.75 page 172
Fl7i 17 16-13 paz= 174
FoO9 N 0953 1% [S 111] page= 142
Fosm Q.97 15 [5 111] cominmmm page 163
Floen 1033 1% H=1 paz= 1Gd
Fllm L13 1508 He 1 contimnm page= 167
Fladan ladd 1% [F=11] page 171
Flean N - 15 [Fe 11] comintmm page 173
FlE™ LE7 1508 Paschen o pag= 175
Flam L= 15 Faschen & comintmm page= 176
FOLOS 1.1 08-13 Shor A Palarizer paz= TG
FOLLlZ0S 1.1 08-13 Shont A Palarizet page TG
FOLZ405 1.1 08-13 Shor A Palarizet page T4
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Figure 4.1: Fittars for Camama 1
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Table 4.2: Camam@a 2 Fitars

Mame Wacvinl;r:glth Bandwidth Comment Beo alon
fum) (umy

Elank MiA MiA blnk

Flliwd 1.1 05-14 page 177
Fl &g i l4-13 ¥linimum backgromnd page= 175
FlBTH 1875 17520 Troad page= 183
FIzosd 19 L75-235 Troad Band paz= 185
Flamd 17 1.55-1.75 Flan=tary cominmmm page 178
FLTiH L715 Lea3-1.75 HC O and Oy contimum pag= 130
Fl B L& 1.7a5-1 835 HC T and Cy bands page 1581
FZ 040 T 18203 Ylethane imaging page= 1585
FZOTH - | 20215 pag= 187
FzImd 23 215230 ) contimmm paze 191
FIZ3TH as7 313245 o0 pag= 192
FLB™ LET 170 Faschen page= 152
Fl 2mm 149 17 Faschen & confimmum page= 154
Fzlm 2171 15 Ha page= 158
FZl=n 215 178 Haiand Br ¥ contimnm pag= 159
Fzlen 2.1a5 15 Bracke y page 190
POLOL 205 la-=21 Long A palarizet page T4
FOLLZOL 2.05 1821 Long A polarizer pag= T4
FOLI40L 2.5 1221 Long A polarizer page TE
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Table 4.3: Cam=am@a 3 Fitars

Mame ﬁacvinl;r:glth Bandwidth Comment Beo alon
(um) iumy

Elank MiA WA blank

Fllow 1.1 0514 page 194
Flaowg i Ld~158 Ilinimum backzmomnd page= 197
FlTau 175 12-23 pag= 200
FZZIH 23 21523 O contimmm page 207
FI 40 24 313125 0 band paz= 208
FlLOBEN 10830 15 He 1 page 193
FlLi3m L.13 1% He 1 contimum page= 195
Fladn Ladd 15 [F=11] page= 198
Flaan L&& 1% [Fa 11] cominmmm pag= 199
FLE™TN LE75 158 Paschen paze= 201
Fl=on la 158 Paschen @ contimnum page 202
Floan Laa2 15 [5i W] page 203
FZ 001 el o 1% [51 ¥1] comintmm page= 204
FIlzn 2121 15 Ha page 205
FZlsm 215 1% Hacominmmm pag= 206
Flaow 15 L1-19 Grizm B coniintmm page 196
G098 094673 0812 ORIEM A paz= 54
Gld4l L4l4 Ll-12 SRIEN B page 85
Gz on 2067 La-25 GRIEMC page 54
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Figure 4.3: Fittars for Camam@ 3
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Filter Sensitivity Curves

Detailed infommation and traremission comves are provided for =ach filter
(Chapter 11} and for the grsme and polarizes (Chapter 5. Perfommance
infommation may be obtained from the Exposnre Time Calculator (ETC). 1n this
section we explain the fommats and ontline the use of the Fignes from the ETC.
For many putposes, these Figures may take the place of detailed calculations and
permit observes to quickly determine the feasibility or appmpriatensss of an
observation.

. _________________________________________________________________________________|
Caution: The Figures in this section and in Chapter 5 are shown as examples and
are hased on preliminary estimates of the MICW OS5 sensitivities, noise character
istics, and backgronnds—observers shonld rely upan the ETC for their perfor
mance predictions.

. _________________________________________________________________________________|

The Handbook provides the following (s== Chapters 11 and 5

-

A supvmary of the basic filter parameters:

- Centml wavelength

- Mean wavelength

- Peak wavelength

- Foll Width at Half Wl axi ronm transmission ( FWHL
- Spectral mnge

- Maximum tmnsmission

- Fraction of light falling on the centml pixel for a point source cemered
on the pixel.

A filter transmission curve. The spectral characteristics of the MLCHOS
flight filters wers measnrd at cryogenic temperatirs and nomal incidence
at Ball Aemspace. All filte= had their spectl traremission measned from
05 to 2.7 micmre with a step size of 0,001 micmors.

The Exposnre Time Calenlator should be used to obtain:

-

An epsilon diagram. For cach filter we have calcolated (A to permit sim-
ple detemmination of the response of WICK OS5 to 2 monochromatic emis-
gion line within the filter'’s vsefnl bandpass. This single parameter
encompasses the wavelength dependent DQE, filter transmission, mimor
reflectivities fincloding both the MICH 05 fore-optics and the HST primary
and secondary mirmz), and dewar window traremission. This parameter is
calcolated in units of & 57! (W or? 7! pinel L. Given a line it in W me=, the
flux per pinel can be detemmined nsing the pixel faction for pointsonmes or
the pixsl ara for extendsd sources. Then the 2fi) pammeter povides the
connt mte in & 5. Additional discresion and examples of this calcnlation
are pmvided in Chapter &.
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Figure 4.4: Example Sensitivity and Exclusion Curves
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+  Sensitivity curves for point and extended sonrces. These present spectral
flux dersity (F,) as a function of time to achieve a signal to noise ratio
(5/M4) of 10, 25, 50, and 100 (solid, short dash, long dash, and dot-dash
lines, respectively |. Thess corvesincarparate the expected backgmuonds and
prsently understood noise characteristics of the detectors. To e thess
plots szlect a camera and filter combination, locate the flux of your sonme
and rad across the fignre to detemmine the exposure time for a given 5/,

+  Observational exclusion diagrams for point and extended sonmes. Thess
again show fl IFylas a function of time. The ns=ful limits of th= instro-
ment are shown. Sources falling in the npper right hand region will be zatn-
rated isee the discussion of MULT TACCUM mode to abserve bath bright and
fainter sonross in the same exposure). Sources falling in the lower left
region of the plot will be read noise mther than shot noise limited. Finally,
sonrces to the left of the vertical dashed line at 0.203 s=conds mnst be
obesrved nsing the ERIGHTOE J mode.

Out-of-Band Leaks in NICMOS Filters

Ln order to make nes of the high spatial msolution of HST, many observers will
wish to nse MICKOS to observe very md objects (=.g., protostars) at relativel y
short wavelengths. By their very nature, these very red objects have wvery low
effective color tempemtores. Thos if we obssrve such an object ata wavelength of
L 0 microns, we can sxpect that its flox at 2.5 microns will be arders of magnitnds
larger than its flox at the desired wavelength. In such a case, exceptionally good
owm-of-band blacking is regnird from the filter. We have therefore imvestigated
whether the measored filter traremissions woold allew any sonmes with extrems
colors to yield emoneons photometry doe to om-of-band leaks.

We have calcolated the effects of filter lzaks for sonrces with color
temperatores from TOOK to 10,000K. At this junctors we note that the eddest of
the kinde of sources likely to be observed with WLCKIOS may have color
temperatures lower than 400K, while the bluest sonwes (probably reflection
nebuolas) can be significantly bloer than a LO000K blackbody, "We find that
significant leaks may occur for nine of the filtes. Mo photometric emors as large
as 1% were fonnd for any filters psing the hottest fie, 10,000K) spectrom
(however, as noted above some reflection nebnlas may have blner spectra than
this, and we cannot mle out the possibility of emwors as large as a few percent in
this case, for a fow filtes ). For the reddest source corsiderd hers (with a color
temperature of 700K, the photometric emoE might be & lage as an ower of
magnitnde in a few filters. There are still some oncertainties megarding the
measured traremission corves, and so the information presemed here should be
regarded anly as camtionary.

. _____________________________________________________________________________________|
On-orbit tests will be performed as part of the Cyele 7 Calibration pmgram and
the resnlts posted on the 5TScl MICKWOS WWW pages as they become
available—this is not likely to be before the Cyecle 7T-HLZKIOS Phase 1 deadline.

. _________________________________________________________________________________|
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The nine filters for which these lzaks might be a problem am: FOS0M, FO951,
FO97, F1081, F110M, F110%W, F11311, F1871, F1901. We recommend that
obesrvers mwing these fil ters for sonroes with extremely red colos observe them in
a nmmber of filters to minimize the lik=lihood of filter leaks cansing emos.

Image Quality and Focus

The Pupil Alignment Mechanism

The Popil Alignment Mechanism, or FPAN, consists of an adjistable mimor in
the MICKIOS aptical train that can be moved to make small cormctions to the
HICHOS focus and s=rves to properly position the popil image of the telescope
primary mirror onto the corrective optic. The motion of the BAN is limited to +-
LlOmm in focos travel flom its zero position. The WICKWOS camems wers
designed to share a common focns with the PAM close to its zero position. Ln the
current state of the dewar, camemas L and 2 (WLCZL and WLC2 ) can =ach be fociesed
within the range of the PAK. Camem 3 (M1C3), however, cannat be focnssed by
motions of the PAKL alone. Thronghaont this document we will nse the PAKL mi mor
position as the measure of focus position of the three WICHLOS cameras.

The focus positions of all three TICHOS cameras have changsd since lannch
with motion in the dewar. The positions ar measured by observations of stars
over o mnge of fooe settings on a frequem basis. Phase retrieval is nsed,
ezpecially for MIC3, to determine the optimal focus positions. The focns history
since shortly after launch is shown in Figure +.5.

Cameras 1 and 2

The changes in dewar geometry leading to the lack of focts in MUC3 have also
affected MIZ1 and M1C2. By measuring the P5Fs of stas at a series of PAD
positiors it has been detemmnined that the optimal focus for MICL oceors for a PARL
position of ~+2 mm and the optimal focos for MIC2 at ~0.5 mm. This difference is
significant enough that M1C 1 and M1C2 are no longer considerd to be parfocal. A
sepamte PAN position at the optimal focos is defined and maintained for each
camera. The main effects of this decision are to similarly degmde the image
quality of either MICL or MIZZ when vssd in parallel and to add overhead
associated with changes from MIC 1 to M1C2.

The encircled epergy profiles for BIC1 and WICZ at mpresentative
wavelengths are shown in Figure 4.6 through Figure 4.9,
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Figure 4.5: NICWOS Focus History asof Juns 9, 1987,
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Figure 4.6: Enciclad Enaigy for Camara 1, F110W.
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Figure 4.8: Enciclad Ensigy for Camara 2, F110W.
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Figure 4.70: Encircled Enangy for Cameaa 2, F222M.
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The MICL and MIC2 foci are sofficiently closs that rasonably good quality
images will bz obtained by each when the PAM is positionsd at the optimal focus
of the other camera. The slightly defocussed images in WLCL or BLC2 in parallel
will be sufficiently good that pamllel obssrvations are stongly encouraged, as

discuesed below and in Chapter 3.

The PAM mirror must be moved when switching between MLICL and MUC2
resulting in a 240 sscond irstmment ovethead. This may result in slightly l=s
time available for science exposures, particolarly if fraquent shifts between MICL
and MC2 are made during an orbit. Efforts ar now onderway to redoce this
additional overhead, but obesrvers can minimize the impact of any snch overheads
by mdncing the number of switches between MUCL and MIZ2 to a minimom. A
compromise focus that shares the wavefmnt error eqoally between MITL and
B1C2 is also snpported.

Vignetting in NIC1 and NIC2

The lateral shifts of the MICWOS dewar have msolted in vignetting in cameras
1l and 2 in addition to MIT3. ln the case of MICL and WIT2, the souxe of the
vignetting is most likely the Field Divider Assembly (FDA) mask. Relatively
small losses in thionghput are observed near the edges of both MLCL and TLC2 as
shown in Figne 4.1 1 and Fignre 4.12.
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Figure 4.11: Tha curve balow shows one calumn of a mfio betwasen a recant
HICT fiat fisld at 1.1 pm and a flat fisld \kean during tharmal vacuum testing
befora launch. Tha ovarall normalization of the y-axis atio scale i abittary. Tha
appoximate ly §% decreasa ssan in rows near the bottom of the detecior (aballed
Ling an this figura) shows the region of the KICT datectar whare vignetting has

affactad tha throughput. Tha step-lke adge near y=128 may ba related o a quad-
rant boundary.

Larvw fpa-ooa:

Figure 4.12: Similar to 4.11, thiscurve shows an approximately 10%: decrease in
throughput in ows near the bottom of NICZ fom vignetting by the FDA mask.
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Camera 3

MLC3 has suffered the largest shift in focme, now estimated to be at a location
equivalent to a ~-14 mm motion of the PAM from its nominal position after
reaching a maximom of -17.7 mm in late hlarch. Becanse the PAM is limited to
motiors of 4/~ 10 mm, M1C3 cannot now be focussed with the BAL alone.

Figure +.13 shows a series of measned star images over a mnge of PAN focns
positions. The images were taken in steps of 1| mm of PAN motion from +8 mm
an the left to -8 mm on the right. The coment (lone 30, 1997 best focs positions
are +L 68 +- 049 mm (MIC L), —0.32 +- 043 mm MLC2), and —14.00 +- 0.08
mm (MIC3). Camseqoently, at either the WICL or WIC2 focus positions, the MIC3
image quality is very poor

Using the TinyT1h! software package it is possible to calcnlate model P5Fs for
any PANL position, incloding positions not reachable by the actnal PAM
mechanism. The model P5Fs produced in this way agres well with the observed
P5Fs as shown in Figmre 414, pmodoced by R. Fosbury, R. Hook, and
W. Frendling of the ST-ECF.

Figure 4.13: A sariesof NIZ3 images of two stars atdiffleremt PAM positions rang-
ing from +8 mm & -8 mm {leftto right). The wppear star i kcated near the top of
MIC 3 [y=225). The kbwer =tar is kbcated near the bottom of MIC3 (y=15) in tha
vignetied region of the detector. Each subimage = cantered ina 20 by 20 pixel
box (i.e. 4 by 4 acsac). These images ware cbtained during the coarse alignment
test betore the peak expansion of the dewar. The NIZ3 focus was estimated fo be
ata PAM mirmor offsst of -14.8 mm at that time, similar to the focus at the time of
thiswriting. An image of a point source in WNIC3 when NICE is prime woukd be sim-
ilar o the star images in the sikth or sevanth subimage from tha laft. Whean MICT is
prime a MIC3 point source image will be similar to the image in the eighth ar ninth
subimage from the left. The full mnge of tha PAM miror extendsto - 10 mmor two
steps father to the right than covered by this focus swesp.
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Figure 4.74: Modz| P5Fs computed for NIK3 and saveral positions of the PAKM
mirar are shown in the ST-BECSF figure ieproducad belkow. Sinca the figue was
producad, tha cameara 3 focus was movad to ~-14 mm.
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Using the TinyTim models iprovided by Richard Hook of the 5 T-ECF), Figure
+4.15 thongh Figure 4.17 show the encikled enegy for Camera 3 in thee
passhands the infocus, -2mm, and -4 mm defocos positions. The <4 defocns corve
corresponds approximately to what can presently be achieved with Camera 3 at
the limit of the PAN focns range.



Image Quality and Focus [l 57

Figure 4.15: Encircled Enaigy at Thiee Fociior Cama=@ 3, F110W,
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Figure 4.16: Encircled Enaigy at Thiee Focii or Cama@ 3, F160W.
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Figure 4.17: Encircled Enaigy at Thiee Fociior Cama@ 3, F222M.
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To illnstrate the impact on pamllel observations, the predicted encicled energy
for MICT3 observatiors of a poimt sonwe at the thres different PAN mimor
positiors are shown in Figore 4. 18. Thess corves have been derived from model
P5Fs generated by TinyTim. Observed PS5Fs are in good agmement with the
model P5Fs generated by Tiny Tim. Althongh Figore 4.18 overstates the prsent
sitnation (-17.15 vs. the coment -1+mm focos for LT3, it shows the limitations
of M1C3 parallels when atthe WIT 1 or M1C 2 focns positions.
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Figure 4.18: Thies curves showing the encircled anaigy in NIC3 far PAK mirmar
positions conesponding to -8.5 mm (dashed curva) and the NICGZ [dottad curva)
and NK:1 best focus positions (solid curve). The TinyTim program was usad 1o
gana@ta the PSFs for an assumed best NIC3 focus comesponding to a PARK mir-
mar affsetof -17.5 mm.

NIC3 Vignetting

Ln addition to the loss of focus, there is evidence of significant vignetting of the
B3 field of view. As the PALL mimor is moved to shift the focms forwards or
backwards, it simoltansoely trarelates the field of view laterally, moving one ar
more obstroctiors into the fizld of view. The observed vignetting in T1C3 is most
likely a combination of a warm bulkhead edge, far from focos, which affects the
lower ~1/4 of the detector (in ¥ and a portion of a mask on the NICH OS5 field
divider assembly [FDA) that msults in a decrsase in throughpit over a smaller
portion of the detector. The appromimate extent of the wann component of the
vignetting is shown in Fignre 4.19 and Figure 4.20. This also delinsates the
portion of the detector where degradsd P5Fs are obssrved. Figure 421 shows the
decrease in thronghput over a smaller ara camsed by the FOA mask.

The vignetting is a function of the PAN mirmor position. The figures shown are
for a PAN position of -9.5 mm, the clossst to focus position available for T3
At this focos the vignetting is substantial. However, when MIC 3 is observed with
the PAN positioned for either MICL or MLCZ, we do not detect any evidence of
vignetting. This effect can be szen in Figure 4.13 where the star images in the
lovwer row show the effects of vignetting at PAN positions of -6, -7 and -8 mm.
Repositioning the Field Offeet Mimor (FOW ) wounld allow observations in HLC3
with redoced vignetting. Tests sofficient to enable geneml tse of this option are
planned for Angnst and September 1997, Shonld this prove successful, then the
new FOM position wonld be adopted as the defanlt for all Camera 3 observations.
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Figure 4.18: A NIZ3 flat field at 2.4 pm maasuied on-obit dividad by a flat fisld
maasurad during tha rmal vacum tasting shows enhancad tharmal background in
tha kwar quarizr of the NIC3 detector. This & mission isdue to vignetting by a
warm bu khead adgs that is far fomfocus. A line plotof a iow avarage is shown in
Figure +.20. Over the same pation of tha detectar, the PSF is degiaded, a=
shown by tha lowar set of images in Figoe +.13.

Figure 4.20: The averages countale as a function of row for the NIC3 2.4 pm flat
fiel ratio shown in Figure 4.19 i plotled showing the range of the defector wheare
increased thermal badsground and degraded PEFs occur. This componentof the
vignetling is thought o be produced by a warm, out-of-focus bukhead edge.
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Figure 4.21: A sacond companant of the vignetting in NIC3 i shawn in this @tio
of a recantly maasuwrad NIZ3 flatto a flal measued during thermal vacuum t=st-
ing. At1.1 pm no enhancad tharmal emission s datectad. However, at riows nean
tha botlom of the NIC3 detector a kbss ofthouwghput as lage as 80% isavident.
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Paths to Recovery of NIC3 Capability

1t is possible that at some point the ongoing, nomnal loss of ciyogen from
MWLICHOS will menlt in a relaxation of the forces an the dewar that have l2d to the
lozs of focns for MIT3. If the present trend in the motion of the N1C3 focus
position continues, MNUZ3 may return to focns by late 1997 or cady 1998, Even if
this doss not occur, it will still be possible to obtain optimal focus for M1C3, by
refocmsing the HET itself Since motions of the HST secondary mitror impact the
operation of other science instmments (e.g., the WFPCZ does not have an internal
focnsing capability ), if an HST refocns is required then MIC 3 obs=rvations will be
performed in one or two “campaigre” doring Cyele 7T-H1CH 05,

Observers ars advissd to s=riously consider the nacessity for MNUC3 observations
and to plan programs with MICL or M1C2 whenever possible. 1t is particolad v
important to minimize scheduling and odentation wstrictions for M1C3 observa-

tiors.

Field Dependence

The PSF is at least to some extent a fonction of position in the OTA field of
vimw. Preliminary data indicats that this effect is extremely small and that only a
amall degmdation will be observed. Movement of the FOWL, on the other hand, is



G2 |l Chapter 4 Imaging

expected to have a greater effect on the PSF goality. Since nse of FOW motions is
an “available™ mode (i.e., not supported), an extensive calibration of this is not
planned. 1nitial tests indicate that the P5Fs are not strongly effectsd by FORL
motion and some forther testi ng is presently planned.

Transient Bad Pixels

Flat fizlds taken on otbit show a population of pixels with very low count rates.
Ln some cases, pixels with low count rates in one flat field will be normal in the
snbesquent one. A warking hypothesis is that the bad pixels are camsed by debris
lving on top of the detectors. Paint flacks from the optical baffles are one possible
source of this debris. The largest of thess areas of bad pixels occorsin M1CL and is
shown in Figure 4.22 below. Approximately 100 pixnels in each of MICL and MIZ2
are affected by this debris and a similar nnmber are expected to be affected in
M3 As described below, dithering is recommended for observers who believe
that these and other pixel defects conld adversely affect their science goals.

Figure 4.22: Aportionofa NICT flat fisld image shows the lagestofthagrouwpsof
pixek affected by debris. This bitof"grot’ is wughly 5 by 9 pixek and & kbcated in
the vppar left quadrantof NICA. Thispaticular group ofbad pizalks has remainad
canstant for sevaral weasks, Other features ae tansianton weaak tima scales.
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NICMOS Aperture Definitions

Each HST Sciznce Instrument requires its own local coordinate system and
apertures to support both target acquisition and small angle motions (5 ANs).
Apertums are calibmted locations in the HST focal plane relative to the FGS
fmme. All acqnisitions and 5ANMs ar wlative to apertores. Any location within
the field of view of a WICH OS5 camera can be specified by the POSTARG special
requirement (described in the HST Fhase 11 Froposal Lretmctions).
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Aperture Definitions

The basic philosophy of the WICHWMOS apertore definitions follows that nsed by
WE/PC-1 and WEPCZ. Each MICHK 05 camera has two primary apertnes. One is
positioned at the geometric center of the detector and the other at an oprimal
position close to the center. The fist of these apertues is anchored to that fixed
location, while the second may be mowved in the fotore. 1n this way the optimal
aperture may be shifted to avoid amay defects, even if these are time dependent.
Obeervers with large targets which fill the field of view of a particolar camera are
genemlly advised to tee the first type of apertore, while for observers with smaller
targets the second type is recommended

Additional apertums are defined in Camera 2 for vss in the hlode 2

coronographic acquisition.

Standard Apertures

The names of the defined apertnms are listed in Table 4.4 along with a
description of their function and their initial location.

Table 4.4: NICWMOS Aparture Definition

Aperture Name Cie sacription E?xiir:;n (detector
1nrecl Ciptimal cemer of Camem 1 142,100

NICL-FIX Geometric centet of Camem 1 128,128

nrez Ciptimal cemer of Camemn 2 148,160

NICZ-FIX Ceometric center of Camen 2 128,128
NICZ—COFRoN Cemer of Comnogmphic Mask

NICZ—AC Camer of Wod= 2 ACT region

NIca Ciptimal cemer of Camem 3 143,135

NIC3-FIX Geometric centet of Camem 3 128,128

NICMOS Coordinate System Conventions

Figure +.24 shows how the MICHI 05 cameras are armnged in the H5T field of
view. The alignment of =ach camera is npot exact, and the intemal coordinate
gvstems attached to =ach of them will differ by small rotatiors (pmbably <2
degrees). The FITS fommat data filss generated for WICKIO0S observes will have a
World Coordinate System specified appopriately for each camera. The adopted
coordinate system for the 3 camemns is summarized in Figure +.23.
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Figure 4.23: Common NICKMOS Coordinale System
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Orients

MICMOS orientations are specified relative to the 4y axis shown in
Figure 4.23. Eastward rotations are conmerclockwiss fin the nsnal astronomical
comvention). Spacecraft ornentations are rotated by 225 degmes from the
HWICKLOS coordinate system.

Doe to the linsar amangement of the 3 WMICWOS cameras on the sky, it will
often be advantageons to corsider the specification of a vnique telescope
onentation. Observers should be awars that such constraints may dscrezass the
duration and mumber of schednling oppartunities for their observations and, nnder
some circnmstances, may make the identification of suitable gnide stars
impossible.
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While the Phase 1l pmposal instmctions ¢

antain the d=finitive irstmctions and

examples for specifying the desired orientation for HST. We provide a simple
example in Fignre 424 A binary star with a position angle (BA) 30 degrees
meastred east from north is to be positioned with the southem star in Camera 3
and the porthem star in Camem 2. That is, we want the line connecting the two
stars to lie along the MICHIOS + ¥ axis. The resnlting HST orientation is 225 + 30
=255 degrees. (HS5T OR1IENT = PA + 225 for MICK OS5
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CHAPTER 5
Coronography,
Polarimetry and Grism
Spectroscopy

In This Chapter...
Caoronography / 67
Palarimetry /73

iGrism Spactroscopy 7 78

This chapter provides infommation on three specialized nses of NICTHIOS,
namely, comnography, polarimetry, and grism spectroscopy.

Coronography

A coronogmphic imaging mode is available in 11IC2. This camera hae 0.075
arcsec pixels, covering a 19.2 x 19.2 arcsec region of the sky. The coronogmphic
spot imaged onto the focal plane provides a circular occnlted region 0.3 amsec in
radins. At this radine, in an idealized Point Spread Function, a natoral break
oocnis in the encircled energy profile at 1.6 microns with 93 percent of the energy
in the PSF being enclosed. Beyond, the encircled eneigy profile flatters oot
toward larger radii.

The Camera 2 coronograph comprises two elements. A 170 micron diameter
hole has been laser ablated out of the Camera 2 mimor in the WMLCHOS fisld
divider assembly, which is at the image plane. (Small ireguolarities within a 10
microns annolus at the edge of the hole may be asonmwe of esidoal scattered light
in the images.) An oversized cryogenic pupil-plane mask screems om residoal
radiation from the =dges of the HST primary and secondary mimomE and the
sscondary mitror sopport stmctures (pads, spider, and monnts.). This mask
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Vv

obecurs approximately 15% of the primary mirror ara. (Scattering by dost on
the primary mirror may affect the overall image comtrast, and while this is
expectad to be a small effect it can only be quantified on-orhit. ).

. _________________________________________________________________________________|
The SOV measurements of coronogmphic performance were being carned ont
as this vemion of the NFCM OF fnsrement Handbook was written. A preliminary
description of the resolts of the SOV tests will be placed on the STScl MICHLOS
W page on Angost 1, 1997,

Lnitial indications are that the coronogmph mests or exceeds expectations.
|

Coronographic Acquisitions

Comnographic imaging requires an acquisition sequence at the beginning of
the observation to center the taiget omo the accnlting spot since the size of the
oocnlting spot is smaller than typical HST blind-pointing emors. The pmcaduors
for a coronogmphic obssrvation is to fist acquire the target on the NIC2-R00
aperturs using an onboard, renss target offest, or imeractive acquisition.

The acience exposures are then specified tsing any of the NIZW OS5 observing
modes with the target positioned on the 11IC 2-CoROW apertnre (which is behind
the comnagraphic spat).

Onboard Acquisition (ACQ mode)

The MICKOS flight software inclodes an amormatic target acquisition mode. A
coronographic acquisition is requested thmugh the proposal interface (exposore
logshest], as an 200 exposure nsing the NIC2-ACQ aperture as described in the
WLCH OS5 Phase 1L Proposal Lnstroctions. 1n this process, after pointing to the field
and acquiting gnide stars, two images of the target are taken (for cosmic ray
remnovall, and the brightest object is located in a 128 x L28 pixel sub-army in the
coronographic acquisition apertire fsee Chapter B). The MICK O3 flight softwars
will then mquest a vehicle slew to move the spacecmft to place this object in the
cemter of the oocolting spot. This is illustmted in Figure 5.1 which shows a
schematic rpresentation of the Camem 2 acquisition aperture. The obssrver most
select the filter type and the exposure time (sze the flow chart in Figore 5.4). The
telescope iz poimted =0 that the target nominally appears at the apertore
nIc2-A0Q which iz located in a 128 x 128 logical acquisition apertur=. The
acquisition software, analyzes this aperture, locates the center of the target, and
offsets the telescope 8o that the target is placed behind the occnlting spot.



Coranography [l &

Figure 5.7: Acquisition Procass

™ Logical acquisition aperture
b (1282128 pixel (3.6")

- Mominal target pointing
4—t— Acquisition Region (1071x107 pixels)

Occulting spot [r=0.3")

P '

165 arcsec border region

Very bright targets might canse satoration, leading to poor resnlts in the
centroid solotion, and in the subseqoent placement behind the accolting spot. To
avoid this, a namow band filter may have to be nsed to cot down the target flox
Since the WICKHIOS filters are in the pupil plane there shonld not be a shift
intmdnced by using a different filter than needed for the science observatiors.

|
For obssrvations longer than ~5 minntes the pmbability of cosmic ray hits occnr
ring in the same pixel in sach of the two acquisition images is sufficiently high
that observes most instead nse an early acquisition image to avoid their observa-
tion failing doe to a false center determination. Early acquisitions are described in
the next section. 1n practice, this shovld not be a severe restriction as in the
F1&0w filter one will rach a signal-to-noise of 50 at H=17 in only 2-3 mimtes.

|

Reuse Target Offset and Interactive Acquisitions

In cowded fizlds, or for extendsd objects, the comnographic acquisition
shonld not be relied on, since by necessity the on-board centering algorthm is
rather simple. Whenever you know a priord that this is the sitoation, or the
complexity of the fizld is unknown, we recommend obtaining an acquisition
image befor the scientific observation instead, even thoongh this will equire
slightly mor HST obssrvations to accomplish your progmm. The telescope
control systern has the ability to re-use the same pair of gnide stas a8 were msed
for the acquisition exposure, and from the accurate coordinates yon have obtained,
it is then possible to blind-offset the source onto the coronogmphic spot (RE-USE
TARGET OFFSET). This can be obtained a few orbits or days prior to the scisnce
exposnre. Alternatively, a mal-time, interactive acquisition (INT-ACQ) can be
obtained although the mumber of these are limited and mnst be jostified in the
Fhase 1 proposal. This will mainly be necessary for time critical obs=rvations.
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Detector and Coronographic Hole Motion Issues

Since the coronographic hole is located in the field divider assembly (FDA)
external o the dewar, the position of the image of the hole an the FIC2 detector
will change with any relative motions between the FDA and M1C2. Some motion
was expected doe to the release of gravity bit continning motion has accorred on
both long and shott (orbits | timescales. Figne 5.2 graphically shows the offset.

Figure 5.2: A @tio of a recant flat fisld takan an-orbit and a flat field measuiad
during thermal vacuum testing showsthe change in position of the coonogaphic
hola in that imtarval. Approximataly half of this motion was expacted relaxation in
zara-G, the remainder has resultad fram the defar mation of the MG WMOS dewar.
Thea bright spot marks the lacation of the spot at the tima of the on-orbit flatfis d,
tha daik spot shows its location during thermal vacuum testing betore launch.
hore recentobsarvations show the comnograp hic spot moving back towards its
expactad on-obit position. Tha bright ragion naar the botiom of the datactor
shows the area of the detackor that is vignetted by a mask on the field dividar
as=sambly.

While the motion during asingle orbit appeas to be <0.25 pixels, a method of
locating the coronogmphic holes image on the TIC 2 detector as part of the target
acquisition pocess is underway and will be supported in Cycle 7-TUCH OS5,

PSF Centering

Both the total encicled enegy mjection ifrom the occnlted core of the PSF)
and the local contmst mtio obtainable in a comnographic image depend on the
accuracy of the target centering on the occulting spot. The goal is to center the
PSF of the occulted source to a precision of a goarter pinel. The decrease in the
frmctional encicled energy doe to imprecise cemtering of the core of an idealized
P5SF in the occunlting spot is 0.3 percent for a L4 pixel offset, and 4 4 percent fora
L pimel (75 milliacseconds) offset at 1.6 microns. The predicted fmctional
decrease in the encircled energy relative to that for a perfectly cemersd PSF is
plotted against the shift of the center of the PSF from the center of the hole in
Figur= 3.3,
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Figure 5.3: Contrast Dacreasa Dus o PSF Decantaring
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However, a small ermr in target certering will create an asymmetric
displacement of the PSF zonal stroctoms both in and ot of the occolting spat,
lzading to position dependent changes in the local image contrast mtios.

Coronographic Decision Chart

The decizion chart given in Fignre 54 leads you thongh the s=lection pocess
to coretmct a coranagraphic o bservation.
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Figure 5.4: Comnographic Dacision Chart
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Polarimetry

Camems 11IC1, and WIC2, each contain 3 polarizers, whose principal axes of
traremission are separated by 120 degress. Observations in all thee poladzers
will provide the Stokes parametsm of linearly polarzed light. The spectral
coverage is fixed for each camem, and the polatzers cannot be crossed with other
optical elements. For Camera 1, the polarizers cover the wavelength mnge 0.8 to
L3 microns, and for Camera 2, 1.9t 2.1 microns.

Instrumental Polarization

Since there are a number of internal reflections in WICHOS prior to reaching
the polatizers ther will be irstromental polarization, estimated to be 1 to 2
percent. 1t shonld, however, be goite stable. hleasurements of polarized and
unpolarized standard stars will be obtained as part of the Cycle 7 calibration
prgram and these will be nsed to measure the instmmental polarization and the
zem position angle for each polarizer (emember the actual zemw paint wil | depend
on your spacecraft orient).

Theory

The taw polarimetric images obtained through the three polarizes will be
rontinely processed by the first stage of the pipeline like any other exposure. The
resulting images will have been placed onto a common imtersity scale by
correcting for the mlative traremissions of sach of the polatzers. If we define the
intensity and statistical nncertainties (incloding mad-noise) obtained in the 3
polarizers after processing by the pipeline to be Ly, 1jagand 1oy and S, &g, Sayg
respectively, then we may obtain the total intersity f from:

-
and the Stokes parameters () and LI
7
Q= §i”n‘;:m“rm]

-

b= ﬁ“uu‘;m]
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The statistical uncertaintiss ar obtained by straightforward propagation of
ETIDIS:

2 1 1 £
gy = EJ[GU+GHD+GlZU]
2 1 ]
O = _ﬁ o [Tayg + T ]

2 7 ] 7
Tp = §J[+‘jn+‘juu+"31:u]

The Stokes pammetes can then be combined to vield the polarized intersity,
L.
p:

"

S
I, =10 +U7]

and the degee, F, and position angle of polarzation, 8. nsing:
)

P
P=—
f

_l Lr
— 28.6181an [_]
)
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Polarimetry Decision Chart

The decizion chart given in Fignre 5.5 leads yon thongh the s=lection process
to coretuct a palarimetry o bservation.

Figure 5.5: Polarimetry Decision Chart
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Polarimetric Sensitivity

As with the imaging filters, sersitivity information for the two sets of
polarizers may be obtained from the Exposnre Time Calcolator. 1t gives the same
infommation as was described in Chapter 4: namely a sersitivity corve, plotted as
flux against time for a constant 5/ mtio and an exposnre exclusion curve for bath
point and extended sources. To nse these, look up the integration time required for
your sonme flm on the sensitivity comve for the signal to noise yon want (see
Chapter L2 if yon need to comvert the nnitsl. Then go to the associated evclusion
curve and check that yon are not in the shaded ares. 1f you are, adjnst your
integration time appropriately ontil yon are in the clear ara. 1f yon are to the left
of the vertical dashed line then you must nse bright object mode. Work ont haow
many imegmtions you nesd to get your desired 5/, To get the total exposore time
required for a polarimetric observation multiply your final answer by 3 to account
fior the fact that yon need to mee 3 polarizes to get 8 measnrement. Tote that the
traremizsion curves are for a 100% polarized sonmwe while all the s=nsitivity
information her is calculated for a single polarizer image, assnming an
nnpolarized sonrce.

The polarizes have yet to be extensively tested or calibmted — this will be
accomplished a8 part of the Cyecle 7 calibration program. Coment estimates are
than single obesrvatiors will have ~ 1% uncertainties implying 3-5% accuracy for
polarization measurements.

1n WLCL the POLL2D filter only has 48% traremission while the POLD filter
has 98%. Observers may wish to consider msing POLO at multiple spacecraft wll
angles mther than POLL20. Further, there is some indication of ghost images in
the polarizes.

Further information an the performance of the polarization capability shounld
become available in Angnst 1997 and will be posted on the 5TScl MICHIOS
W W page as soon as possible.
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Camera 1, Polarizers

The polarizers consist of 3 identical elements at mlative angles of 0, 120, and

240 degress.
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Figure 5.6: Throughput of Short Wavalangth Polarizers
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Camera 2, Polarizers

The polarizers consist of 3 identical elements at mlative angles of 0, 120, and
240 degress. Thermal background is important.
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Figure 5.7: Thioughputof Long Wavelangth Polarizars
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Grism Spectroscopy

A grism is a combination of a prism and grating amanged to ke=p light at a
chosen certral wavelength nndsviated as it passes throngh the grizm. Grisms are
normally msed to crmate spectm in a camera by inserting the grism into the nomnal
camera beam. The grosm then creates a dispersed spectmm cemtersd on the
location of the object in the camera field of view. The resolotion of a grism is
poportional to the tangent of the wedge angle of the prism in moch the same way

as the msolotion of gmtings are poportional to the angle betwesn the input and
the norral to the grating.

MICH OS5 mses this mode of operation withowt any slit or apertore at the inpuot
focus so that all objects in the field of view display their spectm for troe
multi-object spectroscopy. The WICWOS grisms operate in the spectral mnge
between 0.8 and 2.5 Um. The grisms mside in the filter wheel for Camem 3,
therefore the spatial msolotion of the spectioscopy is similar to the spatial
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resolution of Camem 3. The filter wheel contains three grisms, of infrared grade
frsed silica, which cover the entire WMIZWO0S wavelength mnge with a spectral
resolving power of ~200 per pixel.

v Since the Grisms are located exclosively in Camera 3, they are subject to the same
lirnitations and policies as all other 1C3 observations.

Also, so far all SMOV grism tests have been obtai ned with MLC3 significantly ont
of focus. These data suggesr that the grisme will perform as expected.

The two shorter wavelength grisme explaitthe low natoral backgronnd of HET
while the longest wavelength grism is subject to the thermal backgmund emission
from HET.

The MLCHOS grisms have an inteifer=nce filter coated on their entmnce faces
to limit the bandpass of the spectrom. This is necessary to prevent overlap of
orde= and redoce thermal backgmund from the telescope. Since the NICHIOS
grsms do not have an inpot slit or apertore, ther is not a redoction of the
backgronnd flie found in slit dispersing systems. This is not a significant problem
in the shorter wavelengths, but the long wavelength grism has a high background
flux.

The basic pammetes of the WMICWMOS grisms are given in Table 5.1.

Table 5.1: Griem Chaactar istics

Grism 2;;:T|Ll‘tlﬂl'l per Eﬂﬂﬁlr@th me Bandpass h_::_les per
A 200 0954 5219 a8-12 450

it} 20 1.4al 55889 1.1-1%8 307649

C 20 2058 56944 14-25 2105

Relationship Between Wavelength and Pixel

Table 5.2 gives the dispersion relationship in the form:
wavelength = m*pixel + b,

where wavelength is in micons and the O pixel is at the centml wavelength. The
relationship is plottad in Figure 5.8. The actual location of the plus and minte pix-
els will be dependent on the grism orientation and the location of the source in the
image. The grisms are aligned & acconmtely as possible alang a row or colomn of
the army. We do not expect any distortion or corvatore in the spectrom.

The orientation and position of the spectra relative to the direct object has been
meastred in arbit and has besn confirmed to be identical to the Themnal Vaconm
measurements. The curent best estimates of the dispersion relatiore ar thoss
measured before launch.
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Table 5.2: Wavelength to Pizaks Relationship jprabunch)

Griem m b

1 -0.0051263512 09538530
2 -0 TITASEE 1 4098832
3 -0.010506357 20583025

Figure 5.8: Wavalength Viasus Pixal Mumbsar for sach Grism. Mote that tha actual
kcation of the cantrial wavelength on the detecior depands on the position of the
soucs.
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Multi-Object Spectroscopy

Grism obssrvations are carried out in the same manner as any of the imaging
operations discossed eatdier. In mnlti-object spectroscopy one of the grisms in the
filter wheel for 1TC 2 will be s=lected. The observations then procesd via one of
the readot and operation modes discnssed later.

Althongh mnlti-object spectoscopic observations can stand alone with no
supporting observations, we recommend paiting them with an image in Camem 3,
thmugh an appmpriate filter, at the same pointing. This provides the location of
each object in the field and aide in the identification of their individnal spectm.
Becamee of this natnml paitng it is anticipated that most spectroscopy
obesrvations will be in at lzast a two image sequenced obszrvation.
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The direction of dispersion is perpendicolar to the radial direction in Carmera 3
where the radial direction is defined by a vector origi nating at the center of the
fizld of view for Camem 3 and pointing toward the center of the OTA axis. In
complex fizlds, such as extended objects and crowded fizlds, individval spectra of
targets may ovedap and canse confosed images. Ln snch cases, it may be possible
to alleviate the snperposition of spectra by mquoesting a specific arientation of the
telescope during the Phase 11 Proposal submission. For complex fields, several
different crientations may be necessary so that the individnal spectra can be
decomolved from those of ather sources in the fizld. It shonld be recognized that
gpecifying an onentation for a grism observation creates constraints on the
number of visibility windows available for scheduling. 1f different orentations are
needed to nnecramble the sonmwe spectra, then this will make telescope schedunling

difficnlt.

Since Camem 3 may only be available for nse dorng one or two campaigrs (at
pres=ntly nnkpown dates), some orientation corstmints coold easily prove
impossible to satisfy.

Grism Decision Chart

The decision chart given in Fignre 5.9 leads yon throngh the constmction of a
grism observation.
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Figure 5.9: Grism Dacision Chart
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Sensitivity

Backgronnd radiation will be a greater concern for grisms than for imaging
obesrvations. Every pinel on the army will receive backgronnd radiation aver the
spectral bandpass of the patticolar grism, while the sonwe spectrum will be
dispereed over many pinels. Therefore, the ratio of the sonxe to backgronnd flx
will be muoch lower for the grisms than for the regolar imaging mode filters. The
expected detected backgmund rate per pixel is shown in Table 5.3 below for the
thre grisms. The increase in the backgronnd flmx for grism C is dramatic. Uss
grisrms A and B when possible. Grism C is for the longer wavelengths anly.

Table 53: Griem Backgound Radiation

an Wavelength Background Background
rigm range (e lzec) pixel) (Jansky/ pix)
microns sk vE
A 0812 a4z 3 210
O 1.1-18 L& 9 5107
c 1425 350 0013

Figures 5.10 throngh 5.12 present the basic information for the three MICHLOS
grisms. Mote that for Grism C, the large thermal backgronnd means that exposures
can never be longer than about five minotes, even for faint sources, becanse the
detector will be satorated by the backgmwund. As with other modes, observers
shonld mee the Exposure Time Calcnlator to estimate the signal-to-noise and
expoante times for grism observations.

The ETC also provides a line correction factor curve. To uee this, find the
wavelength of youor line and rad off the cormction factor £, fom the graph. As
described in Chapter4 multiply the line flox by this factor and add to the
continnum flox. The integmtion time may now be calculated from the s=nsitivity
curve as if yon had a pore continonm source. To nse the s=reitivity curves look up
the int=gmtion times required for your sonme flim on the sensitivity curve for the
signal to noise yon want. Then go to the associated evciusion zone corve and
check that you are not in the shaded areas. 1f you are, adjust your integration time
approprately nntil yon are in the clear area. 1f you are to the left of the vertical
dashed line then you muost use bright object mode.
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Grism A: G096

Table 5.4: Grism A: G006

Central Mean Peak FHM Ra MaxT r
(microns)  (micione) (microns) (microns) e ({percent)
08673 a=all lLaala 040 051z G693
Continuum Filter FIIOW
1 oass 1.1a35 1335 gsals 0514 a48
Figure 5.70: Grism A Throughgut.
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Grism B: G141
Thermal backgronnd is important.

Table 55: Griem B: G141

Cantral Mean Peak F& HM Ra nge MaxTr

(micene) (micmons) (mic rans) (mic rans) (mic rans) (perceant)

1414 15100 14030 0mald 1.1-19 747
Continuum Filter FI50W

15235 1 5069 16355 0303 1.1-19 ai7

Figure 5.711: Grism B Throughput.
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Grism C: G206
High thermal background. Use only for bright sonmces.

Table 5.6: Griem & G208

Cantral Mean Peak F& HM Ra nge

. . . . . MaxTr
mEnng miEnngs mEnng mEnng mEnng
(mcrons) (microns)  (microns)  (mierons)  (microns) AR
2067 19523 2E20 1.1575 14-25 734
Continuum Flers FITSW, F240M
17530 17508 19070 10840 12-23 Qa5
L i~ iy 23155 0.1975 23215 Q24

Figure 5.72: Tha Grism C Throughput.
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Grism Analysis Software

Software iz being developed at the STECF for the analysis of grism
obe=rvations. Using this, the observer will be able to fol Iy extract spectm of single
ohjects from the images, including the disentanglement of ovedapping spectra
and extended sources. To obtain the best results it is recommendsd in fislds with
multiple or extendsd sources that grism images be obtained at more than ons
spacecraft roll angle (pefembly 3 or momw), and it is essential that the image
gpectmm pair be obtained as described. If the matching image is not obtained,
rednection and analysizs of the grism data may be very difficnlt.

Grism images can be calibrated in the regolar way msing Calnic A. Calnic A
will perfomm all steps as for direct images with the exception of flathelding. This
step is skipped, and the gqnamtnm efficiency as a fonction of wavelength shounld be
taken into account when extracting spectm. Software to extract spectm from
calibrated grism images has been developed at the Space Telescope - European
Coordinating Facility (ST-ECF). The progmms are written in 10L, and a valid
LOL license is necessary to ron those programs. The softwar is available at
http:/fect hg.eso. org/nicmos/nicmes . html. Ther ar two versiors of the grism
extraction softwars, the intemctive version MICHOSlook and the pipeline
pogram “Calnic C. For detailed documentation on the progmms, comsnlt the
above WWW page or comact Wolfmm Freodling (wirendli@esoomg). The
pregrames run bath nnder 100 4+.x and 10L 50.

For grism spectroscopy of extendsd objects or crowded fizlds, observations of
the same field with a variety of roll angles is advisable. Such data might be
handled by extracting the spectm of a particnlar object from the image whers
there is the least amonnt of blending of the spectrum with other objects. A more
promising pocsdnre is to reconstroct a position-wavelength cobe with a
simnltaneons decomvalution of all the grism images. Experimental softwar (again
in LOL) has been developed at ST-ECF and forther information is available at
http:/fect hg.es0. org/nicmos/ni cos . htm|.
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CHAPTER 6
Exposure Time
Calculations

In This Chapter...

Chvarview £ 89

Cakulating NICGWVOS Imaging Sensitivities /82
WWW Accass to Imaging Tools ! 87
Examplas/ 87

Ln this chapter we provide W1CKI 05-specific peiformance infommation needed
to prepare a WICKI OS5 Phass 1 proposal for Cyele 7-MICHOS. First, we discues
varions pammetes that affect performance, and the extent to which they are
known., Mext, we describes how to determine the system sensitivity. We then
describe the ways in which you can detemmine the exposmre time required for a
given observation and the signal to noise that will be achieved; examples are
provided. We describe several compoter pograms that will perform thess
calevlatiors and which ar= available an the WWW. These progmms may be msed
to calculate the sensitivity and exclosion corves for the WICKOS filters,
polarizers, and grisms, discnssed elsswher in this Handbook, We also describe
how to calcolate signal to noise ratios and exposnme times by hand for MICH OS5,

Overview

At the time of writing, a final calibmtion of the thooghput of NICHOS is not
wet available. Obzervers shovld find the present calibration sofficient to prepars
Fhae 1 proposals but shonld corenlt the 5TScl MICHMOS WW W pages for
npdated information when preparing Phase 11 proposals.
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Instrumental Factors

Detectors

The detector properties which will affect the semsitivity are simply thoss
familiar to groond-based optical and 1R observers, namely dark coment and read
noiss, and the detector quantum efficiency (DQE). Labomtory and preliminary
onorbit measurements have detemnined the read noise for the three WICHIOS
flight armys to be ~35 electrons. The measored numbers are givenin Table 7.1 on

pages 10&.
Optics

MICHOS is a rlatively simple instrument in layout, and thos contairs a faidy
small number of elements which affact the sensitivity. Thess are the filter
traremission, the fizld of view (determined by the TICHIOS optics external to the
dewar, in combination with the HST mimors), the mflectivities of the various
external mimors and the traremission of the dewar windoa:,

The filter tmnemissiore as functions of wavelength wers measured in the
laboratory, and the resnlting curves are presented in Chapter L1, Some filters may
have minor leaks ontside the primary filter bandpass; the wality of these has not
yet besn established, and we assume here for the purposes of sensitivity
calcolations that the tansmission is zeto ontside the primary bandpass.

BT OS5 comtains a total of s=ven mimos sxt=rnal to the d=war, =ach of which
rednces the signal mceived at the detector. The mirrors have protected silver
coatings lexcept for the field divider assembly which has a gold coating) for
maximom reflectivity, and have 985% mflectivity. The dewar window has a
traremizsion of ronghly 93%. Therefore, the combination of optical elements is
expected to tranemit ~ 4% of the incoming signal from the OTA.

The sensitivity will obviowly be affected by the pixel field of view. The
smaller the angnlar size of a pixel, the smaller the fraction of a given sonwe that
will illominate the pixel. Finally, the optical efficiency will be degraded further by
the reflectivities of the alominum with MgF, overcoated HST primary and
secondary mirmis. These are given as exactly one minos the emissivities.

Background Radiation

At long wavelengthe the dominant effect limiting the TLCV 05 s=nsitivity will
be the thermal background emission form the telsscope. How large this will be
depends on the amas of the primary and secondary mirror and their optical
confignration, temperatores, and emissivities. We discossed the issne of themnal

backgronnd and its stability in Chapter 3.

For the purposss of semsitivity calculatiorns, we med the valves listed in
Tables 6.1 and 6.2 and assumed that the effects of debris on the miroE can be
ignor=d.
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Table 6.1: Optical Eficiancy

Cptical Element Efficiency
Firsl banding mirmar Q&85
Re-imaging mirmat 0935
Popil mirnar 09385
Imags mirror 05E5
Firsl ppmbaoloid 0985
Second pamboloid 0&E5
Gending mirrar Q&85
Dlewar windaw aas
Todal 054

Table 6.2: HET Infrared and Optical Proparties

Property Azzumed Value
Primary mirmor collecting area 38993 cm”
Frimary mirtor {em pemainne 9l K

Primary mirmor emissiviy Qs

Secondary mitmor collecting area 6844 cm”

Secondary mitrar pupil clear fraction 0.76

Secondary mirmor {emperainne IBSK
Secondary mirmor emiziy Q0dE

Feal pline image scake 358 ancsesc/cm
Back focal distance 5406 cm

At shorter MICHI 05 wavelengths, sensitivities will be affected by the zodiacal
backgronnd which is given by the eguation in Chapter 3; the overall expectead
backgronnd is shown in Figure 3.6.

Backgronnd mdiation will be a slightly worse pwoblem in the case of
Wluolti-Object Spectroscopy (M OS) than in the case of imaging obssrvations.
Every pixel on the array will always s== the entire backgroond mdiation integratad
over the grism bandpas. The expected detected backgmund rate per pixel is
shown in Table 5.3,
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Calculating NICMOS Imaging Sensitivities

The semsitivity cumves generated by the Exposure Time Calcnlator (described
in Chapter 4) allow one to estimate the exposure times from a given sonme flox. 1n
some sitnations itmay be desirable to go throngh each step of the calcolation. One
example wonld be the case of a sonwe with stiong emission lines, where ons
wants to estimate the contibution of the lineiz) to the signal. This conld includs
the case of a strong emission line which happens to fall in the wing of a desired
filter’s bandpass. To facilitate ench calcolations, we provide in this ssction recipes
fior determining the signal to noise or exposore time by hand.

Signal to noise Calculation

Fi?:;rll':;:sig nal generated by a continunm source with a flmx Fill ansky] falling on a
Co = F Yopt VetV b primt iL)
=Fm. [= fsec]
where:
* Vop is the efficiency of the optics, incloding the HST mirrors and the
HLC OS optics.
*  74e i8 the detector quantum efficiency.
* Vg i5 the fil ter transmission.

- "lpri.rl:l is the HST primary mirmor collecting area.

+ FEisaconstant given by
E= 1079k 2]

where f is Flanck’s constant and X the wavelength.

The expression for ©_ has to be integrated over the bandpass of the filter, since
some of the terms vary significantly with wavelength. The valoe for 1, is listed for
each filter in Tables 6.3, 6.4, and 6 5, so that the signal in e"/sec can be estimated.
1t shonld be noted that to determine C, more accuratel y, the source fli F shonld
beincloded in the imegral over the filter bandpass, since the source flux is bound
to be a function of wavelength. Thiz has been done, assnming a source effective
temperature of 5,000 K.

1f an emission line falls in the bandpass of the filter, we need to take acconnt of
its effect on the signal (in some cases the emission line may generate almost all
the detected signali. The line signal can be detemmined as:
C1 = LjVop Vet A ¥ b3 AprimE 3]
=Eyly [=/sec]
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where £ is defined as before. Howewver, on this occasion it is necessary to nse a
. . T, . . .
line flm 1 (in Wm™ ), and the detector quantum efficiency and filter transmission
are determined for the wavelength & of the emission line.

The factor € is platted by the Exposure Time Calcolator. Thus one only needs
ta pick the wavelength of interest, read off £, and multiply youor flm, 1y by thisto
get the ling contribotion to the flox in the filter. The maximom valoe of &,
denoted as E, is also listed in Tables 6.3, 6.4, and 5. Mote that for the grisms,
where both lines and continmm will fraquently be pressnt, we have plotted ; in
nnits of & /sec/lareky. Thos, in this case it is necessary to estimate the spectml flmx
density of any line emission in Janskys, which is done simply by ming the lins
strengths and the spectral resolution of the grisme.

The total signal generated by the pixel is the snm of the continonm and line
signals calcolated above.

Mext the backgmund signal must be calenlated. This is particulady important
in the infrared, since in some situasions the signal to noise in the final obs=rvation
is determmined lamgely by the photon noise in the background signal, rather than
that in the sonrce signal. At wavelengths longer than 1.6 microns in particolar, the
thermal backgmouond emission will very often be brighter than the target source, in
many cases perhaps by several orders of magnitnde. The expected background as
a fonction of wavelength for sach of the thee NICKWMOS camems is plotted in
Figure 3.6. This has been nsed to derive the background signal which is listed for
each filter in Tablz &.3 to Table 8.5 in &7/ as B.

The final ingredients needed to calcolate the signal to noise for the observation
are the read noise M, and dark corrent 1y. The ead noise can be taken from Table
7.1. The dark coment has not been very well determined at the time of writing, but
we reommend that the opper limits listed in Table 7.1 shonld be adopted.

1tis now possible to calenl ate the signal to noiss mtio expected for an exposore
of dnmtion tseconds, where a number M4 of reads are taken before and after the
intsgration. Ltis:

C‘sr

SII\'IR = r-l-_l

ot
(C,+B+1)t+—

] .
Iedid

Where C,, the count mte in e/sec, is the sumof C_ plus C).

Ltis important to note that in these eqoations, the fli to be entered (either For
L or both] is ner the total sonwe flux, but the fiox falling on a pixel. 1n the case of
an extended source this can sasily be worked ot from the sorface brightness and
the size of the pixel. For a point sonme, it will be nacessary to detemmine the
fmction of the total flnx which is contai ned within the ara of one pinel and scale
the source flux by this fmction. For Camem | in particul ar, this fraction may be
quite &mall, and so will make a sobstantial difference to the omcome of the
calculation.
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F =

The signal to noise ratio evalnated by a fit over the foll PSF for point sources
would, of conrse, be longer than this central pixel SMR ; this discrepancy will be
largest for the higher msolution cameras and of long wavelengthes.

Exposure Time Calculation

The other sitnation frequent]l ¥ encountered is when the required signal to noiss
is known, and it is necessary to calcolate from this the exposnre time needed. In
this case the same elements mist be looked vp as described above, and the
required time can be calenlated as:

-

(SNR)(C,+B+1,1+ [(SNR)(C,+B+1,) +-I-[.5'-'-.-'!E‘]:C'5:I,¥,I—"
JEid
-
2C;
Table 63: Camema 1 Fittar Sansitivity Pamameters
Filer name Me [&/secily] E[E'-'m'ﬂfl'-'m!']] B [e7=ec]
FOO5H 302 10% 7.6axlat’ 45m10~
FOOTH 334x10% & Txlat? 49510~
F108H 423107 13«10t 5810~
F110%1 785107 L 76x10t® 10710
F110W 20y 10° 2 255108 2 % 107
F113N 498107 1L5Ex10' 66510~
F140W 340k 107 5. Mx10'? 47110
F145%1 825 107 3. 36x10'® @ 35107
FleaW 18T 10% 5 %108 2 7o 10
Fl641 857 10% L02x1atd 1 04107
Fla5h 9 3% 107 5.01x10'? 1.2 107
FléaH S68x 107 4 12108 11310
F170% 101x 10" 5.48x10'? 1 86 107
F187H 90k 10° 5.21x10'8 & 3% 107
F190H 930k 107 5 65108 g S4x 107
POILAS 134x 107 L44x10'® 368 10°

(3]
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Table 6.4: Camam@ 2 Fiker Samsitivity Pamamaters

Filler Name T [e7sacily] E[E'-'BJEG{W-'H'I!]I] E [e7=ac]
FLIOW 2.43xl 251x10 a.1a
FleaW 2 05x10® 57710 9 0% 10-2
Fla5h 1 dxlo® 553108 4 3dx10-2
F171M 4 43x1o’ 5 Jik 102 2 30 10-2
F13aM 4 19+10° &6 0% 10'® 4.15c10-2
F187H 1 02x1d 58104 2 ke 10-2
FIETW 1.13x10® 602108 a3
F190H 1 41’ 64110 2 9k 10-2
F204M 6. 37x105 8 9 102 a.s2
FA05W 3 xlo® 137 10" 124
F207H 9 6210 2 3510 21
F2 171 1 5Exld’ 103 10" 0.46
F215H 1 42x10° 2 Sém 10 a.54
F2 16N 1 53x10° 105 10" 068
F222M 1 o2x1o® 108 10 20
F237M 1.17x10® 1 5dx 10 3a
POLOL 121x10® 27110 191x10?

Table 6.5: Camama 3 Fittar Sansitivity Pamameaters

Filler Name 1. [e7secily] £[e-'.'m'{“l'.'m!]|] B [e7=ec]
*

FLOEN 4 4Bl 1 46 10 T
F11aW 2 43xl0° 2 551012 a9l
F113H 5 15x10° 168 10" 1.49x10?
F130W 396x10° &.15c10"% 18
Fleaw 2 12x10® & 02102 0.66
FlodH 9 Gaxld® 4 5101 2 55xl?
FléaH 2 gaxl0r 471c10"% 2 72a0?
F175W & 21xlo® 128 10" 83
F187H 1 Dex1d’ & O 1012 016
F190H 1 08«10 & 6210 a7zl
F1961 1 16x1d° & 9oy 1013 .47
F200H 1 27x1d 7a%10" 074
F2 12N 1 62x10° 108 10" 34
F215H 1 49x10° 103 10" 40
F222M 1 Ex10® 116 10" 59

F240M 157x10° L&t 10" 3 a8l
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Software Tools

Rather than going throngh all the above calculations by hand for every sonme
on an obeerving list, software tools can be meed. The tools are available on the
MICM OS5 World Wide Web page, and can be fonnd by following the Software
Tools link.

|
v Thess tools shonld be regarded as the official calibration of MICHIOS for porposes
of preparing Fhase 1 observing proposals and should be nsed mther than the values
presented above, if at all possible.
|

Filter Sensitivity Curves

The first of the tools available will calcolate the flux requoited as a function of
time to achisve a given signal to noise for any MICHWOS filter. Two vemions of
this too] are mvailable, one for point sources and one for extended sources.

Calenlations are camied oot on a grid of wavelengths across the bandpms of
the chosen filter. At esach wavelength we determine the filter tmnamission,
detector quantum efficiency, optical efficiency of the ICH 054HST system, and
somrce fli. 1n the case of a point sonrce we determine the frction of the total
source flm which is expected to land on the central pixel, assnming that the
source lies directly in the center of a pixel, while for the extended sonros case we
merely have to multiply the surface brightness by the pixel ara. For a wide mnge
of imegration times we nse the above data, plus the dark corent, read noise and
backgronnd mdiation (both zodiacal and themnal backgmunds as disciesed eadier
in this chapter), to calcolate the point sonrce flx, or surface brightness, required
to achieve a range of signal to noise mtios (in the coment version of the softwars
valnes of 10, 25, 50 and 100 are adopted).

Signal to Noise for a Source

For a particular source, with a known flox density or sniface brightness, thers
are a pair of tools. These perforn very similar calenlations to those described
abave, with the output being signal to noise against time. Comently the sontoe flox
muet be for the wavelength of the filter; eventoally bells and whistles will be
added so that you can enter the flox at ane of the standard IR photometric bands
L J, Hor K.

Saturation and Detector Limitations

The signal to noise which can be achieved in a given time is one indication of
how ne=fol an observation is likely to be. However, there are two forther pieces of
infommation which are important to know, and which are not readily apparent from
the memr knowledge of signal to noise: firstly, isthe detector operating in its linear
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responee mnge, and secondly, what is limiting the signal to noise? A forther pair
of pmgrame gensrate this information for each filter. These genemte both the flux
for surface brightness, as appropriate) above which the obessrvation is limited by
phaton naise (zither fiom the source ar the backgmund) mther than detector noiss,
and the flim above which the observation enters the non-linsar detector operation
regime, which we refer to as satnmted.

WWW Access to Imaging Tools

The tools described above can be accessed via the WWW pages alwmady
mentionz=d. To ron the tools, youo will have to fist s=lect whether yon want to
image point sources or extended sources, or abtain grism data. This chaoice will
take you to another window where you will click on buttors to s=lact the camera
and filter, and then wou will nead to enter a nomber of reads, source color
temperature, and souros flmx (in Jarekys). The latter is optional, and only wsed if
you want to obtain signal to noiss va. time for a particolar source. Yon can then
click the “Sobmit sirmlation™ button and youo will be offered a set of ocutpots. All
thre= of the tools descrbed abowve ar min simoltansowsly, so yon can chooss
which of the types of outpot you want. The “inpat info™ ontpnt reminds yon what
inpnts were meed and supplies wamings wher necessary. “Get the tables™
retieves the ASCIL ontpnt files generated by the code, and the “'Get the plots™
option retieves a graphical display of the oumtput, which yon can save for later
reference if desired.

Examples

R —
v Blote: thess example nse pr-launch calibration values and shoold nor be relied

upon for planning observations.

|

Using Exposure Time and Signal to noise Calculators

In this section we describe how to mse the programe found on 5TScls
BT OS5 WW W pages, in order to determine the signal to noise for a particular
source, or to determine the integmtion time needed to achieve a given signal to
noiss.

First time mse1s of these tools shonld read the associated help discmesion. Mote
that when vsing MULT IACCUM, NREAD shonld be left at its defanlt valve of L,
except when eing the MIFx:xx sequences when it shoold be s=t to 8.
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SM ratio

Example 1: Signal to noise with Low Background

Her=, the progmm has been msed to model two sources being observed nsing
Camem | thongh the F160% filter, see Figur 6.1. 1n the left panel we see the
case of a O.lJansky (H=10.0) source. For a sonmwe this bright, we see that
whenever it is observed in any mode other than Bright Object Mode (i,
integration times longer than abont 0.2 saconds), the signal to noise abtained is
always the same however many readoims are made at the beginning and end of the
integration.

Figure 6.1: Signal to Moize with Low Background

1000 ¢ T T T T 5 E | bl " b
i 0. 1)y source ] EIU,H,J}’ sourae
100 ¢ shl_nt E 3
' nojise 3 z
limited ] [ .
10 ¢ E =20 reads_l / E
etectar E E /[E reads
/ imited S
‘¥ O
4 5
i

0. TR EEETETE BRI W ETITS BT AR |
d.r.l':l] LERAD B 1 10 100 1000 0.1 1 10 100 1000 1% 100

Time [seconds)

1n these modss |ACCUM, or MULT IACCUM), the observation of the source in
question is always photor-noise limited, and so the read noise of the detector is
irrelevant, and the signal to noise increases wnoghly & the sqonar root of the
integration time. Ln the right panel is shown the case of a 10y Jansky sonme
fobserved though the same filter). In this case, the nomber of readowts doss have
an effect on the signal to noise obtained for integration times less than abowot 1000
seconds. Where the signal to noise obtained is abowt 5 (integmtion times of a little
le== than a minnte), increasing the mumber of madovts by a factor of t=n can
improve the signal to noise obtained by vp to a factor of three o1 therabounts. This
example illustmtes an importamt point: so long as the backgronnd is relativel v
faint, then if the signal to noise obtained is low, it is probably possible to impove
it without increasing the imegmation time, by increasing the number of readowmts. A
balance shonld be songht betwesn the imegration time saved by doing this and
any extm ovethead incomed by making mnltiple readounts.

Example 2: Signal to noise with high background

Figore 6.2 shows what happere at longer wavelengths, Her we see two
sources, with flmes of 0.1 Jansky (K=9.5) and 100U Janskys observed throngh the
F23TH filter with Camem 2. Here the background radiation is so bright that even
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at very short exposure times the number of readoms makes little difference to the
signal to noise obtained. For the 100U Jy souxe, even when the signal to noise has
dopped so low that the somree is no longer detected, the mumber of madonts
makes no difference. When the backgronnd is bright compared to the source, the
obssrvations will imariably be photon-noise limited, and so the only meams of
improving the signal to noise is to increass the imegration time. Mlultiple initial
and final reads are pointless in such cases.

Figure 6.2: Signal to noi=a with High Background
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Example 3: Exposure Time Determination

Figre 6.3 illustmtes the varions pammetes that are important in constrocting
a MUCK 05 observation, nsing ontpot from the tools. We plot the flux equired to
obtain a signal to noise of 10, 25, 50 and 100 on a point source against i megration
time. Four caes are considersd, and plotted in the Figure, these cases are
identified as A, B, C, and O.
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Figure 6.3: Effect of Paramatarsan NEKEWMIS Obsanation
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Lncase A, we see that we can obtain a signal to noise of 100 in an imegration
tirne of about 2000 ssconds. However, the exclusion curves reveal that withsoch a
long intsgration time the detector is saturated. This doss not mean, however, that a
signal to noise of LOD cannot be achieved for this sonme: it simply means that
snch a signal to noise cannot be achisved in @ single exposure. lretead, to achieve
snch a high signal to noise it will be necessary to make a mumber of s=parate
exposnres [ACCUM or MULT IACCUM mode) and co-add the resnlts. 1f the sonme
of interzst iz actoally faimer than this, and we merely needed to get a signal to
noiss of 10D on this bright target in order to get sufficient signal to noise on some
nearby or suroonding fainter target, we conld nse MOLTIACCUM mode, and
repair the satirated core of this bright sonme.

Cage B shows an observation which is optimal: this sonwe can be observed to
a signal to noise of 100 in a rmasonable integration time (10 seconds ), and thers
are no problems or complications.

Case C shows that it can actnally be quicker to obtain more signal to noiss. A
signal to noise of 25 was deemed sufficient, but it tanspires that for this source an
integration time of 0.1 seconds is required for this signal to noise. This wounld
require Bright Object mode, and to abtain a 0.1 s=cond exposire for every pinel
wonld require abont 1600 s=conds. However, by increasing the exposure time o
abowmt 06 seconds a signal to noise of abom 90 is obtained, and this int=gration
time is long enongh that a standam MUL TIACCUM exposure can be made.

Case D shows a sowrce being observed in Brght Object mode, where a
relatively short exposnre obtairs a signal to noise of 10, and the total i ntegration
time iz a little l=== than a minmte. 1n this case the signal to nois= is dominated by

the detector read- nois=, however,
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Example 4: Exposure Time Calculation for the Calibration
Star P041-C

Ln this example we derive exposne times for the calibration star PO4L-C (zes
Table 15.4) for the purpose of characterizing the medinm band filters F22 2M and
F237H (C0O band and continonm), and the namow band filters F21511 and
F21&1 Bryand continuam) in Camem 2.

The K magnitode of PO41-C is 10.55, corrssponding to 0.037 Jamsky at 2.2
microns. The star is a solar analog and we smsome its color tempemtore to be
5800 K. The satoration diagrams produced for each filter by the W W HNLCHLOS
exposnre time calculator show that the source will satnmte the two medinm band
filters after anly 40 seconds of exposnre, doe to the high backgronnd which affects
the 2 micron wavelength window. 1n the two narmow band filtes, the satoration
lirnit will be mached after an exposnre of abom 300 seconds. Since we want to
remain well within the linzar response regime of the detector, we chooss exposnore
times which are a half of the satoration limit, namely, 20 seconds for the medinm
band filterz and 150 seconds for the narrow band filters. With these times, the
signal to noiss mtio vess time diagmm prodoced by the calenlator indicates that
SMR=280 in the F222M and F237H filters and SME=3L5 in the F21511 and
F 21 &1 filters will be obtained. Soch high signal to noise ratios are nnlikely to be
achievable, dne to calibration limitatiors (such as flat field wspores and dark
current); we expect, however, to be able to reach STRs aronnd 50-100.

Examples of Calculations by Hand

Example 1: Exposure Time for an Emission Line Source

We consider here the example of a diffuse Planetary Mebuola with a diameter of
30 arcsecs, a Br Yy emission line determined from the gronnd to have a strength of
10 Wim* and negligible continunm. The sorface brightness of the nebula in the
line is assnmed to be mnifomm, and the observation will be made with Camem 2 in
the F2161 filter. We wish to obtain a signal to noise of 20 on =ach pix=l. Two
reads at the beginning and end of the exposnre will be made.

First of all we detemnine that the surface brightness in the line is
1.5 % 10" ™ Wi iacsec. The size of a pixel in Camem 2 is 0.075 arcsec, and so
the flux falling on a pixel is 8.3 1071 Wim".

The signal genemted by this line flie will be calenlated teing equation (3], in
which 1y is 8.3 x 107" Wim®, asdetermined above. £ is 9.5 x 10'% & isea! (W /),
as determined by the ETC. We therefore detemmine the signal genemted in the
detectoris €)= 2.0xL0*x0.62x0. 855+, 16107 = 4.4 e7/sec.

Mow to determine the exposure time nesded we will use equation (5). C) we
have jost determined, and C_ for this source is negligible. The background
ernission for this filter we find in Table & 4 is 6.4 & /sec. At this point we note that
the backgmond emizsion is actnally brighter than the sonme emission. Therefore,
we will require a backgmund image in owder to remove the backgronnd from onr
image of the sonwe. Fora chopped observation, the time on source must equal the
time on background. The mtio of the signals from sonme-plusbackground to
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backgronnd-only is 169, Ln this backgmuond limited observation the signal o
noise will be determined by photon statistics in the signal: the detector noise will
be more or less irrelevant. 1tis sasy to show in this case that if we require a signal
to noise 5T, on onr background-subtracted image, we mnst obtain a signal to
nois= of fENslr:fl+l.l'1.l.‘:n'-?]]':'5 on the image with the source in it, which in this
case trnslates to a signal to noise of 25.2.

The datk current we take to be 0. 1= /sec, from Table 7.1. The read noise from
Table 7.1 is 28e” for this detector. The mquired signal to noise is 25.2. We can now
nse equation (5), and we find that the time reqoired is 507 ssconds. 1t must be
borne in mind that this is only the on sonms time, and that another 507 s=conds
obesrvation of the backgronnd will be mquired.

Example 2: Exposure Time for a Line Plus Continuum Source

Ln this example we comsider the case of a gal oy which is to be observed with
Camem L nsing the FO9511 and FO9 7T filtem. 1t is expected to have a unifomn
suiface brightness of 0.2 Janskwarcsec® in the continoum and +2xl0!®
Wim-/arcs=c" in the line. The r=dshift of the galaxy is 0.005. A signal to noise of
20 is reqnired in the [S111] line image after the continom has been snbtracted.
The continunm spectral energy distribotion is flat enongh in this wavelength
region that differences incomtinoom level between 0.95 and 097 microns can be
ignomed.

Lnomer to generate the [S111] line image, we will have to subtract the FO9 71
image from the FO951 image, assuming that the cortimonm at the two
wavelengthe iz identical (for sources with very low line-to-continnum ratio, this
assnmption might be dangerons for the post-obesrvation image analysis). We will
assnme for simplicity that these observations are all photon-noise limited, o that
the signal to noise vares ronghly as the squar of integration time. The noiss in
the final line image will be the square root of the snm of the squamrs of the noise in
the two observed images.

The continmm sorface brightness i 0.2 lansky/arcsec”, and the constant 1.
from Table 6.3 is 3.83 x 10* for the [5111] continunm filter. The pinel snrface ara
is 1.85% 10°% arcsec”. Thersfore the continnom signal in the FOS7T1 filter is
C.=0.2x3E3x L0% x LEMIO® = 14 e/sec (from equation L on page 92).

1n the line filter we have to comsider the contd butiors both from the line and
from the continumm. The contimom surface brightness is as mwed above, and the
efficiency corstant 1)_ iz 3.45x 10% from Table &.3. This gives 1B a continonm
signal of 0.2 x 345 % L0* x 1 .85 x 10°% = L3 “fsec. The line efficiency factor g, is
+x 10Y (efsec/ Wim?). Therefore, the signal genemted by the line is ) =
42x10Y x4x 107 x 185x 1P =31 esec. Thus the combined signal in the
F0951 filter should be Lée /sec.

The signal rates are wnghly the same for the two images, so esach will
contribite woghly squal amonms of noise to the final image. Mote that if the
continnum was muoch fainter than the line emission, the continoum image wounld
contribite much less noise to the final resolt than the £ 09511 image. 1f the item of
interest is the resnlting line image, it doss not make sense to integrate for a long
time to obtain good signal to noise on the continoum image, since it will not
significantly affect the signal to noise in the final image. In oor example here, bath
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images contribute similar amounts of noiss to the result, and so it is equally
important to obtain high signal to noise for both images. ) Thewfor the signal to
noige required in each image is ronghly 116/31)x 20 x A5 ar 148,

For the FO9511 filter, the backgmund is 1.O4xl0%-fsec (Table 6.3), the
num ber of r=ads is 2, and the dark current is tak=n to b= 0.l2"/s=c as before. The
required exposure time for this image is therefore woghly 1360 seconds. For the
F 0971 filter, the background is slightly higher, and the connt mte slightly lower,
the mquired exposure time tiorms oot to be 1550 seconds. The two images thos
require of order one orbit.

Finally, we shonld comment on two aspects of this proposal. First, the signal to
noiss being mqoested is very high. 1t is far from clear that the varions calibration
data nesded will be of sufficiently high signal to noiss to allow a signal to noise of
144 in the final produoct. Ln practice, a signal to noise of 100 is probably an
impressive goal to aim for. Second, althongh the redshift of this galaxy is rather
lovwy, the line is on the edge of the filter corve. For sources with large redshifts, care
iz neaded to check whether 2mission lines of inter=st fall into any of the availabls
filtars.

NICMOS Grism Sensitivity on the Web

As already mentionsd, softwars tools ars available on the HICKIOS W& W
pages to assist in the preparation of grism observatiors and poposals. These toals
are exactly analogons to the tools previowsly described for imaging obssrvations,
and the same caveats apply. Since grsm data will be difficolt to interpret in the
case of extended sotrces, these tools only deal with point sources.

Grism Sensitivity Curves

This tool is exactly analogons to the imaging tool descd bed earlier. The same
calcolations are carried out in the same manner. The differences are that in this
cas= the P5F is corsiderad to be one dimersional anly, and calcolatiors muost be
camried ont separately for varions wavelengths inside the grism bandpass. 1n
practice, we choose 3 wavelengths inside the grism bandpass, and cany ont
calculatiors at sach of the three wavelengths for signal to noise ratios of 10 and
100, The results of this calcolation were plotted in the previous section.

Signal to nolse for a Particular Source

To obtain a signal to noise ratio for a particolar source, with kpown flx
density and color temperature, another tool is available. Carrently the soorce flox
muet be for the central wavelength of the grism bandpass; eventnally it will be
possible to enter the flix at one of the standard 1R photometric bands. The sonme
currently is represented by a blackbody spectrum; eventoally it may be possible to
adopt a model atmosphere spectrum, or enter a nsersnpplied spectrum or a
powerlmw comtinmam. The ontput fiom this code is time agairst wavelength fora
set of signal to noise ratics (corrently 10, 235, 50 and 100).

Saturation and Detector Limitations

Again, this tool iz analogome to the comesponding image mode tool. 1t
genemtes the floxes mquired to satomte the detector and for the photon noiss to
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exceed the detector noise as a function of time. In principle this infommation
should be calculatad as a function of wavelength, however, since the s=nsitivity
inside the grism passbands is only very weakly a function of wavelength, we carry
ot the calenlations anly for the central wavelength. Departores from this valoe
will anly be significant for wavelengths near the ends of the spectrum wher the
grism thronghpt is changing rapidly.

WWW Access to Grism Tools

If you select the grism spectra option, you will be offer=d choices almost
identical to those for the imaging tools, except that mow only one camera
(Carera 3 is available.



CHAPTER 7
NICMOS Detectors

In This Chapter...

P hysical Chaactaristics / 105
Datactar Artifacts /107

Flat Field Respanse /111

MICHIOS mees three 256 x 256 HgCTdTe Rockwell arrays, one in each camemn.
We rport on their measnred detector quantum efficiency (DJE), read-noise, and
dark eoment which have been detemmined at the nnit test level prior to the 1996
thermal vacunm characterization. Other aspects of their expected performance are
disciesed her, incloding shading, linearty and satoration, cosmic ray

snsceptibility and flat fizlding.

Physical Characteristics

Each detector army comprises 256 x 256 sqoare pixels and is divided imo 4
quadrants of 128 x 128 pixels, each of which is mad ot ind=pendently. The basic
performance of the nominal flight detectors is snmmarized in Table 7.1. Typically,
the rad-noise is ~30e"/pixel, and the dark corent <= 0.1 /sec/pinel. Only a few
tere of bad pinels (ie, wvery low responsel wers expected (but
particulates—possibly paint flakes—have increased this number to ~100 per
detector. The gain, ~5-6 e /ADU, has been setso as to map the foll meefnl dynamic
range of the detectors into the 16-bit precision meed for the output science images.

Detector Response Curves

Preliminary measnrements of the wavelength-dependent detector guantom
efficiencies, averaged over the detector, are shown in Fignre 7.1.

105
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Tabkle 7.1: Flight Amay CGhaackistics

Characteristics Camera Camen 2 Camera 2
Otk Correm (o fsacand ) <003 Qa5 <003

Read Moie (=" -3~ 35 -~ 3035 -3 35
Tad Pixek (inchding particles ) 213359 1630 247 13302 190
Conversion Gain 2" fA DL 54 54 65
SATLURATION (273955 Linsarity s 162000 lal g 205,000
50% DOE Cooff Wovelength (microms ) 255 253 152

a. Th= n:lun:l‘led. i=adonl hoies iz lhe =aliz=d hoiz= ficim 2 ]:I:ril of i=andoni=ii.=_ th= n:]_u:ld.l:ﬂ.i'.e
zuim of azingle initial ahd final t=adoot). Thiz hoimbei i=mainz imthet nheeiiain bozed oh initial
oh-ol bil =zt

Figure 7.1: DOE Versus Wavalength for Flight Arays (=solid line is11LC1, brokean

line ILC2, UIC3 i5 notplkted but i similar to the other twa). MNote thatthese
curves reflect prelaunch measuremants.
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The fine details in these DQE curves shonld not be imerpreted as detector
featnres, as they may be artifacts introduced by the test set-up msed to measore
them. At the bloe end, near 09 micwons, the DQE is ~15%, and rises
quasi-linearly up to a peak DQE ~80% at 2.4 micwons, after which there iz a rapid
decreass to zem at 2.6 microns. The MICKWOS arrays are blind to longer
wavelength emission. When looking at these DQE corves, bear in mind that this is
not the only critetion to be vsed in determining semsitivity in the nearlR. For
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example, thermal emission fom the telescope starts to be an issoe beyond ~1.6
microns. The shot-noise on this bright backgmund may degrade the signal to
noigse obtained at long wavelengths, negating the advantage offersd by the
increas=d OQE.

1t is very important, especially for observations of very faint targets where the
expected signal to noise is low, to note that the DQE presemted here is anly the
average for the entite army. The flat fisld mspores described in detail later is
non-uniform, and thus the DQE corves for individval pixels may be rather
differ=nt.

The individnal pixels in the MICWOS arrays are completely independent, and
they do not soffer from the chage tmnsfer effects present in CCDs, or from
bleeding if the wells are filled doe to over exposure. They do however have
read-noise a8 well as their own special detector arti fact, shading.

Detector Artifacts

Shading

The MWICMOS armys exhibit a moissless signal gradient, a kind of
pinel-dependent bias, orthogonal to the direction of primary clocking, called
shading.

The shading effectively changes the bias level for the pinels as a function of
time. The amplitnde of the shading can be as large asseveral hundred elections for
some pixels under some cimnmstances. Throngh analysis of a corsiderable
volume of on-orbit dark data, we have determined that for a given pixel the bias
level imtrodoced by the shading is dependent on the time since the last mad of the
pinel. Thos if the time between reads mmains constant, the bias level intmdoced
by the shading remains constant. For MUL TIACCUM madont sequences where the
time between madonts is increasing logarithmically, the bise level changes with
each sncesssive mad, and thos the ovemll shading pattern evolves with readout.
The first pixzls to be mad show the largest bias changes, and so the overall
shading pattern is a DC offset which is ronghly an exponential fonction of row
number (it also varies along each mw in a roughly exponential manner). The
shading exhibits all the characteristics of a bias change, incloding lack of noise:
the noise intmdoced by the shading is too smal | for us to measnre.

We have calibrated the dependence of shading as a function of time between
reads for each of the three MICWOS detectors tsing on-orbit darks, and are now
able to use this information to constroct “synthetic™ datk coment calibration
reference files for all MULTIACCUM madont sequences. The accuracy of this
calibration is good (a few percent for most madont times).
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Amplifier Glow

Each quadmnt of a WICKOS detector has its own rmadoot amplifier, which is
sitnated closes to an exterior corner of the detector. When a readout is made, the
arnplifier injects a al signal into the detector, known as amplifier glow. This
signal is largest closest to the cornes of the detector where the amplifiers are
sitnated, and falls mpidly towards the center of the detector. The signal is only
prsent during a readout, bt is epeated for each readowt of a MULTIACCUM
sequence. We have now calibrated the amplifier glow signal for each of the
detectors; for sach readot, the amplitnde of the amplifier glow signal is of order
ans hondred =lectiore in the corners of the detector, and of order t=n =lectrons
close to the cemer. The signal is highly repeatable, and almost exactly lineady
dependent on number of mads (however, there is some minor evidence that thers
may be a small non-linzarity for mads made very closs together in time; the
arnplitnde of this pon-linearity typically amonnts to only a few electrons
accumunlated over an enfite MULT I ACCUM exposire in the brightest parts of the
armnplifier glow signal, however, so that our detection of this non-linearity is
marginal . However, this is a real signal, and is subject to photon statistics, =0 it is
a sonme of noise in MICWOS exposures. This, for the case of an ACCUM
exposnre with multiple and initial and final reads, althongh the moltiple w=ads
recnce the sffective read nois= of the observation, they also conmtribote extra
phaton noise via the amplifier glow, so that the gain in noise is in the end smaller
than might be expected, and stongly dependent on lacation in the detector fisld of
view Iclose to the corners the noise will actvally increase). Similarly, making
excessive numbers of reads in a MULTIACCUM exposure will add noise via the
amplifier glow, so that the trade-off between improved Cosmic Ray mjection,
rednoed read noise, and increased photon noise in the final image is a cormplicated
ane.

Read-Noise

Each detector has four independent readout amplifiers, sach of which eads a
128 x 128 quadmnt. The four different readouts each genesrate very similar
armounts of read noise to one another—this is illostrated in Figore 7.2, wher the
read noize distributiors for the Lst and 4th qouadmnts of the Camem | army are
compared. The distribotion of read noise valves for all the pixels in a given
quadramt is relatively narmow (see Figure 7.2; a FWHM of B electrons is
measured), so that there am very few very noisy pinels in these arrays (if the
distribotion wer very broad, calcolations of expected signal to noise valoes,
which were critically dependent on the rmad noise, wonld be misleading).
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Figure 7.2: Read Noise G haactaristics for Two Quadrants on Camem@ 1 Detactor
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Linearity and Saturation

Gronnd-testing of WICKMOS indicated that the detector msponse is slightly
non-linear over rmost of the nsefnl dynamic range. Satoration has been defined as
when the msponse deviates by more than 5% from a linear fit: this is s2en to occnr
for most pinels at abont 90% of full well. We find that a deviation of more than
0.5% from linearity occurs at abowt 15% of foll well. The response curve is well
fit by a second omer polynamial, which is nsed to correct observations in the
calibration pipeline. At the time of this wiiting, on-orbit tests of the linzarity are
expectad to be carded ot shortly.

Effects of Overexposure of the NICMOS Detectors

Overexposur of the MICKOS detectors will not camss pemmansnt harm and
therefore WMICH OS5 does not have bright object limitations. However, two attifacts
result from exposures that overxposs one or more pixels:

+ An afterimage with excess dark curent persists for 10 minmtes. Decay of
thiz signal depends both vpon elapsed time and, fairly strongly, upon the
number of readomts performed (ongoing modifications to the “amoflsh™
procedure nsed betwesn exposnrss may impmove this sitbation). 1t is not
nrreasonable to expect signals of ~1 e/sscond np to an howr following a
SEVElE eXpoSLre.
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+ Extremely bright targets can msult in faint “phantom™ images at the same
pinel locations in the other three quadmnts of the detector. (Each 256m 256
pinel MICNOS detector corsists of 4+ 128x1 28 quadmnts).

Obeervers with targets expectsd to resnlt in significant oversxposnre shounld
examine the 5TScl MICHOS WWW pages for npdatss and consult with their
5TScl Contact Scientists during their Phase 11 proposal preparation.

Effect of Cosmic Rays

As with TCDs, cosmic ray hits will prodnce unwanted signal in the ontpot
irmages, but hot pixels are not expectad to develop from soch hits. The NICHIOS
armys have been snbjected to radiation doses moch higher than expected in their
entire lifetime in accelerator t=sts withowt sustaining any long-temn damage or
measurable depreciation in DQE. Hence, cosmic rays shonld have little impact on
the long-term array performance in orbit.

On-orbit measorement of the distd biotion of cosmic mys shows 12 to L&
evens/second'Camera for 5 sigma events. With a typical event genemting a >=5
sigma event in -2 pinzls, this corresponds to 2 fo 3 pixels/second’Camera For a
2000 second integmtion, about 10% of the pixels in the detector will show coemic
[ay events.

Therefore, the frequency of cosmic my hits is large enongh that we
recornmend the vse of MOLTIACCUM for muoltiple A0CUM images) for all
expoenres longer than ~10 minumtes, in order to filter ont cosmic rays.
MULTIACCUM provides a series of intermediate non-destroctive reads as well as
the final image (see Chapter 8). These intemnediate mads can be vsed to identify
coemic my hits, analogoms to the vse of CRSPLITs in WEFPCZ or 5TLS
observations. The calibmtion pipeline, described in Chapter 13, can identify and
remove cosmic ray hits from MUL TIACCTM obssrvations.

Intra-Pixel Sensitivity Variations

As with many other modsrn amay detectors, the semsitivity of the WUZHLOS
detectos is lower near the edges of pinsls then in their centers. 1t is as thongh
there wem very small regions of redoced sensitivity along the intrapixel
boundaries. This mears that the response of a pixel to a sonwe whose flox
changes rapidly on asize scale comparable with or smaller than the pixe] size will
depend on where the center of the source lies with respect to the center of the
pimel. Since the latter is not known a prior, this effect will intmodoce some
nncettainty in the flim calibmtion for a point sonme. This oncertainty will be
largest for Camem 3 atshont wavelengthe, for which the PSF is undersampled. We
will try to measure the size of this effect on orbit, bot we expect it to be no more
than a few pewent nncertainty for Camera 3.
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Flat Field Response

Flat fizld fmmes taken with the WICH 05 amays show significant large-scale
non-uniformity as well as pinel-to-pinel floctnations. We shall correct these
fluctuatiors in the nomal way by flat fislding, which is an essential part of the
calibration pipeline.

Characteristics of the Flat Fields

Ln conjunction with the W1CH 05 science team we camied out a nnmber of flat
field tests vsing a flight spar detector army, and report her on oor esnlts.
(Detailed menlts are given in two technical mports: LR 5 and &, see the NMICH 03
WW W pages.) The flat fizld calibrations for the flight detectors themsslves wers
performed in July 1996 during gronnd testing and calibration. A large program of
sky and earth flats is presently starting on-orbit. Figore 7.3 shows the measored
flat field msponse at a number of wavelengths. (We estimate that the likely
nncertainties of the flat field responss measorements are ~4%.) At 0.8 microns,
the most sensitive armas on the array are = 2 times more s=nsitive than the mean,
and the l=ast sereitive arsas < /2 & sersitive (1.2, thers is vadation by a factor of
~5 in the relative response across the array). This declines to a factor of ~3 at a
wavelength of 2.2 micons, and at 2.5 microns the array is almost flat. To quantify
the large scale varations we have binned the data imo 10 x 10 pixel regions.
Wardatiore of almost a factor of 4 occur between the most and least sensitive
regions in the array at intermedi at= wavelengths and this rises to a factor of eight
at the shortest wavelengths.

Ln order to msess the amplitnde of pixel-to-pixel vanatiors in msponse, we
genemted a version of the flat field msponse smoothed by a 4 x4 pixel kernel,
then divided the original flat fizld response by this. The msult is displayed in
several ways in Figure 74, for a wavelength of 1.5 micmons, and shows that the
variations are essentially random with pesition on the army, and have a typical L3
arnplitnde ~8% and that the pixel-to-pixel variations are indspendent of the global

[CEparEe.
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Figure 7.3: Flat Fizld Response Imagas Using 10% Bandwidth Filters on a Flight
Spars Array. Wavelengths usad includa (@) 0.8pm, (B} 1.50m, (e} 2. 1pm and d)
2.5pm. The imagas have baen normalizad fo the mean response or each wave-
lzngth. The contours and greyscale are linsarly spacad in each image batweaan
normalized responses of 0.4 and 22, Significant areas of the aray span this
whola mnga atd.8um, while at 2.50m the anay s almast flat.
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Figure 7.4: High Spatial Fraquancy Moiss at 1.5pm. Thiswas measurad by divid-
ing tha imags in Figua 7.2, [b) by a smoothad varsion of itsalf (zes Bxf). Tha
grey-=cala varsion in (a) is scalad batwean 08 and 1.1. Slicas through the imags
ara plottad in [b) along row 1030 and in (e} akng column 100, The distrbution of
data is plofted asa histogram in [d).
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Wavelength Variations—Details

The size of the pinel-to-pixel sensitivity varatiors with wavelength is similar
to that measured for spatial vanatiors in the global flat field resporse. At 08
micrors the standard deviation of the pixnesl-to-pixe] s=reitivity variations is ~ 1 1%,
at 1.5 microns it is ~7%, ot 2.1 micmome ~6% and at 2.5 microns it is les= than the
nncertainties on our measurements. While it is difficolt to define a single number
which adequately quantifies the behavior of the flat field response over the entire
army, the standard deviation plat in Figure 7.5 gives a reasonable mpresentation
of the gensral manner in which the flat fisld resporse varies with wavelength.
Lrepecting this fignre we s=e that the pattems of variation in sersitivity with
wavelength are rather similar on small and large scales.
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Figure 7.5: Amplitude of Flat Field Response Variations asa Function of Wave-
lzngth. The solid line shows the global flat field response, definad as the standand
deviation of the individual pizal responsas, whila the dashad line shows tha
pixal-iopixel varations. Tha two follow the same bahavior vary closaly.

Standard deviation of response

.“J LI I L I L L I UL I
A
b
L |
o, lI'-I |
-.-E ) - i [5] -
e | =
K= i
o . o =
= - e &
= S &
— 0 — .
—_ k! —
- =) y
= | 5
o
g } -
= g 1™ o~
- 5 —
| .
o
a a
1 15 2 frfl=]

Wavelength (jpem}

The relative resporse of fonr select=d areas of three pixzls i= displayed in
Figure 76, Each area plotted corsists of adjacent pixels, either in a line or in an
“L""shape. Two of the areas are from regions which were clearly of mlatively high
sensitivity, and the other two in regiors of relatively low sensitivity. The ratio of
the pinel sersitivity over the mean for the army at that wavelength is plotted
against wavelength, msing all of our 10% bandwidth measnements. The resnlts
show clearly that for many pixels, at wavelengths betwesn 1.0 and 22 microns the
wvariation in resporse changes fairly slowly, bt that at a wavelength near 2.25
microns ther is a turnover, past which the change with wavelength is dmmatic.
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Figure 7.6: Relative Responss as a Functlion of Wavalength of Threa-Pixal
Goups. These diagams basically show the response of a given pixal izlative to
tha maan for the aray at sach wavelenath, for groups of pixels in regions of low
sansitivity (top panaly and high sensitivity bottom panel). Thesa figures show that
tha responsa flattens Epidly kbngward of 2.2 microns.
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The mther dramatic changs in the flat fizld meponse near 225 micors is likely
to degmde the photometric accuracy of observations in the longest wavelength
BT OS5 filters. To estimate the magnitnde of these effects we can make a
number of comparisors of data in this wavelength region. Fist, we compare the
bmad band (K flat fizld responee with the 10% bandwidth 2.2 micmors flat field
resporees. The two flat field images differ by almost 10%, which emphasizes how
rapidly the rsporee iz changing inside the K bandpms. Secondly, we have
compared the flat fizld msponse images obtained wing 2 filters: the 10% bandpass
filter at 2.4 microns and the namow bandpass filter at 2 415 microns. We find that
they differ by abont 4%, closs to the nncertainties in the data. Thess msults suggest
that the change in the flat field resporse between 2.3 mictons and 2.5 micrors is
more or legs linsar.
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Overall, present indications are:

+ The flat field mspones variations are large and wavelength dependent. The
difference in resporee betwesn the most and l=ast sersitive aress is almost a
factor of five at the shortest wavelengths and a factor of 1.1 at the longest
wavelengths.

+ The variation with wavelength is not linear, the lamgest variations occnming
in small wavebands shortwamrd of 1.1 micwons and longward of 2.2 microns.
The variations in msponse longward of abomt 2.2 micmons are moch more
extreme than those shortward of 1.1 microns.

+ The arays exhibit wavelength dependent pixel-to-pixe] resporse variations,
ranging from an amplitnde of order 10% at the shorter wavelengthe to l=s
than our measnement nncertainties at the longest wavelengths. The varnia-
tion with wavelength of the pixmel-to-pinel msponss variations is almost
identical to the behavior of the global flat field esponse variations.

Despite these msolts, we sxpect to be able to flat fisld on-orbit astronomical
data to high precision becamse the nonuniformities shonld be very stable with
time.

Special Situations

Sources with Extreme Colors

We have camied out tests to establish the lik=ly impact on photometric
obssrvations of somces of extreme colors indoced by the wavelength-dependent
flat field. For each filter, we nsed two sonmes with different coloE assuming
spectml energy distribotions were black-body functions. The fistcase had acolor
temperature of 10,000K, and thue is typical of stellar photosphers and the
resultant color is represemtative of the bluer of the sources that will be seen with
BICH OS5 (1tis worth noting that for reflection nebolas illnminated by hotstas, a
significantly bloer spectmm is often seen.) The second source had a color
temperature of 700K which in gronnd-bassd temms corrssponds to [1 - K] =5, a
typical color enconntered for embedded sources, such as Young Stellar Objects
(M50s). [Again, ther are sowmrces which ar known to be redder. The
Becklin-Mengebaver object, for example, has no poblished photometry at 1, bot
has [H - K] = 4.1, and the massive Y50 AFGL2591 has [J - K] = 6.0. ¥50s with
[l - K]=T7 am known, althongh not in large mombers. )

An exarmple of a pair of the simnlated spectra is shown Figne 7.7, for the
F 110w filter. In this filter an image of a very red sonwe will be dominated by the
flat field msponse in the 1.2 to 1 4 micron interval, while for a bloe somrce the
most important contri bution will come from the 0.8 to 1.0 micron interval. The
results of our stody for the worst affectsd filt=rs ar= shown in Table 7.2

+ Even for the broadest MICKI OS5 filters the wavelength dependence of the
flat fizld resporse genemtes only small photometric ermos, typically less
than 3% for sources of unknown color. Mot surprsingly, the lagest ermors
arise in the 3 broadband filters whose bandpasses include some part of the
regions where the flat fizld resporee changes most rapidly.



Flat Field Response [l 117

The same wsults hold troe even for filters at the most exteme wavelengths
leg., FOSO0M, F222Mand F240M) becanse of their small bandwidth.

1t will probably be difficult to obtain photometry o better than the limits
ghowrn in Table 7.2 for the FOS0M, F110w, F140%W, F205% and
F240M filters, and observers requiting higher accumey shounld contact the
Help Desk at 5T5cl for guidance.

These errors can pwobably be corrected if mom accurate photometry is
needed, by taking multi-wavelength obezrvations and tsing an itetative cor
rection techniqoe.

For observems reqniring high precision photometry, thess repressnt non-triv-
ial limits beyond which it will not be possible to ventore without obtaining
multi-wavelength images. Ln order to obtain 1% precision nsing the F11 0w
filter, for imnstance, observers should observe at a minimum of ane other
wavelength. The color information derived from the pair (or gronp) of
images covld then be nsed to comstroct a more appropriate flat fisld image,
which conld then be applizd to improve the color information, and so an.

Figure 7.7: Detected Source Spectrum. These are for sources with color tempar-
aturas of 700K [=olid line) and 10,000K [dashad ling). It iseasy to sas that the
detected image will be dominated by the flatfisld response in the 1.2-1.4pm
ragion for a 700K saurce, while for a 10,000K souice the detected image willba
affected by the flat fisld responsa throughout thea filer bandpass.

Zlgnal detected via F110W Tilter
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Table 7.2: Filers with Laigest Photomatric Enors for Souces of Exdrema Caolon

10,000K model]. 700 K model.
Error {pe rcent) Errar { pe rcent)
. __ _________ ________ ___________________________________________________]}

Filier

Frdtd <1 12
F11amy 1.1 25
F 14m% a7 3l
F laamy <1 a3
FLE3T% <1 a3
FX5% 04+ 21
F222W <1 a.l
F24.01 1 ae

Extended Sources with Extreme Spatial Color
Variations

COur analysis has been limited to point sources, bt some mention should be
made of the sitmation for extended objects. A good example is the Y50
APGL259L. This has an extremely red core, whoss [J - K] = & and which is
entirely nndetected optical ly. Howewver, it also has a large 1R nebula which is quite
prominent at 1 and K, and in the red visnal region, bot moch fainter at L, and
which is probably a reflection nebnlosity. Spatially, the nebunla has highl y variable
color, some parts of it having fairly nentml or even slightly bloe colors in the
WICM OS5 waveband, while other parts are extremel y red. Obtaining very accomte
measurements of the color of such asonwe wonld again equire the mse of images
at more than one wavelength and an iterative tool of the kind described eadier. A
forther example of this kind of complicated object is the prototypical post-AGH
ohject CRL2IGEE, the Cygnie Egg Mebnla, which has an extremely bloe bipolar
reflection nebnla snrmunding an extremel v red core. Technigqoes which requirs
very accurate measnrements of the suface brightness of extended objects, such as
the brightness fluctoation technigue for distant galaxies, will need to be applisd
with care given to the photometric uncertainties such as those discnssed here.

Multi-Object Grism Spectroscopy

Flat fizlding will be a potential limiting factor dve to the combined effect of the
source spectrim and sky backgronnd falling on individnal pixels. Astronomical
sources well above the backgronnd shonld be measurable. Spectra of very faint
sources are lik=ly to be s=verely modulated by the flat fi=ld.



CHAPTER 8
Detector Readout
Modes

Imtroduction

In This Chapter...
/118
Accumulate Mode /

Multiple-Accumulate Moda /

MULTIAZC UK Predefined Sample Sequences (SAMP-5EQ) /S
Read Times and Dark Current Calbation in AGCUM Moda /
Acquisition Moda /

MICWOS Science Data /

The MICHIOS flight software supports seveml detector readont medes which
take advantage of the non-destmctive read capabilities of the detectors to yield the
optimum signal to noise for your science observations. These are described in
detail in this chapter. In describing thess we introdoce the nomenclatore meed to
command =ach of the mades in the Phas= 11 proposal instroctiors. Finally we give

recormrnendations abowt when to nee of =ach of thess madout modes.

v Meady all sbservers should vse the MUL TIACCUM mode.

Introduction

MICTI 0S5 has four detactor readomt modss that may be msed to take data. After
obesrving time has been approved, the choices of madont mode can be selected by
the observer when completing the Phass 11 pmoposal entry. However, a potential
obesrver most understand the advantages and limitatiors of each of the readont
modes inomder to proped ¥ design their Phase 1 proposal. Since ERIGHTOEJ and
EAMP are “available”™ modes (i.e., not fully supported by STScl), the necessity for

118
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their nse shonld be spelled owt in the Phase | proposal. Efficiency is not a reason
to nse an “available™ mode.

There are thres supported readom options within this geneml fmmework:
1. Mlultiple-accnmnlate Maode.

2. Accumulate Blods.

3. Acgnisition Mode.

The basic scientific rationale behind =ach of these modes, and a summary of
their capabilities is omtlined in Table 8.1, along with a recommendation regamding
their nse. The Phass 11 proposal irstroctions nesded to identify the readomt modes
are given in brckets nnder the mode name.

Table 8.1: Readout Modesand thair Functions

Maocle (N2 Functionality Recommerndation
e ————————————————————————————————————
Accnmulate Simplest observing mode Can rednce noise by performing EUL T I ACCT 1R mode
[Ty G ] Prodnces a single image and avemgingmuHiple initialand i preferd.
Klay help sas= daia vomme fiml readoms
comstmins 17 0.57 seconds

Limiled 1o 173 tabnlar integmtion
times, 32 of which may have
makhead dark curreni calbmtions.

Telnltiple- Accnmulate Faim 1agets Flultiple readowms ai Smitab e for mosi
(UL IT AT ) Large dymmic mnge= specific 1imes during progmms.
COplimal image comsimction. animegration Lk whensver high
Cromnd processing of 5590 =1 >0215 s=cands dymmic nge nead
cozmic mys and syinmiion. Mombet of readomts = 25 ez somtoe with brighl
Long wavelengih imMeagmtions core and faim exiended

emission of lbng
integrations 1imes.

Cinboand Acqmisilion Locate brighlesi sonnce ina Two AOC1EY exposures are Reasombly brighi
RO stharmy and reposition 12lescope obtined, combined with cozmic somices on 1nchow dad

1o place sanrce behind my rejection, sonrces boated, and  fizlds.

catanagrphic spod camerad

|

Trighl Chjeci Forbrigh fargets which wonld res=d/read e ailiead sach pixel When possible ns=a
{ERI GHTOE.T) satnrate the armys inthe other saqnentially in 2 qoadrand murreny filter with

modes with theshotesiimesgntion 1< 0.2 seconds RO inslead

{ime allowed

Famp Faim 1amets Shops compohtion UL T T ACC TR
(FRIMF) Large dy mmic range Rednces Dot Volme snperior. Cinly nse this
Lnceriain 1arged flm Frovides Variance and valid if datavolume becomes
COnboard cosmic iy remonval mmples army ani=ne
Cirboard sammtion defactian 1= 50 seconds
mmbet of reademis < 50
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v RAMP and ERIGHTOE T modes are not supported for Cycle 7-HICHOS. See
Appendix for a more detailed descr ption of these modes.

Detector Resetting as a Shutter

1t is important to mmember that WLCK 05 does nor have a physical shumer
mechanism. Instead, the following sequence of operations ar performed to obtain
AN eXpos ure:

*  Array resef: All pinels ar s=t to zero—the bias level.

* Array read:. The chamge in each pixel is measured and stored in the
on-board computer’s memory. This happens as soon as practical after the
army reset. In effect, a very short exposure image is stored in memoty.

+ Integration: M1CK 035 exposes for the period specified for the integration.

* Array read. The chaige in each pixel is measored and stored in the
on-board compimters memory.

Fast and Slow Readout Modes

The MUICHL 05 detectors have two readout speeds: FAST and SLOW. The vse of
SLOW mode imposes a 3 second readowt overhead which increases the minimuom
poesible intsgration time (to slightly mor than 3 seconds). When multiple
readonts are obtained in A0CUM mode, the readont overhead becomes mther largs
ieg., 30 seconds at the beginning and end of an exposure for IREAD=10 making
60 s=conds the minimom exposure time ).

v At this time we adviss observers to mee the FAST readomt mode. To significant
acvantages wanlts from meing SLOW readomt mode, and calibmtiors for that
mode are not planned.

Accumulate Mode

The Accwmudare Readour Mede (2CCUM) genemtes the simplsst basic
exposnre. In its si mplest incarnation, nve sample readour, illustmted in Figore 8.1
it is analogons to a WFPCZ readowt. This simple two sample readont stmtegy is
the one to mee for short imegmtions of elatively bright objects, and when yon are
obesrving in the backgronnd limited regime at long wavelengthe. This s=ction is
therefore a good place to start to get familiar with the concepts inhemnt in the
operation of the MUCHIOS amays, incloding their nen-desrrucrive readonr
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capabilities. The allowed ACCUM mode integration times ar msticted to 173
tabular values. Furthermore, as described on page 130, only a maximnom of 32 of
these will have matched dads calibration frames. (ln Cyele 7 only a f=w times ars
being calibmted for ACCUM mode becamee few observers are nsing it. |

The fist action of an ACCUM exposnre is three passes though the detector
reserrsing each of the pinels. The et is immediately followed by a fourth pas
thmugh the detector mon-desrrucnvely reading and storing the pinel valvpes. This
marks the beginning of the imegmtion. The final action iz a second
non-destroctive reading of the detector, which marks the end of the imegmtion.
The returned image is the difference between the second and the first pass pixel
values, and the integration time is defined as the time betwasn the first and second
read of the first pinel. The minimum exposure time is ~ 06 sec, and the minimom
time between snccessive exposnies is ~ & L2 seconds. 1t has the minimom time for
output amplifier operation which minimizes the amplifier glow contribution to the
image (s below). This method does not discr minate against cosmic ray events
or check for satnmtion levels in the image onboard the spacecraft.

Figure 8.1: Basic NICWMO5 Readout—Simple Two-Sample Readout
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Fluzh titme iz 06155 and is followed immediai=ly by the Thitial Readont.

Multiple Initial and Final Sample Readout

The observer has the option of regnesting muisiple reads in place of the single
initial and final radoots in ACCTUM mode. Ln this cass after the detector array is
reset it will be followed by 1-25 (specified by the IREAD parameter) reads of the
initial pinel valnes which are averaged onboard to define the initial signal level.
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After the exposure time has el apsed, the final pixnel values are again mad 1IREAD
times and averaged onboard. The data downlinked is the difference between the
initial and final average signal levels for sach pixel. The integmtion time is
defined as the time between the first read of the first pinel in the initial NREAD
pases and the fist read of the fist pixel in the final IREAD passes. The nse of
multiple mads in ACCUM mode is illostrated in Figne B2 for the case of
NEERAD =+

. _____________________________________________________________________________________|
v For Cycle 7 and Cycle 7-HICKOS only IREAD =1 or 9 is supported (any other

valnes are considered “available”—uorenpported—modes).
|

The advantage of this method is a reduction in the read noise associated with
the initial and final r=ads, which can reduce the nois= in imesrmediate tims
integrations on faint sonroes. In theory the read noise shounld be redoced by
L/ini'® whers n is the number of reads. For imegmtiors where sonme photon
noise or datk current noiss excesds the detector read noise the mnltiple madonts
may not offer moch advantage. This option pots a higher burden on the CPL and
requires an additional time per radont of 0.3 ssconds in FAST mode. This mods
does not discriminate against cosmic my events and does not check for satoration
onboard the spacecmft. An effect known as amplifier glow, which adds extra
signal and associated noise close to the corners of the array, is important when
multiple rzadonts are made. Amplifier glow iz an additive noise sonme. The
phaton naoise added in the amplifier glow signal is large enongh that for NREAD =
10 there is little forther gain in noise, and the maximom impmovement in effective
read noise over asingle initial and final mad is abont a factor of two.
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Figure 8.2: ACCUM Moda with Four Initial and Final Readouts
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Multiple-Accumulate Mode

Mormally a single integration on a target wsolts ina single 250x250 image at
the temmination of the exposure. The non-dsstmctive natore of the WICHIOS
readont offers mor elaborate methods of vsing the imstmment which aim to
optimize the scientific content of the resnlts. Ln particnlar it is possible to read-ont
irnages at imtermediate stages of an imegmtion and refum both these and the final
image fo the ground. 1n this mode of aperation, known as Multple- Accwnnlare
(MULTIACCUM), each intemmediate madowt can anly consist of a single readout.
The observer nses this capability by creating a list of times, specified by the
SAMP-TIME parameters, at which the detector pimels ar mad oot
non-destroctively cr=ating images of vardowe integmtion times. The choice of the
times during the imegration in which the observer can create these reads is very
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flexible, for example they might be linsarly spaced or logarithmically spaced.
Linzarly spaced exposnmes may be mseful for very faint targets wher cosmic ray
filtering is important while logarithmically spaced exposures penmnit the
obe=rvation of a very wids dynamic mnge. The process is shown schematically in
Figure 8.3 for the case of logarithmically spaced imervals with 1SAMP=4. Ln
MULTIACCUM the detector mset is followed by a single read of the initial pinel
valnes. Then a sequence of non-destroctive array madonts are obtained at o bserver
specified times. Up to 25 madoms can be specified spanning a total imegration
tirne from 0.203 seconds to 85900 ssconds. The last read of the detector array
ends the exposure and thie the last SAMP-TIME will be eqnoal to the total
exposnre time. All of the readonts, incloding the initial madout, ar stored and
downlinked withowt any onboard processing. This is differnt to ACCUM mode as
the initial mad is also mtormed and no on beard sobtraction occurs. For N
readouts, this mode mquires the storage and tranemission (downlink) of A+1
times as muoch data volume for ACCUM mods.

MULTIACCUM mode arguably provides the highest quality scientific data in
refirn. The bensfits of obtaining observations in MULTIACCUM mode fall into
two arsas.

* The dynamic mnge of the observation is greatly increased. Rather than
being limited by the chage capacity of a MICKOS pixel (a fow x 107 elec-
trons), an obssrvation s dynamic range is in principle limited by the prodoct
of the pixel capacity and the ratio of the longesst and shortest exposires
(85900 and 0.203 seconds). In pmctice, the PSF and internal sty light
will probably be the limiting factos.

* Animage can be reconstrocted by processing of the stack of readouts o
cope with the effects of cosmic my particle events, as well as satnmtion.

MULTIACCUM provides the best choice for deep integmtions or integmtions on
fizlds with objects of quite differ=nt brightness except when the signal is readnoiss
limited or the background signal is so bright that it requires the e of short
exposures wher the backgronnd of the telescope dominates the signal. fn rhe
absence of compelling rmsons, observers showld use MULTIACCUM for all
ahsenwtions.
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Figure 8.3: Example MU LTI-ACCUM with NSAMP = 4
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MULTIACCUM Predefined Sample Sequences
(SAMP-SEQ)

While it is possible to specify MULT I ACCUM obssrvations with nearly any s=t
of up to 25 readont times, snch nsage resolts in a mquirement to s=nd excessive
volumes of commanding information up to H5T. Accordingly, 5TScl and the
WICHWOS 10T defined a set of sequences which shonld cover neady all
applications of MULTIACCUM These are defined in Table 8.2, The observer
specifies the name of the sequence and the mumber of samples to be obtai ned. The
SCAMRR and MCAMRR are to be msed when the fastest t=mporal sampling is
desited. The MLF sequences provide a combination of the A0CTM (with NREAD=8
to redoee noise) plis 9 inteunediate samples for cosmic my rejection and handling
satnmted sources. The SPARSO4 and SPARS256 sequences have mlatively few
readonts and may be helpful when two or more cameras are operated in parallel
lin particolar they generally pemmit a second camemm to operats in parallel with a
minimal impact on the operation of the primary camem). The STEPx sequences
all start with three mpid readomts and then are logarithmically spaced to provide a
large dynamic mnge up to their defined time (e.g., 3 TEPS4 has log steps up to &4
seconds) and then mvert to linear spacing.
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Table 8.2: MIULTIACCUEH SAMP-SECQS

Eﬁ::ﬂ Readout Times Die scription
SCAMER 0.2032 n.406 n.s09 n.812 1.01%  Single camemn fasier pomble
1.218 1.421 1.624d 1.827 I.020 opemation
2.2312 2.436 2.6289 2.842 2.043
3.248 3.451 3.654 3.837 4.060
1.262 1.d66 1,669 1.872 3.073
MCAMER .30 i.s08 i.208 1.212 1.515% Fasia=i Pmmblc- Qpenﬁgn
l1.818 2,121 2.424 2.727 2.020  with2 or 3 camems nsad in
3.333 31.836 3.939 1.2az 4.345  panllel
4.848 3,151 3,454 3,737 . 0E0
&6.262 6. 666 6. 965 7.272 7T.578
ETEPL 0.203 0.606 0. 99% 1.993 2,991 Rapid reads np 15 1 second
1,989 4.987 53.983 G6.983 7.281 qh=n lsecond sleps
g.ore 9.977 10.9735 11.972 12.971
12. 559 14,8287 15,5865 l&. 9632 17 .96l
lg.939 19, 9357 20.953 21.952 22.931
ETER 0.30> 0.606 0.9935 1.993 3.987 Rapid reads op 10 2 seconds
J.981 7.975 9.5968 ll.962 12.237  then 2second sleps
15.53]1 17.5845 19, 5835 21.933 23 .527
25.8921 27.815 29.908 21.902 2%.897
35.E91 A7 .BES 39, 87D 41.8732 43 .867
ETEER 0.2032 0,606 0,995 1,993 2,987 FRapid reads op 108 seconds
7.981 15,875 23.868 2l. 9632 28,937 then Ssecond si=ps
47.831 55,9453 63.939 TL.932 7 27
B7.8921 a3, 915 L03. 209 111.903 119.897
127.E91 L25.BED L12. 878 131.872 139,867
STEE L& 0.202 0.806 0.985 1.983 2.987 Rapid reads np 1o 16 s=conds
7.981 15,975 3l. 9608 47. 9632 £2.937  jhen lésscond sleps
TR, 93] a3, 945 111.9239 127.933 143,927
139,921 173,915 lal.92098 207.903 222.897
235 B9l 255, BED 271.878 287.872 203,887
STERI? 0.203 0.606 0. 99% 1.993 3. 987 Rapid reads np 10 32 secands
7.981 13,975 1. 950 &%, 96D 25,9262 then 32 second steps
127.969 1539, DD Lol 20 22%.968 235,989
287.5869 3l9. 5e0 151 . 59658 283, 950 415 . 959
447 .969 479.8568 3ll.969 343,960 375,969
STER&L 0.30> 0.606 0.9935 1.993 3.987 Rapid reads np 1064 seconds
7.981 13,975 1. 950 &%, 96D 27 .26587 then Sdsecond sleps
19l . 55 255,563 219, 5861 283,955 447 .837
511.935 575,952 39, 93] 703,949 767 .937
831.92435 893,943 a59. 941 1022, 939 1087 .937
ETEPRLYS 0.2032 0,606 0,995 1,993 2.9287 FRapid reads np 10 123
7.981 15,875 2l. 5965 &3, 965 127 .9687 seconds then 128 second
255,961 182,953 3ll.92499 619,943 TET .27 s
ga3. 93l L0232, 9225 1151 .9219 1272.913 1407 .9207
13235.9201 LEE62. 895 179l . 88D 191%. 882 2047 .877
ETERYSH 0.202 0.806 0.985 1.983 2.987 Rapid reads np 10 254
7.981 15,975 3l. 9608 EX. 960 127 .9687 seconds then 255 second
21535.961 Sll.9261 TET.DEL 1022, 961 1279 . 9561 st
1325.961 1791, 9261 2047.9261 2202961 2339, 961
2815.5861 071,861 2227.861 1382, 951 2829 . 95l
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Table 8.2 FULTIACCUH SAMP -5EQs (Continuad)

Eﬁ::ﬂ Readout Times Die scription
WIIF5L2 0.202 0.6806 n.202 1.212 1.313 Eigh mpid readoni aistad
1.818 2.121 2.424 31,984 52.98d  and endwith 7 evenly spaced
127.852 191 . 990 255 9BE 119 986 183 .984 readoms over 512 seconds
447 .9282 511,280 %12.283 S12. 586 512 .889
S3l3.192 513,493 IL2.7T0E Sl4.101 =14 .404
MIF L2 .30 i.s08 i.208 1.212 1.515% E|3|11 npidre:,da'u1:|_15t|_r|
1.818 2.121 2.424 53.5988 127.9297  and endwith T evenly spaced
155.9291 383 9ES Sl1.979 639,973 767 .967 readams over 1074 saconds
ga5.961 L0222, 255 1024.258 1024.35l 1024 .8684
Laz2s. 187 Lo2%. 470 102%. 773 102E.076 1028.37%9
WIE LS 030 0.606 n.9209 1.212 1.%1% Eizh mapid readomi aistan
1.818 2.1z1 2.424 27.585 155,282  and endwith Tevenly s paced
S3ll.289 TET.DED 1022.9289 127,989 1325.989  meadows over 2043 seconds
1781 589 2047 .98 2048 . 282 2048 . 395 2048 .898
2n49.z20l 2049, 504 2049 BOT 20%0.110 20%0 .4132
MIF 072 0.302 0.606 n.20%9 1.212 1.51% FEighl mpid madoni 2=t
l1.818 2.1Z1 2.424 27.985 133,282  and endwith Tevenly spaced
635 _Sg8 Lo23 2gE7 1407 .986 1751 . 585 2175984 readotms over 307 s=conds
21%%9 983 nTl. 981 72,284 ip72.387 3072 .890
73193 7. 496 T3, 799 amTd.102 3074 .d03
EPAR SAd 0.202 0.6806 53,9294 27.5982 191 .990 Similario STEPS4 b
188 588 il5 BEs 383 584 447 . 982 311 .280  withom the rapid infiial
578.978 5639 976 T03. 974 767.8972 811 .970 readoms
95, 958 959 . 966 1023, 264 1087. 962 1131 . 960
1215.9238 L279.9256 1242, 9254 1407.932 1471 .930
SPARSI56 0303 0.806 255 885 511,988 TET L9968  Similarto STEPFT5 bni
1023 995 12759.885 1535 995 179l . 995 2047 .996 withom the mpid infinal
2303.9296 2559, 9956 2815 996 nTl. 996 3327 995 raadems
1382.9296 2839.996 4095, 295 4231 . 996 4507 . 998
48683 . 888 Bll9. 885 178 885 S5l . 898 TEET . 888

Trade-offs Between ACCUM and MULTIACCUM

Given that there iz so much more information pressnt in 2 MULTIACCUM
dataset than in an 20CTUM dataset, it may s=em obvious that MUL TI 200U shoold
always be the preferred madont mode. In practise, the trade-off is not always so
straightforward.

Becamse of the fixed readont pattems avai lable for nse in MUL TTACCUM mode
(the SAMP-SEQs], in owder to make an exposore of total integration time a minuts
or twa, it is necsssary in most modes to make a significamt number of readonts.
This leads to a significant volume of data to process. Additionally, the radonts are
initially stored in a buffer in the MICHOS flight compnoter. A maximuom of 100
readonts can be stored in this boffer, after which the coments of the boffer mnst be
dumped to the Solid State Recorder. A foll domp of 100 mads takes almost thiee
mimites. At the time of writing, this pmeess cannot occor in pamllel with other
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WICH OS5 observations, which means that for every 100 images obtained, neatdy
thiee mimtes of overhead time are incurred. Obvionsly, for pograms equiring
many exposares of only a few minmtes” doration, if MULT TACCUM readomt mods
iz nsed this can lead to very large overtheads. ACCTUM mode, on the other hand,
yields only a single image in memory for each exposome, and so is moch less
expensive in overheads. Efforts are underway to redoce this ovethead time, by
making it possible to schednle boffer domps in parallel with exposing the
detectors in some circnmstances, bot this effort is not yet complete. ACCUM mode
may thue appear attmctive for programe mequiring many exposures. Finally,
becanse almeet all MULTIACCUM exposures will consist of many madonts
itypically ten or mare], the amplifier glow signal, and the manlting photon noise,
will be quite significant. Ln 20CUM mode on the other hand, it is possible to adopt
just two reads (one initial and one final), greatly redocing the amplifier glow
signal. This may be advantageons in cases where the background and target are
very faint (e.g., narrowband line images).

There are a varisty of disadvantages to ACCUM mode. First, the ability which is
pressnt in a MUL TTACCUM exposure to filter ont TR hits which oocor doring the
exposnre is lost. We find for WMLCHL OS5 that typically betwesn 2 and 4 pixels are hit
per sscond percamemn by CRs: most of thess are low ensrgy and so can be filtered
o of a MULTIACCUM exposure by the calnica software. ln ACCUM mode the
process of CR removal mquires separate exposures, and is a time consnrming pisce
of post-processing as it is for WFPC2. Second, the ability to detect pinel
satnmtion, which again is done amomatically for MUL TIACCUM observations by
calnica, can in some circumstances be lostin ACCUM mode. Th erason for this is
that the time elapsed between the first read for each pimel and the reset
immediately prior to the read is approximately 0.2 seconds. Doning this time,
pinels exposed to a bright target will accumulate significant signal, which is then
pres=nt in the first read. When this is subtracted on-board in ACCUM mode, all the
charge accnmulated in the time between mset and read will be subtmcted. 1If the
pinezl has satorated during the exposure, the difference betwesn initial and final
reads will be less than the expected satoration valve for the pixel, and thos it may
be impossible to recognise that the pixel as satumted. Thos in the case of bright
targets, erronsons signal levels may be recorded in ACCUM mode Third, in
AOCUM mode, even if pixel satnmtion is detected, it is not possible to repair the
data obtained in the satorated pixel. In MULTIACCUM mode, pixels which have
satomted can be repaired by msing the msolts of previows, nnsatnmted rads
during the same exposure. Finally, becamse of the many advantages of
MULTIACCUM over ACCUM, during Cycle 7 mther few observers am vsing
AOCUM mode. As a rsnlt, the quality of the calibmtion of dark corrent for A0CTUM
mode is likely to be significantly lower than that for MULT I ACCUM.

Ln conclosion, in cases where a moltitnde of short duration exposures must be
made per orbit, or where there is very low backgronnd and a desire to minimiss
the amplifier glow contribontion to the noiss, ACCUM may possibly (but not
necessanly | be a good choice. 1n all other cases itis likely that MULT TACCUM will
wield the best resnlts, and we recommend that all observers attempt to nss
MULTIACTTIM.
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Read Times and Dark Current Calibration in
ACCUM Mode

Becamse of the effects of shading, and the possibility that the onderlving dark
current may vary with time since rez=t, the removal of dadk coment (for calibration
purposss, we implicitly assume shading and amplifier glow is a part of the time
variable “datk coment”) from data is more complicated than for many other
instruments. The most accorate way to remove the dark corrent from any
observation is a measorement of the dark corent with an identical imegration
time. This wonld also apply to every individoal mad-omt in a MULTIACCUM
obssrvation. Of covrse, this wonld be pmhibitively expersive in on-orbit
calibration time. lretead, we have adopted two stmtegies. Fimst, for aoCuM
obssrvations we will maks dark current calibmtion observations for a set of 8
exposnre times for a single initial and final read (listed below) and 14 exposore
times for 9 initial and final reads. As for WEPCZ, only a certain set of exposore
times are allowed in ACCUM mode (173 times are specified corrently, ranging
from 0.57 seconds to 3600 ssconds |, and in Phass 11 poposals any mser s=lectad
exposnre time will be ronnded down to the nearest available option from the 173
available times. 1f you sel=ct one of the times listed below (this list will be
published with the Phase 11 Froposal Instroctions), then the calibmtion databass
nsed by the calibration pipeline software will contain dark current calibration files
which are an exact match to your expesnre times. On the other hand, if yon most
nse any other one of the 173 allowed exposnme times in ACCUM mode, the
calibration pipeline will interpolate between the varions files in the database to
determine the dark current for yoor exposure time. Bassd on our corrent
nnderstanding, we expect thisto be a very accurate technigoe, and to be limited by
the signal to noise in the dark observations mther than by the imerpolation
accuracy. For MULTIACCUM modes, dadk calibrations will be mads to match =ach
of the 16 SAMP-SEQs. Finally, we note that SLOW madont mode is not supported
and no calibmtion of this mode will be provided by STScl.

Acquisition Mode

lmages obtained meing the comnpograph in Camera 2 may be taken vsing any of
the detector read-ont modes. An ACQ mode observation performs an antonomons
or+board acquisition (mode 2 acquisition ) for snbseqoent coronogmph images.

In thiz mode the target is first acquired in the Coronographic Aognisition
Apertore (s== Figure 5.1). The 200 mode image is now obtained, with an
integration time specified by the observer, which should be long enongh to
determine the centroid of the target image accurately. An ACQ mode exposore
actoally resnlts in two images. Each image is analogons to an 20CUM mode image
lie., it has a single reset and read before and after each imtegmtion period). The
two images are flat fislded and corrected for the “shading™ effect (s=e Chapter 3)
nsing the on-board MICKIOS computer, and then comparsd in order to filter oot
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Table 8.3: Praliminary Exposura Times with Dark Gurrent Caliation

Time {seco ndsh Time (seconds)

(NREAD=1} (NREA D=a)
1471 9939
203 12075
4 863 15.157
a7ls 1533
15714 12533
58142 30274

118.24a 44909
229 430 a2.7az
28335
114206
la3642
234240
#5158
435.143

any CR hits. The brightest object common to both images and located inside the
coronographic acquisition apertore is fonnd. This object is assnmed to be the
desired target. A simple (and of nndemoretrated reliability for anvthing other than
a point or circular sonrce) algorithm is now meed to determine the position of the
centroid of this source, and the telescope is moved soch that this position is
cemered in the coronographic hole. The expected accuracy of this procedure for
point soumwes is better than one guarter of a Camera 2 pinel (i.e, 0.019 arcssc),
assnming all cosmic rays are snocessfolly removed on-board. The instmment is
now ready to acguire more data, and the 200 mode procedure finished.

Problerme to beware of in the 200 pmocess inclode cosmic rays and
coronograph centering accumey. 1t is expected, a5 mentionsd abave, that the target
shonld be cemerad behind the hole with an accuracy of better than one guarterof a
pinel. How much better remains to be szen. Observers shonld note that in order to
compare library P5Fs with coronogmphic images for the purposes of determining
source extensiors ot morphology, an accuracy of one quarter of a pixel may not be
snfficient at long wavelengthe. The two separate images obtained in 200 mods
will filter ot most cosmic mys in short exposures, bot if an 200 mode exposore
longer than abont 1O minwmes (i.e., 5 minotes for each of the CRSPLI T images) is
required, obssrvers shoold serionsly comsider a REUSE TARGET OFFSET ar
INT-ACD observation, becamse the probability of 2 TR hit not being fi tered ont
or-board becomes lager the longer the exposnre. 1n this case it is likely that the
acquisition procedure will fail becanss the bright=st source will be a CR hit, and
the intended target will not be hidden behind the comnograph during the
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snbsequent imegmtions. 1f the tamget is bright enongh to saturate the detector
during the ACQ mode exposure, this is likel y to canse poor centering. A failed ar
nreatisfactory acquisition will probably cames the snbsequently acquired images
to be mmeless to the observer. Owur initial on-orbit experience snggests that an
onboard acquisition is wnlikely to socceed for tamgets with an H magnitnds
brighter than ronghly 4, bt this number will be =fined with further experience.

|
The comnographic mode acquisition capahility was being chamcterized during
the perod this Handbook was mvised. An vpdate on its performance will be
placed on the 5 TScl MICHOS WWW page on 1 Angnst 1997,

|

The data which arr mtomed to the ground will be formatted as 2 hybrd
between ACCUM and MULT IACCUM mode data. The two individoal images will
each be mtorned (not flat fielded or redoced in any way) to the groond, and will be
rednced in the calibration pipeline exactly as if they were two sspamte 20CTUM
mode images. However, they are stored in a single FITS data file, similar to a
Z-read MULTIACCUM observation, except that there will be no zeroth read
returned to the ground.

NICMOS Science Data

One of the major differmnoes the vser will find compared to existing
instruments on-board HST is that WICKIOS (and 5T1S ) data deliversd to the
obesrver conmtains notonly the images obtained, it also have variance and quoality
armys for sach of them. On a pixel by pixel basis these give the statistical
nncettainty in the data, and flags identifying any abnormalities in the data
respectively. 1n the case of RAMP mods, as we descibe in the Appendix, the
variance array is created on boawd. For the other thres modes of opemtion, thess
armys are comstmected in the analysis in the ground processing systems
(pipelines). For MICMMOS data thers will be an integmtion time and a number of
valid samples images for each dataset. All the data the mser will s=2e will contain
all five of these components for sach image ina dataset.

See Chapter 13 for a detai led discossion of the WICHIOS data prodocts.
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Overheads and Orbit Time

Determination

In This Chapter...

Cvarview /133
NICWOE Exposure Overheads /134
Orbit Usa Detearmination 7 136

1n this chaPtr:r we describe the overheads associated with MLCHIOS
obesrvations and give examples of how to determine the number of orbits that
your program will mquire.

Overview

Once yon have determined the s=t of science exposures and any additional
target acquisition or calibration exposures you may requir for your science
program, you are ready to determine the fotal number of orbits to reqguest.
Generally, thisis a straightforward exercise imvolving tallying up the overheads on
the individnal exposnres and on the s=lected pattern (see Chapter 10}, packing the
expoante and overhead times imo individoal arbits, and tallying vp the resnlts to
determine yonr total orbit reqoest. This pocess may need to be iterated, in order
to seck the most efficient nse of the orbit time.

We refer yon to the CF/FPhase 1 Proposal Lrstmictions for information on the
Observatory policies and practices with respect to orbit time requests and for the
othit determmination work sheets. Below, we pmovide a summary of the MICH O3
specific overheads, and give several exarmples to illstmte how to calculate your
othit mquirements for Phase 1 Propesals.

133
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NICMOS Exposure Overheads

Estimates of the overheads on exposurss are summarized in Table 9.1. All
numbers given are preliminary, appmoximate, wuonded where appropriate to the
nearest half minme and do pot atternpt to di fferentiate in detail the overheads for
different MICMMOS modes and confignrations. They are sobject to change prior to
the actnal schednling of Cycle T-HICWOS proposals (ie., prior to Phase 111, They
represent our coment best pradictions. These overhead times ar to be vsed (in
conjunction with the actnal exposur time and the Cycle 7-HMICWIOS Fhase 1
Proposal lnstroctions) to estimate the total time in orbits for yoor Cycle
T-MICH O35 proposal time request. After your HST proposal is accepted, yon will
be asked to snbrnit 2 Phase 11 pmposal to allow scheduoling of your approved
obssrvations. At that time you will be presented with actoal, op to date overheads
by the schednling software. Allowing sufficient time for overhzad in your Phase 1
proposal is important;, additional time to cover unplanned ovethead will not be
gmntad later.

We nate the following important points.
+  Generic (Observatory Level) Overheads:

- The fist time you acquire an object yon must inclode the overhead for
the guide star acquisition.

- lnsnbesquent contignowe orbits yon must inclode the overhead for the
guide star re-acquisition; if yon are observing in the continnons viewing
zone (CWZ, see the CF/Phase 1 Proposal lretmictions), no goide star
re-acquiisitions are rquired.

- The re-acqnisitions can be assnmed to be accorats to < 10 milli-arcsecs;
thue additional target acquisitions or peaknps are not nesded following a
re-acquisition.

- Time most be allowed for each deliberate movement of the telescope,
e.g., if yon are performming a target acquisition exposnre on a nearby star
and then offs=tting to your target or if you are taking a series of expo-
sues in which yon move the target elative to the camem, yon most
allowr time for the moves.

* NICMOS Specific Overheads:

- The 12 second s=t-up time at the beginning of each orbit or at each dif-
fer=nt telescope pointing is inclusive of the filter selection. Thers is no
additional set-up time for new telescope pointings doe to dithering or
chopping with the same irstroment corfiguration.

- Overheads are operating-modes dependent. 1n particular, the overhead for
the ERIGHTOET mode is particulady onemuos, since this mode resets
and rads sach pixel, ane pixel at a time.

- The taget acquisition overhead of 98 seconds for comnography needs to
be accounted for the first time an object is acquired under the corono-
gmphic spot. Mo re-acquisition is rquired for obesrving the same target
in differ=nt filt2=, or fiom one arbitta the next.
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Overhead times for changing cameras are equal to the slew time for the
physical distance between the centers of the cameras in awsecs + 10 sec-
onds. Ln addition, the obssrver most inclnde 12 seconds for set-up which
inclodes filter szlection.

The amount of time mquited to chop depends on the chop throw, and
whether an on-target goide star re-acquisition is desired. The telescope
can maintain lock on the gnide stars if the chop throw is smaller than 2
arcrminutes. 1f it is lager, then the observer can choose to maintain
pointing throngh the gyms (drop-to-gym| or re-acquire the gnide stars
(3 minmte overthead per r-aoquisition—note that this is not the O-minuote
othit re-acquisition) every time the telescope goss back to the target;
with the first option the pointing uncertainty is about 1 milliacssc/sec-
ond doe to tzlescope diift. The dop-to-gyro option can be adopted for
backgronnd pointings, where telescope drift is not a cones=rn.

Ln most cases, the data management overhead of 3 minotes will be hid-
den inside the orbit occoltation time. Howewver, if a total of (summed
over the theee cameras | 100 or mors read-onts occnr within the visibility
period of one orbit, the obssrver muet inclode 3 minntes overhead every
100 read-outs.

: MICWQS Owarhaads

Action

Crver head

Crmeric (O bsorvatery Lovel)

Cmide star acqmisition

Spacecafl POSTARG moves

Imitial acquisfion 7.1 mimies
me-acquisiions onsthssqueni cbils = 5.3 mimies percabil
for offseis le=s than 1arcmimie and more than 10 acsecs =

1 minm=, for offsets between 10 arcsecs and 1 arcs=c = 05
mimie; for offseis lessihan 1 arcssc in size = 20 s=conds

Slmw of x arcsecs 4o new 1atged within an oibil (% + 200 seconds

(slew < 2 arcmin, same gnide stars )

Type 2 Slew 4o new 1aget within an cbi <l degree slew: 2.5min. +9 min. gnide slaracq.

(slew = 2 arcmin, new goide stars)

1 d=gree < slew <10 degrees: 5.0 min. + 9 min. gnide siar
acq.

10 dmgrees < glew < 100 degreas: 13 min. + 9min. gonide
sfar acq.

Provisional NICMO S Specific Owrheads

Sed-np aibeginning of each oibitor

ai =ach 18 seconds

differem 1=lesoops pointing - always requited.
(othet than dithet/chop manenvering)

FiHet changs 18 secands

Ex posnre overheads:

ACCTUH (38 + 1MEEAD x Q.705 iseconds in PA ST readom
HULT LACCUH 27 seconds

EF. IGHTOET texptime x 16334 + 101 seconds

Targsl acquisition (for coonagmphy) 110 +2 * mcplime s=conds (inclndes slew )
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Table 8.1 NICKMOS Owerheads [(Continuad)

Action Crrerhead

Change of camema: from 2 40 3 o1 vics vema G4 seconds + 2 16 seconds for s=1-mp
from 1o 2o1vies versm 32 seconds + 52 s=conds for setp
from 1o Jorviee verm S59seconds + 221 seconds for s=1-wp
Chd IEring.'Ch-:-pp'irgc-'E xacsecs (< 2 arcmin) (x + 201 seconds

Chn:-pp'ingc-{ xarcses (> 2 arcmin, x4+ 31 seconds

nsing droplo-gyna s

Chn:-pp'ingc-{ xarcses (> 2 arcmin, x4+ 31 seconds

with gmide siar re-acquision + 6.4 minmes for sach goide star r=-acg

Cala managemeniifor every 100 rsadboms within an arbily 3 minmies

Orbit Use Determination

The =asiest way to leam how to compute total orbit time mqoests is to work
thmugh a few examples. We provide below seven examples of how to mee the
infommation in Table 9.1 to detemnine your orbit mquirements. The ovethead
examples cover the following cases:

+ Example |: Coronogmphic obssrvation, with the TWO-CHOP pattern.
+ Example 2: Polarimetric observation, with the FOUR-CHOP pattern.

+ Example 3: Emission-line mapping of an extendsd object, with the
SOUARE-WAVE-DITH J:l-il.‘l'b.'. m.

+ Example 4 General observation with switch of camera and pattem.

+ Example 5:  Nlapping of an  extended  object  with  the
SPIERL-DITH-CHOFP pattem.

Unless otherwise specified, we msome in the examples that the target
declination is 50 degrees, which implies that its visibility period during one orbit
is 56 minutes (ses the Phase | Proposal Lrstroctions).

Example 1: A Two-Chop Pattern Using Multi-Accum
and the Coronograph

The proposed science is to obssrve the extended nebulosity aronnd an
LR-bright source at & = 2.1 micmons. Since the source wonld saturate the cameras,
the observer decides to hide it behind the coronographic spot in MIC2
Comnographic obssrvations rquire an onboard acquisi tion of the target under the
coronographic spot (sse Chapter 51, The two acqpisition sxposnms, which are
needed to locate the target in the Camera 2 field of view are assomed her to
require 10 ssconds imegration each in the selectsd filter (F207H for this
observation). The total overhead for reading the two images, calcolating the
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positiors of the target and the comnograph spot, and moving the target nnder the
spot is 170 seconds. The long wavelength obsewvations ar affected by
non-negligi ble backgmund, and the observer chooses the THWO-CHOP pattem with
a chopping throw of 19 arcsec for backgmund sobtmction. The overthead for
slewing between the target and each of the two backgrounds is 38 seconds, and
the same guide stars can be maintained for soch small slews (Table 9.1, The
sequence for the TWO-CHOP pattern is: taget-backgroond-target-backgmound,
with the two backgronnd fizlds positioned on opposite sides of the taget (see
Chapter 10].

The observer wishes to nse the F207H filter in MULTIACCUM mode for the
obssrvation, and wants exposnme times of L5 minntes at each pointing, for a total
exposure time target+backgronnd of 60 fie, L5x 4) minotes, half of which is
spent on the target. A good sequence for this time wonld be STEPG4 with
NSAMP=22, a total time per exposnre of 896 seconds. The orbit requiements are
snmmartized in Table 9.2 below:

Table 8.2: Jibit Detarmination for Example 1

Action {m-::lr;:-a} Explanation
Orbit 1
Imitial Cmide Sar Acquisition 7.1 Heeded a1 st of obssrvation of new frged
Targe Acqmisition 25 121 s=conds overheads
imundet the comonogrphic s pot) 10 seconds for firsd acqnisiion exposnre

10 seconds for sscond acquisHion sxposne
I9geconds slew 40 commgmph

Science axpasmre, MMICZ FZOTH 154 594 s=conds axpommre 1ime on e
27 secands for MULTT ACCIR overhead

Science axpasmre, MMICZ FZOTH E.11] J6secands chopping slaw
599 seconds ax posmre 1ime on backgmund
27 seconds for MILTI ACCI ovrhead

Ot 2
L
Cmide star re-acqmisition 53 Sad of new othbit
Science exposnure, 11I0Z PZOTH 154 9% s=conds exposmre 1ime on frged

27 sacands for MULTT A0 overhead

Science exposnure, 11I0Z PZOTH lad 34 seconds chopping slew
594 s=conds axpammre {ime on backgmnnd
27 saconds for MULTT ACCIN overhaad

Te total time spent on the target is (7142741541601 = 41.2 minotes, witha
wvigibility period of 56 mimtes. Thos, the third and fourth exposores in the 2074
filter mmst be done doring the s=cand orbit, following the gnide star re-acquisition
and the imstmment set-np, since MICK OS5 exposums cannot be pamsed across
othits, and the third exposne wonld not fit in what mmairs of the first visibility
window. The nser requests two orbits to accomplish the proposed science
observation. | The observer should develop their program by incloding additional
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exposnres throngh the same or other appropriate filtets to make more efficient nse
of what is left of the arbits ).

Example 2: Polarization Observations Using a Chop
Pattern and MULTI-ACCUM

Polarimetric observatiore at long wavelengths will be obtained for target A.
The u1CL filters POLOS, POL120S, and POL2Z405 will provide informmation
on the thee Stokes pammetes. The observer reqnires exposure times of 20
minntes in each polarizer, in MULTIACCUM modes. A good sequence for this time
wonld be STEP 128 with USAMP=19, a total time per exposure of 1280 seconds.

The declination of the sonree is 30 degrees, so the visibility period during one
othit is 53 minotes. The orbit requirement is snmmarized in Table 9.3 below.

Table 8.3: Oibit Detarmination for Exampla 2

Action R'IT:UT'EB} Explanation
Orbit 1
Imitial Cmide Sar Acquisition 7.1 Heeded a1 st of obssrvation of new frged
Science exposmre, NIC] POLOS 218 1280 seconds exposnre time on 1aEe
27 seconds for MULTT A0 overhead
Science exposmure, NIC] POLL Z05 218 1280 seconds exposnre time on 1aEe
27 seconds for MULTT A0 overhead
Orbit 2
Cmide Sar re-acqmisilion 53 Stad of new oibit
Science exposmre, 11IC] POLZ 405 218 138 seconds exposure time on 121

27 seconds for MULTT ACC overhead

Example 3: Making a Map using SQUARE-WAVE-DITH

The proposer wants to map an extended rgion in the light of [Fell] (A Lo+
microms). The chaice isto mse the 16417 iline) and F16611 (continoum | filters of
NIC1l, MULTIACCUM mode, and the SQUARE-WAVE-DITH pattem. The
selected dithering step is 4 arcsec, with a total of 3 peositions. The slewing
overthead between each position will be 26 seconds. The mqoested exposnre time
at each position is 10 minwmes in each filter, implying that the exposure time for
the observation is: T=010x2 x 31 =60 mimnes, exclusive of overheads. The
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othit mquirements are summarized in Table 9.4, A good sequence for this time
wounld be STEP 128 with NSAMP=14, a total time per exposure of 640 seconds.

Table 8.4: Oibit Detarmination for Example 3

Time

Aetion (mintes) Explanatian
Orbit 1
Tmitial Cmide Sar Acqmisition S | Meedad aistarl of chssrvation of new frge
Science exposnre, TICL PL ST 112 345 s=conds expommre 1ime on position ¥ 1
27 seconds for MOLTT ACCI overthead
Science axposnre, TICL FL &4 115 27 seconds for difher
G s=conds axwpommre {ime on position # 2
27 secands for MOLTT ACCIN overhead
Science axpasmre, TICL FL &4 115 25 saconds dither
G saconds ex posmre 1ime on position # 3
27 secands for MILTT ACCI overhead
Science exposnre, TICL FL &6611 115 G saconds ex posmre 1ime on position ¥ 1

27 seconds for MULTT ACC overhead
25 saconds dithar

Orbit 2
]
Cmide Sar re-acquisition 53 Sad of new ohbit
Science axpasmre, 1ICL FL &E1 111 G s=conds axwpommre {ime on position # 2

27 seconds for MULTT A0 overhead

Science expommre, NICL FL&an 115 25 saconds for dithar
G saconds ex posmre 1ime on position # 3
27 seconds for MULTT ACCI overhead

Example 4: Changing Cameras and Pattern
The proposed acienoe is to observe a target taking:

+ Exposnres in the 11101 F10811 filter, nsing the MULTIACCUM mode and
the XSTRIP-DITH pattern, with 5 arcsscs dithering step and 4 positions;
the exposnre time is T=900 seconds at each position. A good seqnence for
this time wonld be STEP &4 with 11SAMP=22, a total time per exposure of
B9 saconds.

+ Exposnres in the NIC2 F205% filter, msing the ACCUM mode with
FEAD=1. The TWO-CHOF pattern with chopping thmw of 130 arcsecs
and gnide star re-acquisition on the target (se= Example 1) is selected to
remave the backgmund. The exposure time is T=250 seconds at sach point-
ing, implying a total on-sonroe exposnre time of 500 seconds. The closest
TPS time is 251188 seconds and 0598 seconds mnst be added to get
251 786 seconds total exposure time. Table 9.5 lists the orbit reqnirements.
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Table 8.5: Oibit Detarmination for Example 4

Bction Time (minutes) Explanation

kit I
Initial Cnide Sar Acqmisition 7.1 Heeded a1 st of obssrvation of new frged
Science exposne, NICL FL1OEN 154 9% s=conds expommre 1ime on position ¥ 1

27 seconds for MULTT 00 overhsad

Science exposne, NICL FL1OEN 158 26 seconds for dither
9% s=conds expommre 1ime on position ¥ 2
27 seconds for MULTT AT overhead

i 2

Science exposne, NICL FL1OEN 154 24 seconds dither
9% s=conds expommre 1ime on position ¥ 3
27 seconds for MULTT AT overhead

Cmide 5ar re-acquisiiion 53 Sdad of new oibil

Science exposne, NICL FL1OEN 158 24 seconds dither
9% s=conds expommre 1ime on position ¥ 4
27 seconds for MULTT AT overhead

Science exposne, NICZ FZ03W [ {3945 1 seconds for camen change + setup
252 saconds sxwpommre onfares
3l seconds ACCUM overhead

Science axposmre, NICZ F205W 58 Tdsecands chap
252 saconds exposmre onbackzonnd # 1
29 seconds ACCUM overhead

bt 3

Cmide Star re-acquisiion 53 Sad of new othbit

Science exposne, NICZ FZ03W 4.7 252 s=conds exposmre oniarg
29 gaconds ACCUM overhead

Science expommte, NICZ FZ03W 58 T4 zeconds chop
252 saconds axpommre {ime on backgmnnd # 2
29 seconds ACCUM overhead

After the initial guide star acquisition and the instrument set-up of 12 seconds,
the first science exposnre of 59 s=conds in the first filter (F 10811 is obtained on
the first pointing | position #L1 ). The telescope slew to reach position #2 requires 26
seconds, and the exposnre in the F10817 filter is mpeated op to the forth position.
For the second part of the observation, the switch from 11101 o0 1IC 2 reqoires 90
seconds. The on-target exposure time reqoested in the F205W filter is T=500
seconds, split between the two target visits of the TWO—CHOP pattern. After the
first emposnre on the target and after the camera read-ont, the telescope slews o
the backgmund in 74 seconds. The subsequent slew, back onto the target, is
followed by a guide star m-acquisition of & minmes. The s=qoence continues,
alternating target and backgronnd, nntil the pattern is completed.
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Example 5: Another Example of Mapping

The observer wants to map an extended object, for irstance a galaxy, with
1IC2 and the F187W filter. The wavelength chosen iz long =nongh that the
observation may be affected by backgmuond emission, and  the
SPIRAL-DITH-CHOP is selected for backgronnd removal . The dithering step is
set equal to the size of NIC2, 19.2 arcsec, and the chopping throw is s=t to 180
arcsec. The SPIRAL-DITH-CHOF pattem will start at the center of the target
and move ontward. The galaxy has a bright cors and relatively faint extendad
ernission, o MUL TIACCUM mode will be msed. The pmposed exposne time is 3
minntes per pointing, and the galaxy will be coversd with 9 differ=nt pointings. A
good sequence for this time would be STEP 32 with 1SAMP=13, a total time per
exposnre of 192 seconds. The arbit requirmments are snmmarized in Table 9.6.

Table 8.6: Dbt Determination for Example 5

Action Time (minutes) Explanation
bt I

Tmitial Cmide Sar Acqmisition 7.1 Meedad aistarl of chssrvation of new frge
Science exposnre, TI0Z PLETH a7 192 z=conds expommre {ime on farge postiion® 1

27 zaconds for MULTT ACCI overhaad
Science exposnre, TI0Z PLETH 54 T8 seconds chop

192 sacoinds axposmre {ime on backgronnd # 1

27 saconds for MULTT ACCIN overhaad
Science axpasnre, NICZ FLETYH 112 T2secaonds chap

333 seconds guide slar re-acquisilion

192 seconds exposnre {1ime on farged posilion # 2

27 seconds for MULTT ACC overhead
Science exposnre, NICZ FLETH 54 T8 seconds chop

192 seconds exposnre 1ime on backgronnd # 2

27 seconds for MOLTI ACCI overhead
Science exposnre, 11ICZ FLETH 113 Thseconds chop

383 s=conds gnide slar re-acquistion
192 z=conds expommre {ime on fargel postiion® 3
27 seconds for MULTT AT overhead

Orbid 2
]
Cmide S1ar re-acquisition 53 Sdan of new oibit
Science exposnre, NICZ FLETH 54 77 seconds chop

192 z=conds exposmre 1ime on backgronnd # 3
27 seconds for MULTT A0 overhead

Science exposnre, 11ICZ FLETH 37 192 z=conds expommre 1ime on fargel postiion# 4

DU buffer

27 seconds for MULTT 00 overhsad

10 Partial buaffer dump

Science exposnre, NICZ FLETH 54 T8 seconds chop

192 z=conds exposmre 1ime on backgronnd # 4
27 seconds for MULTT A0 overhead
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Table 8.6: Oibit Detarmination for Example 5 (Continuad)

Action

Time {minutes)

Explanation

Science axpasnre, NICZ FLETYH

Science exposnre, NICZ FLETH

Cmide S1ar re-acquisiion

Science exposnre, NICZ FLETH

Science exposnre, 11ICZ FLETH

114

33

113

S0 secands chap

333 seconds guide slar re-acquisilion

192 seconds exposnre {1ime on farged posilion# 5
27 seconds for MULTI ACCIR overhead

T7seconds chop
192 seconds exposmre 1ime on backgronnd # 5
27 seconds for MOLTI ACCI 1ead omi

Sad of new oibit

Thseconds chop

383 s=conds gnide siar reacq

192 z=conds exposmre 1ime on backgronnd # &
27 seconds for MULTT A0C overhaad

77 seconds chop
192 z=conds exposmre fime on backgronnd # &
27 seconds for MULTT AT overhead

kit 3

Science exposnre, 11ICZ FLETH

Science exposnre, 11ICZ FLETH

DUKP buffet

Science exposnre, 11ICZ FLETH

Science exposnre, MICZ FLETH

Science exposnre, MICZ FLETH

Science exposnre, NICZ FLETH

192 z=conds expommre 1ime on fargel posfiion® 7
27 secands for MULTT ACCR ovethead

77 seconds chop
192 z=conds exposmre 1ime on backgronnd # 7
27 seconds for MULTT ACCR tead cmi

Paitial buaffer dump

T2 seconds chop

383 s=conds gnide slar re-acquistion

192 sacoinds axpommre {ime on g posflion # 5
27 saconds for MULTT ACCIN overhaad

T7seconds chop
192 seconds exposnre 1ime on backgronnd # 5
27 secands for MILTT ACCINA tead oni

T2seconds chop

333 seconds gmide slar reacq

192 seconds exposmre 1ime on backgronnd # 9
27 seconds for MOLTI ACCI overhead

77 seconds chop
192 z=conds expommre 1ime on fargel postiion# 9
27 seconds for MULTT A0 overhead

The size of the chop is detemmined by the distance between the pointings: the
time for the slew betwesn the target and the backgronnd is always 77 seconds,
while that for the slew betwesn the backgmund and the target is abomt 72 seconds.
Blote that gnide star reacquisitions at the start of a visibility period can hide some
time in occoltation. Thos the observer is charged momr time (383 =) for
reacquisitions that oocur during a visibility pedod.



PART 3

Supporting
Material

The chapteis in this part present more detailed material in support of the Users
Guide. Incloded are a description of observing techniques for measn ring the
backgronnd and mapping extendsd targets; the detailed s=nsitivity information for
each imaging filter; and some reference material on infrared fl i vnits and lists of
inframd lines.
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In this chapter we deal with techniques for small scale motiors to remove
localized detector non-uniformities, mapping areas larger than the size of the field
of view of the WICMO5 camems, and the issue of removing the thermal
backgronnd of the telescope. Special pocednrs have been created to enable yon

to perfonmn thess opemtions.

Introduction

Mlultiple expoenres with small offsets in the pointing of the telescope are
nsually necessary or meommended for MICKOS observations. We distingnish

three particular cimumstances which may reqoire small offsets:

+ Dithering to pemnit the mmoval of dead or non-calibmted pixels (ie,

nan-cormectable ) on the detectors,

+ Dithering or chopping to measure the backgronnd associated with an

astronormical sonoe.

+ Mlosaicing to image a sonree larger than the NMICK O35 field of view.

145
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The techniques described in this chapter may be vsed to accomplish any one ar
any combination of these goals.

The sady 5Kl 0OV msolts show that the backgronnd is corsiderably fainter than
was expected prior to the deplovment of MICKOS (see Chapter 3). While anly a
preliminary analysis of the ShiOV data has been completed, it appears that the
thermal background is spatially vniform with variations no larger than a few
percent across the field of view of MLC3. Temporal variations on othit timescales
with =10% amplitode have been observed and more significant variatiors cannot
wet be excloded. The description of the themmal background in Chapteis 3 and &
and the Exposure Time Calenlator provide a basis for estimating the relative
contribitions of source and backgronnd. 1t is stongly advised that pmovision for
dirct measnrement of the background be included in proposals whenever the
backgronnd is significant wlative to the sourceis ) of interest. While the freqoency
of such measnements is presently difficolt to define, at lzast once per orbit shounld
snffice when the background is not overly critical to an observation and more
frequent measnrements shonld be planned when the backgronnd must be
measured to high accomey.

. _____________________________________________________________________________________|
v All observations at wavelengthe beyond 1.6 microne shonld at l=ast consider the

potential need for backgmund measorements.

. _________________________________________________________________________________|

Backgronnd images will be obtained by offs=tting the tel sscope from the target
to point to an “empty” mgion of the sky. The ability to mutinely offset the
telescope pointing will then be a fondamental operational requirement for
WICH OS5, To make it easier to plan observations beyond 16 microns, a set of
pre-defined obeerving parremy was boilt; these patterns combine exposures taken
at different telescope pointings into an associarion. A pattem is a s=t of images of
the same astmnomical target obtained at pointings offset from sach other, for the
purposs, for imstance, of crating backgronnd images. The associations of
exposnres ar created for the poipose of poeessing si moltaneously all the images
from a single pattzrn. In addition to backgronnd sobtmction at long WNICHLOS
wavelengths, the parrems will be mseful for creating maps of extended targets at
any wavelength.

Twao distinct type of telescope motion are definsd:

+  Dither: Individoal motiors are limited to no mor than 40 arcsecs. Thess
are intended to be meed to perfomn small dithers, to measne backgronnds
for compact sources, and to accamplish ssquences of overlapping expo-
snms for the comstmction of mosaics. Such sequences will be assembled
inta asingle final image by the calibmtion pipeline.

+  Chap: Motiors np to 1 800 awsecs are permitted. These are intended for the
measurement of the backgronnd at one or more locations significantly
removed from the target pointing. Each non-contignous backgmound point-
ing will be msembled into its own final image in addition to the target
pointing by the calibmtion pipeline.
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Telescope motions imolve ovetheads for physically moving the telescope and,
if necessary, for re-acquiring the guide stars. Therfore, significant time overhzads
may be incurred by observatiors which nesd backgronnd subtraction or proposs
to map extended rgions of the sky. A careful estimate of the overheads associated
with a specific observation or set of observations is necessary to evalnate the

number of orbits required (see Chapter 9).

Chopping and Dithering Strategies

The most efficient strategy for removing the backgronnd from a science
exposnre strongly depends on the nature of the target and of the science to be
accomplished. 1n geneml two types of tagets can be defined: compact and
extended.

Compact Objects

For compact objects, such as point sonrces, backgronnd sobtmction can be
achieved by moving the target acroes the camem field of view (see Fignre 10.1). A
dither pattern, which imolves movements of a few arcsscs from one exposore to
the next, can then be nz=d This is an efficient way to bnild backgronnd images,
since the target is present in each exposure, and a background image can be
created from the stacking and filtering of all exposures.

Figure 10.1: Ditharing.
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Extended Objects

For an extended object which occupiss a significant portion of the MICHI O3
fizld of view, the dithering technigne does not apply to building backgronnd
images. Ln this case, offsets to an adjacent fizld ichopping), chosen to be at l=ast
one camera field away in an atbitrary direction, ar necessary. By offsetting in
different directions a stacked and filtered sky can be comated which removes the
effect of contaminating objects in the offset fields (se2e Figure 10.2). Asin the cass
of compact objects, these offsets might be goite small, bt for largs galaxies for
example, they may nesd to be over corsidemble distances. The mser will have the
ahility to specify the offset valves and directiors and their number in the Phase 11
instroctions.

Figure 10.2: Chopping
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Chopping and Dithering Patterns

There are a set of Ll pr-designed pattems available for WICHIOS
observations. They include: 4 dither patterne, 4 chop patterns, and 3 dither-chop
patt=rns. For each of these, the obesrver will be able to specify, during the Phase 11
Proposal subrmission, the total mmber of positions desired (2 to 40, the dither
size (0 to 40 arcsecs), the chop size (0 to 1800 amsecs), and the arientation of the
pattz=rn on the sky. The option POS-TARS will be still available for offsetting the
telescope and crating custorm-design patterns, bt there are a nomber of
acvantages in msing the pre-designed patterns:

*  They simplify the specification of complex observationsin the Phase 11 pro-
posal.

+ All the observations pertaining to a pattern resnlt in one association and are
simultaneonsly calibmted and combined in the data calibmtion pipeline,
including backgronnd calibration, cosmic my removal, and flat fisld averag-
ing. Observations obtained with POSTARG do not resnlt in associations,
and will have to be combined mannally by the obssrver

+ They permit the observation of a mosaic with a fixed position angle withont
fixing spacecraft roll, which increases the nnmber of opportunities to sched-
nl= the abservations.

Wlultiple exposnres may be obtained at each position by the me of the
num ber-of-iterations MEXP ) optional parameter. This may be mseful for cosmic
ray r=rooval.

The L1 pattemns ar= listed in Table 10.1, together with applicable parareters,
such as the allowed values for the number of steps in the pattern (Mum_Pos |, for
the dither size and for the chop size. In addition, the fignre number wher the
patt=rn is graphically shown is given in colomn 5 of Table 10.1. Offset sizes and
number of steps in a pattern affect the amount of overhead time eqoired to
perform an observation (see Chapter 9). The effects of dithering or chopping on
an astronomical image are shown in a set of sxamples in the next section.
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Table 1007 NICKWKOS Pre-designad Obsarving Patterns and Paramestars

Pattern Mame Num. Pos, Dither Size Chop Bize Eea Figure
TONE (dafemlt) TlA TlA TlA

SFIRAL-DITH 2-40 0.0-400 A Fignre 103
SOUARE-WATE-DITH 2-44a 0.0-404a TlAa Fignre 103
HSTRIF-DITH 2-40 Q.0-40.0 A Fignre 10.3
TSTRIF-DITH 2-40 Q.0-40.0 A Fignte 103
CNE-CHOF =40 TlAa 00- 18000 Fignre 10 4
THO-CHOF 40 TlAa 00- 18000 Fignra 10 4
FOUR-CHOP 2-40 A 00- 18000 Fignre 104
EIGHT-CHOF 2-44a TlAa a0- 15000 Fignre 104
SF IRAL-DITH-CHOF 2-40 Q.0-40.0 Q0- 1500 Fignre 10.5
HSTRIF-DITH-CHOF 2-40 Q.0-40.0 ad- 15030 Fignte 105
TSTRIF-DITH-CHOF =40 0.0-400 00- 18000 Fignte 105

Dither Patterns
The dither patterne are mcommended for the backgronnd sobtraction from

obssrvations of point sources (beyond L6 microms), for the comstmction of
moeaics (maps) of regione of the sky, and for the mduoction of flat field
nncettainties.  The  four  dither  patterre  are  called SPIRAL-DITH,
SQUARE-WAVE-DITH, XSTRIP-DITH, and YSTRIP-DITH. hlost of the
names are self-explanatory: the SPIRAL-DITH pattern pmodnces a spiml aronnd
the fist pointing; the SQUARE-WAVE-DI TH pattem covers extended mgions by
moving along asguam-wave shape;the XSTRIP-DITH and the YSTRIP-DITH
patt=rns map a strip of the sky along the x and y directions of the detector (as
defined in Figore 423). The diffsr=nce between the XSTRIP-DITH and the
TSTRIP-DITH patterre iz that the fimt moves by defanlt along the grism
dispersion axis, while the second moves orthogonal to the grism dispersion mxis.
The foor patterrs are illustmted below:
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Figure 10.3: Dithar Patterms
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Chop Patterns

The chop patterns are mecommended for measnring the backgmuond adjacent to
extended targets. For each chop pattern, half of the exposures are taken on the
target (position L) The names of the chop patterrs are: O1E-CHOF, THWO—CHOF,
FOUR-CHOF, and EIGHT-CHOP. The O1E-CHOP patt=m prodoces one image of
the target and one image of the backgronnd. the TWO-CHOP pattem prodnces ons
image Iwith two exposures) of the target and two backgmuond images, with the
backgronnd fields positioned on opposite sides of the target. The two other
patt=rns incrase the number of target-backgmund pairs to foonr and eight,
respectively. A large number of background images may be regoired if they
contain a large number of contaminating sonmwes or if the background is highly
stroctured. The four chop patterre are shown in the figore below:
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Figure 10.4: Chop Pattarns
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Combined Patterns

The combined patterne pemmit dithering interleaved with chops to measure the
backgronnd. They are mcommended for simoltansoms mapping and backgronnd
snbtraction doring observations of extended targets, beyond 16 micoms. Three
combined patterre are implememted: SPIRAL-DITH-CHOP,
HSTRIP-DITH-CHOP, and YSTRIP-DITH-CHOP. Their characteristics are
analogote to the dither pattems SPIRAL-DITH, XSTRIP-DITH, and
TSTRIP-DITH, respectively, with the addition that each dither step is coupled
with a backgmound image obtained by chopping. The thime combined patterns are
shown in Fignre 10.5.
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Figure 10.5: Caombinad Patterms
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Examples

The nextfew pages show a few selacted examples of how the pattems work on
astronomical observations.
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Figure 10.E: Square Wave Dithar

Images Taken:




Figure 10.7: Two-Chop Pattarn
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Images Taken:

44— | 4—»2




Figure 10.8: Four<shop Pattarn

Images Taken:

#1

#3
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44— 4

#8




Figure 10.8: Spiral-Dith-Chop Pattarn

Target

Background

CHOP
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#10 w3 #5
#12 1
#14 #15
Sequence of Frames
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Orienting Patterns

Obeervations will often require that patterns are exscimed with specific position
angles (PA) on the sky. For instance an observer may nesd to map an elongated
region with PA=n degrees on the sky, ming the SQUARE-WAVE-DITH pattern.
Since the nse of the ORIENT special requirement meunally constraire the
schednling opportunities for a target (and may resolt in the onavailability of
snitable guide stars), WICWOS implements an optional parameter called
PATTERI-ORIENT (see next section ). With this parameter, the orientation of the
pattern on the sky can be set independently of the orientation of the thiee
MICM OS5 detectors (and vice-versa). If a specific oriemation of the detectos is
alza rquired, then the observatory level special regnirement ORTENT must be s=t
together with PAT TER1I-CRIENT.

The defanlt valne for PATTERN-CRIENT is DETECTOR, and the pattem
motions are in the MICW OS5 (x-y) focal plane orientation, i 2., rotated 225 degrees
from the L3 axis. The orentation of the patterrs on the sky is then determined by
the orientation of the telescope with the ORIENT special requirmment. Other
valnes for the PATTERN-ORIENT parameter are given by the standard
comvention for PA, from 0.0 to 360.0, Morth thongh East. For example, the
HSTRIP-DITH pattern with PATTERI-ORIENT=0 will tmck from East to
West on the sky (the 47, vertical in the prceding figure, axis is pointing Torth),
and with PATTEEN-ORIENT=45 from Southeast to Morthwest. The
TSTRIP-DITH pattern with PATTERI-ORIENT=0 will tmck from Sonth to
Morth.

Phase Il Proposal Instructions for Patterns

Vv

We discies the Phase 1 instroctions for patterrs in this section in order to illns-
trate the optiore available, however, this is noran exhametive descr ption and is nor
the appropriate reference to mse when preparing a Phase 11 proposal. At that stage
you should refer to the lrstitites Phase 11 Proposal Instroctions, which contain a
complete and up-to-date goide.

This section is not crocial for preparing the Phase 1 proposal, bt it may be
relevant to know beforshand which parameters will be available, and what values
these pammetes can have. One, and only one, pattern may be defined on an
individnal exposnre logsheet lins. A pattern may only be specified an the prime
BICMOS camera. The motiore betwesn each exposnme are carrisd omt by
expanding the pattern into a seqoence of individval exposures separated by
POSTARG operations. Only a single filter may be used within a pattem (i.e. only
one filter may be specified on a Phase 1L exposnme logshest line).
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The ==t of exposnms resulting from a pattern is called an association. A
number of optional parameters are implemented for associations, and are listed
beloar.

Thess pattemns may also be meed with motiore of the Field Offeet Mirror
While the FOBl is “available™ [ie, not sopported) for Cycle 7-HLCKOS,
obssrvations wequiring very rapid small offsets may benefit from its nse and
obesrvers can discuss this with their Contact Scientist doring the Phase 11 poposal

PIOCEES.
Parameters

+ PATTERI=1UE (defanlt) or Patt=rn_ame (s== Table 10.1).

* NM-POS= 2 to40 inumber of stepe in dither or chop pattem

to perfomm).

+ DITH-SIZE=001t40.0 Isize of each step in arsecs ).

= CHOP-SIZE=00to 18000 Isize of each step in arsecs ).

* OFFSET=3SaM (defanlt), ime S5AMs, gyros for large moves with

re-acquire ), SAM-10-REACG, (mee 5Alls; do not attempt to re-acquire
guide stars), SAM-110-GYRO,  [(ose SANMs. mnst nse same or new goide
stars).

PATTEEI-OEIENT=DETECTOR (d=fanlt], (moove in detector -7
system ) 00 - 3600 degrees from PA=0 increasing to East (Mote that this
does nor constrai n telescope toll; mse existing ORIENT mquirsment).

Types of Motions

The OFFSET parameter defines which type of telescope motion will be
performed doring a pattern, in order to dither ar chop. Telescope motiors fall into
three categories:

-

Small angle motions (5ANMs) where FGS Fine Lock guiding is maimtained.
Soch SANs are typically limited to < 2 arcmins from the point of the initial
guide star acquisition. This is the pmctical limit of the radial extent of the
pattern. Often it will be smaller doe to gonide star availability.

SAMs withomt FGS gniding (ie., GYRO HOLD pointing cortrol ). Thess ars
necessaty for larger motions (> 2 arcmins). The telescope will drift at a mte
of 1 to 2 milli-arcsecs per second of time izlapsed time—mnor exposore
time ).

SAMs with RE-ACQnisitions at each mtorn to the taget position. This can
be nzed to chop between a target and an offeet backgmuond measorement
pointing (which wonld be observed with GrRO BOLD pointing contral).

The available options for OFFSET ar:
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+  5ANL, the defanlt, will nss guide stas whenever possi ble. 1f a motion, or the
seqoence of motions, moves the telescope sofficiently from the original
position that gnide stars are no longer available then exposnres will be
obtained nsing GYRO HOLD. 1f a subsequent motion returre the telescope
to a point wher the original guide stars become available then it will
RE-ACQuire the gnide stars. This incurs an overhzad of ~3 minmes for
cach RE-ACQuisition.

* SEM-10-REACQ will me gnide stars (FGS Fine Lock) ontil the firsr
instance in the pattern when guide stas become nnavailable. The remainder
of the pattern will be exzcoted 1Bing GYRO HOLD pointing contral.

* SAM-N0-GYRO will nse gnide stars for all exposnes. If gnide stas are not
available, the abservation cannot be schadulad.



CHAPTER 11

Imaging Reference
Material

This chapter provides the sensitivity information for the imaging filters,
orderd by camera and increasing centml wavelength. See Chapter 4 for a detailed

description of the the figures in this chapter. The cormsponding i nformation for
the grism and polatzer elements is provided in the same format in Chapter 5.

Camera 1, Filter FOOOM

Central Mean El,?vil e, FOHM Ra nge Ma xT Pixel
wavelengthjum?)  Wavelengthipm} (wm) nd (umy {um} % Fraction
02003 Q5970 Q9175 01885 g5-10 7464 0.150

Figure 11.1: Camsm@ 1, Fittar FOR0K
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Camera 1, Filter FO95N

[S 1] Line
Cantra Mean Peak .
wavelength  wavelength  wavelength FWHM Range Ma xTr Pixel
um) {um} fum} (um) (um} % Fraetion
0853 09535 0950 000 1Fa aE31 0.136
Figure 11.2: Camsm@ 1, Fittar FOR51
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Camera 1, Filter FO97N

[Sil] Continuum
Cantra | Maan Peak .
wavelength wavelength wavelength FWHM Range Ma xTr Pixel
(um {um} fum) (nmj) (umj} % Fraction
Qer1r Q9715 09740 000y 1Fa T35l a.131

Figure 11.3: Camsm@ 1, Fittar FOET M
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Camera 1, Filter F108N

Hel Line

Filter FLO&M is alsa available in Camera 3.

Camntral Mean Feak

P& HM Ra nge MaxTr Pixsl
wavelngth wavelength wavelength .
fum) at (u m) nd (um) at (um} (um} % Fraction
10817 10814 1amqg 0009y 198 5194 a.111

Figure 11.4: Camema 1, Fitter F108H
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Camera 1, Filter F110M

Tate: Camera L also has a broader ELLOW filt=r.

Central Mean Peak _
Wavelength  Wavelength  Wavelength FWHM Range Ma xTr Pixel
fum) fumi (um} {umj} um} % Fraction
L1013 11003 11295 a.1995 1012 ag49 0.108

Figure 11.5: Camsm@ 1, Fittar F1101M
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Camera 1, Filter F110W

This filter is also available on Camems 2 and 3.

Cemtral Mean Peak

FW&HM Ra nge MaxTr Pixel
wavelength wavelength wavelength .
(um) at (um) at {um) at (um} (um} % Fraction
1 0285 1.1022 12760 e i 05135 Q511 a.113

Figure 11.6: Camsm@ 1, Fittar F110W
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Camera 1, Filter F113N

Hel Continuum

This filter is also available on Camem 3.

Central Mean Peak .
wavelength wavelength wavelength FIW HM Range Ma xTr Pixel
(uml {um} {um} (um} (um} % Fraetion
1.1297 11298 11312 2.a11a 170 24624 2.1a2

Figure 11.7: Camema 1, Fitter F113H
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Camera 1, Filter F140W

Central

Fily HM Ra nge Ma xTr Pixel
{“wa;;length {“wa;;le-ngth {pwan-lv;length (um) (um) % Fraction
13773 13993 12240 0.7965 0518 9550 00766
Figure 11.8: Camsm@ 1, Fittar F140W
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Camera 1, Filter F145M

H,0 Band
Cantral Maan Peak .
wavelength wavelength wavelength FWHM Range ::EIITT llih:;
(umi {um} {um (nmj) (um} raction
14513 14524 15100 01945 135-155 Qins 00640

Figure 11.8: Camsm@ 1, Fittar F1451
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Camera 1, Filter F160W

Wlinimum backgronnd.

This filter is alsa available on Camems 2 and 3.

Cantral Maan Peak .
wavelength wavelength wavelkength FWHM Range :-;EITr Em:-:lt
{um) {um} {um) (nmj) {(umj raction
15960 15947 15830 04000 135-175 Q537 00562

Figure 11.10: Came@a 1, Fikar F1G0W
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Camera 1, Filter F164N

[Fell] Line

This filter is also available on Camem 3.

Cantral Mzan Peak .
wavelength wavelength wavelength FWHM Range Ma xTr Pixel
(um) {umy} (um) (um) (um} % Fraction
14353 la354 14378 Qalaa 1% Q3al Qa534

Figure 11.11: SCamama 1, Fiker F1564H
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Camera 1, Filter F165M

H-O Continuum

This filter is alsa available on Camemn 2.

Cantral Mzan Peak .
wavelength wavelength wavelength FWHM Range ::ﬂx'l'r IF:hn;L
(um}) {umy {um) (um} (um} raction
15438 1 Gaan 15735 Q.1935 155-175 Ql7s Qa521

Figure 11.12: Camam= 1, FI1G5M
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Camera 1, Filter F166N

[Fell] Continuum

This filter is also available on Camem 3.

Cantral Mzan Peak .
wavelength wavelength wavelength FWHM Range Ma xTr Pixel
(uml {um} {um} (umj) umy % Fraction
1 5608 1 &ada l&aZz Qalas 1% Q@12 Q.a5a5

Figure 11.13: SCamama 1, Fiker F186H
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Camera 1, Filter F170M

This filter is also available on Camen 2.

Central Mean Peak .
wavelength wavelength wavelength FWHM Range ;ﬂxﬁ Em:;lt
fum} fumy (um (umj {umj} raction
17025 132 14330 03030 1&158 Q555 Qs

Figure 11.14: Came@a 1, Fiker FAT70M
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Camera 1, Filter F187N

Paschen o

This filter is alsa available on Camem 2 and 3.

Cantral Mzan Peak .
wavelength wavelength wavelength FWHM Range Ma xTr Pixel
(uml {um} {um} (umj) umy % Fraction
1E75 15748 1 E755 Qa1ss 1% 5893 a1l

Figure 11.15: Camama 1, Fiker F18TH
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Camera 1, Filter F190N

Paschen o comtinuum

This filter is alsa available on Camems 2 and 3.

Cantral Mzan Peak .
wavelength wavelength wavelength FWHM Range Ma xTr Pixel
(um) {umy} (um) (um) (um} % Fraction
13957 153935 1E242 Qaa174 1% Q3as5 Q.3eal

Figure 11.16: SCamama 1, Fiker F1290HK
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Camera 2, Filter F110W

This filter is also available on Camems 1 and 3.

Cemtral Mean Feak

FW&HM Ra nge MaxTr Pixel
wavelength  wawvelength wavelength .
(um) at (um) d (um) d (um} (um} % Fraction
1 0aas 1.1035 12035 05915 0514 Q4490 0288

Figure 11.17: Came@a 2, Fikar F110W
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Camera 2, Filter F160W

Minimum background

This filter is alsa available on Camems 1 and 3.

Ca ritra | Mean Peak _
wavelength wavelength  wavelength LM Range :uﬁ E.:..::L _
(umy} {um) {um} (pmy} (umj} raction
1 5940 15931 15830 Q4030 la-158 Q559 0.159

Figure 11.18: Camama 2, Fiker F150W
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Camera 2, Filter F165M

Planetary continuum
This filter is also available on Camemn L.

Centra | Mean Peak _
wavelength  wavelength  wavelength 0 TM Ra nge :uﬁ E.:..::L _
(umy} (um} {um) (pm) (wm} raction
1 Baa3 LT3 1.5540 Q.1935 155-175 9534 0.149

Figure 11.18: Cameama 2, Fiker F1G5M
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Camera 2, Filter F171M

HCO; and C; continuum
Cantra | Mean Peak .
wavelength  wavelength  wavelength FWHM Range :';ﬂlﬁ IEI_::It
(um) {um) {um) (um) {um) raction
1. 7206 1. 7309 13324 aorlz 1&68-175 a5 15 0.138

Figure 11.20: Came@ 2, Fiter F17 11

E | ! : | | 3
100 k- -
10 .

5 1k -
T F =
nF
2 | .
) 1 |
Sl = -
] E =
by | g -
= - .
0.01 & =
0001 | | | = | | |
1.4 1.5 1.6 1.7 1.8 1.9 P

Wavelength (pm)



Camera 2, Filler F1801 [l 181

Camera 2, Filter F180M

HCGE and CE

Thermal background impo riant
Cantral Mean Peak .
wavelength  wavelength wavelength FW HM Range :“ﬁ E”'::L
(um) (um? {um) (um} (um} raction
1.7aas 17971 13108 0065 1765 1 835 a3dd 0128

Figure 11.21: Cameama 2, Fiter F180M
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Camera 2, Filter F187N

Paschen o

Alsa available on Cameras | and 3.

Ca ritra | Mean Peak _
wavelength  wavelength wavelength FWHM Ra nge Ma xTr Pixel
(um) (um) {um) (pm) (um) % Fraction
15740 18738 15746 oole 1% 2za] g1l

Figure 11.22: Camama 2, Fiker F187TH
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Camera 2, Filter F187W

Thermal background impo riant.
Cantral Mean Peak .
wavelength  wavelength wavelength FWHM Range :“ﬁ Em:t
{um) (um) (um) (um} (um} raction
15722 LETIE 15830 024356 1.35-235 787 o117

Figure 11.23: Came@ 2, Fiter F187W
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Camera 2, Filter F190N

Paschen o continuum
Alsa available on Cameras | and 3.

Cantra | Mean Peak _
wavelength  wavelength  wavelength FWHM Range Ma xTr Pixel
{um) (um) fum) (pmy} {um}) % Fraction
15005 19003 19004 Q4174 158 93212 d.1l6

Figure 11.24: Camama 2, Fiker F1290HK
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Camera 2, Filter F204M

Methane band

Thermal background impo rtans.
Ca rtra | Mean Peak .
wavelength wavelength wavelength E::_II;M {Frm?e :“ﬁ IErI::Itinn
(um} (nmj} (um}
20313 20327 20342 Q.1a5 193-209 alT7 Q104

Figure 11.25: Cameaa 2, Fiker F204 M
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Camera 2, Filter F205W

Thermal background impo riant.
Centra | Mean Peak .
wavelkngth  wavelength wavelength E::_EIM {Frmrjue :“ﬁ E:::Itinn
{um) (um) {Hm}
2N 20405 1.95&0 06125 1.75-24 9314 Q.1a7

Figure 11.26: Came@a 2, Fiker F205W
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Camera 2, Filter F207M

Thermal background impo riant.
Cantral Meaan Peak .
wavelength  wavelength wavelength E::_EIM {Frmrjue :“ﬁ E:::Itinn
(umj (um} (umj}
N § 3 e e 203252 0.1522 225 Qa4 0T
Figure 11.27: Came@ 2, Filker F207
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Camera 2, Filter F212N

Hy, line
Alsa available on Camera 3.

Thermal background impo riant.
Ceritra | Mean Peak .
wavelength wavelength wavelength {FI‘]":_II;M {Frmr:?e ;ex'l'r E:::Itinn
(pm) (wm) {nm)
Irn 21213 2123 00206 15 Qaaqg Q53

Figure 11.28: Came@a 2, Fikar F212M
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Camera 2, Filter F215N

H; + Brackett y continuum

Thermal background impo riant
Ca rtra | Maan Peak .
wavelngt  wavelangth wavelength E::_II;M {Frm?e :“ﬁ IErI::Itinn
h (um} (um} (um}
1458 1487 I.15a2 Q020 1% 3581 Qa3

Figure 11.28: Camam 2, Fiker F215H
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Camera 2, Filter F216N

Brackett yline
Thermal background impo rtans.

Ca ritra | Mean Peak .
wavelength wavelength wavelength E::_II;M {Frm?e :“ﬁ IErI::Itinn
(umy} (m} (e m

21842 1164l 21668 0.020E 1% Qa7 Qs

Figure 11.30: Camam 2, Fiker F216H
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Camera 2, Filter F222M

CO continuum

Alsa available on Camera 3.

Thermal background impo riant.
Centra | Mean Peak .
wavelength  wavelength wavelength {FI‘]":_II;M {Frmr:?e ;ex'l'r E:::Itinn
{um) (um) {Hm}
22160 22164 218 0.1432 2.15-23 2990 QaEEl

Figure 11.31: Came@ 2, Fikar F222M
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Camera 2, Filter F237M

co

Alsa available on Camera 3 as F240N.

Thermal background impo riant.
Certra | Mean Peak .
wavelength wavelength wavelength {FI‘]":_II;M {Frmr:?e ;ex'l'r E:::Itinn
{um} {um} (um)
23477 23694 23852 0.1545 253245 9238 a.arer

Figure 11.32: Came@ 2, Filkar FZ237 M
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Camera 3, Filter F108N

Hel line

Alsa available on Camera L.

Cantral Mean Peak _
wavelength  wavelength wavelength FWHM Ra nge Ma xTr Pixel
(um) (um) {um) (pm) (um) % Fraction
10800 10799 10776 0.00% 1% ey o 43

Figure 11.33: Camama 3, Fiker F108H
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Camera 3, Filter F110W

Also availableon Cameras 1 and 2.

Cantra | Mean Peak ]
wavelength  wavelength wavelength FWHM Range ;ﬂlﬁ 1I::"Iln::tl
{um) {um) fum) (um) {um) mection
1 9s 11035 123035 asals 0&14 ad.ag 0590

Figure 11.34: Transmi=sion CGurve or F110W
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Camera 3, Filter F113N

Hel continuum
Alsa available on Camera L.

Ca ritra | Mean Peak _
wavelength  wavelength wavelength FWHM Ra nge Ma xTr Pixel
{um}) (um) fum) (pmy} {um}) % Fraction
11283 I e L13la Q0119 1% 2451 g.579

Figure 11.35: Camam@ 3, Fiker F113H

EI'.II'.II'!IIZ'II.'IIIII:'II."!IIIIIE
100 |

10 |

ot

Transmission (%)
o
—

0.01

D.DDI ..J...i...l...L..J...I...L..u'...J...I..a'...]...l...i....l...]...I....L..J...i....l..]...i...a'...L..J...J...I..J_

1 1.1 1.2 1.3
Wavelength {pm)



195 [ Chapter 11: Imaging Referance WMaterial

Camera 3, Filter F150W

Grism B continuum

Thermal background impo rtans.
Cantra | Mean Peak .
wavelngth  wavelength wavelength FW HM Range MaxTr Puel_
(um) (um) () (um} (um} % fraction
15035 1.5068 16355 0303 1.1-19 a7a7 0534

Figure 11.36: Camama 3, Fiker F150W
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Camera 3, Filter F160W

Minimum background

Alsa available on Camerss | and 2.

Central Mean Peak _
wavelength  wavelength  wavelength | T Range :uﬁ Eu:-tl_
(um) {um}) um) (pm) (wm} raction
15940 15931 15820 0403 l4-138 9654 0524

Figure 11.37: Camama 3, Fiker F150W
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Camera 3, Filter F164N

[Fell] line

Alsa available on Camera L.

Ca ritra | Mean Peak _
wavelength  wavelength  wavelength FWHM Range Ma xTr Pixel
{um) (um) fum) (pmy} {um}) % Fraction
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Figure 11.38: Camam 3, Fiker F1564H
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Camera 3, Filter F166N

[Fell] continuum

Alsa available in Camera L.

Cantra | Mean Peak _
wavelength  wavelength  wavelength FWHM Range Ma xTr Pinel
{um) (um) fum) (pmy} {um}) % Fraction
1 a5a2 lasEl 1662 00184 158 B724 0513

Figure 11.38: Camam@ 3, Fiker F186H
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Camera 3, Filter F175W

Alsa available on Cameras 2 and 3.

Thermal background important.
Cantral Mean Peak .
wavelength  wawelength wavelength FWHM Range Ma xTr plrl.
(um) () (um? (umd (umd % fraction
13530 17508 ladara l1aada 1223 94558 04586

Figure 11.40: Came@a 3, Fiter FAT5W
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Camera 3, Filter F187N

Paschen o line

Alsa available on Camerss | and 2.

Ce mtra | Mean Feak .
wavelength  wavelength  wavelength FWHM Ra nge iﬂxﬁ E”’::
(umy} {(nm) {um} (pm) raction
15740 LET3E LET4G galez 198 g9l 0471

Figure 11.41: Camama 3, Fiker F187H
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Camera 3, Filter F190N

Paschen o comtinuum

Alsa available on Camerss | and 2.

Central Mean Peak _
wavelength  wavelength wavelength FWHM Range Ma xTr Pixel
(um) (um) fum) (pmy} (umj} % Fractian
18005 Legaz Legd Q8174 198 9322 0466

Figure 11.42: Camama 3, Fiker F1290HK
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Camera 3, Filter F196N

[Sivi]

Thermal background impo rtans.
Cantral Mean Peak .
wavelength  wavelength wavelength FW HM Ra nge :“ﬁ E”::
(um) (um) (um) ) etion
15641 19639 19693 Q0134 1% Q3iT4 Q450

Figure 11.43: Camam 3, Fiker F196H
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Camera 3, Filter F200N

[SiVI] continuum

Thermal background impo rtans.
Cantral Mean Peak _
wavelength wavelength wavelangth FIW HM Range MaxTr Puel_
(um} (um} fum) (um) (um} % Fraetion
L9973 L7y 1. 85ag 00204 1% aL75 Q445

Figure 11.44: Camama 3, Fiker F200H
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Camera 3, Filter F212N

Hy, line
Alsa available in Camera 2.

Thermal background impo riant.
Central Mean Peak .
wavelangth wavelength  wawvelength {FI‘]":_II;M Ra nge ;ex'l'r Fr::tlhn
{um) (um) (um)
21211 21213 212 00206 15 Qaaqg 0418

Figure 11.45: Came@ 3, Fiker F212M
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Camera 3, Filter F215N

H; continuum
Alsa available in Camera 2.

Thermal background impo riant.
Central Mean Peak .
wavelength  wavelength wavelength {FI‘]":_II;M {Frmr:?e ;ex'l'r E:::Itinn
{um) (um} {um}
145 24587 21542 0a200 150 8591 0413

Figure 11.46: Camea@ 3, Fikar F215M
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Camera 3, Filter F222M

CO continuum
Alsa available on Camera 2.

Thermal background impo riant.
Centra Mean Peak .
wavelngth  wavelength wavelength {FI‘]":_II;M {Frmr:?e ;ex'l'r E:::Itinn
(um} {um) (pm)
2216 1214 2138 0.1432 2.15-23 g9 037

Figure 11.47: Came@a 3, Fitar F222M
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Camera 3, Filter F240M

CO band

Thermal background impo rtans.
Central Mean Peak .
wavelength  wavelength wavelength E::_II;M {Frm?e :“ﬁ IErI::Itinn
(um} (umy (um}
23978 23T 23155 Q.1975 2F25 Q243 0353

Figure 11.48: Camsama 3, Fiter F240M
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CHAPTER 12
Flux Units and
Line Lists

In This Chapter...

Infrarad Flux Units /208

Formulas /211

Look-up Tables and Softwvars /213
Examples /220

Infrarad Lina Lists /220

Ln this chapter we provide a variety of backgronnd material that may be ns=fnl
when preparing pmposals. This material inclodes a discission of the flux and
surface brightness units often mwsed in the infrared, which may not be familiar to
some nsers, plus a lage compilation of spectral lines that may be encoumered in
the infrared, and which ar eitherin the WLICWOS waveband or which are related
to lines which are.

Infrared Flux Units

In the infrmared, as in the optical, the mears of mpaorting source brightnesses
and the units employed have vared considerably. ln recent wyears, however,
magnitnde systeme have been meed less frequently, and the most popular unit for
exprssing brghtnesses, both for point source fluxes and suiface brightnesses, is
steadily becoming the Jansky. We have adopted the Jarsky as the standamd flux
unit for MUCKOS in our documentation and in observeronented softwars. Hers
we provide some simple formulas and tables to facilitate the comersion from
other units into Jy.

208
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Background

Infrared astronomy really began in the 1960s, when the vast majority of
astronomy was still carded ot in the visnal mgion. Flox measurements wers
rontinely reported in the LBV magnitnds system, and to atternpt to integrate 1R
astronomy inta this system, Johmeon (Apl., 13, &9) defined the fist 1R
magnitode system. This imolved four new photometric bands, the J, K, L and Bl
bands which were centered on wavelengths of 1.3, 2.2, 3.6 and 5.0 microns. These
bande were defined not only by the filter bandpasses, bt also by the wavebands of
the “windows" of high traremizssion thmuogh the atmosphere. 1n this system, all
measurements were refemed to the Son, which was assomed to be 2 G2V star with
an effective temperature of 5785K, and was taken to have a V-K color of muoghly
+22. From his own measnmements in this system, Johnson determined Vega to
have a K magnitnde of +0.02 and K-L=+400+

Unti| the ead v 1980 1R astronomical observations were mestricted to spectm or
single channel photometry, and most photometry was mparted in systemns at least
loossly based on Johneons system, though with the addition of a new band at 1.6
microns known as the H band and the development of two bands in place of the
ane formerly defined by Johnson as the L band, a new definition of the L band
centered on 3.4 micwons, and a rather namwower band known as U centered on 3.74
Micrares.

As the new science of infrared astmnomy mpidly expanded its wavelength
coverage, many new photometric bands were adopted, both for gmund-based
obssrvatiors and for use by the many balloon and weket-bome observations and
surveys. The differing constraints presemed by these different emvitonments for
LR telescopes resnlted in systems with disappointingly little commonality ar
overdap, and today the 1R astronomer is left with a plethom of differemt systems to
work with.

The IRAS survey msnlts, which wers published in 1985, presented
obesrvations made photometrically in four bands in the mid and farinfrared, and
mid-inframd spectm, and all were presented in onits of Janskys, rather than
defining yet another new magnitude system. Since then, LR data from many sites
aronnd the word have besnincreasingly commonly presemed in larekys (1y), or
in | y/arcsec- in the case of sorface brightn=zs data falthongh IR AS maps ar= often
presented in the rather grandiloqoent units of kil wstemdian).

Gronnd-based mid-lR photometry is mevally camied out nsing the T and Q)
photometric bands, which are themselves defined momr by the atmospheric
traremission than by any porely scientific mgard. LRAS, freed of the corstmints
imposed by the atrnosphere, adopted its own 12 micron and 25 micmon bands,
which were extremely broad and therefore offered high sensitivity. Similady,
MICHMOS, being above the atmosphere, is not fored to adopt filter bandpasses
(See Chapter 4) like those nsed at ground-based observatories, but instead has
filters constrai ned purely by the anticipated scientific demands. This in practice
MICHIOS does not have filters matched to any of the standard goond based
photometric bands.
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Units for NICMOS

In order to facilitate proposal preparation by obssrvers, 5TScl is making
available a mumber of compiter pograms to assist with signal to nois= mtio and
integration time calculations. Given the multitnde of units and systems that have
been vsed for IR photometry (magnitndes, Janskys, W -um L, Wem um 1, e1g
sec e um ) and for sorface brightness measnrements (Janskys amssc > Ky
steradian!, magnitodes arcsec™™), presenting these data to o bservers conld become
somewhat combersome. Additionally, given the lack of any standard 1R filters (as
explained above), in order to express brightnesses in magnitndes we wounld have
to adopt our own MICKIOS magnitonde system, and observers would have to
transfom gmound based photometry imto the MICW 05 bands. We have therfors
adopted a single standard set of fle wnits, Janskys for all photometry and
spectmscopy, and Janksys arcsec™ for all surface brightness measurements in all
WICKOS docomentation and observer-orisntsd softwars. The WLCHLOS
calibration pipeline software delivers msnlts calibrated in Janskys arcsec™, as
well as the more familiar HST nnit of erg glem AL

We are awars that some observers do not rootinely use these vnits, and
therefore below we give a set of simple formolas to vse to comvert between
systems, and some comversion tables. In the fotore we will also maks available,
via the World Wide Web, software to perform comermsions between different
systems and nnits.

Formulae

Converting Between F,r. and F,

One Jansky (v is defined as L "®Wm “Hz L, =0 it is a onit of measnement of
the spectml flux density, F,.

For F, in ly, nse the following formnla:
F;, = PE,/A%,

where & is the wavelength in microns (Umj, and f is a constant chosen from Table
12.1 and depending on the units of F;. (This iz simply derived, using the fact that
dyidi ==
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Table 121: Constants for Convarting F_and Fy

Fi meazured in B

Wm umt Inlo
"Fn'cm'zl.lm'l' Il
=g sec”bem™? |.Im'|' Ixld®

=1Z sect om? A 31t

Remember that L W=10"erg sec !, and lum=10*A.

Conversion Between Fluxes and Magnitudes
The spectral flmx density F,, can be calculated fiom its magnitnde as

-mi2.5
F, = 10"™2F,

where m is the magnitode and F, the zeto-point flm for the given photometric
band. We list the central wavelengths and zemw-point fluxes for the mor com-
monly enconntered photometric bands below in Table 122, The CIT system was
onginally based on Beckwith et al (1976, Ap.l., 208, 390); the UKIRT system is
in fact baged on the original C1T systern, bot with adjistrments made lagely owing
to different filter bandpasses. It shonld be noted that for a given photometric hand
there will be small differences in the effective wavelength and zero-point flux
from one obssrvatory to another, and for astronomical objects with radically dif
fernt colors, so these fignres can only be treated as approximate.
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Table 122: Effective Wawelangths and Zam points for Pholomatric Bands

: Faldy] Faldy]
Band  ifum] oy (UKIRT)

W 054 3540 3540
R a.7a 2ETa

1 0.ed 2250

1 125 1a7a 1600
H Las 930 10730
ke L G as7
L i 230 X0
L 374 - 252
I+ 458 150 las
M lal 37 ME
Q 200 1d 104

Conversion Between Surface Brightness Units

Surface brightnesses are genemlly measured in Janskys arcsec =, Wy steradian!
or magnitudes arcsec . 1f you have a sorface brightness Sy in by steradi ant,
then you can se:

S, [y amsec ] = 5, [blly ster 1] x 008458 16.

lf you have 5, in magnitndes arcsec™S, yon can simply umwe the formnla and
zem-points as given in the previons ssction for point sonroes.

Look-up Tables and Software

In thiz section we provide look-up tables to facilitate rapid, approwimate
comvesion between the differentsystems mentioned in the precading section.

For both integmted sonwe flimes and sniface brightnesses, we provide tables
of convemions between systems at the wavelengths of the four commeonly meed
photometric bands which cover the WICKWOS opemting waveband of 0.8-2.5
micrors. To camry ot some of the comersions described here, simple progmms
are available on the MICHIOS Warld Wide Web pages at 5TScl. We are adopting
here the C1T system defined in Table 122

By nsing Table 12.3 it is possible to estimate the C1T magnitode corresponding
to any flmx in Jy, by nsing the property that muoltiplying or dividing the flum by one
hundred adds or snbtracts five magnitndes.
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Table 123: F, o Magnituda Convarsion

Fy [4¥] I J H K
100 55 556 453 443
2.4 G.12 550 522 472
a.d G4 a.11 553 5
5.0 .63 G931 303 523
4.0 G55 G.55 547 548
34 T.19 G936 [t 579
15 T T G453 589
24 7 7 a7 523
L5 7. - 7 G54
125 g1+ EE:1} 7 a7
La i3 .06 T43 G658
a3 34z 330 1.32 722
IR ] e 24l 203 75
a5 913 351 523 733
a4 938 945 BAT 7.
Q.3 909 935 2.7 b
025 959 9.57 358 d49
a.z 10.13 93 9723 373
Q.15 1044 10.12 95 9

a.125 1054 1031 a4 92
al 1028 10 56 aa3 943
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Table 124: |- Band Flux Comvarsion

F, | Fy Fy Fy
[v] [magl [Wm3um']  WemZum™]  [erg & em A7
2750 a0 g 3m10” g ot g 321
LT La 3312%10° 331210 331210
35 20 131810 L3lex 107 1318 1077
142 30 525107 525l 5 25xlgtt
56.4 40 209107 v el 2 maxlatt
225 50 g3xott g 3xrt g3t
LT 60  3312uott 331210 3312007
315 70 131910t L3lgx 10t 131910t
142 8.0 52510t 525yl 5 25x1g
0564 9.0 209 107t 2 00xlT e 2wl
0.225 104 g3m10t? g 32xlat’ R [t
00594 1o 33zact? 3312107 3312107
Q0356 120 13190t L3lgx1ot? L3l%e 10t
Q0142 130 525107 5 25x10 8 52510
000564 144 209107 2 0xlg 2l
00225 151 83210t 8 32xlat® 8 3210
o410~ 160 3317x0t? 3312007 331107
3I5ecl0” 170 1319wgtd L319x10® L319x10®
142107 180 525107 525510 ™ s25x10”
s6dx10% 190 0% 107 2@l 2o’
2258107 M0 g3m10t? e [y R [
BO4x10® 20 33120t 3312007 33121078
I5ex10® a0 1319t L3lox 107t 1318y 1078
142%10% 230 5251078 525510 525x10
S64x107 M0 2091078 2mar® 2o
22%107 250 g3m 107 g a1 g a0
godx10? w0 3317a0t 331200 3312007
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Table 125: Jband Flux Convarsian

F, J Fy Fy Fy
Hyl [mag] MWmSum™  WemSum™  [egem@sTAT
1670 aa 32110 32110t 321107t
&5 14 128 10" 128w 107t 128x 107t
5 240 50810 50810 50810t
104 30 202107 202107t 202107
420 41 & dénc 107H & dénc 10714 & dénc 10712

7 50 32lx10tt 3210t 321x10t?
665 60 12gx 10t 12gx 107t 128 10°t?
265 70 508107t 508107t 50810t
La#& 81 202107 202107 20210

043 91 8 0énc 1074 80 1077 80 1074
a.167 104 331107 321107’ 331107t
00665 114 12gx 10t 12gx1at? L2gx 10t
00265 120 50810t 508 10718 508107
00106 130 T Je [ 204 107tE 2024107t
0.00420 140 B 107 B0 107" Edé 10
0.00167 154 321107t 321 107t® 321xc107t®

G851 144 128107t 128 107® 128 107t®

265u10 174 508107t 5081077 L

Loaxla™ 120 202107t 202 107" 2a210°t?

4. 2010 190 g0 10’ 06 107t 806 10712

L&Txlo? 200 32010’ 32110t 3201102

66510 218 L2810’ L2810t 1281078

2 &5 334 5081078 508107 508 107®

Loax1a® 230 2021078 20210 202 107t®

42010 240 06 10°t° 806 107 06 1077

L&Txld” 250 321 107t® 3210 321 107®

66510 e 260 128107 L2810 128 10"
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Table 12.6: Hband Flux Conmarsion

Fy H Fi, Fi Fi
[y [magl [Wm3um™]  WemZum™]  [erg & 'em A
28] a0 108 10* 108x1r 18«1 @
300 La 4310 430t 43xtt
155 20 L7 12x1at? L7110t L7110t
613 30 68 lxlatt 6.81dx 107 6.81dx 107
246 40 27860t 27t 27110
98 50 Logx 107t 1 08x1a 1081
39 6.0 4310t 4310 4 31t
1.55 7.0 L7121t L7110 L7110
0618 8.0 6 8 xlt? 6.814x 1077 6.814x 107
0.6 9.0 2 7131t 271’ 27130t
0.098 104 Logx 107t 1=’ 1LoExlr s
0.039 1a 8 [ 431t 4 31t
Q0155 o 171act L7t L7110t
000618 130 68Mxgts & 814x 107" &.814x 107"
000246 Ko 27130t 271310 271310
agxl0* 150 10810t LEx10® T L
19107 160 430te 4 310" 4 3=l
155107 170 1712a0t® 17110 L7120t
618107 180 6SMxT aSldxwt 6814102
2410 1o 270a0 27wt 2713108
98x10® M0 L0810t P LBl
10x10% 210 S e 430 4 3a1t?
15510% 20 171zxotd 1712107 L71210®
618107 W0 a8l asldxw? 6814z 1077
246107 Mo 270a0 27imw? 27131077
agxld® 250 108 10t® LiEx1r ™ LiExlr ™
30x10% W0 S 4310 O P i
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Table 127: K-band Flux Comearsion

Fy K Fi, Fi Fy
Hyl [magl Wm3um™]  WemZum™]  [erg &”'em @A
620 a0 38dx107? Isdalr 3Bdx10tt
U7 La 15310t 1 53wl 15310t
o 3 20 60% 10 6 0l 6.0% 10
.1 10 24310t R iy 24310t
156 4.0 agex 1o’ 9 saxlo'® agex 10t
620 50 3Bdx10t? 3Bl '® 3Bdx10H?
247 6.0 15310t 1 53xl'® 153107t
0983 7.0 &.0% 10" 6 0xlat 6.0% 101
391 80 24310 2430t I [/
.15 a0 9 G 107 9 Gl d 9 Gén 10
0.0620 1040 384x107 334l ® 384x107H
00247 114 15310 153x10 8 153107t
0.00983 124 a0 107 6 mx1r e a0% 107"
0.0031 130 24310t 24310t 243 107®
0.00 156 140 9 e 1071 e D @66 107
60105 150 I8dx 107" 38T ™ 3841077
247xl0T 160 153107 153xlor ™ 153107’
I [ R el a0 10’ 6 mxlrt 0% 107e
3glald? 180 24’ 243xr 24m0te
Lsxlod® 190 266 1072 9 faxlT 2 6em 107
6.M0x10® 200 3841073 3 8dxlT 384 107°
247x1T® 210 153103 1 53xld™ 153 10t®
983xlo’ 20 a0%x 107" 6.mx1r 602107
3glald’ 34 2430t 2 43x10® 24310
Lsxld’ Ma 966 107 9 faxlT 966 10t
6Mxld? 250 384x 1077 38T ® 38410
247x10? a0 1531077 1 53xl0 153107t
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Table 128: Surface Brightness Convarsion

I-Band J-Band H-Band K-Band
mag arceec™

Jy aresec™ a'eradun"' Jy aresec™ a'eradun"' Jy aresec™ a'eradun"' Jy aresec™ a'eradun"'
aa ek 2 gl 1670 197x10" &0 1.16x10" 620 73M
10 594 1 D6x10" 665 7860 30 4510 M7 =
20 356 4210 %5 313 155 1830 9 3 1160
30 147 1680 106 1250 &l 8 730 W1 467
40 564 667 420 496 U4 ]| 15 & 184
50 75 266 7 127 9.8 116 620 732
&0 294 106 665 TEE 39 461 247 =3
7 156 421 265 313 155 183 09:3 116
B0 147 168 106 125 0618 7.3 391 462
ag 0564 667 Q420 196 0246 291 .15 184
104 0125 266 a.167 197 0098 Ll& 00670 a7m
114 0089y 106 00665 073 00m@ 0461 0.0247 0293
120 0035 0421 00265 a3 00155 a.133 000983 a.lla
130 00142 0.168 00106 0.125 000618 aam a0am1 0 a2
140 0.005%4 0 D867 0.00420 00498 Q0046 a9l 000156 00184
150 Q00725 0 0266 Q00187 .17 9 810~ golle &Mkl 00a7I2
161 BodxlTS 00106 6.65x10%  Q00TE6  3SkI0T 000461  24TxI0Y 000703
174 3xI10T 000421 265x107 Q00313 LSSxl0T Q0183 9.83xlo’ 0.00lle
180 L42x10 Q00168 L6xl07 Q00125 61Sxl07  TI0T 39lxld’ 4alxld”
194 Sedxld’  AETHITT 40 498xlTT 246107 291x0% LSxld LExldT
200 22507 2&6nl0 LeTxld? LO7xldt 98x10° Llexl0 aMld® 7.3l
210 BOxl0® LO6xl0  G6SklT®  TEexld? 30x10® L6lxl0F 247kl 29310
220 356xl0® L21x107 265xl0® 3300 LSSkl0® LEIkTY oEmkld’ Lléxld?
230 L42x10®  LéSxld”  L06xl0®  L25xI0Y 618xl0 T30 39lud’ 4a2xl0®
240 SedxlT’  AETEIT®  4l0 4%68x1T®  246xld 291xl0% LSxld’ L8xld®
250 22500 266xl0®  LéTkl0T LeTxId® 9s10® LIswo® ead? 73w’
2610 Bodxl0?  Loewl0®  aesuld?  7Eewld’ 3o10® Lelwlo” 24mac? 293ag”
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Examples

. Given a source with a flox of 09mly at 13504, convert this flmx to erg

s lem2A-!. From section 3, Table 12.1, we see that the convermsion constant
pis 1 10-1 and the wavelength is 1350A =0.135Um. This:

F=3x10"" x 9x10 /01357 = 148210 Yeig s tem A7

. Given a V magnitnde of 15.6, and knowledge that V-K.=2.5 in the UKIRT

system, sstimate the fluxin Iy at K. Since W-K=2.5 we know that K=13.1.
From Table 12.2, the zero-point flux in the UKLRT system for K is 657)y.
Thos the 2.2Um flux is:

F,=10"3129 1 657 = 3.8x1071y

. Given a surface brightness of 211 magnitodss arcsec™ at J, comvert this

into Jy arcsec” and imo By stemdiar!. Taking the zero-point for the J
band from Table 12.2, we detemmine that the sorface brightness is:

10723 £ 1670 =6.06x 10"y arcsec™, or 6.06x10°90.084616 =
7.17x10 M y ster™

4. Given aflmx at 0.9um of 2.3x 10" ")y, sstimate the L magnitode. 2.3x 1071y is

less than 2 3x10r Ly by three powes of a hundred, or 15 magnitudes. From
Table 12.3 we s== that 0.25)y is equivalent to an 1-band magnitods of 9 .89,
Thos 2.3x1077 is woghly 15 magnitodss faimter than this, or of order
1=24.9.

Infrared Line Lists

We present here lists of some of the mor important atomic and molecolar lines

in the infrared. It is by no means sxhanstive.

Table 129: Recombination Lines of Almic Hydogan: Paschen Saries?

non et
{mic rons) fem 1y Ta=Ng=10?

4-3 1E75 553155 Q332

53 12822 TTER3S a.1a2

G-3 134l QI39s aEal

T3 1052 Qaig]

2. Ini=nziti=s ficm Hommer & Sioiey, WMMRAS 224 201,



Infrarad Line List= [l 221

Table 1210: Recombination Lines of Atomic Hydrogen: Brackstt Sarias

Transition Yacuum Wavelength Frequency IEHR)
(M,-M) (microns) fem ) Te=1
54 45225 a7 7as Qarsr
G-4 25259 3808 25

T4 21&al 4516 61 Qa27s
B4 189451 5141.14 aal1sl
a-4 18181 5500 5 Q012
104 17347 57581 200909
11-4 15811 5948 45 0004679
124 156412 6093 22 aoa521
134 14114 G205 9 000409
14-4 15885 G295 3 Q00327
154 1575 Q367 4 Q0266
la4 15551 6436 4 2.202240
17-4 15443 G753 Q00184
154 15346 G516 3 Q00156
a4 15265 a551.0 Q00153
204 15194 a581.7 a0d1la
series limil la5a G555,

Table 1211: Heland H=ll Linas

10 Trangition Afpm)
Hel TF-30,3Fa-30 1@asl
Hel TF-30, 1Fa-10 L3
Hell la-6 lLaad4a
H=11 5-d 1a133
Hal GO-3P D3P lLasl4
H=11 136 liod22
Hel G5-3F35-3Fa 1 06as
Hel IP-25, 3P0 35003 132
Hel IP-35 3P 3RG1LE]L 1832
Hal IP-25 3P0 35015 1833
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Table 1211: Haland H=ll Linas

1D Trangition Afpm)
Hal ) S o LIB335
Hal GP-30, 1Pa- 1d 1iRas
Hal & F-30,3Fa-30 114
Hel aF-30, 1Fa- 1D 1R
Hell 12 1iR3E
Hal GP-30,53Pa-30 lLimar
Hal 5P-35,1Pe 15 11014
Hal G0-3P,10- 1Pa 11048
Hall TLINIT L11ad
Hel a5-3F,15- 1Pa L1122
Hell 75 L6z
Hall ll-& 115677
Hal 50-3P,53D-3Pa 11972
Hall 217 12255
Hall 337 12418
Hel 4+P-35,3Po-35 12531
Hell 20T 1719
Hal 5P-30, 1Pa- 10 15
Hal 5F-30,3Fa-30 1x7Ea
Hall 10-& 1217
Hal 55-3F35-3Pa 12850
Hell le-7 124
Hel 5C3P,1D- 1Po 1371
Hal 5F-30, 1Fa- 10 174
Hal 5P-30,3Pa-30 1M
Hall 187 13150
Hal 55-3F15-1Pa 1315
He1l 17-7 13442
Hell 157 14273
Hall ELINIT L4578
Hall a5 L4745
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1D Trangition Afpm)
Hall 14-7 1 ABED
Hal 4P-35,1 P15 1 5088
Hall 157 15719
Hell 158 1&a241
Hell 248 1 540
Hall IFE 1G53
Hall IXE La7ea
Hall 127 15924
Hal 40-3P,5D-3Pa 1.7aa7
Hell i 1. 53
Hell 203 17355
Hall 1e-8 17717
Hall 158 1L E147
Hall QLINIT 12450
Hal 4P-30, 1Pa- 1D 1 B541
Hell a-5 lEam:
Hel 4 F-30,3Fa-30 1359l
Hal 4 F-30, 1Fa- 1d LETO2
Hall T-B LET2S
Hall 24 15753
Hall 11-7 LETTD
Hel B5-4F35-3F0 1 2068
Hel 4+ [3P,10- 1Po l=0aq
Hal 4 P-30,53Pa-30 19548
Hall 158 T3Ta
Hal GP-45 3Po-35 T30
Hal P35, 1P 15 TO587
Hel 45-3F35-3Pa X112
Hel FpP-4s5 T 1132
Hal 45-3F15-1Pa N
Hall 259 X 1195
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Table 1211: Haland H=ll Linas

IO Transition Af{um)
Hal T5-4F35-3Pa 21500
Hal TF-40,3Fa-3D a4
Hel 4d0-7{F 2al7
Hel TF-40), 1Fa- 10 B [ Bk
Hall 14-8 21553
Hal 4-7 N (1.1
Hall 239 21784
Hal TOH4P,1D- 1Pa 21847
Hell 137 21891
Hell 229 272155
Hal T5-4F,15-1Pa L i |
Hall 219 22401
Hall LALTLT ImiE
Hal GP-45 1 P15 23069
Hell g9 2314
Hell 138 IR
Hall le-g IFTER
Hall 1589 24604
Hal GL-4P.50-3Pa 240

Table 1212: &0 Vibmation-rotation Band-heads?

12p160, 130160

Vacuum Wavelength Freq_lirenc'!,r Vacuum Wavelength Freq_qlem?
(micrans) {em =) (micnone) {em =

2-0 el 43601 2348 4247

3-1 B ) 43054 23739 42124

4-2 3535 42508 24037 41603

5-3 138X 41965 241 4108 3

G-4 24142 414272 24652 4055 4

7-5 444l 40852 24971 40047
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Table 1212: &0 Vibation-rotation Band-heads? (Caontinuad)

12p16p, 13p 16,
Vacuum Wavelength Freq_lirenc'!,r Vacuum Wavelength Freq_qlem?
(mizrans) {em =3 [micnne) fem =)
5-4 24787 40343
-7 251 39805
3-0 15582 G4178
4-1 L5780 53372
5-2 1.5a82 G3572
&3 15157 §177.7
T-4 Lazer GIRESE
3-5 L&a1a GO20.5
a. All ofthe d=Ha v = 2 bandh=ads coc ol he=an =50
Table 1213: Important Hz Lines?
Line Name m‘;ﬂ E{:;q.,} . EEIPP“ ;DE_?B} LTE I{linek1-05(13)
1000K  2000K  3000K  4000K
14 S0 12235 449741 5 6471 2153 Q.27 02l g.la a.la
14 S0l ZI1218 471281 21 G956 347 1.aa 1.aa 1.aa 1aa
14 S0 0358 491701 9 7534 i 027 Q37 042 044
14 S03 19576 5084a 33 5345 4721 051 Laz 13 145
14 Sid 15382 53252 13 9286 4.19 0as2 036 o 047
140 55 18358 5447325 45 13341 355 0096 052 nsl 121
14 S0E 1. 7880 554249 17 11522 35 0.al1a Q.1a 02l 0.3l
14 ST 17430 57208 57 12817 el= 0005 Q.15 0.4a aa5
14 S8 17147 58318 21 14221 I3 0ol Qazz 0074 0.14
14 S(9 1 &877 54251 59 15722 168 0azs 0.1l g2z
14 5010 1 56665 50004 a5 17311 1as 003 0als 0034
140 TR RN 1 a504 505940 g1 1397 053 0oz 0al4 0437
14 il 24065 415525 9 G149 4.3 1a5 0.7a gal Q.57
14 N2 JE N 414347 5 6471 303 0.3 023 g2z a2l
14 N30 14257 412587 21 G956 178 0.7a 0.7a 0.7a 0.7a
14 Cd 24375 412 5% g TEE6 245 .15 021 023 024
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Table 1213: Important H; Lines® (Continued)

Line Name m‘;ﬁl gm} - Elépper ﬂm_?aj LTE [{line)K1-02{1})

1000K 2000K  3000K  4000K
140 A5 2 AS4E 407372 33 8345 255 024 049 0&a2 Q.50
140 oy} 2475 40395 13 QIE4 245 0036 a.1z a.17 azl
14 AT 25001 3 45 10341 3 oz a.11 0.4a Q53
3-2 Sl 25014 IWTIZ 5 17387 3= aoal a0a7 aalsé
3-2 Sil) 213 419033 21 17818 5.04 0005 Qa35 QaE7
3-2 Si20 i | 437249 9 15384 563 002 aal4 Qaz7
3-2 Hi3 e 454257 33 19085 563 0005 043 a.1z
3-2 Hid 21280 469932 13 lea]? 57 Qoal aalLz 0036
3-2 S5 20655 43413 45 2ESS 4 .50 0003 Qa3 0088
3-2 L= 2013 49577 17 21911 357 0005 aazl
3-2 ST 1 259z 50781 57 23069 25 a0l Q.ala Qa38
4-3 Si3) 2345 42654 21
4-3 Sida . . 1.1 44115 ]
4-3 S5 23l 45435 33
5-4 S5 2A555 42454 45
5-4 ST 22510 444725 57
24 Sil 1 2383 80753 5 12095 177 a0l QaaLz Qazs Q43
24 Sila 1.1622 56042 21 12550 190 0004 0061 a.15 Q23
24 Si2a 11382 87855 ] 13150 238 Qoal Qazs Qa7 a1z
24 53 11175 EUES 33 1389) 177 0002 0074 a4 43
24 Sida 1 aas Q@24 13 14784 307 aazl Qa7 a.15
240 S5 1E51 Q2155 45 157643 3= aoal Oz a2zl 044
14 il 1 2383 80753 ] 11789 1 003 Qaz7 Q82 Q.12
24 N2 12419 0519 5 12095 138 Qoal aarz 0.aza Q45
24 N30 12473 50172 21 12550 1.2 000z 0039 00aE a4
24 Cd 12545 TaTLl ] 13150 1.7 Qoal aalLz Q033 0056
24 x50 1 2636 TR133 33 1359 123 Qa1 024 Qs a1z
240 K2 1332 TI324 1 11635 347 aoal 0003 aalsé Q024
24 K30 1 3354 T4EE3 ] 11789 lal 003 Qazs Q063 Q.0aq
24 s 1317 T2375 5 12095 103 Qoal 0008 0.aza Q030
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Table 1213: Important H; Lines® (Continued)

Line Name Wavel qu., - Eupper A i LTE [{line)K1-02{1})
(wm}  fem™) (K) (10678} ook 2000K  3000K  4000K
20 oSy 14372 6|25 11 12550 0693 00dl 0018 0Ms 0074

a. En=igy levels calcnbi=d nging Dabicwslki & Heizbeig, Can J Phy= 62, 1639 ( 1984, Einst=in co=fhci=niz
fiom Toinet eial. ApY Soppl 35, 220 (1977).
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PART 4

Calibration

The chaptzrs in this part describe the calibmtion af HICH OS5, Thess chapters
include an averview of the calibration pipzline process; the expected accuracizs
for data taken in Cwcle 7; and the present plans for calibrating and verifying the
instrument’s performance.

228
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CHAPTER 13

Calibration Pipeline

In This Chapter...

Cvarview and New Features /231
MICWOS Pipalina /234
HMICKWDS Data Products /238

This chapter describes the pipeline calibration system developed at 5TScl
This system provides observers with MICW OS5 data after varions instrumental
signatnres are removed, comvesions to flux units are performed, and pattems of
exposnres are comhbined. Several enhancements to the HST gronnd system have
been made to suppart MICKOS, incloding the concept of associations of datesets
and an impmoved file format for data storage and distribotion. A detailed
description of the analysis of HST data in geneml and WICKOS datain particuolar
will b= found in the nextreleass of the H5T Daa Handbook.

Overview and New Features

All data taken with MICKIOS are antomatically processsd and calibmted by a
snite of software pmgrame known as the pipeline. The porpose of pipeline
precessing is to provide data pmodocts to observers and the HST Data Archive ina
form snitable for most scientific analyses. PFipeline processing is also applied to
engincering data, calibration data, and calibration software.

The bmic sequence of steps in the 3TScl pipeline system (also known as
COPLIS) is:

1. Assemble data received from HST into datasets,
2. Perfomn astandamrd |e=vel of calibration of the science data

3. Stor both the nncalibrated and calibrated datasets in the Archive and popo-
late the Awchive database catalog to snpport StarView quoeries.

The pipeline most also handle exceptions (e.g., incomplete data) and perform a
geneml data evaloation and goality contral step. Final delivery of data to

23
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obesrvers is accomplished by the data distribotion mechanisms of the Archive
sy stem.

The calibration step has s=veml goals:

+ Remove the known instromental signatores (eg, flat field and dard:
currenti.

+ Comect linear and physical units ie.g., gain and flox calibration).

+ Flag degraded or snspect data values and provide estimates of the statistical
nncertainties of each pixel.

While acalibmtion pipsline may not be able to provide the optimal calibration
for a specific observation (which may, in fact, not become available until some
time after the data were obtained and calibratedi, the goal is to provide data
calibrated to a l=vel spitable for initial evalvation and analysis for all msers.
Further, observers frequently require a detailed nndestanding of the calibrations
applied to their data and the ability to repeat, often with impmved calibration
prodocts, the calibmtion process at their home imstitution. To support this last
goal, the calibration software is available within the STEDAS systemn and the
calibration mference files le.g., flatfields) are available from the HST Axchive via
Starview.

Associations

To improve the wfility of the pipsline processing for the second generation
scienoe instruments—MLICK 05 and ST1S —sevemnl significant changes have been
make to the stroctore of the calibmtion pipeline. The largest of thess changes has
been to enable the combination of multiple abservations during the calibration
pocess. This permits the pipeline to both genemts 2 combined prodnct and to ves
calibratiors obtained contemporaneously with the science observatiors. This
capahility is designsd to sopport the cosmic ray event mmoval, mosaicing, and
backgronnd subtraction for WICH OS5 observations. As discussed in Chapter 10,
mechanisme exist for compactly mquesting snch obssrvations in the Phase 11

prposal.

Concept

The basic element in the HST ground system has historically besn the
exposure. The fist generation HST science imstmments are commanded to
genemte single exposures, which resnlt from a recognizably distinct seqoence of
commands to the irstroment. This creates a flow of data which iz ass=mblad into a
single daraser. Each dataset is given a uonique 9 character identifier (an
fFPPFPS500T in 5T5cl temninology | and is processed by the pipeline, calibrated,
and achived separately from all other datasets.

An illustrative (partial) coonter example to this pocedor is the WEPCZ
CRSPLIT proposal iretrnction. This resolts in two WFEPCZ exposures fom a
gingle line on the exposuore logshest fthe way in which obszrvers specify
commands for HET). However, the HST gronnd system treats a CRSPLIT & two
distinct exposums which ar commanded, processed, calibmted, and archived
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sepamtely. The pipsline doess not combine these two images (datasets) to crate
the single image withomt cosmic my events wiich was the observer’s original
intention. Pressntly, the observers (and any futore archival ressamcheis) are l=ft to
perform this task on theirown.

The second genemtion imstruments prsent many instances in which the
combination of data fom two or mor exposmres is necessary o create a
scientifically nseful data prodoct. Both WMICH OS5 and 5TLS will need to combine
eXposnIes to remove cosmic tays and to improve flat fielding (by dithering ar
stepping). For MICWOS, the HST thermal backgronnd is expectsd to have
significant ternporal variations. Moltiple exposures (dithered for small targets and
offset onto blank sky—chopped—for larger targets | will be necessary to measore
and remove this background. While this has been standard practice for grouond
based infrared observations and is the basis of essentially all existing infrared data
recnction schemes, it is a new pamdigm for the HS T groond system.

Usage

Associations exist to simplify the me of HET data by observers. This starts
from the proposal phass, continnes with a more complete calibmtion pocess than
wonld be possible withont associations, camies into the archiving and retrieval of
associated data, and includes the mee of HET data by obssrvers within the
STHDAS system.

An association is a set of one or more exposnres along with an association
table and, optionally, ane or more prodocts. We define the following terms:

= Anerposine is the atormic unit of HST data.

* A dotaser is a collection of files having 2 common motname (fist 9
charact=i=].

* A product is a dataset detved from one or more exposnes.

The first generation instmments all have a one-to-one corespondsnce between
expoenres and datasets. They do not have prodocts. MICKIOS and 3T1S nse the
association stroctors as a meta-catasst. Further, they mse the information in
multiple exposnres doring the calibration process to create prodocts.

From a high level, an association is a meane of identifying a s=t of exposures as
belonging together and being, in some sense, dependent npon one another. The
association concept permits thess exposares to be calibrated, archived, mtrieved,
and reprocessed (within OFPUS or STSDAS) as a set rather than as individuoal
ohjects. Lnone sense, this is a book-k=eping operation which is being trarsferred
from the observer to the HST data pipeline and achive.

Associations are defined by optional pammetes on asingle exposne logsheet
line. Thatis, there is a one-to-one correspondence between proposal logshest lines
and associations (althongh it is possible to have exposures which are not in
associations).

Obeervers may obtain one or more exposnmes at =ach of one or moe positions
on the sky msing the MICWOS proposal grammar. Ty pically nsage will be:



234 @ Chapier 13: Calbmation Pipaline

+ Toobtain asequence of slightly offset exposures (dithering) to improve the
flat fielding, avoid bad pixels and cosmic rays, and, for snfficient] y compact
targets, to remove the backgmoond illomi nation.

+ Mlapping of targets larger than the NICK OS detectors field of view:

+ To obtain a sequence of observations in which the telescope is chopped
between the target and one or more offset regions of (hopefully blank) sky.

A set of pre-defined pattems ar pmvided in the poposal instmctions for thess
types of observations or a combination of both types. The Institnte gronnd system
will expand the obssrver’s single line request imo muoltiple exposores each with its
own identifying name (IPPPSS00T) and populate the necessary databass
relations to describe this association for the OPUS system.

Re-engineering

For the second genemtion science instroments ssveml other modifications to
the pipeline system have besn made. The format of the data podncts from the
pipzline has been changed from the GELS (Generic Edited Information Set) files
nsed previonsly to FITS (Flexible lmage Trarsport System) files with image
extensions. The IRAF/STSDAS system has been modified to operate directly on
these files. Each MICH OS5 image is expressed & a set of five image extensions
representing the image, its variance, a bit encoded data quality map, the number of
valid samples at ach pixel, and the integration time at each pixel. This stroctore is
nsed at all stages of the calibration pmcess which pemmits the m-sxecotion of
selected elements of the pipeline without starting from the initial point. Thiwd, the
calibration code itself is now written in the C progmming langoage (mther than
LRAFs 5PF language). An interface between the datafiles and a set of WMICHLOS
specific data stroctures (called HSTLO) has also been written. These changes
shonld greatly simplify the modification of the pipeline code by nsers and the
development of new MICW 05 specific data processing tasks.

NICMOS Pipeline

The MICHIOS calibration task is divided imto two stages: calnbea, which is
nsed for every individnal exposne, and calnich, which iz nsed after calnica on
those exposures which comprise an association.

Static Calibrations—calnica

The first calibration stage, calnbea, (Figure 13.1) performs those calibrations
which can be done to a single exposnme nsing the confignmtion information from
its telemetry and the Calibration Data Base. The calibmtions vsed in this stage are
obtained from the Calibration Data Base. Such calibrations are derived from the
calibration program (see Chapter 15) and typically changs on time scales of
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monthe. This is analogous to the WFEPC 2 calibration process (calwp2). Calnica
performe the following steps:

L

-

-

Flag known bad pixels in the data qoality army.

Calculate a noise modz] for each pixel.

Subtractthe bias l=vel.

Comect for non-linsarity.,

Scale fwhen necessary | and subtract the dark image.

Flat fizld to bring each pixel to a common gain.

Corrvert the image data to connt rate nnits.

Calculate varions image statistics (=.g., median).

Store the photometric calibration in image header keywonds.
Comect for cosmic ray events and pixel saturation (in MUL TTACCUM data).
Calculate estimates of the background.

Analyze the internal enginesting telemetry for potential problems with the
obesrvation.

Figure 13.1: Concaptual calnica Pipaline
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Obeervers will be given both the nncalibmted (raw) data and the processed
data for each exposure. For MUL TIACCUM observations, partially calibrated data
for sach readowt will be genemted (which exclndes the cosmic my and satiration
corrections) in addition to a final single image.

To racalibmte MIZKIOS data, yoo will nead the calnkca software fsoon to be
included in the STSDAS distribotion) and the necessary calibmtion reference filzs
{available from the HST Data Archive nsing StarView).

The data processing flow chart for nommal imaging and spectroscopic images is
shown in Figne 13.2.
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Figure 13.2: Calbation Steps of the calnica Pipealing
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Contemporaneous Observations—calnicb

While previotely it has been possible to execute multiple exposures from a
single pmopozal logshest line (2.g., WFPC 2, CR-SPLIT, and NEXP=n constrocts ),
this capability has been significantly expanded to support new mquirements of the
second generation science instruments. Typical examples inclode the mmoval of
coBmic rays, the constroction of a mosaic image, and the subtraction of the sky
backgronnd from a sequence of ontarget and off-target observations. These
obesrvations are distingunished by the fact that their calibration and processing
depends npon ather observations obtained ar the same fime.

The calnich part of the pipeline cardes ot the calibration and merging of
associated data frames, each of which has first been pmcessed by calnbca. Ln the
case shown in Figore 13.3, the associated set has 3 individoal datasets that are
combined into one merged and calibrated dataset.

Figure 13.2: Concaptual calnich Pipalina
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We mfer to these sets of exposnres as associ ations. The calnbcb task operates
on an entite association, and produces one or more prodocts from that set (Figuore
1330 In the case of dither patterrs, calmich r=ads from the headers of the
individnal exposure files whatthe t=lsscope offsets were. 1t then identifies sources
in the images, and, starting with the telescope pointing information from the
heade= as an initial gness, determines what the pointings actoally were. 1t then
combines the images into a final mosaic, mjecting from the output any Cosmic
Rays that had not been detected in the individoal exposures when they were
processad by calnica. The calnich cods nses all the data quality information
genemted by calnica to avoid propagating identifisd Cosmic Rays, bad pixels, or
satnmted pinels, into the outpot mosaic. In the case of chopped images, if multiple
images were obtained at each chop position, calnich generates a mosaic for sach
backgronnd position and ontpits sach of those; it then combines cach of the
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backgronnd images to generate a backgmuond for the target position, and removes
this backgronnd from the mosaic it has generated for the target position, and then
outpits the resolt of this operation as the final, background sobtracted mesaiced
image of the target. When calnbch iz calenlating the offsets between images, it
starts with the telescope pointing information as its first gness. If it is nnable o
match the varions images by adjusting this pointing information by mare than
some limit, the code reverts to nsing the pointing infommation alone, on the
assumption that there are no sonrces bright enongh to detect in the individnal
images, or that there ar instromental attifacts which are confusing the offset
calevlation, or that the telescope suffered a loss of guide star lack during one or
more of the exposures manlting in a potentially very large offset bei ng intmdoced.
To date, we have found that all of these things happen very mrely indeed,

NICMOS Data Products

Standard NICMOS Dataset Structure

MICHOS data are representsd by five armys for sach readowt. These arrays
contain the:

+  Science image.

= Emorarmy.

+ Quality flags army.

*  Samples army.

* Lnotzgration time army.

Each downlinked readont is always representsd by these five amays |Figne
L1341, Moltiple madonts in the same dataset jeg., MULTIACCUM data) are
represented by repeated sets of these five arrays (Figure 13.5). 1t is expected that
compact FITS representations will be available to store arrays in which all
elements have the same valoe.

In the basic MUCHIOS data format, shown in Figore 134, each madont is
represerted by 5 arrays, each as a s=pamte extension in the FITS container file.
Any of the five amays may be accessed by specifying its extension nnmber: for
example to access the data quality flags, specify the third extension.
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Figure 13.4: Data Format for ACCUNM, RAMP, BRIGH TOBJ and ASQ Modes

SLOEAL
HEADEFR [

SC1IEICE
1LIAGE

[SCL1] e [1]

ER ROR
[ERR.1]ec [7]

DATAQUALITT
FLAGS

(O] e [3]

SATIPLES
BALE]] ex B]

TITES RATLCN]
TILIE

MUIT,I] oo [5]

Sclence Image
The science image contains the information recomed by the WICH 05 camem.
The data may be represented as counts (i.e., data nombers) or as connt rates (i.e,

data numbes per second). Genemlly the latter is desirable since it is casier o
interpret in mosaiced datasets and corres ponds closely to flux

Error Array

The emor army comtains an estimate of the statistics eror at each pixel. 1t is
expressed as a m=al number of standard deviatiors. This is a calcnlated goantity
basd on a modsl of the irstroment and its =mvimnment.

Quality Flags Array

The quality flags array provides 16 independent flags for each pixel. Each flag
hae a troe (set) or falss (umset) state and is encoded as a bit in a 16 bit (short
integer) word. Uses are advised that this word shonld nor be imerpreted as an

integer.
Samples Array
The samples army is nsed forone of tao poposes:
+ For data where muoltiple samples of the army were obtained during the inte-

gmtion, the samples army denotes the number of samples for each pixel in
the comesponding science image.
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* When muoltiple integrations are combined to prodoce a single image, the
samples array will contain the number of samples wtained at each pixel.
Llate that thisimpliss that the original nomber of samp les information is not
propagated forward into combined images.

Integration Time Array

The imtegration time amay contaire the total intsgration time at each pixnel.
While initially a simple pammeter in some obseving modes, combining datasets
into composite mosaice and wvsing the information obtained by multiple
non-destroctive readomts during an integration requirs ns to keep tmck of the
actnal exposure time for sach pixel. This amay is nseful for simple convemions
betwesn counts and connt mtes.

The MULTIACCUM mode (Figore 13.5) prodnces multiple images. The file
strocture for snch a dataset comsists of a lattice of the 5 image arrays which are
created for each readont, as shown in Figore 13,5,

Figure 13.5: MULTIACS UM Data Format
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IRAF Access

Backwards Compatibility

This data strocture will be implemented so that the defiandr amay is the most
meaningful scisnce image amay. For example, if yon mgoest IRAF to display a
dataset, the first science image array wonld be displayed. Access to the other
armays within a dataset will be via element numbsrs (1-5; mod 5 for datas=ts
containing multiple readoms) or via a standardized naming comvention (see Figure
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134 and Figure 13.5). 1t is a critical requirermemnt that existing LRAF tasks be able
to access any amay ina MICT OS5 datasst.

FITS File Format

The physical format of MICK 05 datasets will be FITS with image extensions.
Data will both be deliversd to obszrver and vssd within LRAF and STSDAS in
this format. A modified version of the IR AF kernel has been developed at 5TScl
to support this data fommat directl v. This permits the mse of MICHL OS5 data withont
comvesion (i.e., the strfils task is not necessary ). This will be distriboted with the
ST5D0AS system before Cwele 7.
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CHAPTER 14
Expected Calibration
Accuracies

In This Chapter...
Expacted Accuracies /243

This chapter describes the expected accuracies which should be reached in the
calibration of MIZMOS during Cyele 7 and Cycle 7T-MICHOS.

Expected Accuracies

Remarks

In Table 141 we list a pmvisional snmmary of onr calibration goals for
Cycle 7 and Cycle 7-WICW OS5, Thess goals will be achieved thiough the analysis
of data obtained both from the ground testing, on-orbit during the Servicing
Ilizsion Chrbital Verification Sk W) phase, and the Cycle 7 calibration program
(see Chapter 15). Observers may, and shouold, plan on WMICWM OS5 achieving thess
levels of performance. While higher levels of performance may indesd by
possible fand even achieved) in Cycle 7, observers shonld not depend npon
WICMM OS5 being calibrated better than defined her. Science programe which
require supetor calibrations should reqoest and jostify additional observing time
to r=ach the necessary calibration accumcy.

Areas of Significant Uncertainty

The present knowledge of photometric calibmtion doss not yet permit a
definitive projection of the ultimate accumcies which may be obtainable with

243
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WICHOS. We have adopted fairly conservative estimates for the achievable
photometric (and, corsequently, polarimetric) accumeies. Areas of uncertainty
inclnde the goality of the tmnsformations, the long temn stability of MICHOS, and
(for a emall portion of =ach Camera’s field of view) the effects of vignetting.

Perfome our existing calibration data for Camera 3 have been obtained with it
o of focs and therefore the estimates for its in-focue perfommance remain
extrapalations.

The astrometric performance of NICHOS is not yet well onderstood. There
appeas to be continming motions occumrring within the dewar and the optical
bench halding the detectoms (which is located inside of the d=war). Additional data
may become available as part of the Angnst 1, 1997 5T5cl MICHOS WA W
npdate on the coronographs performance.

Provisional Cycle 7 Calibration Goals

Table 14.1: Summary of Cycle 7 Calbration Goalks
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Expecied accnmcy over cemml 20% of
specinl mnge.

Grizm C flad fi=ld may nod achieve this
perfo rmance.
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CHAPTER 15
Calibration Plans

In This Chapter...

Imtroduction /245

Tharmal Yacuum Tast /246

Sarvicing Mission Chsarvatory Varification 7 246
Cycla 7 Calibation Program /247

P hatomatric Calibation /252

Rafziancas /255

This Cthtr.r describes the corrent state of the MICK 05 calibmtion performed
during 5 LTV, SWV, and that planned for Cyele 7.

Introduction

The calibrations available during Cycle 7 and Cycle T-HICH 05 will be based
on thres distinct calibration activities. First, WLCT 0S5 has besn extensively tested
on the gronnd. These tests incloded a limited amount of calibration, particulady
during the System Level Thermal Vacoom (SLTV) testing. Second, we are
presently completing a period following the installation of HMICKOS into HST for
testing and initial calibration. This activity is known as the Servicing Mission
Observatory Verification (SKOV). Finally, the rootine Cwyele 7 calibration
pogram is now getting underway.

1t is important to distingnish between the varioms goals of these calibration
activities. S5LTV was intended to demorstmte the proper fonctioning of the
Scientific Lnstrument (51) and to obtain, to the extent possible, an initial
calibration of a subset of its capabilities. SMOV iz intended to demorstrate that
the imstrument is fonctioning as expected, based on the SLTV experience, to
characterize those parameters not measnmble doring SLTV (e.g., the thermal
backgronnd generated by the HST optics), to establish necessary operation
parameters (eg. plate scale), and to begin the calibration of MICHIOS. In many
cases the complete calibmtion will be condocted during Cycle 7 with ShiOW
being mwsed to demonstrate that the planned calibmtions are in fact feasible. This

245
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approach is designed to enable the acquisition of science obssrvations at the
carliest possible date, even if the best possible calibmtiors do not become
available until same time later. This contribotes to the effici=ncy with which HST
can be opemted and maximizes the total nomber of WICKIOS obs=rvations over
its cryogen limited lifetime.

Thermal Vacuum Test

The MICKOS System Level Thermal Vacunm test program (5LTV) was
condocted at Ball Aemspace in three stages between June and December 1996,
The primary purposs of this activity was the validation of the operation of the
ass=mbled instmment in an emvicnment neady identical to HS Ts. This incloded
testing the thermal performance of the instroment, dermonstrating proper operation
of all commandable operating modes, exercising all mechanisme, and testing
safing procedums. 1t also included characterization of the detector perfommance
feg., read noise and dark comemt). Of particolar importance to the overall
calibration pmogram, flat fizlds vsing the flight optics and detectos were obtained
in =ach filter.

Enongh calibmtiors were obtained fiom SLTV to provide a partial load of the
Calibmtion Data Base at 5T5cl. Thess calibmtions are available to users (via the
HET Data Awhivel and are vsed by 5TScl in the rootine data processing
calibration pipeline. Cleaty, some of these calibmtions will quire updating from
orrorbit obssrvations before they are of moch scientific otility (eg., the
photometric zem points).

The existance of the dewar anomoly descri bed in Chapter 3 was a major factar
in the condoct of the LTV program. Both validation of the extended mnge PARL
mechanism and efforts to limit the stresses within the dewar were accomplished.

Servicing Mission Observatory Verification

The baseline SK1LOV plan for MICW 05 consisted of the 22 activities as listed
in Table 15.1. Some of these (eg., | throngh 6 test specific components of the
instruments  while otheis characterize its  performance  within the HST
ervitonment (e.g., 7, 8 17, and 22j. Activities 12 and 13 align the NICHIOS
fore-optics; activities 9, 10, L1, and 21 enable the mse of the coronograph in
Camem 2; activities 15 and 20 chamcterize the detectors; and activities 18 and 19
establish the initial photometric calibration.

Tests to agressively monitor focte and to explore the trade off between
performing  coropographic observatiors  with the TLCZ detector or  the
coronographic hole fon the fizld divider) in focte were added doring SHOW.
Further, 2 number of Early Release Observatiors of scientifically interesting
targets were obtained to communicate the capabilities of WICHWOS to the
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astronomical community and the public. These observations are (ot in the case of
some ERCE will soon be) in the poblic domain and can be easily located in the
HET archive under the starview “general™ screen field “Poposal Type™ equal to
CER LT

Cycle 7 Calibration Program

As acorsequence of the MLC3 defocus, the Cycle 7 calibmtion plan at the time
this handbook is being written, containg mainly the calibmtion of the M1CL and
WIC2 camems and will exscime a limited calibration program for MW1C3. A
snmmary of the calibmtion programs incloded in the Cycle 7 calibmtion plan is
found in Table 152,

The Cwele 7 calibration plan consists of rovtine monitoring and special
calibration progmms as well as of contingency calibmtion programs that will be
executed only in the event the cameras show large physical displacements. TLC3
specific calibration pograms are also incloded in the calibration plan. Thess
pograms will be executed when scientific observations with TLC3 are enabled.

A revision of this calibration plan will be nndertaken by the end of the 1997,
after we gain experience doring the first 56 montte of Cycle 7 and after the
evolution of MICKWOS is better known. A postscript vemion of the mpart folly
describing MICWOS calibration activities for Cyecle 7 is available on the
H1CH0S WEB page:

http:o/ fwww . stsci edu/ fEtp/instrument_news /MICHDS nicmo 5_doc _html
The calibmtion progmms may each be examined by tsing the 10 number and
the HST Program and Schedule Information Page:

http://presto.stsci.edu/public/propinfo_html
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Table 15.1: Planpad NIGWMOS SMOV Activitiss

Activity  Titke Demanstates or Calibrates
1 HICHKIOS 40 Hold Tod= Tasic opemtion of compmer and HST imerfaces.
2 HICKIOS Tnternal Pamllel Tesi Diemonsimie absence of imertference doe o mrllkl oprationof
camema and fiHer wheels.
3 HICHIOS Memory Load and Comp Tesi Tesimemory and code inimerml compnier.
4 MICHIOS Field Cfsed lechanism Test  Tesiand chamcierize o peration and optical performance of the Field
Ciffsed Wirmor
5 HMICHIC S Filer Wheel Mechainims Verify opemationand correc boeation of sach position on =ach filer
Te=d wheel
& MICHIOS 5A A Comont Test Chamciarize effacts of ndiation on MICKIOS slecionics and detacior
performance; deletmine optimal 544 limils.
7 FICKIOS Dmyar Heaters Setpaim Esiablish optimal sxi=rnal dewar {emparaimnre.
Admsimem
] HICKIOS Transt=r Function Tesi Sel oplimal detector DT offsed voltages.
4 FICHICS Targed Acqmisition Tesi Demonsimie Flode 2 (amonomons ) acqoisiions.
1d HMICHIO S 10 PGS Asitomed ric Eslablish the kcations of the HICHIOS detectors within the FGS
Calibrtion coordinaie sysiem.
11 TS Plats Scale and Asitometic Dietermine plate scakes, r=lative fizld rotations, and fi=ld distorions for
Calibmtion each camem.
12 HICHIO S Coarse Oplical Alignmem Initial focns and 4ipii adjnstimeniof the Pupil alignmenimior bass=d
on modeled images.
13 MICHIO S Fine O plical Alignmem Ciptimal pesilioning of the PAW based on grid of small PAM modions.
14 MIZHIO S Poin Spread Function Chamciarization of the imaging performance of MICHOS and infiial
Chimacisrizatian sed of PSF chs=rations.
15 MICHIO S Persistence Test Chamciarize the effect of severs overswpommre of the MICHIOS
defacions.
16 HICHKIOS Intflal Transfer and Stbiliy Diemonsimtion of flal fisking capability and stbilily moniloring.
Te=i Boolsttap of SLTV flad fields.
17 HICKIOS HST Thermal Gackgronnd Chamcterization of H5T genemisd {thetmal backgonnd over a broad
Tesi mnge of siimiions.
15 HICKIOS Absolme Photomedry Tesi Slandard star observations acmoss MICHIOS wavelength mnge. Llpdates
SLTV 1thronghpm calbmation.
19 MICHIOS Differemial Fhotomedty Test Inder-camen photometric pracision and siability 4251 cbtained from
obserations of 2 slar a1 25 posilions.
£ 1 TICKIC S Detector Mlaiss and Dark Chamcterization of detecior noiss and dark current. Verification of
Chamcierization stbilily since SLTV.
21 Coronogiaph Verification Oplical chamcierization of comnogmphic sty light rejection and PSF
of the obscnred star.
. Limb Avoidince Deatermimiian Dietermimiion of the appropriaie brighi and cark =arh limb angle

restrictions for normal and low-background HICHIOS chs=rations.
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Detector Performance

All three detectors will be chameterized to the same extert. High goality darks
will be abtained for all requested MULT TACCUM saquences doring June and eardy
July 1997 (poposals 10 7703 to 771001, Thanges in the detectors performance will
be monitared with a monthly periodicity (proposal 10 7590). Datks will also be
obtained for a limited subset of ACCUM exposure times (proposal 1D 76881, Other
AOCUM exposnre times will mquire imerpolated dark coment snbtraction that may
b= l=== satisfactory.

Flat Fields

High gnality internal lamp flat-fields for all WLCL and MIC2 polarizes, boad-
and medium-band filtes will be obtained in July 1997 (proposal 10D 7To90). The
temporal evolution of the pixel-to-pixel msponse as a fonction of camera and
wavelength will be monitored once a month vsing a subset of MICL and MIC2
filt=rs. o data will be taken for MIC3 filtes ontil the camera is back ims PATL
focns mnge, orcloss enongh to enable M1C3 science observations.

Earth fl at-fizlds will be obtained throughout the Cycle 7 for the complete st of
W1C1 and WLC2 narmow-band filters as well as for a few WLC3 filters (proposal 10s
7689 and 7775). Data in a few medinm-band filters will also be obtained to
characterize the OTA illumination pattermes.

Additional measnrments aimed at the detection and modelling of any spurions
large scale stroctore in the flat-fields will be abtained (proposal 1D 7693 ). Since
flat-fizlds will be obtained by illuminating the detectors with a bright diffoss
source (i.e., imernal lamps or Earth), these spurions stroctues conld be immdnced
by the possible leaks of WMICHOS cold mask when illominated by these diffose
SOUICES.

Photometry

A preliminary photometric calibration of MICWOS filters, based ona limited
set of obssrvations, has been achieved doting SWCOV. Photomettic observations of
standard stars will be obtained in all M1Z1 and MLCZ filters as part of the Cycle 7
calibration plan (proposal 10 7691 ). mages of two HET absolnte standamds, one
white dwarf 1G191-B2B) and one solar analog (P330Ej will be obtained as part of
this pogram. The spectral and photometric characteristcis of G191-B2B and
F330E are fully described in Bohlin, Colina & Finley (1995) and in Colina &
Bohlin (1997), respectively. In addition, images of a bright red star (OPH-51) will
be obtained to measure possible redkleaks in the filters, in particolar the namow
filters atthe short wavelength range of M1ICH OS5,

We plan to observe a small number of very red stas (final targets to be
determined) as part of this calibration progmm. Thess data will be installed in the
Archive and made poblic immediately after the obssrvatiors are execited, to
enable the users to do photometric transfommations betwesn the HST system and
any other photometric system.
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The photometric stability of TIC L and M1CZ camemms as a fanction of time and
wavelength will be monitored once a month with obeervations of a standard star in
a snbeet of filters covering the entire wavelength range of MICMOS (propesal 1D
7607). The photometric stability of MIC3 camera will be monitored with
obssrvatiors in the filters FLLOW and F1a0W.

Thermal Background

The abtsolote level and stability of the thermal backgmund as seen by the
MICM OS5 camems has already been measnred as part of the SM OV program. The
Cyele 7 calibmtion program will extend the 5Kl 0V progmm with images obtained
in MUC2/F237h and WLICH/EI2IM filters (proposal 10 76ll). lmages will be
taken duoting June and July 1997 as pointed paralle] observations to map possible
changes in the thermal backgorund as a resolt of tempemtore changes in HST
optics. An extended program is on hold and wounld only be execoted if additional
measurements are required to folly characterize the stability of the themnal
backgronnd.

Polarizers

The instrumental polatzation and zem pesition angle of MUCL and MLCZ2
polarizers will be measured by taking i mages of two bright nearinfrard polarized
standarde HODEZ2E3ELZ and CTHA-DC-F7. The photometric and pol arization
characteristics of thess two standards are found in Whittet et al. (19921 Changes
in the polarization & a function of position within the chip will also be measnred
by moving one of the polarized targets in a spiral pattem across the chip.
Additional images of the HST unpolar zed standamds HDE4299 and BD+32d3739
will also be taken. The photometric and polarization pmoperties of these two
standards are found in Tormehek =t al. (1990,

Mo characterization of the polarize= has been done during SM OV bt high
intrinsic precision laccnmey ~ 1%} polaimetric meastrements shoold be possible
with MICWOS. However, uncertainties in the darks and flat-fislding could
degmde the perfommance of the poladzers and redoce the level of accuracy
mentioned abaove.

Grisms

The wavelength calibmtion and absolote sensitivity of the grisme will be
measured once WIZ3 science observatiors are enabled. The wavelength
dispersion solutions for each grism will be obtained by observing a compact
planstary nebula iproposal 10 76951 Changes in the dispemion solution as a
function of location in the detector will also be measnred by taking spectra of the
planetary nebnla at fonr differ=nt positions within the chip, ie., one per qoadrant.

Spectra of the HST absolute standards G191-B2B (white dwarf) and P330E
isolar analog) will be obtained to establish the absolote s=nsitivity of the three
grisms (propesal LD 7694 ).
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Coronograph

The ability to position a star behind the coronographic mask will be enabled
during Skl OV, The PSF within the coronogmph will also be characterized duoring
SMIOV. A contingsncy program designed to measnre the stability of the
coronograph performance will be execoted as partof the cycle 7 calibmtion plan if
large physical motions in the M1C2 camera are detected (pmoposal LD 76941, This
pogram focmses on measmring the possible change in the scattering and diffracted
energy rejection patterrs as a function of target decentration in the mask.

At pmsent thers iz sofficient motion of the pmjected position of the
coronographic hole onto the M1C2 detector that an antomatic hole location task is
being developed for the MICHOS on-board flight software. This is expected to be
available for Cyele 7-HWICKLOS observations.

As mentioned previously, an vpdate on the Sh OV resolts for coronography
will becorne available on the STScl MICM OS5 WWW on L Angost 1997,

Point Spread Function

Mo calibration progmm specifically designed to measure the point spread
function of the three camems will be executed as part of the Cycle 7 calibration
plan. Observers requiring PSFs in specific filters andior locations within the field
of view are advised to inclode these in their own progmm. MICKOS P5Fs can
however be modeled quite well nsing Tiny Tim V4.3

Focus Monitoring

Since the HICKOS camem focii will continue to change as cryogen vents, the
focus of all thiee camems will be monitored thronghouot the entire Cyele 7 (prop
L0 T608). Doring the first few monthe, focns measnrements will be obtai ned every
other week with the thee cameras. The frequency of the monitoring will be
decreassd to once a month, after the first few monthe. The focos and physical
moation of the camems will be measnred using phase retrieval, encircled enegy
and plate scale techniques. Updates to best focis positions will most likely occora
few times during Cycle 7. Information regarding these focus vpdates will be
posted on the WICKIOS focms Web page.

Photometric Calibration

Flux Standards for NICMOS Absolute Calibration

The absoluts flux calibration of MICKLOS will be calcolated from obs=rvations
of standard stars with knewn flux distribotions Fr). The s=nsitivity as a function
of wavelength for the dispersed spectra from the grisms is determined directly
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from the known F(i) and the observed response, after any required cormctions for
flat field response. Sersitivities for the filtes are calcnlated from observations of
the standard stars accoming to the synthetic photometry procedore detailed in
Koomesf er ol (1986). Since the pipeline calibmtion cannot ntilize colar
informmation, the head=r of the raduced data will contain the calibration corstant
for the filter that specifies the equivalent flux for a corstant spectral distribution as
a function of wavelength. For convenience, this calibmtion constant appears
twice, once in Jansky units and once in eng sl em? Al uonits. Color
trareformmations conld be defined for post-pipeline data analysis.

White Dwarf Absolute Standards

The flmx distribitiore of our primary standard stars are defined by models for
the fonr pure hydwogen white dwarfs in Table 15.3 (Bohlin, Colina, & Finley
1995). Bahlin (1998] trarsfers thess calibratiors to FOS and WE data inthe UV
and to the optical spectra of Oke (1990) to obtain a s=t of standamds with flimes
that are accurate to a few pewent fiom L150-9200A. Observatiors of this s=t of
standard stam podnces consistant absol me flux calibrations on the WD scale for
the corent HET instmment complement. Corently, fime distribotiors to the limit
of MICH 05 coverage are only available for four WD (Table 153

Table 15.3: WD Standad Stars

Star K Sp.T. ¥ B-¥

Gl91TID 127 DAC LL7ElL -0.33
GoTl 138 DAl 13032 -E.25
Go15s3 142 DAl 13346 -0y
HZ43 137 DAl 12914 -d.31

Solar Analog Absolute Standards

Ln omer to expand the set of 1R standard stars in the appopriate flie range for
WICHOS, Bl. Rieks, R. Thompson, and collaborators at the Univemsity of Atizona
are making photometric obsemvatiore of solar-analog stars, which will be nsed to
normalize the solar spectrim to the observed IR magnitndes. This method consists
of several steps:

1. The solar colomE in the photometric system are determined by assuming that
the average colors of the solar analogs are equal to those of the Sun (classi-
fied as a GV star).

2. The zero point of the absolote flie density in each nearinfrared photomet-
ric bandpass is calenlated from the photametric magnitodes for the Sun and
the absolute flux spectrom of the Sun.

3. The absolme solar flux density in cach photometric band is scaled in pro-
portion to the magni tude of the solar analog star relative to that of the Sun.

The final absolute flux accoracy achieved by the solar-analog method relies on
two basic assnmptions:
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1. That the absolmely calibrated reference spectrnm of the Sun is known with
an nncertainty of a few percent (Colina, Bohlin, & Castelli 1996 ).

2_ That the spectm of the solar-analogs are identical to the solar spectmiom, ie.,
agres within the 2% nncertainty in the shape of the flim distribition at infra-
red wavelengthe.

The solar-analog method was msed in the past to determine the absolme
calibration of nearinfrarmd photometry (Campins, Ricke, and Lebofsky, 1985) at
gmwund-based observatories. The accoracy in the absolute calibmtion was at least
5%, and for some bands, 2% to 3% (Campirs et al., 1985).

As a check on the solar analog method, the gronnd-bassed program inclodes
obesrvations of the WD G191B2B. Furthermore, FOS observations of three prme
solar analog candidates listed in Table 15.4 were made duoring Cycle 6. The FOS
red detector was nsed with the high resolution G780H, G570H, G400H and
G270H to obtain high signal to noise spectm of these three candidates over the
2200 to 8300 angstroms mnge to verify agresment with the solar flux distribution.
Additional 5TLS observations covering the 0.6—-L.0 Um wavelength range will be
obtained in Cyele 7.

Table 15.4: Prims Solar Analag Candidates

Star ¥ K E{E-¥} E-W W RA1 2500 DEC(1250) No.®
Fa41-C 1199 105G Q.al .62 069 451428 +71:55:2 4+
F175-D 1350 1209 Q.al .63 a7l 1557432 a7 50T 5
F3i30-E 1303 1162 a.al .63 0.7+ la29:3538 +30:1 5:09 5

a. Mo, indicates the hombei of obssivations in hand by the U. of Alizoha gioup a8 of %8Febll. Fol
the Soh, B-W=0833 (Taykt 1994}, and ¥V-[=0.703 (Besz=1l ahd Moiie 1924)

Ground Based Calibrations

The existing nearinfrared standard star lists used by ground-bassd telescopes
are inadequnate for MICKMOS becarse they are too bright and there is a dearth of
snitable obs=rvations to role out low-level Mear1R variability for mest stars. As
we mentioned previowmsly, to counter this pmblem, a large progmm of 1, H, K
photometry has been condocted by a team lead by WMlarcia Ricke of Steward
Observatory. The star selection is  based wvpon HST  Goide Star
Availability/ Suitability Windows.

In the Morthern Hemisphere observations have been performed with a
WICKIOSZ army on the Wit Lemmon 80" & Kitt Peak 90" and in the Southarn
Hemispher= with a WMICK 053 amay on the Las Campanas 40"

The primary goals of the progmm were:
+ Relative flux references accorate to 1.5% for standamd photometry.
+ Color transformations between gound based and MICWVOS systems.

+ Relative absolute wavelength & spectrophotometric references for Grismes.
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Polarization standards.

Sample Selection

Solar analogs fom HST Guide Star Photometric Survey (Lasker and Storch)
form the main flux references to bridge the gaps in atmespheric tmnsmission.
Solar analogs were chosen becamse:

-

-

-

Dispemion in Mear LR colos is very small in G-stars.
Wlinimom nomber of strong s pectral featires in MearlR.

Solar spectrum available thmoghom range of MICH 0S5 semsitivity.
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Glossary

The following terms and acmnyme are used in this handboak.

A-D: Analog 1o digital.
CCD: Chatge-coupled device. Scolid-state, light detecling device.

CDES: Calibtation Data Base. Sysiem for maintaining refet=ncs fil=s and
lables used 1o calibrate HST observational dalasets.

CIT California Institule of Technology.
COBE: Cosmic Backgronnd Exploret.
COSTAR: Cortective Optics Space Telescope Axial Replacement.
CP: Call for Proposals.

CR: Cosmic tay.

CVE: Continuous viewing zone.

L@ Data quality.

DQE: Detecior quanium efficizncy.
DN Data number.

ETC: Exposure Time Calcolator

FAQ@: Frequently asked questions.
F5: Fine Guidance Sensots.

FITS: Flexible Lmage Transpoil Sysltem. A genenic IEEE- and
MASA-defined standaid used for sioting image data.

FOC: Fainl Objed Camera.

FOM: Field Offs=t Mitiot (ot mechanism)|
FO3: Faint Object 5pectiograph.

FOV: Field of view.

FFA: Focal plane attay.

FSW: Flight sofiware.

FTF: File Transter Protocol. Basic 1ool used 1o teltieve files from a temole
svslem. Ask vout sysiem managet for information about s ng FTE

FUV Far ulttavicl=1.

257
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FWHM: Full width at half maximuom.
GASF: Guide Slar Astrometric Sopport Program.

GEIS: Geneiic Edited Information Sei. The mulligionp foimal used by
STSDAS for stoting some HST image data.

GHRS: Goddard High-Resolotion 5pectiograph.
GO General Observer.

GI0: Gnatanteed Time Obssrver

HSF: High-5peed Photometer.

H5T: Hubble Space Telescope.

ICD: Ini=tface conitol decument. Defines dala stiuclutes ussd beiween
sofiwaie of sysiems 1o ensule compati bility.

10T Instrumeni Development Team.
IR: Infrar=d.

IRAF: Image Redoction and Analvsis Svsiem. The svsiem on which
STSDAS 15 boili.

TUE: International Uliraviol=t Exploter.

K: Degres Kelvin.

LSF: Line spread funclion.

MO5: Multi-objed specitoscopy.

ND: Meotral density.

NICMOS: Mear-Infrared Cameta and Multi-Object Speciiograph.
NLUV: Mear ulttaviclet.

OPUS: OS5 and PODPS Unified Systems.

055 Observation Suppotl System.

OTA: Optical Telescope Assembly.

FAM: Pupil Alignment Mittor (ot mechanism).

FI: Principal investigator.

FODFPS: Post-Observation Data Processing Svstem.
FSF: Point spr=ad function.

(FE: Quanium =fhci=ncy.

RA: Right ascension.

rms: Rool mean square.

FAM: 5Small angle motion.

SLTV: System level thermal vacuom (1esting phase).
SMOV: Servicing Mission Orbital Verification.
S/N: Bighal-lo-noise ratio.

F5R: 5o0lid state recordet
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ST-ECF: Space Telescope Enropean Coordinating Facility.

STEIS: Space Telescope Electionic Information Sysiem. The World Wide
Web host from which information, sofiware, documentation, and
othet tesoutces petiaining 1o the HST can be oblained.

STI5: Space Telescope Imaging 5pectiograph.
§T8cl: Space Telescope Science [hstitole,

STSDAS: Space Telescope Science Data Analysis Sysiem. The compleie
snile of data analysis and calibration tonlines nsed 1o process HST
daia.

SV Science vetification. Process of laking obseivations that can be used
for HST instiument calibration.

TAC: Telescope Allocation Comumitiees.

TEC: Thetmal electricall y cooled.

URL: Uniform tesonice locator. Addiess for WWW.
L'V Ultraviolet.

VCS: Vapor cooled shield.

WF/FPC: Wide Field/Planstary Camera.

WFFPC2: Wide Ficld Planclary Cameta-2. Replacement for WE/PC
install=d duting fitst s=rvicing mission of December 1993,

WWW: World Wide Web Hypetiexi-otieni=d method for finding and
teltieving information over the Internet.

¥50: Young siellar object.
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Appendix

In This Appendix...

Bright Object Maode 7261
Ramp Mode /263

Bright Object Mode

The tire taken to read throngh a quadmnton the amay s=ts a fondamental limit
on the fastest electron collection mte which can be achisved by resstting all the
pinels. An inherent corsequence of the methods of opemting the WICKOS array
detectors in the ACCUM, MULT IACCUH, and RAMP modes is therefore that there is
a minimum possible exposure time, ~ 0.6 ssconds (0.302 for MUL T IACCUM), st
by the time mquired to read the array. For a very bright object, snch as the disk of
Jupiter, the time betwesn the reset of a pixel, and its final read is sofficiently long
that the pixel satnmtes. Althongh the detector arraye ar mnltiplexed by division
into fonr quadrants, each pixel in a 128 x 128 pixel quadrant most be sampled in
some arder (note that there is no transfer of charge as is done in a CCO).

The soltion adopted to this problem for MUK OS is the provision of a brghr
object maode which enables targets to be observed which are ~600 times brightst
than is possible in the other modes withont satnmting. ln ERIGHTOET mode, an
AOCUM sequence of operstions is performed on one pixel in 2ach qoadrant at a
time. That is, the pixel is reset, read, imegrated, and read again with the difference
between the final and initial wadoms being stored as the measured signal and the
interval between the mads being the exposure time. This pocess is mpeated
sequentially for all pixels in each gquadmnt. Users can think of this as i megrating
on a single pixel at a time. The smallest integmtion time which can be nsed is
L 024 mmillis=conds. Fignre 15.1 illustmtes the operation of bright object mode.
Lnitially the detector is reset and the first pixel (solid shading i in =ach quadmnt is
read. A reset is then made and the sscond pixel in sach guadrant is read. The
process continnes until all 16,384 pixels in each quadmnt have been read.

281
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Figure 15.1: Bright Objact Mode Oparation
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The time required to take 2 BRIGHTOEJ mode exposure can be rather long.
Since photons are only collectsd in one pixel per quadrant at an time, the time
associated with obtaining the frame is 0206+ (EXFPTIME » 16384 ) where
EXPFTIME is the intsgmtion fime per pixel fie. the obssrvation time is
approximately i1 287 x the exposnre time). For example, if an integmtion time of
0.1 seconds is nsed to observe a bright target then the actval time regoired to
complete the observation would be around 27 minmtes! This means that allowing
fior acquisition time only two soch expostres conld be obtained in a single target
vigibility period. However, it is not always so serions. In the case of Jopiter for
example the imegration tirmes mquired per pixel ar only of the omer of
millizeconds and =0 the total integration time will only be aound 20 seconds.

The longest exposure time which is possible in ERIGHTOE T mode is 0.261
seconds, requiring 4278 seconds in total. Thus it is possible, in the worst case, for
a single ERIGHTOEJ mods exposnme to mse more than an orbit. ln general
obesrvers are stongly advised to consider the trade-off between relatively long
ERIGHTOEJ mods exposnms (which take the longest time) and shott A0CUM
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mode exposures [(pethaps nsing a filter and camera combination with lower
thonghput).

One of the obvions mees of ERIGHTOET mode is for solar system targets. Doe
to the limitations of the Tmck 51 capability (linear tracking with orbital or
planetary parallax correction) HST can only follow a moving target for 2048
seconds, of which 1980 seconds is available for an exposnre. This therefore s=ts
the longest imegration time that is possible for a moving target in ERIGHTOET
mode. Proposers will need o judge the mal imtegmtion time and signal to noise
ratio required for the obssrvation time and adjnst accordingly.

The advamtage of this mode of opemtion iz the ahility to obssrve ohjects
significantly brighter than the nommal satoration limit of the detector.

The disadvantages are several:

+ Duoe to the extremely large time penal ties imvolved in this mode operation, it
cannar be wsed o accomplish ime msolved observations on shorter ime
mtervals than ACCUMmode.

+ Some obssrvations will take a long time. ERIGHTOET mode exposires ars
therefore very sengitive to the guality of the pointing of HST. They shounld
not be obtained msing GYRO guiding mode. In addition, if the object
changes (planetary wtation) or if the telescope pointing changes it will
affect different parts of the image differently.

+ The DT, offset of the detector ontpot is not removed in this mode of oper-
tion. In geneml, the signal is very high and the offset does not matter. 1n
some cases it will and this can be a detriment to the signal accuracy.

+ There is also no cosmic ray comsction or saturation dataction in this mode
of operation. Althongh they are still smsceptible to cosmic rays, events
shonld be very rare as the integration time per pirelis very short.

Ramp Mode

The RAMP mode is an intrinsically different way of abtaining an image which
can be thonght of as an on-board hybrid betwesn 2CCUM and MULTIACCUM,
prviding a limited version of the advantages we described for MUL TIACCUM
with the simplicity of ACCUM, producing a single ontput image at the end of the
exposnre. RAMP modes is appropriate when high dynamic mnge or cosmic ray
cleansd observations are raquired but the data volume is comstrained. The basic
ideas behind the RAMP mode are illstmted in Figore 7.4

. _________________________________________________________________________________|
EAMF mode has not been tested on-otbit, and no plane exist for its validation.
Given the proven capability of MULTIACCUM and the solid state recarder which
effectively alleviates data rate concerrs, RAMP is not balisved to be us=fnl.

. ______________________________________________________________________________|
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Figure A2: Basic Ramp-Maode for NSAMP =6
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As in the case of the MULTIACCUM mods, in RAMP mode the initial detector
readont, which obtains the initial pixel valnes, is followed by a number, 1SAMP, of
non-destroctive readonts, vp to a maximuom of 254, Both the integration time T
and the nomber of passes NSAMP are s=t by the obssrver in the poposal. Unlike
the madouts of MUL TIACCUM the intemoediate madouts in RAMP mods most be
at equal intervals during the exposur and are not individoally downlinked to the
gound. The intsgmtion time is the time betwesn the initial nor-destroctive read of
the first pixel and the last non-destmctive read of the first pixel. If Tis the total
integration time the sob-reads occur at intervals of TNISAMP. As illostrated in
Figure 7.5. each of the mmp samples are fomned by taking the differnce between
the cumolative signal mcomled after the cument read and that obtained at the
previons read.
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Figure A3: The On-Board Ramp Mode Cakulations
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The time taken to perform the ramp calenlation is ~7 ssconds per camera and
this s2ts the mini mom time betwesn sncosssive ramp samples. Thos if 3 cameras
are in mse in ramp mode this restriction expands to = 21 s=conds ithere are other
ovetheads imolved). Ramp mode produces three data amays: the image which
contains the mean valnes of the slope or ramp of sach pinel derived from the
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difference images; the number of samples which were mwed o determine the
slope, and the variance over all the samples nsed in the calcolation of the image. !

The aware reader will have ralized thatif all the difference images are msed o
form this final mean the ontpnt of RAMP mode will be identical to that of an
A0CUM for a time TAISAMP. However, the great power of RAMP mode is that
during the calcolation of the slope it is also possible to detect pinel satumtion and
optionally cosmic rays, bt not withomt penalties as we will explain shortly. A
variety of ways of msing this saturation and cosmic ray hit infommation are
available to the meer. The samples amray becomes meaningfol when one of thess
optione is chosen.

Using Ramp Mode to Reject Cosmic Rays and Detect
Saturation

Ramp mode provides pmcessing mechanisms for the detection, and
elimination of cosmic mys (CR) and for satumtion detection. The optional
parameter CR-ELIMINATION (see the proposal instroctions) selects from four
available pmcessing modes for handling cosmic ray events. We have alwady
described the first of these in which no action is taken, and the data retorned is
equivalent to a simple ACCUM exposure. Since the ramp mode computes a
progressively npdated variance at each sample cosmic ray events are detected by
changes in slops which ar more than 3 & away from the slope detemmined by the
previoms mads. The basic principles behind cosmic ray rejection are illustrated in
Figure A.4 and Figure A.5.

In the CONTINUE method, which is the defanlt s=tting, when a cosmic ray is
detected at a given pixel the valoe froom that ramp sample for that pixel is
eliminated from the image and variance armys. Other pixels are onaffected by the
detection. The ramp sampling then continoes until the end of the sxposom,
removing any snbesquoent snspect samples in the same way on a pinel-by-pinel
bais.

In the RETAIN method when a cosmic my is detected at a given pinel,
processing for that pixel i smependsd and the mean pixe=l and variance values
obtained vp to the sample in which the CR hit occored are recorded and the
number of valid samples is s=t to that before the hit occored. As before, other
pinels are nnaffectsd by the detection. The mmp sampling continpes processing
these until either they also recsive a TR hit, and are themselves snspended, or the
end of the sxposnme is reached.

Ln The MARE method any pixel which receives a detected CR hit is flagged as
bad szt =0} in the data quality army, but the sample in which this accmrred, and
all snbsequent samples, are still nsed in the variance and pixel value calcolations.

L. The teim fesng came fiom the oliginal cohcs pl of peifoiming an updating linea
|mamd - nal e iz the daia, which wa= hn:l‘l‘il'nj:ﬂﬂ'nehied. do= 1o the litmit=d ml'npulel
ol of the FIZHAOS commpol=i Ovel 20 g=conds wonld be I.ecluila:l o coitm poie ih=
LE30-fil ol each iamp st=p.
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The mser then has the resporsibility for deciding what to do with suspect pinels
during analysis.

Figure A.4 shows the ramp mode operation for an nncontaminated signal. In
the top panel we se= the cummlative conms with time. hlarked is the time irterval
between ramp samples, 7, and the signal associsted with each ramp sample. The
middle panel shows a plot of the signals measored in each of the mmp samples.
Since ther is no cosmic ray comtamination, this is essentially a constant except
for statistical floctuations. The bottorn pansl shows how the data quality flag
wonld have been evalvated for each ramp sample by the flight software. 1n this
case all samples ar good.
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Figure A4: Ramp Mode Opearation for Uncontaminated Signal
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Figure A5 shows mmp mode operation for a signal conmaminated with coemic
rays. In the top panel we again see the comuolative counts with time. Two cosmic
ray events are rmarked. The middle pansl again shows a plot of the signals
measured in =ach of the ramp samples. Motics that the samples effected by the
coemic mys are outliers from the trend we saw in Figue A4, The bottom panel
shows how the goality flag wonld have been evaluated for each ramp sample by
the flight software. The two samples with cosmic ray hits have been identified as
bad and are not nsed in the final calcolation of the mean signal.
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Figure AS: Ramp Mode Opaation for Signal Contaminated by Cosmic Rays
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RANM P mode also discontinnes the processing on a pinel once the signal in the
pinel reaches a level in which the deviation from linsarity is > 2%. As shown in
Figure A6, the resnlt up to that time, and the number of samples which had been
collected are stored and downlinked. This can be very nseful in images where the
expected flox levels are not well known and in semndipitons or sorvey
obesrvations. Figne A6 shows mmp mode opemtion for a signal which reaches
the satiration or nonlinear limit prior to the end of the exposnme. 1n the top panel
we again see the cumolative conmts with time.The hodzontal line matks the
satnmtion or nonlinear thieshold. The bottom panel shows how the guality flag
wounld have been evaluated for each ramp sample by the flight software. All the
samples which ocenr after the satnmtion limit have been identified as bad and are
not tead in the final calenlation of the mean signal.
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Figure A.B: Ramp Maode Operation for Signal Reaching Satuation Befars
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Limitations of Ramp Mode

Dark Current Removal

The real science data sits an a platean of dark coment which is a varving
fonction of time since mset (the shading effect—ses Chapter 7). As this dark
current varies significantly, at least in the first minote, in order to update the mean
and vadance withont bias its contribution has to be mmoved. Momover, with
gither or both the samraron and mjecrion actions turned on, sach pixel can
essentially have a different integration time (mumber of valid samples). Since the
ramp mods will retorn an ontpit array withoot the dark comwent mmoved this has
to b= acconnted for in the snbesquent data rednction, either vsing an empirical
correction or a model. How this model is implemented is therefore crucial to the
functioning of the mode & a failue to treat it properly will invalidate ramp mode
data for faint sonmes. At present it is not clear how well this can be done. One
must emsnre that sofficient ramp samples are obtained in ower for the ramp
calcuolations to be mliable. 1d=ally this should b= a number = 30, bt mumbes as
low as 16 orso might well suffice, if the fraqoency of cosmic ray hits on orbit is
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not too high. Becanse the start of the ramp calcolation has to be delayed for ~30
seconds to avoid the effects of shading ramp mode will not be meefnl for bright
SO UICES

Cosmic Ray ADU Distribution Function

Ln an amamatic sigma clipping procedure a crocial pammeter is the threshold
at which the rejection occurs. 1f this is set too high then ther can be many low
level cosmic rays which are not removed. With the ramp mode data it will not be
poesible to remove them withowt imterpolating over them. Even detected CR hits
will potentially have halos of distribimed charge aronnd them which might still
contarninate the data if the CR hits tnm ont to pot be confined to single pixels.
This iz a significarnt disadvantage compard to MULTI-ACCUM mode. hlors
serionsly if it is st too low then the underlying statistical distribotion of the real
events is censored imvalidating the basic assumptiors implicit in standard emor
analysis. This difficolty has led statisticians to develop robust iterative techniques
fior snch problems. However these ar computationall y expersive, and wequire all
the data to be kept in memory, so that a dynamic adjostment of the mjection
criteria can take place. On board HET, the timing mstriction created by the lirmi tad
computing power of the flight computes eliminate this as a pmctical possi bility.

Cosmic Rays that Won't be Detected

Detection of cosmic rays (CR) in RAKP mods mlizs on discontinuitizs in the
detected count rate for a pixel. However, three readonts are nesded in omer to
make an estimats of the count rate. Cosmic ray hits before the fourth r=adoot are
therefore not detected. The first readout cannot occur sadier than 30 s=conds into
the int=gration, and the minirmom time between readoms in RAKP mode is abant
7 seconds. Thersfore, the fourth madoutcannot occor any sooner than 51 s=conds
inta the integration. There is a significant pmbability that cosmic ray hits will
oocnr duting the filst minote of an integration. Thess hits will not be detected or
removed in RAWMP mode (in MULTLATT UL, on the other hand, since all the
readonts are acosssible to the pipeline calibration software, cosmic rays can be
detected at any stage during the int=gration).
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expecisd accutacy 24+ data format 238
pipeline function of 120
calibration process 231 limitations 270
te-enginesting changss 234 readout modes  described 15,264
point sontce salnration 266

background subraction 147
exclusion diagrans 48
sensitivily cutves 46
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teadnoise
described 108
dei=cior 105
tma doni
ACCUM 122
ACCUM meode 120
ACD made 120, 130
BRIGHTOEI mode 120,261
BRIGHTOE], exposute
fiimes 262
FAST maode 130
imodes, detecior 119
MULTLACCUM mode 120, 124
non-desitociive 121
MEAMP 125
orveth=ad 135
RAMP mode 120, 264
SAMP-TIME 124
SLOW maode 130
teadonl modes
dei=cior 27
reterence files
calibialion 232
tesolulion
cainetas 25
re-use largel acquisition
desciibad 30

L
SAM

see "small angle motion” G2
samples artay

desciibad 239
SAMP-TIME 124
salutation

detecior 106

programs 95

RANMP 266
scizhos image

desciibad 239

sec also "data”
sensilivities

calcolating 92
sensitivity

cuives 45

FCROM., caime=ia 1 161

FCRSM, camera 1 162
FCOTM, camera 1 163
E108M, cam=tra 1 154
F108M, cam=ta 3 193
F1100, caim=ia 1 165
F110W, cameta 1 1656
F110W, cameta 2 177
F11oW, cameta 3 194
F113M, cam=ra 1 1&7
F113M, cam=ra 3 195
F140W caimeia 1 168
F150W, caimeta 3 196
F1a0W, camera 1 170
F1&0W, cameta 2 178
F1a0W, came=ta 3 197
Fledh, cam=ta 1 171
FledM, caime=ia 3 198
Flashl cameta 1 172
Flashl camera 2 179
FlaoM, camera 1 173
Flaoh, cam=ra 3 199
F1700, cam=ta 1 174
F171M, caim=ia 2 180
F175W, cameta 3 200
F187M, came=ta 1 175
F187TM, camera 2 182
E187TM, cam=ra 3 201
F187W, cam=ta 2 183
F190M, caime=ia 1 176
F190M., cameta 2 184
F190M, cameta 3 202
F19aM, camera 3 203
E200M, came=tra 3 204
F20UNM, cam=ta 2 185
EXO5W, caimeia 2 186
E20TML came=ta 2 187
F212M, came=ra 2 188
F212M, camera 3 205
E215M, cam=ta 2 189
F2150, cam=ta 3 205
E216M, caim=ia 2 190
F222M. came=ta 2 191
F222M. came=ra 3 207
E237Th, cameta 2 192
E2400, came=ta 3 208
glismes 83



imaging 28

limiis 19

polatizers 76

vatiation, inita-pixel 110
vatiation, wavelength 113

selvicing mission observalory ver-

ification (se= "SMOV") 245

shading

datk cutteni r=mowval 130

desctibead 29, 107
shuoliet

deteciot tesel 121
signal-to-noise

calcolating 92

programs 965
sighal-io-noise caloolations

examples 97
sky brighiness

zodiacal background 32
SLOW

crvethmads 135

tmadoni med= 130
SLTV 245, 246
small angle motion 62,159
SMOV 246

acliviliss 248

lesting 243
sofiware

exposule limes 96

glism 87

specitoscopy teduction 81
solar analog

absolul= standards 253
specitoscopy 19

cenital wavelength 79

complex fislds 81

data reduction software 87

dispersion 80

G141 85

G206 Ba

glism, desciibed 78

glism, genetal 19

glism, multi-object 80,118

multi-object 80

sensitivily 46,83

specital covetage 79
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SPIRAL-DITH 150
SQUARE-WAVE-DITH 150
standard stars

calibtation 233

C191B2B 253

CD153 233

G071 233

gronnd-based calibration 254

H243 253

PO41-C 254

P177-D 254

P330-E 254
STLS

compatred 1o NICWMOS 26
Stokes parameiers

polatimetry 73
STSDAS

calibration 232
sysiem level thetmal vacoum test

[sm= "SLTW")

T
larget acquisition

ACT mode, described 30

aperiure 62,63

cotonogtaphy G8

inl=taciive 30

ohboard 30, 130

onboard acquisition &8

ovetheads 134

te-nse latgel offsel 30
l=lescope

medion 62, 146

molion, oveth=ad 134

small angle motion 62,159
thetmal background 32,243
thetmal vacoom i=st

[me= "SLTW")
=

orvetheads 133
TWIO-CHOP 151
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U

uhils

in Handbook 4

see also "Aux" and "wavelength”
unsuppotied modes

calibration 1&
ussl suppoti

Help Desk 8

v

vigneiling
caim=ta 3 539
caimetas 1 and 2 53

w

wavelengih
sensitivily vatiation 113
nhils 4
WEPLC2
compared 1o NICHMOS 26
white dwaif
calibration slandards 253
World Wide Web
deocoimehis 9
exposute lime calcolations 96
glism exposute fimes 104
STLS web page 9

X
XSTRIP-DITH 150

Y
YSTRIP-DITH 150

Z
zodiacal light
background 32



