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Introduction

This short document updates the information provided in the NICHOS
Lretrument Handbook for Cycle 7 phass 1 applications, comecting a number of
mistakes, and identifies changes required doe to oor evolving knowledge of the
instrument since the Handbooks completion. Since MICHIOS has not yet been
thmugh its full gronnd test program, moch of the infommation remains nnaltered,
and st still be treated as preliminary. However there are a number of important
items which applicants mnst take imo accoont.

NICMOS Focus Problem: The Issue and the Policy

In most mspects MICHIOS is operating as planned, however, corrently at its
operating temperatire Camera 3 cannot be simultaneonsly focused with Cameras
L & 2. The camse of this differential focus shift is prsently under investigation. 1t
is possible that full confocality will be mstored, however, this is not gnaranteed.
Wleamwhile, good focus is still belisved to be independently attainable on either
Camem 3 or Camems 1 & 2 jointly by moving the Pupil Adjust hlechanism.
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Accordingly MASA, 5T5cl and the 10T intend to implement commands o
allow for independent foctsing of each camera. This will be lamgely transparent to
nses. 1f a particolar science pogram requires  a switch between Camera 3 and
either Camera | or 2 or vice versa during a SINGLE ORBLT, thers will be an
additional overhead doe to this refocnsing, which we estimate will be 5 min. Thos
the total overhead imvelved will increase from 2 to 7 minutes. A revised version of
Table 9.1, which gives the total overhead times is given below.

1t is important to reitemte that the absence of a commeon focs does not affect
the ability to work with a particular camem at the foll sensitivity of WICHOS.
Assessment of the focts sitnation as obtained on orbit will be camied oot during
SMOW and thronghout Cyele 7 as necsssary.

The biggest potential impact of these differing focii will be for “internal
parallel” science (use of all three cameras simoltansously). 1f the present sitnation
persists, the loss of s=nsitivity in Camem 3 incored by focnssing on Cameras 1 ar
2 iz aronnd two magnitndes. Forthemmore the images ar sofficiently ont of focns
that they are donghmitshaped. Foctesing on Camem 3 msnlts in the compl ete loss
of the ability to simmltansously obtain nsable images fram the other two camemns.

Pore parallels (MICHIOS in parallel with another instrument) will still be
poesible, however observers may have to choose either Camera 3 or Cameras 1 &
2 for high guoality focns. WMICNOS parallel observers muost clearly identify which
of the twa focus positions is required in their proposal.

Given the possibility that foll confocality will be restored, and given the
limited lifetime of the HIZKOS mission, PROPOSALS WILL BE ATCTEPTED
FOR ALL PEEVIOUSLY ADVERTLSED OBSERVING RIODES 1M CYWCTLET.

1f yon wish to observe a single target with sach camem in torn this focus shift
will have no major impact apart from the increased overhead.

The impacton programes which need to nse all thres cameras to stody extendad
sources is as follows:

1. Progmms whose science ABSOLUTELY REQUIRES SIMULTAMEOUS
three camem confocality most make this clear in the abstract of their pro-
posal. Soch proposals will be accepted, bot will, by defanlt, be exscnoted
later in the Cyele, and mnst accept the sk that these proposals may prove
to be infeasible if three camera confocality is not racoverad, and will there-
fare not be sxacuted at all.

2. Other pograme mnst acconnt for the extra time mquired to split the obser
vation imto exposures at the different focis positions. That is they must bod-
get separately for Camems 1 & 2 ftogether) and Camem 3, and mqoest the
implied additional orbits at Phase 1.

3. Users of Cameras 1| and 2 who believe that having camera 3 oot of focns
will not materially alter their science program must justify this in their pro-
posal and take into account its commenstrate rednction in sensitivity,

The TAC will be provided with op to date infomnation and nse their
nnderstanding of the sitnation to allocate orbits according to similar guidelines.
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Selecting NICMOS Instrument Parameters in the Phase
| Proposal Form

Proposers are mquited to provide details on irstroment configomtion, mode,
ard spectml elements when completing the Phass 1 proposal formmn. The keywords
are ‘\configuration, \mode, and ‘spectmlelements in Section L1, OBSERVATLOM
SUMMLARY, of the proposal fomn. 1t is stated in the Cycle 7 Call for Proposals
that the mlevamt information is given in the irstrument handbooks. For the
comvenience of the proposer, we are providing details of all supported WICHIOS
instrument configurations and opemting modes, and a summary of the speactral
elements (filt=m=, grisms, and polarizers).

Instrument configurations (\configuration)

The supported irstmment configumtions are WICHOSMLCL, LT OS2,
and MICHOSMLC3. These configurations are valid for all observations. The
meaning of the three confignmtions is self-explanatory in calling ont which of the
three camerse is being specifiad.

Operating modes (\mode)

The WICH OS5 operating modess rtelevant for FPhase 1 am ACCLD,
BLULTLACCUN, and BRIGHTOB). Also ACQ mode shonld be specified to
signify if a coronogmphic target acquisition is needed. RANMP mode is available,
but unsupported, ses the Handbook for details.

Spectral elements (\spectralelements)

WICHOS5 has aseparate filter wheel with 19 filters (Spectral elements in Phass
L terminology) each for each camem. Only one filter, grism, or polarizer per
camera may be nzed at a given time, althongh on the observation summary foomn
von shouold list =ach on= to be mad. A foll listing of the spectral elements for
BT OS5 may be found on pages 38, 38 and 40 in Chapter 4 of the lnstmment
Handbook.

Examples
Lmaging observatiors with Camera :
configuration |TLCHOSMLC3 )
s | BULTLACCUT
‘spectimlzlements {FLLOW, FLOOW}
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Spectroscopic observations with the grismes:
‘configuration | MLCHOS/MILCS |

\made | ACCUNL

‘spectalzlements {GL4L, FLIOW |

A coronogmphic observation:
‘configuration |TLCHOSMILC2 |
mode JACH, MULTIACCURL}
‘spectalzlements {FLETH, FLETW |

Coronography

Information pmovided by the 10T indicates that doe to diffmction effects
associated with the coronographic mode of WICKLOS, the nsable area is for mdii
greater than 0.4 arcsec (compared to 0.3 arcsec given in the Handbook ).

The expected performance of Camera 2 is that there shonld be a redoction in
diffracted energy in the wings of a stellar PSF of appmoximately a factor 10
compared to the unmasked PSF.

Error in the Handbook Sensitivity Curves for Extended
Sources

The sersitivity corves presemted in the Handbook for extended sources
UMDERESTIMATE the signal-to-naise that will be achieved for a given sonme
flux by a factor of two. That is yon will obtain the predicted signal-to-noise for a
source four times fairter than shown. Tlate that this doss not affect the point
source diagrams. Also, the tools provided an the World Wide Web correctly
calculate the sensitivity for extendsd sources. We emphasize that msing these tools
iz the favomd way of carrying owmt sensitivity calculations as they am kept
up-to-date with any new performmance data which is obtained for MICKOS.

Limiting Sensitivity

The definition of limiting sensitivity qooted in the Handbook in table 3.1 has
cameed some confusion. To clarfy the meaning of this number the limiting flimces
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listed there are for a signal-to-noise of 5 for the BRIGHTEST pinel assuming that
the source iscentered in the pixel. The limiting flux for a point sotrce obtai ned by
integrating over the PSF will clearly therefore be fainter.

Revised Overhead Information

Below, we pressnt a revised vemion of Table 9.1 giving detailed overhead
infommation for MICKIOS. This corrects a typographical emor and includes the
expected additional overhead doe to independent focvnssing of Camems | and 2
compared to Camera 3.

Table 9.1
Action Cverhead
Targed Acqmisition (for coronography ) 65 saconds + 1he expesnre {ime for 2
acqmisition images
Change of Camemn (from any 40 any WITHIH an arbil) 7 mimies
Change of Camemn (from any 4o any BETWEEM othbits 0 minmes (no overhead is charged)

Chopping of Tanczec (> 2 arcmin, with gnide star re-acqmisition ) (E+317+6 mimies for gs. 1=acq
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Detector Decision Flow Chart

The flow chart presented in Figure 8.5 on page 119 of the Handbook has been
revised to allow for the use of Muolti-accomulate for bright targets. A target which
requires an imegmtion time less than 06 secondes but longer than 0.2 s=conds can
be abszrved in Muolti- Accom mode instead of mquiring the vse of Bright Object
Bilode.
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NICMOS Instrument Handbook Errata

1. Chapter 6, page 76, "Optics™, Mote that the MICHIOS mimors ar silver
coated and not gold coated as stated in the Handbook. The fignme of 95%
reflectivity is a wavelength weightsd average of the measured performmance
of the WICHIOS mirrors.

2. page L17 [Acquisition Mode) L/4 of 2 Camem 2 pinel is 0.1875 acssconds
and not0.13 arce=conds as stated.
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CHAPTER 1

Introduction

In This Chapter...
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Layout /
MWIKZWMO5 Proposal Preparation /
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The Mear Infrared Camera and hluolti- Ohject Spectrometer, WICKIOS, is a
sscond-generation insttument to be installed on the Hobble 5pace Telescope
during the Second Servicing Blission in 1997. NICKOS will provide HST with
infrard imaging and spectroscopic capabilitiss between 0.8 and 2.5 microns.
From above the sarth’s atmesphers, MUCHWOS will have access to this complets
spectral range withont hindrance from atmospheric emission or absomption at a
sensitivity and angnlar resolution not possible from the gmouond. This Handbook:
previds the imstrnment specific information yoo need to popose for HST
obssrvations (Phase 1), design accepted proposals (Fhass 11}, and understand
WICH OS5 in detail. This chapter explains the layont of the Handbook and how to
get additional help and infomnation thongh the Help Desk and World Wide Web
pages at.3 Tacl.

Purpose

The NCMOS fnstrument Handbook is the basic reference manunal for the Mear
Infrared Camera and Multi-Object Spectrometer and describes the instmment’s
properties, expected perfommance, opemtions, and calibration. The Handbook is
maintained by scientists at 5TScl Dr. R.1. Thompson, the Principal lovestigator
for MICKIOS, and scientific staff at Steward Observatory and Ball Aerospace
kindly provided information and test data in support of this Handboo k.
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We have designed the document to serve three purposes:

+ To pmvide instroment-specific information for prepating Cycle 7 observing
proposals with WMICHOS.

+  To provide irstmment-specific information to snpport the design of Phass 11
proposals for accepted MICHOS proposals in Cycle 7.

+ To provide technical information abont the operation and perfomnance of
the instmment which can help in the understanding of problems and in the
interpretation of data acqnired with M1CHOS.

This Handbook is not me=ant to serve as a manoal for the redoction and analysis
of data taken with MICWOS . Mear the start of the MICWOS observing em, we will
publish an addition to the H5T Dara Handbool describing how to wotk with
BLCHOS data.

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
resalutions 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. provides a madmap to navigating the document; following the
roadmap is a list of chaptes and their contents.
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Figure 1.7: Roadmap for Using the NICKWMOS Instrumant Handoook
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The chapteis of this Handbook are a& follows:

Part 1 - Lmtrodoction

-

-

Chnptr.r L, Insroducrion on page 3.

Chapter 2, Special Considerations for Cycle 7 on page 11, describes special
considemtions for the nse of MICHIOS doring Cycle 7.

Fart 11- Users Guide

-

Chapter 3, Overview of NICMOS on page 17, 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 canfiguration and in determining the number of arhits o
request.

Chapter 4, fmaging on page 35, provides a description of MICH 05s imag-
ing capabilities incloding camera msolotions and thronghputs. We have
degigned a set of corves for sach MICWOS filter that can help estimate the
expoante time needed for varions signal to noise observations of bath point
and extended sonmes. Thoss are described in this chapter, and presented in
Chapter L1.

Chapter 5, Coronography. Folarimerry and Grism Specroscopy on
page 51, provides detailed information on coronogmphic imaging, grism
spectmscopy, and polanmetry.

Chapter &, Exposure Time Calculations on page 75, describes how to per
form signal to noise calenlations, either by nsing pencil and paper, or nsing
software tools that are pmovided on the Word Wide Web (W AW,

Chapter 7, NfCM G5 Derecrors on page 91, describes the basic poperties of
the detectors msed in the three cameras including their physical characteris-
tics, capahilities and limitations, incloding satoration and linearity.

Chapter B, Detartor Readonr Modes on page 105 explains the data taking
modes which take advantage of the non-destroctive readont capabilities of
the WLCHI OS5 armys. We give recommendations and goidelines the observer
shonld adopt in choosing the most ap propriate maode.

Chapter 9, Overfieads and Orbir Time Determinarion on page 121, pmovides
infommation to comvert from a series of planned science exposores to an esti-
mate of the number of orbits, incloding spacecraft and MICHWOS overheads.
This chapter applies principall ¥ to the planning of Phass 1 poposals.

Fart 111 - Suppotting Wlatetial

-

Chapter 10, Techniques for Backgromwnd Measurement and Mosaicing on
page 139, gives a gonide to measuring the sky background when observing
with MICMO35. This chapter describes the implementation of a pre-defined
st of pattems which accomplish dithering and chopping from the fizld of
interest, and allow easy generation of large mosaic images.
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+ Chapter L1, fmaging Refermce Material on page 155, provides sensitivity
information for each imaging filter, omerd by camera and increasing
wavel=ngth.

+ Chapter 12, Fliux Units and Line Lists on page 253, povides formolas and
tables for the comversion of flux units, and a list of common infrared spec-
tral lines.

Fart 1V - Calibration

+ Chapter 13, Calibration Fipeline on page 275, briefly describes the pro-
cegsing of MICWH OS5 data by the STScl pipeline and the data that will be
szntto observers.

+ Chapter 14, Expectad Calibraion Accuracies on page 285 summarizes the
accuracies expected for MICWOS data calibrated by the STScl pipeline in
Cycle 7.

+ Chapter 15, Calibretion Flans on page 289, provides an overview of the
planned thermal vacounm igmwuondi, SMOV (commissioning phae) and
Cyecle 7 cali bration and verification plans.

NICMOS Proposal Preparation

Use the NfICMOS fnstrument Handbook and the Cwele 7 Call for Proposals &
Fhase | Froposal fstructions (CP) when assembling your MICWOS Fhase 1
Froposal. The CF pmvides policy and instmctions for pmposing, the NICM OS5
fnsrriment Handbook contains technical information abomt M1CHL 05, describing
its expected performance, and presenting snggestione for nse. The next chapter in
the Handbook describes special considerations for Crele 7.

1f your Phase 1 poposal is accepted, yon will be aked to snbmita Phase 11
preposal in which yon specify the exact configurations, exposure times and
sequences of observatiors that MICHIOS and the telescope should perform. To
assemble yomr Phase 11 proposal, yoo should vse the AFCMOS Insrrumenrs
Handboolk in conjunction with the Fhase N Froposal instractions. Thess
instroctiors describe the roles and syntax that apply to the planning and
schedoling of MICMOS observatiors and pmvide mlevant observatory
information.

COur corrent understanding of WICKOS as an instmment is in its formative
stages a8 the flight detectors have yet to be folly calibrated and we are corrently in
the middle of the development of the gound system to sopport MICHIOS
operations.

.|
v At this tirme, predictiore of the performance of MICKIOS shonld be treated as

provisional, and ne=rs shovld adopt conssrvative expectations for the perfommance
of the instrument in Cyele 7.
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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 Propesal 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 bisiness howrs will be
arewered the next business day. Usnally, the Help Desk staff will reply with the
arewer to a question, bt 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
gquestion 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-mall helolzt=ci. sdu
* 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 Lrstroment Scientists, Scientific Programmes 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 comtain general inforration on data redoctiors 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

In This Chapter...

MICWOS i a New Instrumeant/ 11

Updates to Instrument Perfiormancs for Cycla 7/ 12
Support of MICWOS Capabilities for Gycla 7/ 12
MICMOS Functionality in Cycla 7/ 14

H5T's second servicing mission will put in place two second-generation
instroments, MICKOS and ST1S (the Space Telescope Lmaging Spectrogmphi
while mmoving the Faint Object Spectograph (FOS5) and Goddam High
Resolotion Spectograph (GHRS). In addition, a Fine Guidance Sensor (FGS ) will
be replaced and a solid state data mcorder will be installed. The incrased data
capacity of the new recorder, exploited thongh a series of changes to the ground
system, considembly increases the capacity of HST to take simoltaneons data
from moltiple instroments mnning in parallel. Cyele 7 shonld indeed mark an
exciting new phass in HST science. On the other hand, obssrves mnst appreciate
that it will take time for us to undestand, calibrate and optimize the vse of thess
new irstmments.

NICMOS is a New Instrument

While planning your Cycle 7 observations, keep in mind that MICHOS will
inde=d be a new capability, as well as a new irstmment. The sersitivities,
brightness limits, and optical performance that are contained in this Handbook
represent our best estimates at this time; in many cases they ar bassd on
component testing of either flight or flight-candidate optics and detectors.
Lntegrated testing of MICWHIOS in a thermal vacunm chamber is comently
schednled for June 1996, and imegmted opemtiors with the gronnd system are
schednlad for September 1996, On-orbit verification of WICKIOS (SKIOV) is

Bl
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schedoled for Wlamxh throngh June 1997, Since there has not been any infrared
capability aboard HST befor, the uncertainties associated with the intmdnction
of any new instrument are, in this case, compounded by nncertaintiss regaming
HETs performance as an infrared t=lescape.

Updates to Instrument Performance for Cycle 7

We will poblish npdates to the s=nsitivities, performance, and capabilities of
WICH OS5 presemted in this handbook by mid- Angnst. That opdate will reflect any
new information abomt instmment perfommance obtained doring gmouond testing
which may affect your Phase 1 Pmposal. This vpdate will be mailed to all
individnals who have requoested the NYCM OF fstrument Handbook; it will also be
available upan mqoest fom the Help Desk, or can be downloaded from the STScl
BT OS5 WW W gite (== “Sopporting Lnformation and the MICW OS5 Web Site™
on page 91. Additional vpdates, applicable only to accepred Cycle 7 pmposals,
will be provided prior to Phase 11 Submission fin early 1997 as mquited.

v Your MICH OS5 HET proposal for Cyele 7 must be based on the final sersitivities,
performance, and capabilities published at that time.

Support of NICMOS Capabilities for Cycle 7

We have established a set of core scientific capabilities of 1T 05 which will
be snpported for Cycle 7 science and which are described in this handbook. Thess
capabilities cover an enormons range of science applications and bring dramatic
new capabilities to HST. 1n practice, the supported capabilities will be phasedin
during Cyecle 7, as our nndestandi ng of the irstroment and on-orbit perfommance
gows. This phasing will optimize the likelihood that obssrvations are
successtully execoted and assure that the requisite calibmtion observations are

abtained.

MICHIOS has additional capabilities that are not supported for Cyele 7. Thess
capabilities are “available™ in the form of Engineering-onlvy modes, opon
consultation with a WICKLOS Instrument Scizntist. f you find that your sciznce
cannot be performed with the capabilities described in this handbook, you may
wish to consider vse of an unsupported capability. The vse of these capabilities
requires appmval from 5TScl and sopport for calibration may be limited or
nan-sxistent.
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Uneupported capabilities inclode:

+ The Field Offset Mirmor (FOWL). This mechanism permits offsetting of the
BLCM 05 field of view ifor all three camems simultansovsly ) by op to 26
arcseconds in radins from the nominal position withoot motion of the HST
iteelf. This msnlts in some degradation of the image quality (both PSF and
backgronnd masking). The primary nsefulness of this capability is chop-
ping or ditheting to measnre the sky background when MICHOS is oper
ated in parallel with another science instrument—when MICHO0S is nnable
to contral the pointing of HST. As we explain later, only at the longest
wavelengthe do we expectthatitwill be necessary to measnre the sky back-
gmound, and for MICKIOS prime pointings this will be accomplished by
maoving HET, not the FOWL Only in some parallel observing cases do we
expect to operate the FOM.

* The RAMP readout mode. This detector readot mode is similar to a liomi ted
version of the MUL TIACCTUM mode with the pocessing carried ot within
the TICKIOS instrument computer and only the final processed image
downlinked. Az more flexible processing can be carried ot on the goond,
the primary nsefunlness of this mode is that it demands a moch smaller data
volume than MULTIACCUM. With the antici pated installation of the Solid
State Recomer (55R.), on-board data management and traremission are not
presently viewed & limiting factors for MICKOS science operations. For
BLCH OS5 prime observations we do not expect to nse RAMP readont mode.
Whether it is needed for parallel observing when another irstmment is
prime will depend on data volume, and we will advise meers at the
appropriate time (Phase 11).

Use of nreupported modes comes at a price, and thess modes should be nsed
anly if the ne=d and scientific justification are particnlady cormpelling. Proposers
shonld be aware of the following caveats in the tse of nnsnpported modss:

+ Calibmtiors for ursupported capabilities will not be provided by 5TScl
Observers must sither determine that they can crate calibration files from
data in the HST Archive or they must obtain calibrations as part of their
obssrvations. The 5TScl pipeline will not calibrate data taken in ursnp-
ported modes bt will deliver oncalibrated FITS files (or in some cases par
tially calibmted FITS files) to the obszrver and the HET Archive.

+ 5T5cl adopts a policy of shared risk with the observer for the mse of nnsnp-
ported capabilities. Requests to repeat failed observations taken wvsing
mnsnpported capabilities will not be honored if the failure is related to the
mse of the unsopported capability.

*  User support from STScl for the redoction and analysis of data taken vsing
nrenpported capabilities will be limited and provided at a low priorty.
Users taking data with unsupported capahilities should be prepard to
shoulder the incrased bumden of calibmtion, redoction, and analysis of
these data.

Cycle 7 proposals which inclode vse of nnsupported MICHIOS capabilities
muet inclnde a justification of why the science cannot be done with a supportad
confignration, muet inclode a request for any observing time nesded to performm
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calibrations, mnst justify the added risk of nsing an nrenpported mode in teums of
the science payback, and muostinclode a demorstmtion that the observes are able
to shouldsr the increassd burden of calibration, radoction, and analysis of their
data.

NICMOS Functionality in Cycle 7

There are aspects of the performance of MWICMOS which mquire
measurements onrorbit following the second servicing mission and which
therefore will not be known ontil well after the Cyele 7 Phase 11 submission
deadline. The most important of these is the level and stability of the
HET-generated themrnal backgronnd. Konowledge of this backgronnd, as discissed
in Chapter 3, is necessary to determine the conditions vnder which offset
measurements Ichopping) of the sky are required and the freqoency of soch
measurements. This potentially has a wery large impact on the overhesads
associated with obeervations longwamrd of abont 1.6 micons.

. ___________________________________________________________________________________________________________|

v Proposals with obssrvations that may be limited by themmnal backgound may have
adelayed Cyele 7 Phase 1L submission deadline, and thos not be execoted ontil the
second part of the Cycle (probably July or Angost 1997). This will allow optimal
nse of the orbits gramed by the TAC, but the normber of available orbits will nor be
changed.

Propoeals for observations which are limited by themnal backgronnd radiation
and which may themfore mquire chopping will be evalpated with all other
prposals by the Cycle 7 TAC uvsing the assumptions ontlined in this Handbool:
and any snbsequent updates.



CHAPTER 3
Overview of NICMOS

In This Chapter...

Instrumeant Capabilties / 17
Instrument Design / 18

Basic Opaations/

Attached Pamallels/

De=igning MICKWOS Chbsarvations /

YK

Ln this Chapter we prvide an overview of the basic properties and capabilities
of BLCKOS. 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-feasible and scientifically-opti mized M1CH 05 observing proposal.

Instrument Capabilities

MICHOS, the Mear Lnfrared Camera and Multi-Object Spectrometer, is an
HET axial mplacement instmment, containing three camems designed for
simnltaneous operation. The MICHW OS5 optics present the detectors with three
adjacent bit not spatially contignons fi el de-of-view of different image scales. The
instrument covers the wavelength mnge from 0.8 to 2.5 microns, and contairs a
variety of filt=m=, grisms, and polarizes. Each camemn carries a complement of 19
optical elements, s=lected throngh independent filter wheel mechanizsme, one per
camera.

The basic capabilities of the instrument, and the chapters which discuss them
are:

+ IR imaging: MICWHOS provides high semsitivity from L.1 to 16 microns,

which is superior to that achisvable on an 8m class telescope, and better

sensitivity than the WEPC 2 for all observations for wavelengths longward
of 0.9 microns. Chapter 4 discisses the overall thronghpot of MICHOS and

17
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the optical elements available in sach camera The low backgmund will
allow deep photometry. Cur estimates of limiting sensitivities per pixel to
give a 5@ detection in a 60 minnte int=gration are given in Table 3.1.

Table 3.1: Limiting Sensitivitias par Pixal in Janskys for 5& Dataction in &0

Minules
Fiher
Camema F110W F14oWW FieoWw Fz4oM
bandwidth (micrame) 05 4o 1.35 084 18 144a 1% 2.34a 25
nreol 15107 1 7=l 4z 107 —
(325 (1-243 (H-23 51
nro= Txlo® — 18xlir” L2107
(257 (H-24.3) (K~1923
nIcs Gxld® — Llxlig? Tx10°
(J-25.8) (H-24.71 (K~1923

+  Grism Spectroscopy: Camera 3, WIC3E, has three grisms which provide a
multi-ohject spectroscopic capability with a msolving power of R ~200
over the foll field of view of the camem. Their wavelength ranges are 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 0.8-1.3 micmons in
Camem L, 111C1 and 1922 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 discusses these special capabilities.

Instrument Design

Physical Layout

MICHOS is an axial bay instrument designed to replace the FOS in the HET
aft shrond. lts enclosnme contaire four major elements: a gmphite epoxy bench,
the dewar, the fore-optics bench, and the electronics bowes. The lage bench serves
to establish the alignment and dimemsional stability betwesn the HST optics (via
the latches or fittings), the room termperatore fore optics bench, and the cryogenic
optics and detectors monnted irside the dewar. The NMICHOS dewar mses solid
nitmgen as acryogen for a projected on-orbit lifetime of approximately 4.5+~ 05
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years. Cold gas vented from the dewar is nsed to cool the vapor cooled shisld
IVCS) which provides a cold envimonment for both the dewar and the transmissive
optical elements fi.e., the filt=i=, polarizems, and grsme). The VC5 is itself
enclossd within two lay2m of themnal sl=ctrically cool=d shells (TECs ).

Figure 3.1 is an owerview af the MUCHLOS instroment; Figure 3 2 shows details
of the dewar.

Figure 3.1: Instrumant Chea rview

Elgptr ool Milelld-zo
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Figure 3.2: Solid Nitregan Dawar

Fel=puml Plygielning

T=L Aadinler -
n - T
\ ="
BT |
- F TN A =
TFCrmla. s & i-7
Tirger . i i L
. L [s
= A
Uiz f_,{ )
[t ,{,r"
" ."-:-' .;,.-" E.h A I
S/ . ) I' ]
SO T et lrs
. B 1_ i -

L
il
[

o, u
e -I_.*_ l,“ tatd W

- Al s

I. " :I

] .'__,a- - Al e T

Filler G cel [u .

o et Ruls My Tulh ad K

UL T

T
Zald Ny fie ILGL IR K

Uarel K ’ L’ ! . .
I ﬁ/ m.,. TEDO MG
Supoorl Sirya - .., :
R o .
Muin Shell 270 E

Imaging Layout

The MICWOS fore-optics assembly is designed to cormct the sphetically
aberrated HST inpmt beam. As shown in the left hand panel of Fignme 3.3 it
comprises a mumber of distinct elements. The Popil Alignment Mechanism/mirror
(PAN) direts light frorm the telescope oo a re-imaging mirmor which foctses 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
ermorin the OTA pupil.



Instrument Design W 21

Figure 3.3: Ray Diagams of the NICWOS Optical Train. The left-hand panal
shows the fore-optics. Tha right hand panzsl shows the field dividar and re-imaging
optics for the thieecama@s
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After the FOW, the Fizld Divider Assembly provides thee sepamte buot
adjacentimaging fizlds, one for sach camem (rght hand panel of Figne 3.3). The
dewar itself contains a seties of cold masks to eliminate sty LR emission from
peripheral warm snifaces.

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 army that is based on the MICKWOS 3 design. MICMOS will achisve
diffmction limited performance in the high msolution Camera 1, 1121, longwand
of 1.0 microns, and in Carmera 2, 1IC2, longward of 1.75 micons.

The operation of each camem is separate from the others which mears that
filters, imegration times, readout times and readout modes can be different in
each. The basic imaging properties of =ach of the cameras is snmmarized in Table
32



22 W Chapter 3: Cverview of NICMOS

Table 3.2: Basic Imaging Paramsters

Parameter Camem 1 Camera 2 Camera 3
Pinel Size (arcsac) 0043 Qa7s a2z

Field of View (arcsec xarczec) 11=x1l 193 x]92 512x 512
Diitfraction Limited Wavelengih (um) 10 L75

Camera 1

Camem L (MIC1) provides the highest available spatial msolotion with an
Llx 1l arcsec field of view and 43 milliarsec sized pixsls (aquivalent to the
WFPC2 PC pinel scale). The filter cornplement inclndes broad and medinm band
filters covering the spectral mnge from 0.8 to 1.8 microns and narmw band filters
for Paschen o, He 1, [Fe11] & L.6um, and [5 111] & 0.953 um, both on and off band.
Ltis equipped with the short wavelength polarizers (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 filters for €0, Brackett 7§, Hy, 52 (1400 & 2.122 Um, Paschen o,
HC O+ + T4, and the long wavelength polarizers 11.9-2.1 microns). Camem 2 also
provides a coronographic mask with a 300 milliarcsec mdins.

Camera 3

Camem 3 MIC3) provides the lowest spatial msolotion with a large
51.2 % 51.2 arsec field of view and 200 milliarcsec pinels. 1t inclodes broad filters
covering the spectral mnge 0.8 to 2.3 micwone, medinm band filtes for the CO
band fand an adjacent shorter wavelength continnom region ), and narmw hand
filters for Ha, 52 {L-0), [5i V1] A 1962 Um, Paschen-ti, [Fe 11] & L&+ Um, and
He 14 1.083 um. Camera 3 also contains the molti-object spectioscopic capability
of BLCKMOS with grisms covering the wavelength ranges 0.8-1.2 microns,
L.1-1.9 microns, and 1.4+-2.5 micons.

Placement and Orientation of Cameras

The placement and orientation of the MUCW 05 camerasin the HST focal plans
is shown in Fignre 3.4. Dlotice that the cameras ar in a straight line pointing
radially omtward from the cemer of the telescope focal plans. From the obssrver’s
point of view the most important aspect of the layomt of MICWMOS comes when
trying to plan an observation of an extended source with all thes cameras
simnltaneonsly, when the mser must bear in mind the relative positiore and
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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
difficult.

Figure 3.4: NI WIS Field Arangameant
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Comparison to WFPC2 and STIS

1n addition to WIZHLOS, between 0.8 and 1.0 microns HET offers the WERZZ
camera for wide fizld imaging. Thess two cameras complement sach other. The
Wide Field CCDs of WFPC2 have animaging plate scale of ~0.1 awseac per pinel
over each of the three chips, while the PC offers a plate scale of ~0045 axsec per
pinel onone CCO. The WEFPC 2 CCDs cover a moch larger area of the sky (neatdy
160 x 160 arcsec) compared with WICKOS. On the other hand, MICHIOS has
increasingly higher sersitivity as we move towards 1.0 micmons.

A vnigue featore of the WEPC2 is the pressnce of mmp filters which pemmit
obssrvations in any narmw bandpass vp to 9800A. These filt=rs ars limited to a
=10 x 10 axsec field of view. The WFEPZZ has a narmw band methane filter at
B920A. Both WFPC2? and MNICHOS have [5 1] filters. WICKOS offers an
adjacent off-band lorslightly redshifted) complementary filter.

1n Table 3.3, we summarize the sensitivities of WFPC2 and WICHOS in their
region of overdap. In this wavelength region WFPC2s s=nsitivity iz dmpping
rapidly with increming wavelength, while WNICKIO5"s is rising. The signal to
noise achievable in one hour on a V=20 AD star is seen to be comparable in the
ovedap mgion, and so the choice of which i nstrument to use is likely o be driven
by the field of view desired (WFPC2s is moch larger) and whether any further
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obssrvations are required at either shorer (WEPCZ) or longer (HICHOS)
wavelengths.

Table 3.3: Comparison of WFPCZ and NICMOS Sensitivities for V=20 A0 Star

Inetrument  Filter Mean Wavelength Effective Coumnt Rate SMNinone

(um} Width (um) (e sac) haur
WEFPRC2 FTE5LF 08366 Q20ms 14 215
F W 03006 01304 3 3147
FE14%W 038269 01758 33 Ekky
FE5OLF 08703 0.14740 7.1 1500
FOXZHAM (CmadDy A=l 00064 Q.47 34, w2k
Fa53m 08544 004052 (e | 19, 15
Fl0421 10443 0aall 9.3 15, 15
LEF® 03000 aol1as 15 1]
02000 aalls 054 40
089742 00124 023 20
LTS Fooan? Q0Em Q1585 20¢ el
Fioa st Q8535 00aEs .14 12
Foa 714 Q8715 00084 Q.15 14
FI0EM {Camam 13 116 0004 a.17 15
FLLOW {Camem 1) 1.1a22 059240 G5 1&0
FLLOW {Camem 2) 1.1a35 05915 14 260
FLLOW (Camem 3) 1.1a35 Q5915 24 35

a. Aszomes iwo 1300 s=oond sxposnies fol costnic tay =meval.

b. ¥aloes 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 ai= available only on Cameia L which has f=ld of view of LI"<11™.

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

The Space Telescope lmaging Spectrograph (5T15) also offers OCD based
imaging to L.1 Um with 0.057 pinels and higher gnantom efficiency than WEPCZ
lalthongh withont a wsefol filter set). Additionally, 5T1S offers a large
complement of slit and slitless spectroscopic capabilities that conld complement
near-infrared MLCH OS5 science.
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Basic Operations

WICH OS5 employs thee low-noise, high QE, 256m256 HgCTdTe amays in a
passive dewar using solid M, as a coolant. The detector design is based on the
MICHMOS 3 design that many 1R observers may have mwed;, however, ther are
differences between the two (ze= Chapter 7). Her we sommarize the basic
properties of the NICKWOS detectorm most mlevant to the planning of your
obssrvations.

The MUCHL OS5 detectors have dark cument of less than 0.2 electrons per second
and effective readowt noise for a single exposure of approximately 30 electrons.

The MLICHOS detectors are capable of very high dynamic range obssrvations
and have no conmt-rate limitations. The dynamic range, for a single exposnme, is
limited by the depth of the foll well, or mor comectly the omeet of non-linzarty,
which limits the total number of electoms which can wsefully be accomulated in
any individoal pinel during an exposome to ~ 180,000 electons.

MICTL 05 has thiee detector read-out modes that may be meed to take data (ses
Chapter ). The simplest mode is ACCUM which provides a single intagration on a
source, albeit allowing a nomber of non-destmetive mad-omt samples. A second
mode, called MULTIACCUM, pmvides intermediate readouts doring an
integration that subsequently can be analyzed on the groond. A third mode,
ERIGHTOEJ, has been designed to observe very brght targets that would
otherwise satirate the detector. ERIGHTOE T mode reads-out a single pixel at a
time. Doe to the many resets and mads required to map the array ther are
snbetantial time penalties imolved. BERIGHTOET mode may nor be nsed in
parallel with the other MICKOS detectors.

Users who require time-msolved images will have to nee either A0CUM 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 TTACCUM where the shortest
spacing betwesn exposumes can be redoced to 0.3 seconds.

1t is expected that MULT TACCUM mode will be msed for most observations. 1t
provides the best dynamic range and cormction for cosmic rays, since
post-observation processing of the data can make foll use of the multiple madonts
of the accnmnlating image on the detector. However, a sequence of ACCUM mode
observations potentially offers a significant advantage for read noise limmited
obssrvations nsing the IREAD S option to decreass the effsctive read noise by op
to a factor of ~3 fsee Chapter 8). The actnal read noise gain will be quantifiad
duoring the gmound testing of MICKOS early this snmmer and the msolts will be
provided by mid-Angnst 1996,

Comparison to CCDs

These amways, while they share some of the same properties as CC Ds, are not
CC D= and offer their own ==t of advantages and difficnlties. Usem nnfarmiliar with
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LR amways shonld therfore not fall into the trap of treating them like CCDs. For
convenienoe we summarize the main poims of comparison:

L

As with TCDs, thers is noiss (rmad-noiss) and time (rad-time) associated
with the reading ont. In addition, there is an effect called shading which is
an extmneons bias generated by the amplifiers immediately after reset of
the armys and which is a rapidly decaying function of time. Furthermore,
the dark corment associated with MUCKOS amays, while low for LR arrays,
is quite snbstantial compared to that prodoced by the current generation of
CCDs. The dark corrent may also be time-dependent.

Unlike a OCDO, the individonal pixsls of the MICWMOS 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
artitacts which afflict CCDg, snch as charge tmnsfer smeari ng and bleading
doe to filling the wells. 1f, however, they are illuminated to satnmtion for
sustained periods they rtain amemory of the object in the saturated pixels.
This is only teally a worry for the photometric integrity of back to back
exposnres of very bright targets, as seveml detector flushes, which ocoor
amtomatically when the detectar is idle, mpidly clear the ghost images.

Target Acquisition Modes

Wlost target acquisitions can be accomplished by direct pointing of the
telescope. The mser should use target coordinates which have been measned with
the Guide Star Astrometric Support Package (GASP) to ensnme the best accuracy
with mspect to the HET Guoide Star Catalog. Particular car mnst be exewised
with targets in Camera 1 doe to its small fizld of view.

However, direct painting will not be sofficient for coronographic observations
since the achieved precision (~1 awsec rms) is moch larger than the 0.3 arcsec
rading coronogmphic spot. Nore thar rhis is a function of the romal H5T pointing
ermor and not only the result af uncertainties in the target’s coo rdinares.

There are thres target acquisition optiore for coronogmphic observatiors:

-

An on-board acquisition (ACQ mode) can be obtained. This canss=s
LK 05 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 SET special requitement can be msed to accorm-
plish a positioning relative to an eatly acquisition image.

A real time acquisition [TNT-200) can be obtained althongh this iz 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 modes may be mseful for positioning targets whers
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higher than pormal (1-2 arcsec) accuracy is required je.g., cowded field grism
EXPOSIIEE].

Attached Parallels

While many observer will be prepard to make good nse of the capability of
simnltaneonsly wsing all three MICK OS5 cameras, some progmms by their nators
do not require more than one camemn le.g., stodies of isolated compact objects 1. To
make the most of the limited lifetime of MICKIOS, observers ar required to add
exposnres to their proposals to obtain the maximom amoont of MIZHWOS data
consistent with efficiently accomplishing their primary science program. Detailad
instroctiors for this process will be included in the Phase 11 pmoposal irstmetions.
Lrternal M1CH 05 pamllel abservatiors obtained under this policy will be known
as arfached parallels and will be delivered to the prime progmm’s observer and
will have the nenal pmopristary period.

v This section applies only to Phase 11 proposals—vyon nesd not worry about this for

your Phase 1 proposal.
1

The mcommendations attached below are intendsd for General Observers
(G051 who do not establish a scientific rationale for observations with the two
non-prime MICKOS camemns in their Phase 1 submission to the TAC. They are
still subject to revision.

Table 3.4: Attachad Paallel Recommandations

Pairting Camerna 1 Camera 2 Camera 3
Eximglactic F &0 F110%, F1&0W FLLOW, F1&aw
-al-
Flaow, G4l
Cahctic Clonds Flidd, Flaar F110%, F1&0W, FLLOW, F1&0%W,
FX 5% F22 T
(if ==4 orhits ) Flidd, Flaar F212H, F2 151 Fladm, F1aaT
Gahectic Flan= F a0 F110%, F1&0W FL10%W, Flaaw
(addif = 1oibify Fl10W FX 5% FIZIN

Pointings are definsd as:

+ Extragalactic: > 5 degrees above the galactic plane. An RA-Dec diagram
will be provided in the Phase 1l pmposal instroctions to avoid mquiting
obssrvers to comvert target coomlinates to galactic coordi nates.
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+ Galactic Clonds: Dark/mol scular clond regions (e.g., OWC, tho Oph, etc.)
+ Galactic Plane: all pointings not Extragalactic or Galactic Clonds.

The selection of a broad band imaging versie grism survey project shonld be
made on the bais of the TAC selection of MICKOS pure pamllel programe. As
both pograms are valoable, we feel that attached parallels shonld complement the
obesrving programs. That is, if the observers are doing mainly broad band
imaging with long integration times (~10 minntes), the attached program shounld
do a grism snrvey, otherwise itshonld do imaging.

The motivations behind thess surveys ars brisfly:

+ Extragalactic: This snrvey is designed to acquire statistics on the numbers
and colors of faint galaxies. Morphological classification will certainly be
possible with Cameras | and 2 and often possible with Camem 3. The grism
program will identify high redshift objects from their emission lines. The
inclusion of Camera 1 will permit higher resolution o beervations of a small
mumber of galaxies but is the lowest priority component of this snmvey.

+ Galactic Clonds: This survey is predicated on the msnmption that a signifi-
cant fraction of the in-plane targets will be in highly obscoed mgions
where the identification of and morpheological information on stong Fell
and H, sources will be possible. W hen sofficiently long pointings are avail-
able, three color imaging to detect very red sources wounld be camied out.

+ Galactic Flane: This survey will acquire statistics on the faint low mass stel-
lar populations in our galaxy. Genemlly three colors are desirable so the
Camemnm | observatiors may be of limited valoe.

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 bandpassss 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 3.5: Atmospheric Absoption and Emission Line Spactrum in NIGWOS
Dpa@tional Rangs
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The location of HST above the a’r.mnsph::: removes thess terrestrial effects
from the backgronnd. Tow, the dominant sources of backgronnd mdiation will be
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the zodiacal light at short wavelengths and the thermal background emission from
the telescope at long wavelengths. The snm of these two components will be a
minimum at 1.& microns (ronghly the H band). All three MICMOS camems carry
boad-band filters which are center=d on this spectral mnge.

At the shorter wavelengths, sersitivities will be affected by the zodiacal
backgronnd which is, of conrse, stmongly spatially dependent (zee Table 350
Observations by the COBE satellite have implisd that at positions 45 degress ont
of the ecliptic the zodiacal background can be approximated as:

1.01x10%5.1 +IE:11D'EB}LI A.T) photons em™ 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 3.5: Sky Brightnass (V mag arcsec™) as a Function of Helioca ntric Ecliptic
Latitude and Longituds. "5A" denotes that the targst is unch=arvable dus to =olar

avoidanca.
Heliceentric Ecliptic Latitude
Ecliptic o 1 0" 457 a0° 75 ag®
Langitude
1B 21 174 n3 230 13.2 34 133
165 13 215 78 230 13.2 34 133
158* 74 226 na 231 133 34 133
135 4 N ma 237 133 34 133
12af 4 e na 232 133 133 133
105 mna 225 na 231 133 233 133
ag® na 213 n3 230 13.2 233 133
75 i 211 ey . 1349 131 133 133
ag® e ) ] 74 227 3.0 32 133
45 5A 5A 71 115 1249 231 133
30° S5A 5A 54 133 127 231 133
15 S5A S5A 54 SA 124 230 133
a* S5A 5A 54 5A 126 230 133

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
mEeing filtering techniques such as median filtering any contaminating sonrces in
these offsst fizlds can be removed in 2 composite backgronnd frame which can
then be subtracted 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
obzzrved by COBE for an scliptic latitnde of 457, and also inclodes themnal
emission by the HST primary and secondary mimors, with an assnmed 20%
emissivity (the actoal emissivitizs of the HET mirrors are not yet known, but are
likely to be lower than this), and the transmission of all the CKLOS for-optics.
Ltdoes not include the transmission of any filter, nor the response of the detectos.
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Figure 3.6: HST Backgmound for Each Cameara
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We will make dirmct observations to measure and establish the stability of the
thermal contribotion to the background dorng SWOV and early in Cycle 7. We
expect to hold off from oor planning and scheduling of Cycle 7 proposals that nse
the long wavelength mgion of MICWMOS vmtil after we have measured the
backgronnd and know how to correct for it.

For pointings very close to the Earth, the modiacal backgmund may be
excesded by the earthshine. The brightness of the earthshine falls very mpidly
with incrasing angle from the Earth’s limb, and for most observations only a few
minotes at the beginning and end of the tamget visibility period will be
significantly affect=d. The major exception to this behavior is a target in the
continmons 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-SEY option. This will
increase the minimuom allowed Earth avoidance angle, mquiring schedoling
during a time for which the zodiacal backgmuond is no greater than 30 %, above 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
helpful when observations are background li mited.
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Conversion Between Fluxes and Magnitudes

Thronghont the MICK 05 docomentation we will frequently nse flox onits of
Janskys J¥). A detailad discussion of the comersion betwesn varions units and
lanskys is given in Chapter 12, Here we summarize the central wavelengths and
zem-point fluxes for the mor commonly encountered photometric bands in Table

X B

Table

3.6: Effective Wavelengths and Zaro-paints for Photometric Bands

Band  Am]  R[ylCIT) R[] (LIKIRT)

1'.'

—

-

~

Il

H

055 3540 3540
0.7 Z=T0 -

0.5 2250 -

125 1670 1504a
L.&as Q30 1azd
L a3 a57
id 220 Xa
374 - 253
458 153 la3
1a.l 3T ME
200 10 104

Designing NICMOS Observations

Ln the preceding sections, we provided yon with an overview of the scientific
capahilities of MICWOS and the basic layont and opemtion of the instrument.
Subssquent chapters will povide detailed information abowt the performance and
operation of the instmment. In this section, we describe the conceptual steps you
will need to take when designing a MICKWOS observing proposal. The basic
sequence of steps in defining a WMICHIOS obssrvation are show in flow diagram

farmm i

-

n Fignme 3.7, and ar=:

ldentify your science mquirements and s=lect the basic WICHIOS confign-
ration to support those requirmments (e.g., imaging, polaimetry, coronogm-
phyi. Refer to the detailed acconnts given in Chapter 4 and Chapter 5.

Select the wavelength region of inter=st and hence determi ne if your obser
vatiore will be Background or Read-Tloise limited, see Chapters 4, &,
and L1.

Establish which detector readomt mode yon nesd to mee. Detailed descrip-
tions of these are provided in Chapter 8.
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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 mnge liritations of the detectors, refer to the infor
mation provided graphically in Chapter 11 for each filter and camera
carmbination.

Lf necessary chooss a chop and dithering pattern ei ther to measure the back-
ground or to enable mapping of areas bigger than the fizld of view of the
FLCM OS5 carmnems von plan to nee. Ses Chapter 10,

If you are doing coronographic observatiors, additional target acquisition
exposnres will be mquired to center your target in the apertore to the accnr-
racy required for your scientific aims fe.g., yon may wish to cemer the
nucleus of 2 galaxy in a crowded fizld behind the comnographic spot).

Calcuolate the total number of orbits rquited, taking into acconmnt the over
heads. 1n this, the final step, you combine all your exposores (science and
non-science, alike) into arbits, nsing tabnlated overtheads, and determine the
total number of othits yon require. 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...

Available Fiters & Optical Elements/ 35

Filar Sansitivity Curves/ 42

Ciut-of-Band Lagks in NICKOS Fitters ! 44
Paint Spread Function 7 45

MICKWO S Apartura Dafinitions 7 48

MICMOS Coodinate System Conventions £ 49
Oriants/ 49

This chapter pmvides the information nesdsd to constroct an imaging
proposal. Filter tranamission corves are presented. We have developed sensitivity
curves and sxclusion corves for each filt=r. These corves can be tsed to sstimates
exposnre times. We give examples of how to vse these corves, which are
contained in foll in Chapter Ll. lretmctions and examples for calenlating
exposnre times and signal to noise mtios are povided in Chapter &.

Available Filters & Optical Elements

Each camera has 20 filter positions on a single filter wheel: 19 filtes and one
blank. Az a result, not all filters are available in all cameras. Wloreowver, the
specialized optical elememnts, snch as the polarizes and grisms, cannot be crossed
with ather filters, and can only be nsed in fixed bands. 1n g=neml the filters have
bezn locatsd in a way which best utiliz=s the charactetistics of NIZKOS, thus at
sharter wavelengths the most important namow band filters are located in Camera
1 =0 that the diffraction limited performance can be maintained wherever possible,
while those in Camera 2 have been selected to work primarily in the longer
wavelength range where it will also deliver diffraction limited imaging.

Table 4.1 throngh Table 43 list the available filters and provide an initial
geneml description of =ach, starting with Camem 1 and working down in spatial
resolution to Camera 3. Figue 4.1 thmoogh Figure 4.3 show the pementage
traremission of each optical element platted against wavelength.



38 W Chapter 4 Imaging

Nomenclature

The name of each optical element starts with a letter or gronp of letters
identifying what kind of element it is: filters start with an “F", grisme with a “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 “#" for wide, “M™ for medinm and 17" for narrow. Ln the case
of grisms, the initial G iz followed by a mumber which gives the cemter 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 ch:rEilm m? Em:ﬂ:;dth Comment Lea glan
Fllimd 1025 05135 page 1G4
Flams 13 05-18 Tiroad Band page 170
Flams L55 L35-175 pag= 174
FOS a9 03-14 page 154
Fli 1.1 1a-12 pag= 1&d
Fld3d L45 1.35-1 55 Water page 172
Flaom la 155-1.75 page 178
Fl7i 17 16-13 pag= 152
FoO9 N 0953 1% [S 111] pag= 158
Fosm Q.97 15 [5 111] cominmmm page 160
Floen 1033 1% H=1 pag= 142
Fllm L13 1508 He 1 contimnm page 145
Fladan ladd 1% [F=11] page 174
Flean N - 15 [Fe 11] comintmm page= 130
FlE™ LE7 1508 Paschen o pag= 1534
Flam L= 15 Faschen & comintmm page 135
FOLOS 1.1 05-13 Shor A Palarizer page 59

FOLLZ0OS 1.1 05-13 Shor A Paolarizer page 59

FOL 24 05 1.1 05-13 Shor & Polarizer page 59
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Table 4.2: Camam@a 2 Fitars

Mame 'I.I'l'ac:enl;r:glth Bandwidth Comment Beo alon
fum) (umy

Elank MiA MiA blnk

Flliwd 1.1 05-14 page 158
Fl &g i l4-13 Ylinimum baclkgzromnd page 190
FlBTH 1875 L75-235 TBroad pag= 200
FIzosd 19 17520 Bmoad Band pag= 206
Flamd 17 1.55-1.75 Flan=tary cominmmm page 192
FLTiH L715 Lea3-1.75 HC O and Oy contimum page 194
Fl B L& 1.7a5-1 835 HC T and Cy bands page 196
FZ 040 2 18203 Ylethane imaging page 204
FZOTH 21 20215 page= 208
FzImd 23 215230 ) contimmm page 215
FIZ3TH 2375 13-245 o0 pag= 215
FLB™ LET 170 Faschen page 198
Fl 2mm 149 17 Faschen & confimmum page 202
Fzlm 2121 15 Ha pag= 210
FZl=n 215 178 Haiand Br ¥ contimnm pag= 212
Fzlen 21485 15 Bracke y pag= 214
POLOL 2.05 la-=21 Long A palarizet page 59
FOLLZOL 2.05 1821 Long A polarizer page 59

FOLI40L 2.05 1221 Long A polarizer page= 59
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Table 4.3: Cam=am@a 3 Fitars

Mame 'l.l'l'actrinl;r:glth Bandwidth Comment Beo alon
(um) (umy

Elank MiA WA blank

Fllow 1.1 0514 page 222
Flaowg i Ld~158 Ilinimum backzmonnd page= 278
FlTau 175 12-23 pag= 23
FIIZH 13 21523 C0) contimnm pag= 248
FI 40 24 13125 0 band pag= 250
FlLOBEN 10830 15 He 1 pag= 220
FlLi3m L.13 1% He 1 contimum page= 224
Fladn Ladd 15 [F=11] page= 2350
Flaan L&& 1% [Fa 11] cominmmm page= 232
FLE™TN LE75 158 Paschen page 235
Fl=on la 158 Paschen @ contimnum page 238
Floan Laa2 15 [5i W] pag= 240
FZ 001 24 1% [51 ¥1] comintmm page 242
FIlzn 2121 15 Ha poge 2dd
FZlsm 215 1% Hacominmmm page 245
Flaow 15 L1-19 Grizm B coniintmm page 225
G098 094673 0812 ORIEM A pag= 69
Gld4l 1414 Ll-12 SRIEN B pag=T1

Gz os 2067 L4-25 GRIEMC page 73
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Figure 4.3: Fittars for Camam@ 3
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Filter Sensitivity Curves

Detailed infommation for each filter (Chapter 11} and for the grsms and
polarizers (Chapter 5) is pmovided in the format shown in Figure 4.4 Ln this
section we explain this fommat and ontline the nse of these Figures. For many
purposss, these Figures mayv take the place of detailed calculatiors and pemmit
observers to guickly detemmine the feasibility or approprateness of an
obssrvation.

v Cantion: These Fignmes are based on preliminary estimares of the WIZH 0S5 sensi-
tivities, noise characteristics, and backgrounds.

Each figure provides the following:

-

A sumvmary of the basic filter parameters:

- Centml wavelength

- Mlean wavelength

- Peak wavelength

- Foll Width at Half Tl axi ronm transmission ( FWHTL
- apsctral mngs

- Maximum tmnsmission

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

A filter transmission curve. The spectral characteristics of the NICHIOS
flight filters wers measnred at cryogenic temperatirs and nommal incidence
at Ball Aemspace. All filtem had their spectml traremission measned from
05 to 2.7 micwns with astep size of 0.001 micmoms.

An epsilon diagram. For cach filter we have calcolated 2R 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 &.

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 corvesincarporate the expectad backgmuonds and
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Figure 4.4: Example Sensitivity and Exclusion Curves
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prsently understood noise characteristics of the detectors. To mse thess
plots szlect a camera and filter combination, locate the flux of your sonme
and rad acroes the fignre to detemmine the exposure time for a given 5/,

+  Dbrervational exclusion diagrams for point and extended sonmes. Thess
again show flx [Fylas a function of timme. The vs=ful limits of the instro-
ment are shown. Sourcess falling in the npper right hand region will be sate-
rated fsee the discussion of MULT TACCUM mode to observe bath bright and
fainter sonroes in the same exposure)l. Sources falling in the lower left
region of the plot will be read noise mther than shot noise limitad. Finally,
sources to the l=ft of the wertical dashed line at 0.23 s=conds must be
obesrved nsing the ERTGHTOE 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
L0 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
ont-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 calenlated the effects of filter l=aks for sources 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
nebnlas) 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 few filtes ). For the reddest source comsiderd 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 only as camtionary. We will mlzase forther information as soon as it
becomes available, bot this is not likely to be before the Tyele 7 Phase 1 deadline.

The nine filters for which these lzaks might be a problem am: FOS0M, FO251,
FO9711, F1081, F110M, F110%W, F1131, F1871, F19011. We recommend that
observers msing these fil ters for sonroes with extremely red colos observe them in
a nurnber of filters to minimize the lik=lihood of filter leaks cansing emos.
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Point Spread Function

Encircled Energy Predictions

The MICKOS 10T have provided predicrions of the expected encircled ensigy
inthe I, H, and K bandk (s=e Fignre 4.5). Thess predictions show that ~90% af the
energy will be contained within radii of 0.23, 0.30, and 040 arcsecs at
wavelengths of 1.25, 1.65, and 2.2 micwnes, mspectively. Using thess curves and
the present FOC PSF, we estimate in Table 44 the fraction of the energy from a
point sonmwe falling in the central pixel (Pixel Frac.; assuming the PSF to be
centz=red on that pixel) and the ar=a on the detector (in pixels) which encompasses
0% of the energy (Area Fixels).

Table 4.4: Encircled Ensigy Fractions and Arsas in Pizeks

Camera 1 Camera 2 Camera 3
Fitter Pixel .l!.rea Pixel .ﬂ..rea Pixel Area
Frazc. Pixels Frac. Pimls Frac. Pixels

F 09 a2ad 49 5
F oo azl1a SME
FO3 T Q23 57
FloEn azla = ] Q.30 3.2
Fllied a.1ad Tl.1
Fllim a.1ad TOE 0340 233 0.aa0 33
Fllm a.14a 45 0830 34
Fl4om a.14a l1aa
Fl4=e aa7a 1193
Flaim Q.70 59
Flao aa7a 1433 0.1%0 4740 a.aza 6.4
Fladan 0.0a7 1503 Q. 7a0 7.
Fle=ed 008l 1518 0.19] 500
Flaen 00ea 155 Q750 7.1
FL7oed aaTs 142 4
FL71iH Q200 544
FL75% a.71a 30
Fleod 0.11a 594

Flzm 006 199 0.130 G484 Q.710 al
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Table 4.4: Encircled Ensigy Fractions and Areas in Pizels (Continuad)

Camera 1 Camera 2 Camera 3
Filter Pixel .!!.rea Pixel .I!.rea Pixel .ﬂ.rea
Frac. Piel = Fraz. Pixels Frac. Pixels

FleTa 0.130 G4.5
Flamm Q055 Iala Q.17 Ga5 Q.7aa a3
Floen a.71a 10.0
FIoom a.71a 10.3
FZo4ed 017 Ta0
FIZOX Q.130 -k
FZOTd Q.11a 799
FIlm 0.140 E30 Q.a3a 117
FIl=n 0.140 B52 a.aza 120
FZlen 0.140 2464
FII 0.14a aa’? Q.550 128
FZ3Td Q.13 la3e

FIdmd 0.490 15.0
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The following plots show the pradicted encitcled energy fraction va. angular
radins nnder the simplification of a monochromatic wavele=ngth at the center of the
1, H, and K bands. These plots shonld be nsefol in calenlating the armount of flm
in any pixel, and are the best available at this time.

Figure 4.5: Pradicled Enciclad Enaigy
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Field Dependence

The PSF is at lzast to some extent a fonction of position in the OTA field of
view. We do not know by how mnch the PSF will be degmded near the edges of
the fizlds of view of the thme cameras. However, our expactation is that only a
small degmdation will be observed. Movement of the FOWL, on the other hand, is
expected to have a significant effect on the PSF guality. Since we do not expect to
make FOM motions available to the GO commuonity in Cyele 7, we will not
dizscuss the size of this effect at this time.
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NICMOS Aperture Definitions

Each HST Science Instrument mquires its own local coordinate system and
apertures to support both target acquisition and small angle motions (5 ANs).
Apertoes are calibmted locations in the HST focal plane relative to the FGS
frame. All acqnisitiors and 5ANMs ar mlative to apertores. Any location within
the field of view of a WICWM OS5 camera can be specified by the POSTARG special
requirement (described in the HST Phase 11 Proposal Lretmctions).

Aperture Definitions

The basic philosophy of the HICKOS 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 4.5 along with a
description of their function and their initial location.

Table 4.5: NICWMOS Aparture Definition

Aperture Mame Die soription E;:‘:eig;‘n (detector
1nrecl Ciptimal cemer of Camem 1 178,178

NICL-FIX Geometric centet of Camem 1 128,128

nrez Ciptimal cemer of Camemn 2 125,128

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 3 178,178

NIC3-FIX SGeometric cender of Camem 3 138,178
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NICMOS Coordinate System Conventions

Figure 4.7 shows how the WMICH OS5 cameras are aranged in the HST field of
wview. The alignment of sach camera is not exact, and the intemal coordinate
systems attached to each of them will differ by small rotatiors (pmobably <2
degrees). The FITS fommat data filss generated for MICKIO0S observes will have a
World Coordinate System specified appmopriately for each camera. The adopted
coordinate system for the 3 camemns is summarized in Figure +.6.

Figure 4.6: Common NICWOS Coodinate System
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Orients

MICH OS5 orientatiors are s pecified relative to the +y axis shown in Figure 4.6.
Eastward mtations are connterclockwize (in the meoal astronomical comvention .
Spacecraft oriemations are wtated by 225 degrees from the MICW 05 coordinate

sy Etemm.
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Doe to the linear amangement of the 3 WICK OS5 cameras on the sky, it will
often be advantageons to comsider the specification of a vniqoe telescope
onentation. Observers shonld be aware that such constraints may decreass the
duration and mimber of schednling oppartonities for their obssrvations and, nnder
some circnmetances, may make the identification of suitable gnide stars

impossible.

Figure 4.7: Delinition of Criant for MIGWOS
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While the Phase 11 proposal instroctions will contain the definitive irstmctions
and examples for specifying the desired orientation for HST. A simple example is
shown in Figure 4.7, A binary star with a position angle (BA ) 30 degees measnred
east from north is to be positionsd with the soothem star in Camera 3 and the
northern star in Camem 2. That is, we want the line connecting the two stars fo lie
along the MICKIOS + ¥ axis. The resulting HE T orentation is 225 + 30 = 255

degres. (HST ORLENT = PA + 225 for MICKOS ).




CHAPTER 5
Coronography,
Polarimetry and Grism
Spectroscopy

In This Chapter...
Caoronography / 51
Palarimetry / 55
Polarimetric Sanmsitivity £ 59
Grism Spactroscopy 7 64
S msitivity £ 68

This chapter provides infommation on s=veral specialized vses of NICKOS,
namely, comnography, polarimetry, and grism spectoscopy. Both the polatmetry
and grism spectmoscopy sections contai n s=nsitivity and exclosion curves of the
type described in Chapter 4 to enable yon to sstimate exposure times.

Coronography

A coronogmphic imaging mode is available in 11TIC 2. This camera has 0.075
arcsec pixels, covering 4 19.2x 19.2 arcsec region of the sky. The coronogmphic
spot imaged onto the focal plane provides a circolar acenlted region 0.3 amsec in
radins. At this radivs, in an idealized Point Spread Function, a natoral break
occnis in the encircled ensrgy profile at 1.6 microns with 93 percent of the eneigy
in the PSF being enclosed (see Fignm 5.1). Beyond, the encicled energy pmfile
flatters ont toward lager radii. The sky backgmoond is expected to be a minimuom
n=ar L& micions.

The Camera 2 coronograph comprisss two slements. A 170 micron diamester
hale has be=n lase=r ablated oot of the Camera 2 mimor in the HICKOS field

a1
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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
obscurs approximately 15% of the primary mirror ara. (Scattering by dost on
the primary mirror may affect the owverall image contrast, and while this is
expected to be a small effect it can only be goantified on-orbit. §

Figure 5.1: Relationship Batween the Radius of the Comnographic Spot and the
Encircled Ensigy inthe HST PSF at 1.6 micioms
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Coronographic Acquisitions

Comnographic imaging requires an acquisition sequence at the beginning of
the observation to center the tamget omo the occnlting spot since the size of the
occnlting spot is smaller than typical HST blind-pointing emors. The pmcadors
for a coronogmphic obssrvation is to fist acquire the target on the NIC2-R00
aperturs using an onboard, renss target offset, 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
removal), and the brightest object is located in a 128 x L 28 pixel sub-army in the
coronographic acquisition apertore (zee Chapter B). The MICK 05 flight softwars
will then mquest a vehicle slew to move the spacecmft to place this object in the
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cemter of the oocolting spot. This is illustmted in Figure 5.2 which shows a
schematic rpresentation of the Camem 2 acquisition aperture. The observer most
select the filter type and the exposure time (see the flow chart in Fignre 5.4). The
telescope iz pointed =o that the target nominally appears at the apertors
nIc2-A07 which is located in a 128 x 128 logical acqnisition 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.

Figure 5.2: Acquisition Procass
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Very bright targets might canse satoration, leading to poor resolts in the
centroid solotion, and in the snbssqoent placement behind the acenlting spat. To
avoid this, a namow band filter may have to be nsed to cot down the target flox
Since the M1CKHIOS filters are in the pupil plane there shounld not be a shift
intmduced by using a different filter than needed for the scienos obssrvations.

For observations longer than ~5 minntes the pmbability of cosmic ray hits occur
ring in the same pixel in sach of the two acquisition images is sufficiently high
that observes must instead nse an early acquisition image to avoid their observa-
tion failing dve 1o a false center determination. Early acquisitions are described in
the next ssction. ln practice, this shoold not be a severe restriction as in the
F1a0w filter one will mach a signal-to-noise of 50 at H=17 in only 2-3 mimites.

Reuse Target Offset and Interactive Acquisitions

In cowded fields, or for extendsd objects, the comnographic acguisition
shonld not be relied on, since by necessity the on-board centering algorthm is
rather simple. Whenever you know a prior that this is the sitoation, or the
complexity of the field is onknown, we recommend obtaining an acquisition
image before the scientific observation instead, even though this will mequire
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slightly mom HST obssrvations to accomplish your progmm. The telescope
control system has the ability to re-nse the same pair of gnide staEs as were msed
fior the acquisition exposure, and from the accurate coordinates yon have obtained,
it iz then possible to blind-offset the source anto the coronagmphic spot (RE-USE
TARGET OFFSET). This can be obtained a few orbits or days prior to the science
exposure. Alternatively, a mal-time, interactive acquisition (INT-ACQ) can be
obtained although the number of these ar limited and most be jostified in the
Phase 1 proposal. This will mainly be necessary for time critical observations.

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 cemtering on the occulting spot. The goal is to cemer the
PSF of the occulted source to a precision of a goarter pixel. The decreass 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 pixel 175 milliarcsecs) offset at 1.6 microns. The fractional decrease in the
encircled energy mlative to that for a perfectly center=d P5F is plotted against the
shift of the center of the PSF from the center of the hole in Figore 5.3.

Figure 5.3: Contrast Decreasa Dus & PSF Decantaring
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However, a small ermor in target cemtering will create an  asymmetric
displacement of the PSF zonal strocties both in and oot of the occolting spat,
lzading to position dependent changes in the local image contrast mtios.

Coronographic Decision Chart

The decizion chart given in Figne 54 leads youo thongh the szlection process
to corstmct a coronographic o beervation.
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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 WICHLOS 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= ii”n“r:m“rm]
-

U= —ilyq=Tq)
R

.|
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The statistical uncertaintiss ar obtained by straightforward propagation of
ETIDIS:

wll

20 2 7 L)
— =
gy = 3w[‘jn+‘juu+‘31:u]

I| 3 2
Ty = —=af [Tayg + T
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The Stokes pammetes can then be combined to vield the polarized intersity,

7 212
I, =10 +U7]
and the degee, F, and position angle of polarzation, 8. nsing:
)
P
P=—
f

8= zs.msun[g]
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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

Ln Fignre 56 throngh Fignre 5.8 we provide semsitivity information for the two
sets of polarizers. We give the same infommation as was described in Chapter +:
namely asersitivity corve, plotted & flux against time for a corstant 504 ratio and
an exposre evclusion curve for both point and extended sonrces. To nse thess,
look vp the integration time required for your source flox on the semsitivity corve
for the signal to noise yon want (see Chapter 12 if you need to comvert the units ).
Then go to the associated evclusion curve and check that yon are notin the shaded
areas. 1f yoo are, adjnst your integration time appmpriately ontil yon ame in the
clear ar=a. If von are to the left of the vertical dashed line then yon mnst nes bright
ohject made. Work ont how many int=gratiore yon need to get your desired 5T,
To get the total exposnre time required for a polarimetric observation mnltiply
vour final answer by 3 to account for the fact that yon need to nes 3 polarizers to
get a memurement. Mote that the tmnamission curves are for a 100% polarized
sonrce while all the sensitivity information here is calculated for a single polarizer
image, assuming an unpolarized sonme.
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Camera 1, Polarizers
The polarizers consist of 3 identical elements at mlative angles of 0, 120, and

240 degress.
Mean Peak Fily HM Ra nge . .
Cantral . . . . Principal Tr Pixel
(mic rons) (microne) (microne) (microne) (microne) pe rcent taetion
10450 10384 10245 04750 0513 1] (AR

Figure 5.6: Throughput of Short Wavalangth Polarizers
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Figure 5.7: Sansitivity and Exclusion Plots for Shart Wawvslength Polarizars

(spuoaas) ou],

a1 00 D0OT 0BT 0T I T Tl I0DD
I T P e o0l .
el g e T 2 D o T Ta0n o
; - 4 1a00

e RN
R - .F‘H

- m.. d : ¢._
| pat
3 nant
v O
2 01
a1
HET0d 1 Bdawe]

aRINGES O alll],

(spuadas) aurl],

g1 L0l OOOF OOF Ol 3 [ = Ay A e ]

.WJ"-/.IJ. 1 [ S S—— [Fa]s]
-,
e e ....,-M.ﬁ”.!.;. R Hanlaat S (5]
: H ‘b, o : H H
.......... T g Ty 1
: : ..,.."._r..r...".r : .
- B P ."J..:.. ..-”r.r. L [= 8
: . :
. .J"f../.-.:..r?,..f..,... ol
| kS
LI oool
Tl

CHEtod Ty
I SR S ST STTRN TIVIE TP PR

1 BIIWED
AJIAIISUAS S20IN0S Papualxy

(,oasane/A0) a4

(2as0am fAT) Ay

(EpuUOIas) awl]

a1l 00 OD3L Q01 91 1 Lo g Loy
oA A S A Ll iy P R o 01
: : B L

ann
1a'a
T

i e bl Sl i s
HSTOd T =eJawe)
21RIN)EE O] S

(spuoaas) awy],

gDl 01 QOO0 001 Ol L [i I -y L
-0

-1

507

LG

o

£1AT1ISUSE HET0d 1 BJawm)

100ne

[NE g

(A1) ad

(A



G2 | Chapter 5 Coronogaphy, Polarimetry and Grism Spectroscopy

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 5.8: Throughputof Long Wawvelangth Polarizars
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Grism Spectroscopy

A grism is a combination of a prism and grating amanged to kesp light at a
chosen central wavelength undeviated as it passes through the grism. Grisms are
normally meed to create spect in a camera by inssrting the grism into the nomnal
camera beam. The grsm then creates a dispersed spectmm cemersd on the
location aof the object in the camera field of view. The resolotion of a grism is
preportional to the tangent of the wedge angle of the prism in moch the same way
as the msolution of gmtings are poportional to the angle betwesn the input and
the normal to the grating.

MICH OS5 tees this mode of operation without any slit or apertore at the inpot
focns so that all objects in the field of view display their spectm for troe
multi-object spectroscopy. The MICWKOS grisms operate in the spectral mnge
between 0.8 and 2.5 um. The grisms mside in the filter wheel for Camemnm 3,
therefore the spatial msolotion of the spectoscopy is similar to the spatial
resolution of Camem 3. The filter wheel contains three grisms, of infared grade
freed silica, which cover the entire MICMOS wavelength mnge with a spectral
rezalving power of ~200 per pixsl.

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 M1ICKIOS 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

20 1.4al 55889 1.1-1%8 307649
c 200 2058 56044 14-25 2105

Relationship Between Wavelength and PFixel
Table 5.2 gives the dispersion relationship in the form:

wavelength = m*pixel + b,



Pixels

Grism Spactioscopy Wl 65

where wavelength is in micons and the O pixel is at the centml wavelength. The
relationship is plotted in Figure 5.10. The actnal location of the plus and minns
pinels will be dependent on the grism orientation and the lacation of the source in
the image. The grisms will be aligned as accurately as possible along a mww or cal-
nrmn of the array. We do notexpect any distortion or curvatore in the spectrom.

Table 5.2: Wavalength to Piek Relationship

Grizm m b

1 -LS1 363512 02638530
L -0ATITASES 1 40985352
3 -0.010506387T TOSEFA25

Figure 5.10: Wavalength Varsus Pixal Mumbear for each Grism. Maote that the
actual location of the cantral wawvale ngth on tha detector depands on the position
afthe souca.

Grism Specira

1 15 2 2.5
Wavelengih {um)

Multi-Object Spectroscopy

Grism obssrvations are carried out in the same manner as any of the imaging
operations discossed eatlier. 1n molti-object spectroscopy one of the grisms in the
filter wheel for 11IC3 will be selected. The observations then procesd via one of
the readont and operation modes discussed later.
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Although mnlti-object spectoscopic observations can stand alone with no
snpporting observations, we recommend pairing them with an image in Camem 3,
thugh an appmopriate filter, at the same pointing. This provides the location of
each object in the field and aidk in the identification of their individoal spectm.
Becamse of this natnml paitng it is anticipated that most spectroscopy
obesrvations will be in at lzast a two image sequenced obszrvation.

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 orientatiors 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.

Software is being developed at the ST-ECF for the analysis of grism
obesrvations. Using this, the obssrver will be able to fol ly extract spectm of single
ohjects from the images, inclnding the disentanglement of ovedapping spectra
and extended sources. To obtain the best resolts it is recommendsd in fizlds with
multiple or extendsd sources that grism images be obtained at more than one
spacecraft toll angle (pefembly 3 or momr), and it is essential that the image
spectmm pair be obtained as described. 1f the matching image is not obtained,
rednction and analysis of the grism data may be very difficolt.

Grism Decision Chart

The decision chart given in Fignre 5.11 leads yon throngh the comstmction of a
grism obssrvation.
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Sensitivity

Background radiation will be a worse problem for grisms than for imaging
observations. Every pinel on the army will receive background radiation over the
gpectral bandpass of the particnlar grism, while the sonwe spectrum will be
disperesd over many pixezls. Therefore, the ratio of the sonwe to backgronnd flimx
will be much lower for the grisms than for the regolar imaging mode filters. The
expected detected backgmund rate per pinel is shown in Table 5.3 below for the
three grisms. The increase in the background flm for grism C is dramatic. Uss
grisms A and B when possible. Grism C is for the longer wavelengths only.

Table 5.3: Grism Backgmound Radiation

Wawvelength
ari e Bachg o und B chg round
rism - rarge (esecipixel)  (Jansky/pix)
micnns ' R ¥p
A 0512 0.7 54 x 105
i} 1.1-19 BB 56 x 104
[ 14-25 3000 Q.10

Grism Sensitivity Curves

Figures 5.12 thongh 5.17 presem the sensitivity information for the thres
HICH OS5 grisms. We provide basically the same information & pressnted =arlier,
namely a sersitivity corve, plotted & flux against time for a comstant signal to
noise ratio, and an exclision curve. In the former case, the grisms ar a little more
complicated than the imaging filteis, becamss the signal to noise is obvionsly now
a function of wavelength. We have therefore picked three wavelengths acmss the
bandpass of sach of the grisms, and plotted acuorve for each of these wavel engths.
Ln practice, it turre ont that there is rather little varation in sensitivity with
wavelength within the bandpass of each grism. Mote that for Grism C, the largs
thermal backgronnd mears that exposures can never be longer than abont one
minote, even for faimt soumes, becanse the detector will be saturated by the
backgronnd. Thus, in order to obtain spectm of faint sonrces with Grism C, it will
be necessary to obtain a lamge number of single ACCUM mode exposnes.

We alzo present a line carrection factor corve. Ta nse this, find the wavelength
of your line and read off the comection factor &5 fiom the graph. As describedin
Chapter 4 multiply the line flm by this factor and add to the continnum flux. The
integration time may now be calcolated from the sensitivity corve a8 if yon had a
pure continuum source. To use the sersitivity corves look up the integmtion time
required for your sonmwe fli on the sensitivity corve for the signal to noise von
want. Then go to the msociated exclision zone curve and check that yon are notin
the shaded areas. If you are, adjust your imegmtion time appmopriately until yon
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are in the clear ara. 1f yon are to the l=ft of the vertical dashed line then yon mnst
mse bright object mode.

Grism A: G096
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Figure 5.12: Grism A Throuwghput and Line Camaction Curve. To usea the lattar
find tha wavalangth af your ling and read off the corection factar g5 from thea
graph [describad in Chaptar 4) multiply the line flux by this factor and add to the
cantinuum flue. The infegation tima may now be cakulated from the sansitivity
curva.
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Figure 5.73: Sensitivity Plat Grism A. CGurves are plotted for two choices of 5/N,
10 {lwar) & 100 jupper). As describad in the text cuves have baen plotied at
thres wawvale ngths [0.835 pm, 0.989 pm, and 1.138 pm) covaring the free-spactal
rangs af tha grism for 2ach 5/, but they are =o clkss as o be indistinguishable at

thisscals.
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Grism B: G141
Thermal backgronnd is important.

Table 54: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 5.14: Grism B Throughput and Line Conaction Curve. To usa tha attar
find tha wawvalength of your line and read off tha correction factor g5 from thea
graph [descrbad in Chaptar 45 multiply the line flux by this factor and add to tha
cantinuum flux. The intlegation time may now be cakulated from the samsitivity
Curve.
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Figure 5.15: Sensitivity Plot Grism B. Gurves are plotted for two choices of 5T,
10 {kwar) & 100 jupper). As describad in the fext, curves have bean plottad at
thres wavalengths (1.174 pm, 1.417 pm, and 1.772 pm) covaring the free-spactal
rangs of tha grism for each 5/M, but the two shot-wavelength curvas are indistin-
guishabla.

Grism B Sensitivity
1000

LILLLLLS |ITI'I| Ty ||||ITI; ||I'| LELLL BRI IR

100 | -
10 f
:

0.1

Fu(Jy)

0.01 §
0.001
0.0001 §

1070

lﬂ-ﬁ poswdl v osoonel vrerwd e AT BEETTIT BT BN

0001 0o o1 1 10 100 1000 10%  1g®

Time (seconds)

Grism B
Time to =aturate

Fr(ly)

10~ . r . :]
Q001 901 0.1 10 100 10600

Time (seconds)



Sansitivity [l 73

Grism C: G206
High thermal background. Use only for bright sonmces.

Table 5.5: Grism & G208

Cantral Mean Peak F& HM Ra nge
(micene) (micmons) (mic rans) (mic rans) (mic rans) Max Tr
(percent)
2067 19523 2E=0 11575 14-25 T34
Continuum Flers FITSW, F240M
17530 L7508 1507 108440 12-23 Qa5
2378 137 23155 Q.1975 23215 924

Figure 5.76: Tha Grism C Throughput and Line Carraction Curve. To usa tha lat-
tar find tha wavala ngth of your line and read off the conaction factar £ friom tha
graph [descrbad in Chaptar 45 multiply the line flux by this factor and add to tha
cantinuum flux. The intlegation time may now be cakulated from the samsitivity
Curve.
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Figure 5.7 : Sensitivity Plat Grism C. Guves are plotled for two choicasof 5/N,
10 {kwar) & 100 jupper). As describad in the fext, curves have bean plottad at
thres wavale ngths| 1.607 pm, 2082 pm, and 2.395 pm) covaring the free-speachal
rangs of tha grism for each 5/M, but the two shot-wavelength curvas are indistin-
guishabla.
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Ln this chapter we provide W1CKI 05-specific peiformance infommation needed
to prepare a MICKIOS Phase 1 proposal for Cyele 7. First, we discnss varions
parameters that affect performance, and the extent to which they are known. Mext,
we describe how to determine the system sensitivity. We then describe the waysin
which yon can determine the exposnme time required for a given observation and
the signal to noise that will be achieved, examples are pmvided We describe
several computer progmms that will perform these calcolations and which are
available on the WWW. These pmgrame have been med to calculate the
sensitivity and exclmsion corves for the NICKOS filters, polarizes, and grisms,
presented els=where in this Handbook. We also describe how to calenlate signal to
noiss ratios and exposnre times by hand for MICH OS5,

Overview

At the time of writing, many of the factors that contribote to the thronghpot of
FICMOS are not folly defined. Comstroction of the irstmment is complete, bot
the Systern Level Thermal Vacunm (SLTV) testing phass, during which many
aspects of the instrument performance will be determined, has not yet begun. The
sensitivitiess presented in Chapters 11 and 5 have been calcolated nsing the best
infommation currently available for each parameter. ln some cases this means
prliminary measnrements made msing MICWOS snbsystems in the labomtory,
while in others we are only able to make sstimates. General Observers shonld

Th
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watch the MUCHL OS5 web pages in mid-Angust, wher we will provide npdates as
new information becomes available, as discussed in Chapter L. Some perffommance
agpects cannot be tested until the instroment is installed on HST, and in thess
cases the performance will not be well sstablizhed nntil the fist f2w months of
M1CM 05 arbital lifetime. Some observers will need this information to prepare
Fhase 11 proposals, and this information will be foond on the WMICHOS web
pages. In summary, the information provided in this chapter is preliminary, and
observers shonld be prepared for some of it to change substantially.

Instrumental Factors

Detectors

The detector propetties which will affect the sensitivity are simply thoss
familiar to gmound-based optical and 1R observers, namely dark coment and read
noise, and the detector quantnm efficiency IDQE). Laboratory mesorements have
determined the r=ad noiss for the three M1ICH0S flight amrays to be ~30 electrons.
The measured numbes are given in Table 7.1 on page 92,

Optics

WICHOS is a wlatively simple instrument in layout, and thus contairs a faidy
small number of elements which affact the sensitivity These are the filter
traremission, the fizld of view (determined by the TICH OS5 optics external to the
dewar, in combination with the HST mimors), the mefl=ctivities of the various
external mimors and the traremizsion of the dewar windoa:,

The filter tmnemissiors as functions of wavelength wers measured in the
laboratory, and the menlting curves were prsented earlier. Some filters may have
minor leaks ontside the primary filter bandpass; the reality of thess has not yet
been established, and we assnme here for the purposes of sensitivity calcolations
that the transmission is e ontside the pri mary bandpass.

MICHIOS contains a total of s=ven mimom axternal to the dewar, =ach of which
rednces the signal received at the detector. The mirrors ar gold coated for
maximum reflectivity, and are expected to achieve abont 95% reflectivity. The
dewar window has a transmission of ronghly 90%. Therefore, the combination of
optical elements is expected to transmit ~63% of the incoming signal from the
COTA.

The sensitivity will obviowly be affected by the pixsl fizld of view. The
smaller the angnlar size of a pixel, the smaller the fraction of a given sonwe that
will illuminate the pixzl. Finally, the optical efficiency will be degraded further by
the reflectivities of the aluminum with WgF, overcoated HST primary and
secondary mirmos. These are given as exactly one minns the emissivities.

Background Radlation

At long wavelengths the dominant effect limiting the MICH 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
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confignration, temperatores, and emissivities. We discussed the issne of themnal
backgronnd and its stability in Chapter 3.

For the purposss of sersitivity calculatiors, we meed the valves listed in
Tables &.1 and 6.2 and assomed that the =ffects of debris on the miroE can be
ignored.

Table 6.1: Optical Efficiancy

Cptical Element Efficiency
Firsl bending mirmor 085
Re-imaging mirmar 085
Popil mitnor 085
Imags mirrar 085
First pamabalaid aas
Second pambalaoid aas
Gending mirmar 085
D windony a9
Todal 063

Table 6.2: HET Infrared and Optical Proparties

Pra perty Azzumed Value
Frimary mirmor collacting anea |93 cm”
Frimary mirmar {am parainre Ik

Primary mirmor emizsivily Q.2

Secondary mirmor collecting area 684.dcm’

Secondary mirtnon pupil clear fraction  0.86

Secondary mirmor {empemainne Mik
Secondary mitor emissiviy Q.2

Feal phine image scale 35 8 arcsac/cm
TBack focal distance 640G cm

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

Background mdiation will be a slightly worss pmoblem in the case of
Llolti-Object Spectroscopy (N OS] than in the case of imaging observations.
Every pixel on the array will always se= the entire backgroond mdiation integratead
over the grism bandpms. The expected detected backgmund rate per pixel is
shown in Table 5.3,
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Calculating NICMOS Imaging Sensitivities

The semsitivity comves presented in Chaptes 11 and 5 allow one to esti mate the
exposnre times from a given source flox. 1n some sitnations it may be desimble to
go throngh each step of the calcolation. One example wonld be the case of a
source with strong emission lines, where ons wants to estimate the contribution of
the linz(g) to the signal. This conld inclode the case of a strong emission line
which happens to fall in the wing of a desied filter’s bandpass. To facilitate such
calculations, we provide in this section recipes for determining the signal to noiss
or exposnte time by hand.

Signal to noise Calculation

The signal generated by a continunm source with a flim Fill ansky] falling on a
pixel is:

Co =F YoptVaedVh b primD 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
be included in the imegral over the filter bandpass, since the source flux is bound
to be a fonction of wavelength. In the sereitivity corves plotted in the previons
section, this has been done, assuming a source effective temperatore 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 €y is plotted for every filter in Chapter L1, and a similar factor for
the grisms in Chapter 5. Thus ane only nesds to pick the wavelength of imerest,
read off £, and multiply your flox, 1y by this to get the line contribution to the
flux in the filter. The maximom valve of ), denoted as E, iz also listed in Tables
6.3, 64, and 6.5. Mote that for the grisms, wher bath lines and continmmm will
frequently be present, we have plotted E; in units of e*/sec/l ansky. Thus, in this
case it is necessary to estimate the spectral flux density of any line emission in
lanskys, which iz done simply by vsing the line stengths and the spectral
resolution of the grisms.

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

Mext the backgmuond signal must be calcolated. This is particnlady important
in the infrared, since in some sitarions the signal to noise in the final observation
is detemmined lamgely by the photon noise in the background signal, rather than
that in the sonrce signal. At wavelengths longer than 1.6 microne in particolar, the
thermal backgmund 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 each of the thee NICKWMOS camems is plotted in
Figure 3.6. This has been nsed to derive the background signal which is listed for
cach filter in Table 6.3 to Table 6.5 in e/sec as B.

The final ingredients needed to calcolate the signal to noise for the observation
are the read noise M, and dark corent 1. The rmad noise can be taken from Table
7.1. The dark coment has not been very well determined at the time of writing, bot
we rcommend that the opper limits listed in Table 7.1 should be adopted.

1tis now possible to calcnl ate the signal to noiss mtio sxpected for an exposore
of dnmtion tseconds, where a number ™4 of reads are taken before and after the
intsgration. Ltis:

' ':'Er
Sll'l'.lril - ; = r-l-_l
| N
(C,+B+ 101+ ——
FEdd

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

Ltis impartant to note that in these egoations, the flux to be entered (either Foor
1 or both] is nar the total sonwe flux, but the fiox falling on a pixel. 1n the case of
an extended source this can =asily be worked ot from the snrface brightness and
the size of the pixel. For a point sonme, it will be necessary to detemmine the
fmction of the total flux which is contained within the area of one pixnel, as listed
in Table 4.4, and scale the sonme flim by this fraction. For Camem L in particnlar,
this fraction may be guite small, and so will make a substantial difference o the
ontcame of the caleolation.



80 W Chapter 6 Exposure Time Calkulations

Exposure Time Calculation

The other sitnation frequentl vy encountered is when the regoired gignal to noiss
is known, and it is necessary to calenlate from this the exposnre time needed. In
this case the same elements most be looked vp as described above, and the
required time can be calcnlated as:

ey 2 II o 2 - . :
(SNRITIC,+B+1i;)+ N (SNRI(C,+ B+ 1T, +4(5NR)C] v
+ = ‘ _ g f5 _|
2C;
Table 63: Camam@ 1 Fiker Samsitivity Pamamaters
Filer name Me [&/secily] #[e lsec/(Wim™)] B [e7=ec]
FOQ01 4182107 8 e 10" a.01s
FOO5H 345107 7 me1a" 1 04107
FO97H 353107 210" 1.14x107
F108H 479 107 13c10" 11810
F11aK 2 16 10° 16102 Q0223
F11aW 7 18x 10% 2 e 10" Q0604
F113H 50107 1 510 1 34x107
FL4aW 345 10% 49101 a.17
F145H 221x10° 3.1 10" 00196
Fleaw 186 10% 43c10" Q.13
Fl64H 262107 3 710" 377107
Fla5h 94 1x 107 410" a0sas
FléaH 875107 3 B 10 4 Bk 107
F1T0M 101x10% 5 e 102 a.12
F1Z7TH 9.18x 107 43c10" 00664

F190M 955 107 52104 aae1?
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Table 6.4: Camam@ 2 Fiker Samsitivity Pamamaters

Filer Mame T [e7secily] e sec{W/m™)] E [eV=ec]
FL1OW ? Mxldf 27x10'8 .19
FL&W 1 Bax10F 52x10'8 0.39
Flashl 9 4dx10° 50x1at8 .18
F171M 41’ 52x10'8 .14
F180M 3 S0x10° 55x10'8 0.33
FIE7TH 9 %x10° 53x10'8 0.
FIETW La2xldf 54x10'8 30
Fl3dH 9 44107 58x10'8 0.7
F205W 3 57x1df 12x1at® 175
F207 M 8 72x10’ g5x10'8 M0
F212H 143210 94x10'® 44
F215M 12@x10 g9x10'? 5.1
F216H 1 #xld? 9.5x10'8 6
F227M 9 Ml 0P 98x10t8 740

F337TH 1 dax1df Ldx1at® 74
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Table 6.5: Camam@ 3 Fiker Samsitivity Pamamaters

Filer Name 1 [e7=ecily] f[eTseciWim™] B [e7sex]

F108H 3 TExld® 12108 Q025
F110W 2 xld® 2 1x10' 12
F113H s [ g L4x10' Q025
F130W 3 33x10° 52x10'% 100
FleaW 1 78x10® 5 1x10'® 17
Fl64H g 13xl07 19x10'8 a07e7
Float g 12x10° 40x10'® 0.0%4
F175W 5 23x10® @ 5x10'® 717
F187H g 87x10° 51x10'® 14
F190H 2 p5xlor s6x10'® 192
F19%H 9 Texlor 59x10'® 43
F200H 1 07«10 a4xl10t? 67
F217H 1 36x10° @ 1x10'® 30
F215H 1 25x10° g 7x10'® 351
F22711 2 05xld’ 2 7x10® 517
F240M1 1.32x10° 13x10'® W7
Software Tools

Rather than going throngh all the above calcolations by hand for every sonme
on an observing list, softwar tools can be mwsed. These tools crmated the fignms in
Chapters 11 and 5. The tools are available on the NICKMOS Wordd Wide Web
page, and can be found by following the Software Tools link.

Some of the parameters nsed by these tools are, at the time of writing, still
nncertain. Chief amongst these are the dark corrent and the thermal backgmouond.
Az described sarlier, the dark current shonld be less than 0.1« /s2c, zo this is what
we cumently use in the code; it will be vpdated as soon as better infommation
becomes available. For the themmal backgronnd calcolation we have vsed the
valnes listed in Tables 6.3, 6.4, and 6.5. Both of thess pammetes will hopefully
prove on orbit to be better than we have assumed here, so that the semsitivities we
calculate are likely to be a little pessimistic.
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Filter Sensitivity Curves

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

Calculations are camied oot on a grid of wavelengths across the bandpmss of
the chosen filter. At each wavelength we determine the filter tmnamission,
detector quantom efficiency, optical efficiency of the MICWVO054HST system, and
source flme. 1n the case of a point sonros we determine the frmction of the total
source flm which is expected to land on the central pixsl, assnming that the
source lies directly in the centerof 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 backgmunde as discresed eadier
in this chapter), to calculate the point sonrce fline, or snrface brightness, reqoired
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 particolar source, with a known flox dersity or surface brightness, there
are a pair of tools. These perforn very similar caloolatiors to those described
abave, with the output being signal to noise againet time. Comently the sontos flnx
must be for the wavelength of the filter; eventoally bells and whistles will be
added so that you can emter the flox at ane of the standard IR photometric bands
L1, Hor Kj.

Saturation and Detector Limitations

The signal to naise which can be achieved in a given time is one indication of
how ns=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
resporse mnge, and secondly, what is limiting the signal to noise? A forther pair
of programe gensrate this information for each filter. These genemte both the flux
for surface brightness, as appropriate) above which the obssrvation is limited by
phaton naise (zither from the sonrce ar the backgmund) mther than detector noise,
and the flim above which the observation enters the non-linear detector operation
regime, which we refer to as satnmted.

WWW Access to Imaging Tools

The tools described above can be accessed wvia the WWW pages almady
mention=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 chaice will
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take you to another window whers yoo will click an buttons to s=lact the camera
and filt=r, and th=n wyoun will nead to emter 4 momber of reads, source color,
temperatore, and sonros fl (in Jarekys). The latter is optional, and only mesed if
won want to obtain signal to nois= va. time for a particolar source. Yaon can then
click the *Sobmit simnlation™ botton and yon will be offered a set of ontpots. All
three of the tools descrbed above ar min simoltansowsly, =0 you can chooss
which of the types of outpot you want. The “input info™ ontput reminds you what
inputs were meed and soppliss wamings wher necessary. “Get the tables™
retrieves the ASCIL ontpnt files generated by the code, and the “Get the plots™
option retieves a graphical display of the omtput, which yon can save for later
reference if desired.

Examples

Using Exposure Time and Signal to noise Calculators

Ln this section we descrbe how to umse the programs found on 5TScls
HICHM OS5 WWW pages, in order to determine the signal to noise for a particnlar
source, or to determine the int=gmtion time needsd to achieve a given signal to
noise.

Example 1: Signal to noise with Low Background

Her, the progmm has been msed to model two sources being observed nsing
Camem | thoogh the F160% filter, see Figumr 6.1. 1n the left panel we see the
case of a 0.llansky (H=10.0) source. For a sonme this bright, we see that
whenever it is observed in any mode other than Bright Object Mlode fie,
integration times longer than abont 0.2 saconds), the signal to noise abtained is
always the same however many readomts are made at the beginning and end of the
integration.
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Figure 6.1: Signal to MNoise with Low Background
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In these modes (AOCUM, or MULT IACCUH], the observation of the source in
question is always photon-noise limited, and so the read noise of the detector is
irelevant, and the signal to noise increases woghly & the sgnar oot of the
integration time. Ln the right pansl is shown the case of a 10U Jansky sonme
[observed thioogh the same filter). In this case, the nmimber of readonts does have
an effect an the signal to noise obtained for intsgration times less than abowt 1000
szconds. Where the signal to noise obtained is abott 5 (integmtion times of a little
le== than a minnte), increasing the number of madouts by a factor of ten can
improve the signal to noise obtained by vp to a factor of thres o1 therabouts. This
example illustmtes an importamt point: s0 long as the backgronnd is relatively
faint, then if the signal to noise obtained is low, it is probably possible to impmve
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 muoltiple readouts.

Example 2: Signal to noise with high background

Figore 6.2 shows what happers at longer wavelengths, Her we sez two
sources, with flmmes of 0.1 Jansky (K=9.5) and 100U Janskys observed throngh the
F237H filter with Camem 2. Here the background radiation is so bright that even
at very short exposire times the number of readoms makes little diffsrence to the
signal to noise obtained. For the LOOU Jy sonme, even when the signal to noise has
dropped so low that the source is no longer detected, the number 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 means of
improving the signal to noise is to increase the imegration time. Mloltiple initial
and final reads are pointless in snch cases.
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Figure 6.2: Signal to noiza with High Background
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Example 3: Exposure Time Determination

Figure 6.3 illustmtes the varions pammeters that are important in constructing
a MLCKO0S observation, nsing ontput from the tools. We plot the flim mquived 1o
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 D.

Figure 6.3: Effect of Paramatarson NICIWMOS Obsaration
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Lncase A, we see that we can obtain a signal to noiss of 100 in an imegration
time of about 2000 s=conds. Howewver, the exclusion curves reveal that withsuch a
long intsgration time the detector is saturated. This doss not mean, however, that a
signal to noise of 100 cannot be achieved for this sonwe: it simply mears that
such a signal to noise cannot be achieved in @ single exposure. Instead, to achieve
such a high signal to noise it will be necessary to make a noumber of separate
eXposnIes (ACCUM or MULT IACCUM mode) and co-add the resolts. 1f the sonme
of interest is actoally faimer than this, and we merely needed to get a signal to
noise of 10D on this bright target in order to get sufficient signal to poise on some
nearby or snrounding fainter target, we conld ns: MOLTIACCUM mods, and
repair the saturated core of this brightsonme.

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

Cage C shows that it can actnally be quicker to obtain more signal to noise. A
signal to noise of 25 was deemed sufficient, but it tmnspires that for this source an
integration tirme of 0.1 seconds is required for this signal to noise. This wounld
require Bright Object mode, and to obtain a 0.1 second exposure for every pinel
wonld require abont 1600 ssconds. However, by increasing the exposure time o
about 06 seconds a signal to noise of abonot 90 is obtained, and this imegration
time is long enongh that a standard ACCUM exposare can be made.

Case D shows a source being observed in Bright Object mode, whers a
relatively short exposnme obtains a signal to noise of 10, and the total i megration
time iz a little less than a minute. 1n this case the signal to noise is dominated by
the detector read-noise, howewver.

Example 4: Exposure Time Calculation for the Calibration
Star PO41-C

In this example we derive exposnme times for the calibration star PO4L-C (ze=
Table 15.3) for the purpose of characterizing the medinm band filters F22 24 and
F237M (C0 band and continonm ), and the namow band filters F21511 and
F2161 (Bry and continnnm ) in Camera 2. This exarmple will be nsed in Chapter
B, where the observing strategy and the ovethead estimates will be carried ont.

The K magnitode of PO41-C is 1056, corrssponding to 0.037 Jamsky at 2.2
micrors. The star is a solar analog and we msnme its color tempemtore to be
5800 K. The satnration diagrams produnced for each filter by the WWW NICHLOS
exposure time calenlator (see also Chapter 11) show that the sonme will satnmte
the two medinm band filtem after only 40 seconds of exposure, doe to the high
backgronnd which affects the 2 micwon wavelength window. 1n the two namow
band filters, the satoration limit will be reached after an exposore of abont 300
ssconds. Since we want to remain well within the linear response mgime of the
detector, we chooss exposure times which are a half of the satomtion limit,
namely, 20 saconds for the medinm band filters and 130 saconds for the namow
band filters. With these times, the signal to noise ratio versms time diagram
prodoced by the calcunlator indicates that SMR=280 in the F222M and F23TH
filters and SMR=315in th: F21 511 and F 2 1811 filters will be obtained. Soch high
signal to noise ratios are nnlikely to be achisvable, doe to calibmtion limitations
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isnch & flat field msponss and dartk curent), 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 Bry emission line determined from the gronnd to have a strength of
10- % Wrm? and negligible continmorm. The smface brightness of the nebolain the
lin= iz azsormed to be anifomn, and the observation will be mads with Camem 2 in
the F2161 filter. We wish to obtain a signal to noise of 20 on sach pixel. 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 jasec. The size of a pixel in Camem 2 is 0.075 arcsec, and so
the flux falling on a pixel is 8.3 107" Wim®

The signal genemted by this line flme will be calenlated mEing equation (3], in
which ljis B3x 1or!7 Wim”, as dr.t-:rmm:d above. 23 we read off Figore L 1.60
on page 215 is 9.5% 10'% efsec/(Wim®). We therfore determine the signal
genemted in the detector is )= 2.0xL0*x0.6 2x0.85%4. 16%10° = 4.4 e7/sec.

Mow to determine the exposnre time needed we will nse equation (5. ©) we
have just determined, and C_ for this sowmce is negligible. The background
ernission for this filter we find in Table & 4 is .4 & /zec. At this point we note that
the backgmuond emission is actoally brighter than the sonme emission. Therefor,
we will require a backgmund image in owder to remove the backgronnd from our
image of the sonwe. Fora chopped observation, the time on source must equal the
time on background. The mtio of the signals from sonme-plos-background to
backgronnd-only is 169, Ln this backgmond limited observation the signal to
noise will be determi ned by photon statistics in the signal: the detactor noise will
be more or less irmelevant. 1tis easy to show in this case that if we require a signal
to noise 5, on onr background-subtracted image, we mnst obtain a signal o
noise of (SM,xil+1/1.691)% on the image with the source in it, which in this
case tmnslates to a signal to noise of 25.2.

The dark corrent we take to be 0. L isec, from Table 7.1, The read nois= from
Table 7.1 is 282" for this detector. The mquired signal to noise is 25.2. We can now
nse equation (5), and we find that the time required is 507 seconds. 1t must be

borne in mind that this is only the on sonme 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 consider the case of a gal oy which is to be observed with
Camem | nsing the FO9511 and FO9 71 filtem. 1t is expected to have a unifomn
snrface brightness of 0.2 Janskwiarcssc® in the contimoom and 42zl 10
Wim-/arcsec- in the line. The mdshift of the galaxy i= 0.005. A signal to noise of
20 is regoired in the [5111] line image after the continnnm has been subtracted.
The continunm spectral energy distribotion is flat enongh in this wavelength
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region that differences in continoom level between 0.95 and 097 microns can be
ignord.

Ln ower to generate the [511] line image, we will have to sobtract the FO8 71
image fmm the FO951 image, assuming that the cortimoom at the two
wavelengths is identical (for sources with very low line-to-continnum ratio, this
assnmption might be dangerons for the post-observation image analysis). We will
assnme for simplicity that these observations are all photon-noise limited, o that
the signal to noise varies ronghly as the square of integration time. The noise in
the final line image will be the square rootof the snm of the sqnars of the noise in
the two observed images.

The continunm sorface brightness is 0.2 JansL'_'r'.l'nn:s:c:, and the constant 1),
from Table 6.3 is 3.53 x 10* for the [5111] continuom fi lter. The pinel snrface ara
is 1.85% 10°* arcsec”. Therefore the continuum signal in the FO971 filter is
C.=0.2x3E3x 10" x L.E5x10"® = 0.14 evs=c (from equation | on page TE).

1n the line filter we have to consider the contd butiors both fram the line and
from the continmmm. The contiminm surface brightness is as mwed above, and the
efficiency comstant 1)_ iz 3.45x 10% from Table &.3. This gives 1B a continonm
signal of 0.2 x 3,45 % 10% x 1.E5x L0¥ = 0.13e "/sec. The line efficiency factors;
is 4% 10Y7 (e"/sec/(Wim?). Therefore, the signal generated by the line is ) =
42210 x4x 10 x 185x 1P =31 eg=c. Thus the combined signal in the
F0951 filter should be 0. L6e /5.

The signal rates are wnghly the same for the two images, so =ach will
contribite woghly equal amonmts 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 resnlt than the £09 511 image. 1f the item of
interest is the resnlting line image, it does not make sense to integrate for a long
time to obtain good signal to noise on the continmum image, since it will not
significantly affect the signal to noise in the final image. In our example here, bath
images contribute similar amounts of noise to the result, and so it is equally
important to obtain high signal to noise for both images. ) Therfor the signal to
noise required in each image is ronghly (16/31)x 20 x 277, or 146,

For the FO9511 filter, the backgmund is L.04xl0e-fsec (Table 6.3), the
number of reads is 2, and the dark curent is taken to be 0.le"/s=c a5 before. The
required exposnre time for this image is therefore woghly 1360 ssconds. For the
F 02711 filter, the backgronnd is slightly higher, and the connt mte slightly lower,
the mquired exposure time torms oot to be 1550 seconds. The two images thos
require of order ane orbit.

Finally, we should comment on two aspects of this proposal. First, the signal to
noise being mqoested is very high. 1t is far from clear that the varions calibration
data ne=ded will be of sufficiently high signal to nois= to allow a signal to noise of
148 in the final product. 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 curve. For sources with large mdshifts, care
is nesded to check whether emission lines of imerzst fall imo any of the ovailable
filtars.
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NICMOS Grism Sensitivity on the Web

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

Grism Sensitivity Curves

This tool is exactly analogons to the imaging tool described earlier. The same
calenlations are carrisd ont in the same manner. The diffsrences are that in this
cass the P5F iz corsidersd to be one dimersional only, and calcolatiors muost be
camied 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 resnlts of this calcolation were plotted in the previons section.

Signal to nolse for a Particular Source

To obtain a signal to noise ratio for a particolar source, with known flm
density and color temperatare, another tool is available. Carrently the soorce flnx
must be for the central wavelength of the grism bandpass; eventoally it will be
possible to enter the flix at one of the standard 1R photometric bands. The sonme
currently is represented by a blackbody spectrom; eventoally it may be possible to
adopt a model atmosphere spectmim, or enter a wsersupplisd spectrum. The
antput frormn this code is time agairst wavelength for aset of signal to noise mtios
currently LO, 25, 50 and 100).

Saturation and Detector Limitations

Again, this tool is analogoms to the comesponding image mode tool. 1t
genemtes the floxes mquired to satumte the detector and for the photon noise to
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 fonction of wavel=ngth, we carry
ont the caleolatiors only for the central wavelength. Departores from this valoe
will anly be significant for wavelengths near the ends of the spectrum wher the
grism thronghput 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.
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NICMOS Detectors

In This Chapter...

Physical C hamactaristics/ 81
Flat Field Responsea / 87

WICHOS mees three 256 x 256 HgCdTe Rockwell arrays, one in each camemn.
We rport on their measnred detector quantum efficiency (DJE), read-noises, and
dark cuorremt which have been determined at the uvnit test level prior to this
snmmer’s themmal vacunm characterization. Other aspects of their expectsd
performance ar discossed here, incloding shading, linearity and satnmtion,
cosmic Tay sisceptibility and flat fizlding.

Physical Characteristics

Each detector army comprises 256 x 250 squoare pixels and is divided imo +
quadrants of 128 x 128 pixels, each of which is mad o independently. The basic
performance of the nominal flight detectors is snmmarized in Table 7.1, Typically,
the read-noise is ~302/pixnel, and the dark curent = 0. 2= /s=c/pinzl. (The dark
current is pmbably closer to a tenth of this upper limit, bit this is currently the
lirnit of our measurement accuracy. We expect to obtain better measurements from
SLTV and on arbit.) Only a few tens of bad pixels (ie., very low msponse) are
expected. The corrent gain figores, ~10 e /ADU, have been st 50 as to map the
fuoll ve=ful dynamic mnge of the detectoms into the 16-bit precision meed for the
output sciznce images.

Detector Response Curves

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

b
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Tabkle 7.1: Flight Amay CGhaackistics

Characteristics Camera Camen 2 Camera 2
Otk Correm (o fsacand ) <02 <K 1 <02

Read Moie (=" 1| ] 33

Tad Pixeks B500. 19 T4(0. 1) e B L
Conversion Gain 2" fA DL 1032 10.23 12.83
SATLURATION (273955 Linsarity s 153000 173000 205000
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 a zingle initial and final 1eadent).

Figure 7.1: DOE Versus Wavalength for Flight Arays (=solid line is11LC1, brokean
line L2z, UIC3 is notplkted but & similar to the other twa)

Detective Quantum Efficiencies
=R —
(X 4 ]

Wavelength {iem)

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 blos end, near 09 microns, 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, the nsershould bearin
mind that this is not the anly criterion to be nsed in detemmini ng one's sensitivity
in the near1R. For example, significant thermal emizsion fom the teleacope starts
to be a problem beyond ~1 & microns. The shot-noise on this bright background
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significantly degmades the signal to noise obtained at long wavel=ngths, negating
the advamage offered by the increased DQE.

1t is very imnportant, especially for observations of very faint targets where the
expected signal to noise is low, to note that the DQE pressmted here is anly the
average for the entite army. The flat field mspores described in detail later is
non-uniform, and thus the DQE curves for individval piwels may be rather

different.

The individoal pixels in the MICWOS arrays are completely independent, and
they do not soffer from the charge tmnsfer effects present in COCDs, or from
bleeding it the wells are filled dne to over exposure. They do however have
read-noise a8 well as their own special detector artifact, shading.

Shading—a Detector Artifact

The WICMOS 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 pixels as a function of
time. The amplitnde of the shading is as large as seveml hundred electrons for
some pixels for very short imegmtion times, but becomes negligible after only a
minote ar two. We will obtain dark observations for a nomber (pobably of order
30) of integration times, which will allow accurate removal of the shading in the
calibration pipeline softwars. The integration times that we will nse for thess
calibration exposures will be poblished in a handbook update in mid-Avngust, and
our cument list of expectad times is in Table 82, We recommend that observers
nse one of these times. For all other integration times the pipeline will imterpolate
between the calibration exposnms to remove the shading. We expect, but cannot
guarantee, that this will work well.

The magnitnde of the shading signal is dependent npon:

1. Time between a pixel read and the last mset in its ow.

2. Pixel clock mte ithe readout duration).

3. Army column number (similar fonctional forms, but different scaling).

Shading is repeatable for image frames clocked in exactly the same manner.
The typical fonctional form of the shading for one of the flight spare arravs is
shown in Fignre 7.2, Ther is a rapid initial exponential decay fe-folding length -~
0.2 pinels) over the first ~32 rows of the detector, after which it is almost flat. The
results of a model fit of the form given in the figne is shown in the lower panel as
a solid line. The bottom panel shows the observed shading (in ADLU) versus row
number (squares). The solid line shows a lestsgqoars fit of an exponential
fonction of the form shown in the insert to the top panel. The top panel shows the
residnals from this fit, which are small.
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Figure 7.2: Shading Chamactaristics
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Read-Noise

Each detector has four independent readouts, sach of which mads a 128 x 128
quadrant. The four different readoms =ach generate very similar amonmts of read
noise to one another—this is illustrated in Figore 7.3, wher the read noise
distribitions for the Lst and +th quadmnts of the Camem | army are compared.
The distiibution of read noise valves for all the pixels in a given quadmnt is
relatively narrow (see Figore 7.3; 2 FWHN of B electons is measumed), so that
there are very few very noisy pinels inthese arrayvs (if the distribution were very
broad, calcnlations of expected signal to noise valves, which were critically
dependent on the read noise, would be misleading).

Figure 7.3: Read Noise G hamctaristics for Two Quadrants on Came@ 1 Detector

DT Ll Tk RS U MOLSE o FLA PRI O s 10
m
1 1

—d- e Pl

n o
4

Al !!?I Iq"‘

i kY

MUHBGLL OF rl SEL2

" iy
. by

HLAL Dk L]

Linearity and Saturation

The MLCKIOS arrays exhibit an essentially linear msponse over moch of their
mwefnl dynamic range. Figure 7.4 illustmtes the mgimes of non-linearty and
satnmtion for a representative small mgion of one of the amays. A linear
regression fit to the data (solid sqnares) is shown in the top panel. 1n both the very
low flox regime, and in the high flmx regime, departores fiom linearity occor
Mlower pansl of Fignre 74). The non-linsar pottions of the response curves are
highly repsatable and will be chamcterized on a pixel-by-pixel basis. Linearty
corrections, based upon this characterization, will be performed in the calibration

Pipsline.
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Figure 7_.4: Linsarity of NICKMOS Arays

.".L'\...-u||:|.'_||'
= 1 ' . T
T T
} g g5 mo=5, 2
" . .t - - . . L}
N . . LR R
B R e LT |
r H L ..
r e S T
poo wrarl - R =
X F 1__,.-"' VLT . . Y|
_l:-| H Lt ol yomd 4w’y
/E.-. e, Ahisr| ‘tror
L . .
. o wl | 1P P CMAd
T _-"* "L e o= merR oddam
L
I'ia- . ol o] o
; —
nl! 1 - " Tt i
r ; . “
el vl
e e
:"'lu
. i e
[ F I
2 Wl o
E L
2 ro3n
r . S
=, A,
. L
i Ay
H "uo- . .-\. -
Bl s |
- . .. o -
v Ve e ow- T e80T L
[ B S SN Y DU B R
e -7 P I | Y "III'.

[ T

Effect of Cosmic Rays

As with CCDs, cosmic ray hits will prodoce unwanted signal in the ontput
images, but hot pixels are not expected to develop from sonch hits. The NICHLOS
armys have been snbjected to radiation doses moch higher than expectad in their
ertire lifetime in accelerator t=sts withowt sustaining any long-temn damage or
measurable depreciation in DE. Hence, cosmic rays shonld have little impact on
the long-term array performance in orbit.

The expected frequency of cosmic ray hits is large enongh that we recommend
the mse of MULTIACCUM for all exposnmes longer than 1O minmtes, in omder to
filter ot cosmic ravs or moltiple ACCUM images. MULT IACCUM pmovides a series
of imermediate non-destroctive reads as well as the final image (z2e Chapter 8.
Thess intemmediate reads can be vsed to identify cosmic my hits, analogons to the
mwe of CRSPLITs in WFPCZ or 5TLS observations. The calibration pipeline,
described in Chapter 13, can identify and mmove cosmic ray hits from
MUL TIACCUM obssrvations.
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Intra-Pixel Sensitivity Variations

As with many other modern amay detectors, the semsitivity of the NICHIOS
detectors is lower near the edges of pixnsls then in their centsrs. 1t iz as thangh
there wer very small regiors of redoced sensitivity along the intra pinel
boundaries. This mears that the response of a pixel to a sonwe whose flux
changes rapidly on asize scale comparable with or smaller than the pinel size will
depend on where the center of the source lies with respect to the center of the
pixel. Since the latter is not known a priori, this effect will intodoce some
nncettainty in the flix calibmtion for a point sonme. This oncertainty will be
largest for Camem 3 atshot wavelengthe, for which the P5SF is ondersampled. We
will try to measure the size of this effect on orbit, but we expect it to be no more
than a few pewent nncertainty for Camera 3.

Flat Field Response

Flat fizld frmames taken with the WICWO0S amays show significant large-scale
non-uniformity as well as pixel-to-pixel floctnations. We shall correct thess
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 M1ICHOS science team we camied oot a nomber of flat
fizld tests v=ing a flight spar detector army, and report her on onr msnlts.
(Detailed resnlts are given in two technical reports 15R 5 and &, s=e the NICHIO0S
WW W pages.) The flat field calibrations for the flight detectors themsslves will be
performed in July 1996 and these data will complement the earlier stody. Figore
7.5 shows the measumed flat field response at a number of wavelengths. (e
estimate that the li kely uncertainties of the flat field responss measurements are ~
4%.1 At 0.E micmwors, the most s=nsitive arsas on the army are > 2 times mors
genzitive than the mean, and the l=ast sareitive areas = L/2 as sersitive (i ther is
wvariation by a factor of ~ 5 in the relative response across the army ). This declines
to a factor of ~ 3 at a wavelength of 2.2 micwne, and at 2.5 micons the amay is
almost flat. To guantify the large scale variations we have binned the data into
10 x 10 pinel regions. Variations of almest a factor of 4 occur between the most
and least sersitive regions in the army at intermediate wavelengths and this rises
to a factor of =ight 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 Figore 7.6, for a wavelength of 1.5 micmons, and shows that the
variations are essentially random with position on the army, and have a typical 13
arnplitnde ~8% and that the pixel-to-pixel variations are indzpendznt of the global

[CEparEe.
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Figure 7.5: Flat Field 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 7.6: High Spatial Fraquancy MNoiss at 1.5pm. Thiswas measurad by divid-
ing tha imags in Figua 7.5. [b) by a smoothad varsion of itsalf (zes wxf). 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 7.7 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 7.7: Amplitude of Flat Field Response Variations asa Function of Wavea-
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.
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The relative resporse of fonr select=d areas of three pixzls i= displayed in
Figure 7.8. 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.



Flat Field Respons= Il 101

Figure 7.8: Relative Responss as a Functlion of Wavalength of Threa-Pixal
Goups. Thesa 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
broad band () 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 pixel-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 prcision 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 7.9, 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 respores changes most rapidly.
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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 7.8: 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

100 ¢ g

0.1 |

Q001 L ' u
0.8 0.8 | 1.2 1.4 1.6

Wavelenglh |:,|'J'-IT1 |
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Table 7.2: Filers with Laigest Photomatric Enors for Souces of Exdrema Caolon

10,000K maodel. 700K model.
Errar (percant) Error {percent)
. __ _________ ________ ___________________________________________________]}

Filer

Fa=dd .1 19
F110% 1.1 2.5
F 140w a7 3.l
Flad™w 0.1 a3
FLETW .1 03
F205% a4 21
F222% .1 a.l
F2a0¥1 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
AFGLZ59L. This has an extremely red core, whoss [J - K] = & and which is
ertirely nndetected optical Iy, However, it also has a large IR nebola which is quite
prominent at 1 and K, and in the red visval region, but moch fainter at L, and
which is probably a reflection nebulosity. Spatially, the nebuola has highl ¥ variable
color, some parts of it having fairly nentml or even slightly bloe colors in the
MICHOS waveband, while other parts are extremel y r=d. Obtaining very accomte
measurements of the color of snch a sonwe wonld again equire the ee of images
at more than one wavelength and an iterative tool of the kind described earier. A
forther sxample of this kind of complicated object is the prototypical post-AGH
object CRL26EE, the Cygnus Egg Mebnola, which has an extremely blue bipolar
reflection nebula snrmunding an extremel v red core. Technigqoes which require
very accurate measurements of the sniface brightness of extended objects, such as
the brightness fluctnation technigne for distant galaxies, will need to be appliad
with care given to the photometric onoertaintiss such as those discussed here.

Multi-Object Grism Spectroscopy

Flat fizlding will be a pmblem becamse of the combined effect of the sonme
spectum and sky backgronnd falling on individnal pixels. Astronomical sources
well above the backgronnd shonld be measorable. Spectra of very faint somrces
ars likely to be seversly moduolated by the flat fizld.
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The MICHLOS flight software supports ssveml detector readont modes which
take advantage of the non-destmictive read capabilities of the detectors to yield the
optimom signal to noise for your science observations. These are described in
detail in this chapter. In describing these we introdoce the nomenclature sad to
command =ach of the mades in the Phas= 11 proposal instroctiors. Finally we give
recormmmendations about when to nss of sach of thess madowt mods=s.

Introduction

MICKI 05 has fonr detactor readomt modes that may be tsed to take data. After
observing time has been approved the choices of madont mode can be selected by
the observer doring the completion of their Phase 11 poposal entry. However, a
potential obssrver must understand the advantages and limitatiors of each of the
readont modes in order to proped y design their Phase 1 pmoposal.

There are thres available readowt options within this general framework:
1. Accumulate Blode.

2. Nlultiple-accomulate Tlode.

105



105 [ Chapier8: Detactor Readout Modes

3. Bright Object hlode.

The basic sci=ntific rationale behind =ach of thes= mods=s, and a summary of
their capabilities is owtlined in the Table B.1, along with a recommendation
regarding their me=. The Phase 11 proposal irstroction needed to identify the

operation mode is given in brackets under the mode name.

Takble 8.1: Readout Modesand thair Functions

Maocle Us= Funetionality Recommerndation
e ————————————
Accnmulate High signalio noise argets When r2ad noise = dark curreni+ Smitable for most
[T g G ] Simplest observing mode phodan note progmms.
prodncing single image Can rednce noise by performing
Lang wavelangths and averging muHip ke initialand
fiml teadoms
S gains from multiple r=ads
i limiled ~ facdor 3.
13 Q.57 s=conds
Limfled1a 173 abnlar infegmation
time=, 32 of which will have
maiched dark curreni calbmations.
T nltiple- Accnmnlate Faim 12mets FInltiple readams af Smitable for most
(UL IT AT IR ) Large dymmic range specific 1imes during progrms .
Ciplimal image constmction. animegmiion L= whensver high
Tromnd processing of 8590 =1 > 0215 s=conds dy mmic mnge need
cosmic mysand sminmation. Thmbet of readomts < 25 ez, sonree with brigh
Long wavelengih imMegmtions core and faim sciend=d
emissian o kbng
inf=gmiions 1imes.
Tright Ohbject Farbrigh fargets which wenld rez=d‘read v ailfread each pixel When poasible nsea
(ERI GHTOE.T) satmraie the armys inthe other seqnentially in 2 qoadmand murroy filter with
modes with theshotesiimesgntion 1< 0.2 seconds RO inslead
1ime allowed
Cnboard Acquisilion Locaie brighiest sonmce ina Two AT exposTies ane Reasombly brighi
[¥-Tas ] stharmy and reposition 12lescope obtrined, combinsd with cosmic somces on nnchow dad
1o place sonrnce behind ry tejection, sonices located, and  fi=lds.
comonogmphic spo cemered
Ramp Faim 1amets Slops computation UL T T AT 1
{RAMF) Large dymmic mnge= Rednees Dat Volhme smperior. Cinly ns= this

Ulnceriain 1argsd flm:
Cirboard cosmic ray remonval
Cirboard sammtion dedection

Provvides WVariance and valid
smp les army

1= 5] seconds

mmbet of readonts = 50

if daiavalnme becomas
inimne

v Ramp mode is not snpported for Cyele 7. Se= Appendix.
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Detector Resetting as a Shutter

1t is important to rEmember that WICW O3S does nor have a physical shuter
mechanism. Instzad, the following ssquence of operations are performed to obtain
4N eXpos e

*  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
omn-boar compuoter’s memory. This happens as soon as practical after the
army reset. Ln effect, a very shortexposore image is stored in memory. Mote
that it takes a different, but mpmodncible time from the army mset to access
each pixel during the read.

+ [Integration: WICW OS5 waits for the period specified for the integmtion.

* Array read. The chaige in each pixel is measored and stored in the
onboard computer’s memory.

Fast and Slow Readout Modes

The MICKL 05 detectors have two readout speeds: FAST and SLOW. While it is
poesible that SLOW mode will resnlt in improved detector perfommance fe.g., read
noiss|, it is presently expectsd that FAS T mode will be the defanlt. Thew may be
significant advamages to SLOW mode for readonr noise limited observations bot
this remaire to be determined during the gronnd testing of MICWOS . 1f thatis the
cass then this mods will be made available and calibmted for Cyel= 7.

The nze of SLOW mods imposes a 3 second adowt overhead which increases
the minimum possible integration time (to slightly momr than 3 seconds). When
multiple madonts are obtained in ACCUM mode, the readont overhead becomes
rather large (e.g., 30 seconds for IREAD=10].

v At this time we advise observers to plan on psing the FAST madout mode.
Depending vpon the results of the gronnd testing progmm, ST5cl may npdate this
acvice in mid- Angnst 1996,

Accumulate Mode

The Accumudate Readour Mode |ACCUM) genemtes the simplest basic
exposnte. In its i mplest incarnation, nve sample reador, illuestmted in Fignre 8.1
it i analagons to 2 WEPCZ readoit. This simple two sample readont stmtegy is
the one to mee for short imegmtions of mlatively bright objects, and when yon are
obesrving in the background limited egime, at long wavelengths. This section is
therefore a good place to start to get familiar with the concepts inhemnt in the
operation of the WMICHOS amays, incloding their non-desrmuctve readonr
capabilities. The allowed ACCUM mode integration times are mesticted to 173
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tabolar val nes. Furthemmnore, as described on page 112, anly 32 of these will have
matched dark calibmtion frames.

The fist action of an ACCUM exposnre is three passes thoogh the detector
reserting each of the pinels. The wset iz immediately followed by a fourth paes
thmugh the detector mon-destructively reading and storing the pixel valvpes. This
marks the beginning of the integmtion. The final action is 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 betweaen the firstand second
read of the first pinel. The minimum exposure time is ~ 06 sec, and the minimuom
time between snccessive exposnies is ~ 8 L2 seconds. 1t has the minimom time for
output amplifier operation which minimizes the amplifier glow contribution to the
image (see below). This method does not discd minate against cosmic ray events
and does notcheck for saturation levels in the image.

Figure 8.1: Basic NICWMOE Readout—Simple Two-Sample Readout
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'ﬂ' TOGROUMD
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= Final - Tnitial
iE | | _,"Ill Feadoni= _f‘IIJ
[
W Tnitial i=adont Final t=adont Mo desttnctive
T l\:l'EFi'.kEl vl ne= l\:l'EFi'.kEl vl o= i=adoni=

|

Ini=giatich Tim==
Fead time of Lsi pivel of Lot 1=sdond -
Fead fime of Lo pizel of final teadoot

Fluzh itn= iz 058152 o ].b'il':u;-:le];cndihg oh the defeciol tead speed)
and iz followed immeadial=ly by th= Initial R=adoni.

Multiple Initial and Final Sample Readout

The observer has the aption of requesting muisiole reads in place of the single
initial and final madouts in AZCUM mode. Ln this cass after the detector array is
reset it will be followed by 1-25 (specified by the UIREAD parameter) reads of the
initial pinel valnes which are averaged onboard to define the initial signal level.
After the exposure time has elapsed, the final pixels valoes are again read 1READ
times and averaged onboard. The data downlinked is the differ=nce betwesn the
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initial and final average signal levels for sach pixel. The integmtion time is
defined as the time between the fisst read of the first pixel in the initial NIREAD
pmses and the fist read of the fist pixel in the final IREAD passes. The nse of
multiple mads in ACCUM mode iz illostrted in Figne B2 for the cass of
NEEAD =4

The advantage of this method is a reduction in the read noise associated with
the initial and final reads, which can rednce the noise in intermediate time
integrations on faint sonroes. In theory the read noise shounld be redoced by
L/in** where n is the mmber of reads. For imegmtiors where sonme photon
noise ar 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 ray events and does not check for satnmtion.
An effect known as amplifier glow, which adds extm signal and associated noiss
cloge to the comes of the amay, becomes important when the nomber of madonts
excesde 10, Amplifier glow iz an additive noise source. Since thiz only effects a
small area of the army this will not be important for many programs, and higher
numbers of mads can be wseful in forther redocing the noise.
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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 intermediate madont can only 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 creating images of vardowm 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
obssrvation 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 0.215 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 transmission (downlink) of A+1
times the data volume as the ACCUM mode. However, cuoment sstimates of the
articipated MICH 05 observing volume indicate that, with the availability of the 1
gigahit Solid State Recorder (S5R) after the Second Servicing Wlission,
nnrestrained nsage of MUL TTACCUM mode for the primary MIZHIOS camera will
be snstainable.

While corsnming considerably larger quantities of commanding data volome,
internal data storage, and downlink bandwidth than the other MICMOS modes,
MULTIACCUM mode arguably provides the highest goality scientific data in
return. The benefits 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 0.215 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 where the backgmund of the telescope dominates the signal.
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Figure 8_3: Exampla MU LTI-AGCUM with NSAKMP = 4
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Read Times and Dark Current Calibration in
ACCUM and MULTIACCUM Modes

Becamee of the effects of shading, and the possibility that the onderlyving dark
current may vary with time since rez=t, the removal of dadk coment (for calibration
purposss, we implicitly assnme shading is a part of the time wvariable “dark
current”) from data is more complicated than for many other irstrnments. The
most accurate way to accuratzly rmmove the dark current from any obs=rvation is a
measurement of the dark corrent with an identical integration time. This wounld
alza apply to every individoal rad-out in a MULT TACCUM obesrvation. Of comrss,
this wounld be prohibitively expensive in on-otbit calibration time. lrstead, we
have adopted two stmtegies. First, for A0CUM observations we will make dark
current calibration observations for a set of 32 exposure times for a single initial
and final read (listed below) and 21 exposore times for 10 initial and final reads.
As for WEPCZ, only a certain set of exposnre times are allowed in ACCUM mods
173 times are specified comently, ranging from 0.57 s=conds to 3600 ssconds),
and in Phase 11 proposals any user selected exposnre time will be ronnded down to
the nearest available option from the 173 available times. 1f you select one of the
times listed below ithis list will be poblished with the Phase 1l Pmoposal
Lrstroctions), then the calibration database vsed by the calibmtion pipeline
software will contain datk current calibration files which ar an =xact match to
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your exposure times. On the other hand, if yon most nee any other one of the 173
allowed exposnre times in ACCUM mode, the calibmtion pipeline will interpolate
betwesn the varions files in the database to det=rmine the dark coment for your
expoenre time. Bassd on oonr coment understanding, we expect this to be a very
accurate techniqoe, and to be limited by the signal to noise in the dard:
obesrvations mther than by the intetpolation accomey. For MULT IACCUM mode,
the individual mad-out times can be s=t to match same of the 32 calibrated times.
Finally, we note that the effect of the FAST or SLOW mad-owm mte parameter on
the dark current and shading will not be known nntil after SLTV, and at pressnt we
are only expecting to support the FAST read-ont rate. 1f after SLTV we adopt the
SLOW rate inst=ad, some of the times listed he=r= will be vnavailable. Therefore,
we mge all observers to treat the times listed here as provisional anly.

Table 8.2: Praliminary Exposure Times with Dark Current Calibration

Time {zaco nds) Time (zacondz)

(NREAD=1} (NREAD=1a)
057
065
073
020
a9a
145
126
157
201
226
359
494 la.l
G358 121
969 la.9
126 17.8
120 231
57 30.9
a4 456
B2 G633
2338 a3.9
11a. ll&.

laid. las.
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Table 8.2: Praliminary Exposura Times with Dark CGurrent Calbation (Caontinuad)

Time {seco ndsh Time (seconds)

(NREAD=1} (NREAD=1a)
230, 235,
361 356,
431 4346,
577, 582,
%l Qga.
133 12308,
1447, 1452,
1841 1366,
2Tl 2706,
3ad 1. 3604,

Bright Object Mode

The time taken to read throngh a quadmnton the amay s=ts a fundamental limit
on the fastest electron collection mte which can be achieved by resetting all the
pixels. An inhernt comseqoence of the methods of opemting the MICHOS array
detectors in the AOCUM, MULT IACCUM, and RAMP modes is therefore that there is
a minimum possi ble exposue time, ~ 0.6 seconds, s=t by the time mquired to read
the army. For a very bright object, such as the disk of Jupiter, the time between the
reset of a pixel, and its final wad is sufficiently long that the pixel satorates.
Althongh the detector arrays are multiplexed by division imo four quadrants, =ach
pinelin a 128 x 128 pinel quadrant mnst be sampled in some order (note that there
is no transfer of charge as is done ina OCD)

The solmtion adopted to this problem for MLCK OS5 is the provision of a brighs
object made which enables targets to be observed which are ~600 times bright=t
than is possible in the other modes withoot satnmting. ln ERIGH TOET mode, an
AOCUM sequence of operations is performed on one pixel in each quadrant at a
tirne. That iz, the pixel is reset, read, imegrated, and read again with the difference
between the final and initial madoms being stared as the measured signal and the
interval between the mads being the exposure time. This process is mpeated
sequentially forall pixels in each quadmnt. Usets can think of this as i ntegrating
on a single pinel at a time. The smallest integmtion time which can be nsed is
1024 millisesconds. Fignre 8.4 illustrates the operation of bright object mode.
Lnitially the detector is reset and the first pixel (solid shading ) in =ach quadmnt is
read. A reset is then made and the s=cond pixel in sach gonadrant is read. The
process continnes until all 16,384 pixels in each quadmnt have besn read.
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Figure 8.4: Bright Object Mode Opamation
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The time required to take 2 BRIGHTOEJ mode exposure can be rather long.
Since photons are only collect=d in one pixel per quadrant at an time, the time
associated with obtaining the frame is 0206+ (EXPTIME » 16384 ) whers
EXPFTIME is the intsgmtion fime per pixel fie. the obssrvation time is
approximately (128 3 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
for acquisition tire only two soch exposures conld be obtained in an a single
target visibility period. However, it is not always so seriovs. In the case of Jopiter
for example the integration times mquoired per pixel are only of the order 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 ERIGHTOET mode exposur to ise most of an orbit. In geneml observers
are strongly advised to corsider 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 smceptible to cosmic rays, events
shonld be very rare as the integration time per pirelis very short.

Acquisition Mode

Lmages obtained meing the comnpograph in Camera 2 may be taken vsing any of
the detector read-ont modess. An 200 mode observation performe an antonamons
on-board acquisition (mode 2 acquisition ) for snbesqoent coronogmph images.

In this mode the target is first acquired in the Coronographic Aoguisition
Apertor (see Figore 5.2). The ACQ mode image is now obtained, with an
integration time specified by the observer, which shonld be long enongh to
determine the centroid of the target image accurately. An ACQ mode exposnre
actnally resnlts in two images. Each image is analogonsto an 20CUM mode imags
fie., it ha a single reset and read before and after each integmtion period). The
two images are flat fizlded and corrected for the “shading™ effect (see Chapter 3)
nsing the on-board MICKIOS computer, and then compared in order to filter oot
any CR hits. The brightest object common to both images and located imside the
coronographic acquisition apertnre is found. This object is assnmed to be the
desired target. A simple (and of nndemoretrated reliability for anvthing other than
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a paint or circular source) algorithm is now meed to determine the position of the
centroid of this source, and the telescope is moved snch that this position is
cemtered in the coronographic hole. The expected accuracy of this procedure for
point sonmwes is better than one quarter of a Camera 2 pixel (e, 0.013 arcssc),
assnming all cosmic rays are snocessfolly removed on-board. The instmment is
now ready to acquire more data, and the 200 mode procedure finished.

Probleme to beware of in the 20Q pmocess inclode cosmic rays and
coronograph centering accumey. 1t is expected, as mentioned above, that the target
shonld be cemerad behind the hole with an accuracy of better than ane guarter of a
pixzl. How much better remains to be s2en. Observers shonld note that in order to
compare library PSFs with coronogmphic images for the porposes of determining
source extensions ot motphalogy, an accuracy of one quarter of a pixel may not be
sofficient at long wavelengths. The two separate images obtained in ACQ mods
will filter ot most cosmic mys in short exposures, bot if an 200 modes exposore
longer than abont 1O minmes (i.e, 5 mintes for each of the CRSPLI T images) is
required, obssrvers shonld serionsly corgider 2 REUSE TARGET OFFSET ar
INT-ACQ observation, becamse the probability of 2 TR hit not being filter=d oot
on-board becomes lager the longer the exposure. 1n this case it is likely that the
acquisition procedure will fail becanss the brightest source will be a CR hit, and
the imended target will not be hidden behind the comnograph doring the
snbsequent imegmtiors. 1f the taget is bright enongh to satorate the detector
during the 200 mode exposure, this is likel v to camss poor centering. A failed or
nnsatistactory acquisition will probably camse the subsequently acquired images
to be vssless to the observer.

The data which ar mtomed to the ground will be formatted as a hybrd
betwesn ACCUM and MULT IACCUM mode data. The two individnal images will
each be mtorned (not flat fislded or redoced in any way) to the ground, and will be
rednced in the calibration pipeline exactly as if they wers two sspamte 20CTUM
mode images. However, they are stored in a single FITS data file, similar to a
Zread MULTIACCUM observation, except that thers will be no zeroth read
returned to the groond.

NICMOS Science Data

One of the major differences the vser will find compared to existing
instruments on-board HET is that MICKIOS (and 5T1S ) data deliver=d to the
obssrver contains notonly the images obtained, bit alsa have variance and qoality
armys for each of them. On a pixel by pixel basis these give the statistical
uncertainty in the data, and flags idemtifying any abnormalities in the data
respectively. 1n the case of RAMP mods, as we descibe in the Appendix, the
variance array is created on boam. For the other three modes of opemtion, thess
armys are corstmeted in the analysis in the ground processing systems
(pipelines). For MICKOS data thers will be an integmtion time and a number of
valid sample images for each dataset. All the data the nser will see will contain all
five of these components for each image in a dataset.
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See Chapter 13 for adetai led discossion of the WLCH OS5 data prodocts.

Summary and Quick Reference

Rounding off this chapter, we give the decision tree the nser has to navigate in
choceing which detector mode is right for their progmm in the flow chart shown in
Figure 8.5, To e this as a qunick reference start at the top of the diagram and

brmnch alang the path indicated according to the answer to each of the qoestions
vou ars asked until you reach the bottom of the tres.
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Figure 8.5: Decision Flow for & hoosing Detector Mada
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CHAPTER 9

Overheads and Orbit Time

Determination

In This Chapter...
Cvarview /121
MIGKWKDS Ovarheads £ 126
Examples 129

In this chapter we describe the owverhrads associated with TWICHOS
obssrvations and give examples of how to determine the number of orbits that
your program will mmquire.

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 individoal exposures and on the s=lected pattern (sze Chapter 1O, and packing
the exposure and overhezad times into individoal erbits, and tallying up the results
to determine your total orbit reqoest. This process may need to be iterated, in
omler to seek 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.

121
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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 scheduling of Cycle 7 poposals (i.e., prior to Phase 1L). They mprsent
our cument best, corservative, bt still very uncertain predictiors. Thess ovethead
times are to be nsed (in conjunction with the actoal exposure time and the Cycle 7
Phase 1 Proposal Instroctions | to estimate the total time in orbits for your Cycle 7
proposal time mqoest. After vonr HST proposal is accepted, yon will be asked o
snbmit a Phase 11 proposal to allow scheduoling of yonr ap proved observations. At
that time yon will be pressnted with actoal, op to date overheads by the schednling
software. Allowing sofficient time for ovethead in your Phase 1 proposal is
important; additional time to cover unplanned overhead will not be granted later.

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

- The fist time yon acquire an object yon muet inclode the overhead for
the guide star acqnisition.

- ln sobsequent contignons orbits yon muost inclode the overhzad for the
gnide star re-acquisition; if yon are observing in the continmons viewing
zone (CWZ, see the CP/Phase 1 Proposal lretmctions), no gnide star
re-acquiisitions are rquired.

- The re-acqnisitions can be assumed to be accorate to = L0 milli-axcsecs
thie 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 performing a target acquisition exposnre on a nearby star
and then offsetting to your target or if you are taking a seriss of expo-
snes in which yon move the target rlative to the camem, yon st
allow time for the moves.

+ NICMOS Specific Overheads:

- The 12 second set-up time at the beginning of each orbit or at each dif
ferent telescope pointing is inclosive of the filter selection. There is no
additional set-up time for new telescope pointings doe to dithering or
chopping with the same irstroment corfiguration.

- Owverheads are operating-mode dependent. Ln particolar, the overhead for
the ERIGHTOET mode is particnlady onemus, since this mode resets
and rads sach pixel, ane pixel at a time.

- The taget acquisition overhead of 98 seconds for comnography needs o
be acconmted for the first time an object is acquired under the corono-
gmphic spot. To re-acquisition is required for observing the same target
in differ=nt filtes, o1 from one orbitto the next.
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Overhead times for changing cameras 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
includes filter szlection.

The amount of time mquited to chop depends on the chop throw, and
whether an on-target guide 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-acquisition—note that this is not the -minms
arbit 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 conosrn.

Ln most cases, the data management overhead of 2 minotes will be hid-
den inside the orbit occoltation time. However, if a total of (summed
over the theee cameras | 100 or mors read-onts occnr within the visibility
period of one orbit, the obszrver muet include 2 minntes overhead every
100 read-outs.

: MICWQS Owarhaads

Crver head

Crmeric (O bsorvatery Lovel)

Cmide star acqmisition

Spacecafl POSTARG moves

Tmitial acquisiiion 9 mimies
re-acgmisilions onsthssquen cibfis = & minmes per orbii
for offseis less than lacmimie and more than 10ancsecs =

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

Slmw of x arcsecs 4o new 1atged within an oibil ix + 101 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 d=grees < glew <100 degreas: 13 min. + 9min. gonide
sfar acq.

Provisional NICMO S Specific Owrheads

Sed-np aibeginning of each oibitor

ai =ach 12 seconds

differeam 1=lesoops pointing - always requited.
{othatr than dither’'chop manenvering)

FiHet changs

Ex posnre overheads:
ACCUH

MOLT IACCIM
ERIGHTOET

12 seconds

(6 + 1MEEAD x 0. 705 seconds in FAST readomi
(9 +1MEEADx 3.78 1 seconds in SLO meadom
12 zeconds

texptime x 16334 + 101 seconds

Targsl acquisition (for coonagmphy) 95 seconds
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Table 8.1 NICKMOS Owerheads [(Continuad)

Action Crrerhead

Change of camema: from 2 40 3 o1 vics vema Q0 seconds + 12 s=conds forsetnp
from 1o 2o1vies versm 43 seconds + 12 ssconds forsetnp
from 1o Jorviee verm 58 seconds + 12 seconds forsetop
Chd heﬁng.'Ch-:-pp'ingc-'E xacsecs (< 2 arcmin) (x + 101 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 + 3 mimies for sach gmide siar r=-acq

Caia managemeniifor every 100 rsadboms within an arbily 2 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: Spectroscopic observation, with the ¥ STRIF-DITH-CHOP
pattern.

+ Example &: Wlapping of an  extendsd object  with  the
SPIEFLL—DITH—C'I'DPF-EIIIL'H.

+ Example 7: Obssrving calibration star (PO41-C).

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 mintes (se= the Fhase | Proposal Lrstrnctions).

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

The proposed science is to obssrve the extended nebulosity aronnd an
LR-bright source at & = 2.1 micmons. Since the source wounld saturate the cameras,
the observer decides to hide it behind the coronographic spot in wIC2
Comnographic obssrvations mquire an onboard acquisi tion of the target under the
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coronographic spot (sse Chapter 51, The two acquisition exposnms, which are
needed to locate the target in the Camera 2 field of view are assumed her to
require 10 s=conds imtegration each in the selectsd filter (F207M for this
obssrvation). The total overhead for reading the two images, calecnlating the
position of the target, and moving it under the coronographic spot is 98 seconds.
The long wavelength observations are affected by non-negligible background, and
the observer chooses the THO-CHOP pattemn with a chopping throw of 19 arcsec
fior backgmwund snbtraction. The ovethead for slewing between the target and each
aof the two backgrounds is 29 (19+10) s=conds, and the same gnide stars can be
maintained for such small slews Table 9.1). The s=qoence for the TWO-CHOP
patt=rn is: target-backgronnd-target- background, with the two backgmund fizlds
positioned on opposite sides of the target ses Chapter 10).

The observer wishes to use the F207H filter in MULTIACCUM mode for the
obssrvation, and specifiss exposnme times of 15 minmes at each pointing, for a
total exposnre time target+backgronnd of 60 fi.e., 15 x 4) mimotes, half of which
iz spent on the target. The orhit mquirements are snmmarized in Table 9.2 below:

Table 8.2: Oibit Detarmination for Example 1

Time

(minutes) Explanation

Ot [

Imitial Cmide Star Acqmisition a9 Heeded a1 st of obhssrvation of new frged

Targed Acquisition
imundet the comonogrphic s pot)

Science exposnre, 11ICZ FZOTH

Science exposnure, 11I0Z PZOTH

154

laz

98 seconds overheads
10 seconds for firsd acqnisfiion exposnre
10 seconds for second acqnisiiion exposnre

12 seconds for insitumeni setnp
W0 s=conds exposmre 1ime on frged
12 seconds for MULTT ACCR tead cn

X seconds chopping slew
A0 s=conds ex posmre 1ime on backgronnd
12 seconds for MULTT ACCA readom

Ot 2

3

Cmide star re-acqmisition

Science exposnre, 11ICZ FZOTH

Science axpasmre, MMICZ FZOTH

ad

154

157

Ead of new obit

X seconds chopping slew

12 seconds for insltumeni setnp

A0 s=conds s pommne 1ime on e
12 seconds for MULTT ACCIR readom

M gseconds chapping slaw
A0 s=conds ex posmre 1ime on backgronnd
12 secands fior HOLTT ACCTA readom

After the second exposum, the total time spent on the target is

.0+ 20+ 154 + 162)=42.6 minmes, with a visibility period of 56 minmes.
The third and fourth exposures in the F207H filter most be done doring the
szcond orbit, following the guide star re-acquisition and the instrument set-op,
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since MIZH OS5 exposnres cannot be pansed actoss arbits, and the third exposore
wounld nat fit in what remains of the first visibility window. The nser mquoests two
othits to accomplish the propesed science obssrvation. (The obssrver shounld
develop their pogram by incloding additional exposures thongh the same or
other appropriate filters to make more efficient mee of what is left of the orbits).

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

Polarimetic observations at long wavelengths will be obtained for target A.
The NIC2 filters POLOL, POL120L, and POL2Z40L will provide infommation
on the thee Stokes pammetes. The observer reqoires exposure times of 20
mimites in each polarizer, in MUL TIACCUM mode. The long wavelength filters are
affected by background, and the observer chooses to chap, nsing the FOUR-CHOP
pattern with 150 arcsec chopping throw. With this pattem, the ssquence
target-backgmound is repeated four times with four differmnt background fields.
Since the chopping slew is greater than 2 arcmin, the overhead for chopping will
be (1504 31) = LEL s=c. Every time the telescope goss back to the target, there is
the additional & mimtes overhead for the gnide star re-acquisition.

The total exposire time for the observation is 20 minotes in each of the thres
polarizers, times the E pointings of the FOUR-CHOP pattern, or
T=(20x3x 8 =480 minmes, withont incloding the overheads.

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

Table 8.3: Oibit Detarmination for Example 2

. Time .
Bction (minutes) Explanation
Orbit 1
Tmitial Guide Sar Acquisition aq HMeedad aistarl of chssrvation of new frge
Science exposure, 11102 FOLOL 204 12 seconds for insltumeni setnp
1300 seconds axposnre time an {21z
12 zmconds fior MULTT ACC madom
Science exposmre, NICZ FOLL 20L 204 12 seconds for filer changs
1300 seconds axpostre time on 121z
12 secands fior MULTT ACCA readom
Orbit 2
Cmide 5ar re-acqmisfian G0 Sad of new othbit
Science exposnre, 11102 FOLZ40L 204 12 seconds for insltumeni setnp
1300 seconds axposnre time an {21z
12 zmconds fior MULTT ACC madom
Science axpasmre, 11102 POLZ40L 733 18] seconds chopping slw

1300 seconds axpostre time on backzonnd # 1
12 secands fior MOLTT ACCTA readom
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Table 8.3: O1bit Detarmination for Example 2 (Continuad)

Action

Time

{minutes)

Explanation

iz 3

Cmide 5ar re-acqmisfian

Science exposnre, 11102 FOLL Z0L

Science axpasmre, 1102 POLOL

G

204

Ead of new ohbit

12 seconds for insltumeni setnp
1300 seconds axposnre time an backeronnd # 1
12 zmconds fior MULTT ACC madom

12 seconds for filer changs

1300 seconds axpostre time on backzonnd # 1
12 secands fior MULTT ACCA readom

181 s=conds chop slew

Ot

Cmide 51ar re-acqnisiion

Science axpasmre, 1102 POLOL

Science exposnre, 11102 FOLL Z0L

aa

204

204

Stad of new ohbit

12 seconds for instmmenisetnp
1300 seconds axpostre time on 121z
12 secands fior MOLTT ACCTA readom

12 seconds for filer changs
130 seconds expostre time on 121ge
12 seconds for MULTI ACC readom

Oribit 5

Cmide 51ar re-acqnisiion

Science axpasmre, MICZ POLZ40L

Science exposnre, 11102 POLI40L

aa

204

st of new orbil

12 seconds for instmmenisetnp
1300 seconds axpostre time on 121z
12 secands fior MOLTT ACCTA readom

131 seconds chop ping slew
1300 seconds exposure time on backgonnd # 2
12 seconds for MULTT AT teadom

and soon, until the emie s=qoence argetbackeronnd is completed.

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

The proposer wants to map an extended rgion in the light of [Fell] (A L&+
micrors]. The chaoice isto me= the P18 917 (line) and F1 511 (continoum | filters of
uIcl, MULTIACCUM mode, and the SQUARE-WAVE-DITH pattemn. The
selected dithering step is 4 arcsec, with a total of 20 positions. The slewing
ovethead between each position will be 14 fi.e., 4+ 10) seconds. The reqoested
exposnre time at each position is 10 mintes in each filter, implying that the
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exposnre time for the observation is: T=110x 2 x 20) = 400 minmes, exclosive
of overheads. The orbit requirements are summarized in Table 9.4.

Table 8.4: Oibit Detarmination for Example 3

Time

Action {minutes)

Explanation

bt 1

Tmitial Cmide Sar Acqmisition aq Meedad aistarl of chssrvation of new frge

Science exposnre, TICL PL ST 104 12 seconds for insltumeni setnp
G000 s=conds s pomme {ime on position # 1
12 seconds for MULTT ACC 1ead ond

Science exposnre, NICL FL&an 104 12 seconds for filer changs
GO0 s=conds ex posmre 1ime on position # 1
12 secands for MOILTT ACCI tead oni

Science exposnre, TICL FL &6611 104 14 seconds dither
G0 s=conds exposmre 1ime on position # 2
12 seconds for HULTI ACCIX read ond

Science exposmre, NICL FLE4N 1as5 12 seconds for filer change
GO0 s=conds exposmre {ime on position ¥ 2
12 seconds for MOLTT ACCI 1ead omi
14 secands dither

O 2

Cmide S1ar re-acquisiion G4 Stad of new oibit

Science exposnre, ICL FL A4 la4 12 seconds for instmmenisetap
GO0 s=conds exposmre 1ime on position ¥ 3
12 seconds for MOLTT ACCI 1ead omi

Science expommre, NICL FL &GN 104 12 seconds for fiker changs
G s=conds expommre 1ime on position ¥ 3
12 seconds for MULTT 200 tead ond

and o on, until the 20 posiions of the dithering pati=rn hove been coversd

EI-EI'I‘IFHE 4: l:hanglng Cameras and Pattern
The proposed sciznoe is to observe a target taking:

+ Exposnresin the 1IC1 F10811and F11 211 filters, msing the MUL TTIACCTM
mode and the XSTRIP-DITH pattern, with 5 awsecs dithering step; the
exposnre time is T=900 ssconds in each filter, at each position.

+ Exposnres in the WIC2 F205%W filter, msing the ACCUM mode with
UREAD=5 and FAST readont. The TWO-CHOP pattem with chopping
thmw of 150 arcsecs and gnide star re-acquisition on the target (s=e Exam-
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ple 1) is selected to remove the backgronnd. The exposure time is T=250
seconds at each pointing, implying a total on-source exposure time of 500
seconds.

Table 9.5 lists the arhit mquirements.

Table 8.5: bt Detarmination for Example 4

Action Time (minutes) Explanation

Orbie I
Initial Omide Sar Acquisition Qi Heeded atstan of obssrvation of new farged
Science sxposnre, NICL FLOEN 154 12 seconds for instmmenisetnp

A0 s=conds exposmre {ime on position # 1
12 seconds for MULTT A0 tead cnd

Science exposnre, NICL FLL3IN 154 12 seconds for fiker changs
W0 s=conds expommre 1ime on position ¥ 1
12 seconds for MULTT 200 teadom

Science sxposnre, NICL F1 130 154 15 seconds dither
W0 s=conds expommre 1ime on position ¥ 2
12 seconds for MULTT ACCIR eadom

i 2

Cmide 5ar re-acquisition G4 Sdan of new oibit

Science exposnre, NICL FLOEN 154 12 seconds for instrumeni setnp
W0 s=conds expommre 1ime on position ¥ 2
12 seconds for MULTT 200 teadom

Science exposne, NICZ FZ03W 53 (43+1 21 seconds fo1camemn change + setup
250 s=conds exposmre oniarg
9 Sseconds ACTUMFAST readond for NEEAD=S

Science exposne, NICZ FZ03W 73 181 s=conds chop
250 saconds exposmre onbackeronnd # 1
9. 55econds ACTUM FAST readomi

Science axposmre, NICZ F205W 133 18] saconds chaop
340 seconds goide slar re-acquisilion
250 seconds ex posmre onlarged
9. 5seconds ACTUM FAST readomi

Science sxposnre, NICZ FZ O35 T3 18] seconds chop
250 seconds exposnre 1ime on backgronnd # 2
9 Sgeconds ACCOM FAST readomi

After the initial guide star acquisition, and the irstmment set-up of 12 seconds,
the fist science expostre of 900 szconds in the first filter (F10811in our case) is
obtained an the first pointing (position # 1. An exposore of 900 seconds with the
second filter (F11317) on the same position follows. The telescope slew to reach
position # 2 requires (5410 seconds = 15 s=conds, and the exposures in both the
F11 311 and F 10811 filte= are repeated. For the second part of the obesrvation, the
switch from 1MIC1 to NIC2 requires 43 seconds to which 12 seconds for
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Action

instrument sst-up most be added. The on-target exposure time mquoested in the
F205W filter is T=500 seconds, split between the two target visits of the
TWO-CHOP pattern. After the filst exposure on the target and after the camera
read-ont 16+ 5x0.705=95 s=conds in FAST readont and 1READ=5], the
telescope slews to the backgmouond in 150 + 31 = L8l seconds (see Table 9.1). The
snbsequent slew, back onto the target, is followed by a gnide star r=-acquisition of
& minntes. The sequence continoes, altemating target and backgronnd, ontil the
pattern is completed.

Example 5: Use of the Grism and ACCUM Mode

The proposed science is to obtain multiobject spectroscopy of a field vsing
Grism C in 117 3, and the ACCUM mode. Grism C covers the wavelength mnge
L A-2.5 micwne, which is affected by a non-negligible backgmund. The observer
chooses to mmove the backgmuond by chopping, and to place the objects of
interest in differsnt locatiore of the camera. The YSTRIP-DI TH-CHOP pattern
is therefore s=lected, with 3 on-target positions, dithering step = 15 arsecs, and
chopping thw = 60 amsecs. The YSTRIP-DITH-CHOFP pattern dithes the
camera in the direction arthogonal to the dispemion axis of the grism, and chops
along the dispersion axis. We will denote the on-target positions #1 throngh #3.
The exposure time at each pointing is 360 seconds, split into 12 ACCUM mode
expoenres of 30 seconde each, to prevent saturation on the thermal backgronnd
(z=z Fignoe 3.17].

When nsing the MUCKIOS grisms, itis advisable to associate the spectmacopic
obesrvation with an image in the appropriate filter at the same pointing to get the
location of each object in the field, and to identify the spectrum. For Grism C, a
peesible choice is F1 7510 The observer calcolates that exposures of 25 seconds in
this filter at each position will snffice for producing high signal to noise images.
The orbit requirements are listed in Table 9.6 below.

Table 8.6: Oibit Detarmination for Example 5

Time {minutes) Explanation

Orbi [

Initial Omide S1ar Acquisition Q. Heeded atstan of obssrvation of new farged

Science sxposmre, NIC3IGRIST O 1.5 12 seconds for instmmenisetap

35 seconds exposmre 1ime omiarged (posn # 1)
12 teads X 6.7 ssconds for aoc0

Science exposmre, NIC3 FL T30 Q.7 12 seconds for fiker changs

25 seconds exposmre time on-farged{posn # 1)
12 seconds for ACCI readaw

Science exposnre, I3 FL 759 L7 Tl seconds chop

25 seconds exposmre fime on backgronnd
6.7 saconds for ACCUM readem
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Table 8.6: Oibit Detarmination for Example 5 (Continuad)

BAction

Science sxposnre, MICE GRISK O

Science sxposnre, MMICE GRISK O

Science exposnre, 1MIC3 FL T3W

Science exposnre, 11IC3 FL 759

Science exposnre, NIC3I GRISK C

Time {minutes)

1.5

145

Explanation

12 seconds for filer changs
350 seconds ex posnre 1ime on backgronnd
12 rmads X 6.7 secornds for oo

T2seconds chop

360 seconds for guide star re-acquisiion

3% seconds exposmre 1ime omiarged (posn # 2)
12 teads X 6.7 ssconds for aoc0

12 seconds for fiker changs
25 seconds exposmre time on-farged{posn #2)
6.7 =aconds for ACCUM readomd

Tl seconds chop
25 seconds exposmre fime on backgronnd
6.7 saconds for ACCUM readem

12 secands for filer changs

350 saconds axpommre 1ime on backgrannd
12 reads X 6.7 seconds for oo
T2seconds chop

Qrbi 2

Cmide 51ar re-acqmisdion

Science exposnre, NIC3I GRISK C

Science sxposmre, 1M1IC3 FL 759

Science sxposnre, MICE FL 759

Science sxposnre, NIC3 GRISK O

G.a

Ead of new ohbit

12 seconds insirmmeni s=1-np
350 saconds exposmre {ime oo (posn # 30
12 reads X 6.7 seconds for oo

12 seconds for filer changs
2S5 seconds exposure time on-farged(posn #3)
6.7 saconds for ACCUM readomd

TOseconds chop
25 seconds exposure time on backzomnd
6.7 seconds for ACCUM readomd

12 seconds for filer change
Fseconds exposnre time onbackzronnd
12 reads X 6.7 s=conds for ACCLUK

Since the chop thiw is less than 2 awmin, the formola meed to calcolate the

chopping slew is (60 + 10) = 70 s2conds (s== Table 9.1 ). Ln onr example, slewing
away from the target costs less time than slewing back onto the target (70 s=conds
versus 72 seconds), becanse the latter is a combination of the dithering step, 15
arcsec, with the chopping thmow, 60 arcsec: [10 + squtf L5 +607)] = 72 seconds.

Example 6: Another Example of Mapping

The observer wants to map an extended object, for irstance a galaxy, with
1IC2 and the F187%W filter. The wavelength chosen is long enongh that the
obssrvation may be  affected by backgwund emission, and  the
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SPIRAL-DITH-CHOP is selected for backgronnd removal . The dithering step is
set equal to the size of 11TIC2, 19.2 arcsec, and the chopping throw is szt to 1BO
arcsec. The SPIRAL-DITH-CHOP pattemn will start at the center of the target
and move ontward. The galaxy has a bright cors and relatively faint extendad
emission, 5o MULTIACCUM mode will be msed. The pmoposed exposne time is 3
minntes per pointing, and the galaxy will be coversd with 9 different pointings.
The orbit requirements are snmmarized in Table 9.7.

Table 8.7: Qibit Determination for Example &

Action Time (minutes) Explanation

bt I
Tmitial Guide Sar Acquisition aq HMeedad aistarl of chssrvation of new frge
Science exposnre, TI0Z PLETH 34 12 seconds for insltumeni setnp

180 secoinds axpommre {ime on farged posflion® 1
12 secands for MOLTT ACCIN tead ond

Science axpasnre, NICZ FLETYH 67 21] saconds chop
130 seconds exposnre 1ime on backgronnd # 1
12 secands for MOILTT ACCI tead oni

Science exposnre, MICZ FLETH 124 192 seconds chop
35 seconds goide slar re-acquisilion
130 seconds exposmre 1ime on farged posilion # 2
12 seconds for MOLTT ACCI 1ead omi

Science exposnre, NICZ FLETH 6.7 21] seconds chop
130 s=conds exposmre 1ime on backgronnd # 2
12 seconds for MULTT 200 tead ond

Science exposnre, 11ICZ FLETH las 212 s=conds chop
390 s=conds guide slar re-acquisiion
130 seconds axpommre {ime on farged posflion # 3
12 seconds for MULTT ACC 1ead ond
211 seconds chop

it 2

Cmide 5ar re-acqmisfian G610 Sad of new othbit

Science exposnre, TI0Z PLETH 34 12 seconds for insltumeni setnp
130 sacoinds axposmre {ime oan backgronnd # 3
12 seconds for MULTT ACC 1ead ond

Science axpasnre, NICZ FLETYH 130 230 seconds chop
350 seconds goide slar re-acquisilion
130 seconds exposnre 1ime on farged posilion # 4
12 seconds for MULTT ACCIRA tead emi

Science exposnre, NICZ FLETH 6.7 211 seconds chop
130 seconds exposmre 1ime on backgronnd # 4
12 seconds for MOLTT ACCI 1ead omi
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Table 8.7 Oibit Detarmination for Example & (Continuad)

Bction Time (minutesy Explanation

Science axpasmre, MICZ FLETYH 130 230 seconds chop
350 seconds goide slar re-acquisilion
130 seconds exposnre {1ime on farged posilion# 5
12 seconds for MULTT ACCIRA tead emi

Science exposnre, MICZ FLETH 143 211 seconds chop
130 seconds exposmre 1ime on backgronnd # 5
12 seconds for MOLTT ACCI 1ead omi
212 s=conds chop ping slew

Dbz 3

Cmide S1ar re-acquisition ad Sdan of new oibit

Science exposnre, MICZ FLETH id 12 seconds for instmmenisetap
130 seconds exposmre 1ime on farged posilion# 6
12 seconds for MOLTT ACCI 1ead omi

Science exposnre, MNICZ FLETH 6.7 21] seconds chop
130 s=conds expommre 1ime on backgronnd # &
12 seconds for MULTT 200 tead ond

Science exposnre, 11ICZ FLETH 127 212 s=conds chop
390 s=conds guide slar re-acquisiion
130 sacoinds axpommre {ime on farged posflion® 7
12 seconds for MULTT ACC 1ead ond

Science axpasmre, MICZ FLETYH 67 21] saconds chop
130 seconds exposnre 1ime on backgronnd # 7
12 secands for MOILTT ACCI tead oni

Science exposnre, M1ICZ FLETH 124 192 seconds chop
35 seconds goide slar re-acquisilion
130 seconds exposmre 1ime on farged posilion# 3
12 seconds for MOLTT ACCI 1ead omi

Science exposnre, 11ICZ FLETH a8 211 s=conds chop
180 s=conds expommre 1ime on backgronnd # 8
12 seconds for MULTT A0 tead cnd
192 saconds chopping slw

kit 4

Cmide S1ar re-acquisition ad Sdan of new oibit

Science exposnre, MNICZ FLETH i4 12 seconds for instrumeni setnp
130 s=conds expommre 1ime on fargel posfiion# 9
12 seconds for MULTT 200 tead ond

Science exposnre, 11ICZ FLETH a7 211 s=conds chop
180 s=conds expommre 1ime on backgronnd # 9
12 seconds for MULTT ACCR tead cmi

The size of the chop is detemmined by the distance between the pointings; the
time for the slew between the target and the backgronnd is always 211 (180 + 31)
seconds, while that for the slew between the backgmond and the target depends
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on the position in the pattern. For instance, the time for the slew between the
backgronnd #1 and the target position #2 is (180-19.2+4 31) = 192 seconds,
while that for the slew between background #2 and taget position #3 is
[sort | LBO" + 1927 + 31]= 217 saconds.

Example 7: Observation of the Calibration Star P041-C

Ln Chapter & we have detved exposnme times for the calibration star PO41-C
fior the porpose of chamcterizing the medinm band filters F222M and F 23 7H and
the two namow band filters F21511 and F2181 in Camem 2 (s== Example 4 in
Chapter &, page B7). For this sonros, high signal to noiss ratice can be reached in
20 s=conds for the medinm band filtes and in 150 seconds for the narrow band
filters. We want to observe the star at different positions on the camera, bath for
fa) removing flat field mspores effects from the photometric calibration and (b
boilding backgronnd images for the two long wavelength medinm band filters.
The SPIRAL-DITH pattern is selectad for this poipose: the first pointing will be
at the c=nter of Camera 2 and the camera fi=zld of view will b coversd with 9@
pointings in total; the dithering step will be & arcsecs. Since the source is
point-like, backgmund images will be obtained by stacking and filtering all the
exposnres (ses Chapter 10,

The exposnre times in the F222M and F2 37H filtes are short enongh that few
cogmic Tay events are expected to affect the images; therfore the A0CUM readont
mode, with IREAD=1 iz selacted. For the exposnmes in the F21511 and F21 681
filters, we choose the MUL TIACCUM rmadout mods, in oxder to remove cosmic ray
EVEITS,

The declination of the source is abowt 72 degrees so the visibility period during
one arbit is 58 minites. The orbit rmquirements are snmmarized in Table 9.8.

Table 8.8: Oibit Detarmination for Example 7

Bction Time (minutes) Explanation
Orbit I

Initial Coide S4ar Acquisition 9.0 Heeded a1 st of obssrvation of new frged
Science expommre, NICZ FZL5N 2.5 12 seconds for insirumeni setnp

150 s=conds expommre {ime on position # 1

12 zmconds for MULTT A0CR taad on
Science exposmre, NICZ FZLaEN 2 5 12 secands for filer changs

150 sacoinds axpomnre {ime on position # 1

12 zaconds fior MULTT ACC rad ond
Sciance sxpommte, NICZ P2 22H Q.7 12 seconds for filer changs

20 seconds exposure time on posilion# 1

6.705 s=conds for ACCUM FAST read om
Sciance esxposnte, NICZ P2 37TH Q.7 12 seconds for filer changs

20 seconds exposure time on posilion# 1
6.705 seconds for ACCUMFPAST read omi
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Table 8.8: Oibit Detarmination for Example 7 (Continuad)

Action

Time (minutes}

Explanation

Science expomsme, NICZ F23TH

Science exposnne, NICZ FZ 22

Science exposnne, NICZ FZ LA

Science expommre, NICZ FZL5N

Science expommre, NICZ FZL5N

Science exposmre, NICZ FZLaEN

Science exposmre, NICZ F222H

Science exposnne, NICZ FZ3TH

Science exposnne, NICZ FZ3TH

Science exposmre, NICZ FZZZH

Science expommre, NICZ FZLaN

Science exposmre, NICZFZLEN

Science sxposmre, NICZFZLEN

Science exposnne, NICZ FZLa1N

a7

3.0

3.0

1G seconds dither
20 seconds exposure time on posilion # 2
6 705 ssconds for ACCUM PAST read om

12 seconds for filer changs
20 seconds exposure time on posilion # 2
6.705 seconds for ACCUMFPAST read omi

12 seconds for filer change
1) seconds exposnre 1ime on position # 2
12 seconds for MOLTT ACCI 1ead omi

12 secands for fiker changs
150 s=conds expommre 1ime on position # 2
12 seconds for MULTT A0 tead cnd

L& seconds dither
150 s=conds expommre {ime on position # 3
12 seconds for HUILTT ACCIE read ond

12 secands for filer changs
150 secoinds axpomnre {ime on position # 3
12 zaconds fior MULTT ACC rad ond

12 seconds for filer changs
20 seconds exposure time on posilion # 3
6 705 ssconds for ACCUM PAST read om

12 seconds for filer changs
20 seconds exposure time on posilion # 3
6.705 seconds for ACCUMFPAST read omi

lG seconds dither
20 seconds exposure time on posilion # 4
6 705 saconds for ACCUM PAST read oni

12 secands for fiker changs
20 seconds exposmre fime on postion # 4
6.705 s=conds for ACCUMFAST tead oni

12 secands for fiker changs
150 s=conds expommre {ime on position # 4
12 seconds for MULTT ACCR tead cmi

12 secands for filer changs
150 secoinds axpomnre {ime on position # 4
12 zaconds fior MULTT ACC rad ond

16 zaconds dither
150 seconds ex posnre 1ime on position # 5
12 seconds for HILTT ACCIE read oni

12 seconds for filer changs
15 seconds ex posnre 1ime on position # 5
12 seconds for MULTI ACCA read oni
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Table 8.8: Oibit Detarmination for Example 7 (Continuad)

Action

Time (minutes}

Explanation

Science exposmre, NICZ F222H

Science exposnne, NICZ FZ3TH

Science exposnne, NICZ FZ3TH

Science exposmre, NICZ FZZZH

Science expommre, NICZ FZLaN

Science exposmre, NICZ FZL5N

Science expomsmre, NICZ F2 151

Science exposnne, NICZ FZ 22

Science exposnne, NICZ FLETH

a7

3.0

12 seconds for filer changs
20 seconds exposare time on posilion # 5
6 705 ssconds for ACCUM PAST read om

12 seconds for filer changs
20 seconds exposure time on posilion # 5
6.705 seconds for ACCUMFPAST read omi

lG seconds dither
20 seconds exposure time on posilion # 6
6 705 saconds for ACCUM PAST read oni

12 secands for fiker changs
20 seconds exposmre fime on posiion # &
6.705 s=conds for ACCUMFAST tead oni

12 secands for fiker changs
150 s=conds expommre {ime on position # &
12 seconds for MULTT ACCR tead cmi

12 secands for filer changs
150 sacoinds axpommre {ime on position # 6
12 zaconds fior MULTT ACC rad ond

16 zaconds dither
150 seconds ex posnre 1ime on position # 7
12 seconds for HILTT ACCIE read oni

12 seconds for filer changs
20 seconds exposure time on posilion # 7
6.705 seconds for ACCUMFPAST read omi

12 seconds for filer change
20 seconds exposure time on posilion® 7
6 705 saconds for ACCUM PAST read oni

Drbi 2

Gmide Sar re-acqmisilion

Science exposnne, NICZ FZLa1N

4.0

Stad of new othbit

12 seconds for instmmenisetup
150 seconds ex posnre 1ime on position # 7
12 seconds for MULTI ACCA read oni

and soon, until the emie pitern & compleded. The observationthen requires lees than 1w orbits.



CHAPTER 10

Techniques for
Background Measurement
and Mosaicing

In This Chapter...

Introduction /139

Chopping and Dithering Strategies / 141
“hopping and Ditharing Pattarns /143
Examplas / 147

Crienting Patterns / 152

FPhasa || Proposal Instructions for Pattarns /152

Ln this chapter we deal with techniques for mapping areas larger than the size
of the field of view of the MIZKOS camems, and the isspe of mmoving the
thermal background of the telsscope. Special procedures have besn created to
enable you to perform bath thess opemtions.

Introduction

Beyond L& micons the contribotion of the themmal backgmouond to MICHOS
science images may be snficiently high that a proper removal is required to obtain
mefnl data (see Chapter 33 The pmoblem is worsened by the fact that the
backgronnd is variable on a time scale dictated by the themmal vadations of the
telescope. Currently, we don™t know if the background level will be stable enongh
that geneml porpose background images can be bnilt, for instance, as part of the
MICHM OS5 calibrations. Therefore, we enconrage obesrves who are interested in
the wavelength region beyond LS micwre to adopt the standard ground-based
technique: to alternate on-target exposures with backgmuond exposure. To give an
idea of how important itis to rmove the backgronnd comamination from infrared

128



140 M Chapier 10: Techniques for Backgound Measurement and Maosaicing

images, we provide in Figne 10.1 below the example of a galaxy observed in the
K band. The image on top is how the object looks after a complete data mdnction,
bt before the backgmund snbtraction. The image at the bottom is the same object
after the background has been subtracted.

Figure 10.1: K Band Image of a Galaxy, Before and Afler Background Subtraction
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1t is possible that on board HST the themal background will be more stable
than in typical gmund based sitnations. As a conssqoence it might be possi ble that
the object-backgronnd interleaving can be carried ont with a slower doty cycle.
One objective of the SWOV phase will be to determine the mquired rate.

Background images will be obtained by offsetting 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
MICHIOS. To make it easier to plan observatiors beyond 16 microns, a set of
pre-defined observing partems was bnilt; these patterrs will combine exposires
taken at differ=nt tzlescope pointings into an association. A parfern is a set of
images of the same astronomical target obtained at pointings offset from each
other, for the purmpose, for imstance, of creating background images. The
assocdarions of exposnms are crated for the porposs of processing
simnltaneously all the images fom a single pattem. In addition to backgronnd
snbtraction at long MICKI 05 wavelengths, the pamems will be nsefol for creating
maps of extendsd targets at any wavel=ngth.

Two distinct type of telescope motion are defined:

+  Dither: Individoal motiors are limited to po more than 40 arcsecs. Thess
are intended to be nsed to accomplish sequences of overlapping exposures
for the constronction of moeaics. Such sequences will be msembled into a
single final image by the calibration 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.

Telescope motions imolve overheads for physically moving the telescape and,
if necessary, for re-acquiring the guide stars. Therfors, significant time overheads
may be incurred by observatiors which need background snbtraction or proposs
to map extended egions of the sky. A careful estimate of the overheads associated
with a specific observation or set of observations is necessary to evalvate the
nom ber of orbits required (see Chapter 9).

Chopping and Dithering Strategies

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

For campact objects, such as point sonrces, backgronnd sobtmction can be
achisved by moving the target acroes the camem fizld of view (see Figne 10.2). A
dither pattern, which imolves movements of a few arcsecs from one exposome to
the next, can then be nsed. This is an efficient way to bnild background 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 10.2: Ditharing.

Object

® O
L 1st Integration
| =
Dither
Object
L _:' . 2nd Integration
- -
Dither

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 least
one camera field away in an atbitrary direction, are necessary. By offsetting in
i fferent directions a stacked and filtered sky can be crmated which removes the
effectof contaminating objects in the offset fizlds (see Figore 10.3). Asin the case
of compact objects, these offsets might be goite small, bt for largs galaxies for
example, they may need 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.
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Figure 10.3: Chopping
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Chopping and Dithering Patterns

There will be a ==t of Ll pre-designed patterns available for MICHIOS
obesrvations. They include: 4 dither patterns, 4+ chop patterns, and 3 dither-chop
patterns. For each of these, the observer will be able to specify, during the Phase 11
Froposal submission, the total mimber 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
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patt=rn on the sky. The option POSTARG will be still available for offsetting the
telescope and creating custom-design patterns, bit ther are a nomber of
achvantages in teing the pre-designed patterns:

+  Thev simplify the specification of complex observationsin the Phas= 11 pro-
posal.

+ All the observations pertaining to a pattern result in one association and are
simultaneonsly calibmted and combined in the data calibmtion pipeline,
including background calibration, cosmic my removal, and flat fizld averag-
ing. Obs=rvations obtained with POSTARG do not resnlt in associations,
and will have to be combined manvally 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 observations.

hlultiple exposures may be obtained at =ach position by the mse of the 1IEXP
optional parameter. These may be meeful for cosmic my remaoval.

The L1 pattemns ar= listed in Table 10.1, together with applicable parareters,
such & the allowed valves 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=tn is graphically shown is given in colomn 5 of Table 10.1. Offset sizes and
nomber of steps in a pattern affect the amount of overhead time eqoited to
perform an obssrvation (see Chapter 9). The effects of dithering or chopping on
an astronomical image are shown in a s=t of sxamples in the next section.

Table 1007 NICKWKOS Pre-designad Cbhsarving Patterms and Paramstars

Pattern Mame Num. Pas. Dither Size Chop Size Sesa Figure
TONE (dafault) HA HA HA

SFIRAL-DITH 2-40 Qg -40.0 A Fig. 104
SOVAFE-WAVE-DITH 2-40 Qg -40.0 A Fig. 104
HETRIF-DITH 2-40 0Q-400 TlA Fig. 104
YSTRIFP-DITH 2-40 0.0-400 TlA Fig. 104
CNE-CHOF 2-40 A Q0- 15000 Fig. 10.5
THO-CHOF 2-40 TlA Q0- 15000 Fig. 10.5
FOUR—-CHOF 2-40 A Q.0 - 13000 Fig. 105
EIGHT-CHOF 2-40 TlA Q0 - 13000 Fig. 105
SF IRAL-DI TRH-CHOF 2-40 0.0-400 Q0- 13000 Fig. 106G
HSTRIP-DITH-CHOP 2-40 0.0-400 Q0- 15000 Fig. 10.&

¥STRIF-DITH-CHOF 2-40 0.0-40.0 0.0- 15030 Fig. 10.5
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Dither Patterns

The dither patterrne are mcommendsd for the backgronnd sobtraction from
obssrvatiore of point sonrces (beyond 1.6 micrors), for the corstmction of
mosaics (maps) of regions of the sky, and for the mduoction of flat field
oncertainties.  The  four  dither  patterrs  are  called SPIRAL-DITH,
SQUARE-WAVE-DITH, XSTRIP-DITH, and YSTRIP-DITH. hlost of the
names are self-explanatory: the SPIRAL-DITH pattern prodoces a spiml aronnd
the fist pointing; the SQUARE-WAVE-DI TH pattem covers extended mgions by
moving along asqnar-wave shape; the XSTRIP-DITH and the YSTRIP-DITH
patt=rns map a strip of the sky along the x and ¥ directions of the detector fas
defined in Figure 4.8). The difference between the XSTRIP-DITH and the
TSTRIP-DITH pattems is in that the fist moves by defanlt along the grism
dispersion axis, while the second moves crthogonal to the grism dispersion mxis.
The four patterre are illustmted below:

Figure 10.4: Dithar Pattarms
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4* T3 A . ‘I"STHIF‘-DITH.
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6—7

3
Lot ]
fnhy 80

XSTRIP-DITH

—2—3—4—5-6

. — 0 [ — ld —

Chop Patterns

The chop patterns are meommended for measnring the backgmwuond adjacent to
extended targets. For each chop pattern, half of the exposures are taken on the
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target (position 1 1. The names of the chop patterns are: ONE-CHOP, THO—CHOF,
FOUR-CHOF, and EIGHT-CHOP. The O1IE-CHOF pattem prodoces one image of
the target and one image of the backgronnd. the TWO-CHOP pattem prodoces ans
image Pwith two exposores) of the target and two backgmund images, with the
backgronnd fields positioned on opposite sides of the target. The two other
pattz=rns incrass the number of target-backgmund pairs to foonr and eight,
respectively. A large number of backgronnd images may be required if they
contain a large number of contaminating sonwes or if the background is highly
strocturad. The four chop patterms are shown in the figore below:

Figure 10.5: Chop Paltans

ONE-CHOP TWOCHOF
] = = 2 4 < o =2
FOUR-CHOP EIGHTCHOP

12 8 16
4 ? 2 4\‘ ¥/2
: I

Combined Patterns

The combined patterns pemmit dithering imerleaved with chops to measure the
backgronnd. They are rcommended for simoltansors mapping and backgronnd
snbtraction doring observations of extended targets, bevond 1 6 micmre. Three
com bined patterns are implememnted: SPIRAL-DITH-CHOP,
ESTRIP-DITH-CHOP, and YSTRIP-DITH-CHOP Their characteristics are
analogoms to the dither pattems SPIRAL-DITH, XSTRIF-DITH, and
TSTRIP-DITH, respectively, with the addition that sach dither step is coupled
with a backgmonond image obtained by chopping. The three combined patterre are
shown in Figne 10.6.
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Figure 10.6: Cambinad 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 10.7: Square Wave Dithar
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Figure 10L8: Two-Chop Pattarn
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Figure 10.8: Four<shop Pattarn
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Figure 10.10: Spial-Dith-Chop Patiarn
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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-ORIENT.

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
XSTRIP-DITH pattern with PATTERI-ORIENT=0 will tmck from East o
West on  the sky (the +Y axis iz pointing Morth), and with
PATTERII-CORIENT=45 from Southeast to MNorthwest. The ¥STRIFP-DITH
patt=rn with PATTERI-ORIENT=0 will track from Maorth to 5onth.

Phase |l Proposal Instructions for Patterns

vV

We discuss the Phase 11 instroctions for patterns in this ssction in order to ill ns-
trate the options available, however, this is noran exhamstive descri ption and is mor
the appropriate reference to mee when preparing a Phase 11 proposal. At that stags
yon should refer to the Lrstitite s Phase 11 Proposal Instroctions, which contain a
complete and vp-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
individual exposnre logsheet line. A pattern may only be specified an the prme
MICMOS camera. The motiors between each exposure are carrisd oot by
expanding the pattern into a seqoence of individval exposurss separated by
POSTARG opemtions.

The ==t of exposnms resulting from a pattern is called an association. A
number of optional parameters are implementsd for associations, and ar listed
beloar.
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Parameters
+ PATTERI=10UE (defanlt) or Patt=rn_Mame (see Table 10.1).
* NUM-POS=2to40 inumber of steps in dither or chop pattem
to perfomm.
* DITH-SIZE=001t40.0 Isize of each step in arcsecs .
* CHOP-SIZE=00to 1800.0 Isize of each step in arcsecs ).
* OFFSET=SAM (defanlt), (e SAMs, gyros for large moves with

re-acquire |, SAM-NIO-REACY, [(mse SAMs, do not attermpt to re-acquire
guide stars), SAM-110-GYRO,  (nss SAMs; most nse same or new gnide
stars).

PATTERI-ORIENT=-DETEC TOR (defanlt], (move in detector X-"Y
system ) 00 - 3600 degrees from PA=0 increasing to East (Tote that this
doe=s ot constrain tzlescope roll; tse 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 or chop. Telescope motions fall into
thiee categories:

-

Small angle motions [5ANMs) whers 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 prctical limit of the radial extent of the
pattern. Often it will be smaller doe to goide star availability.

SAMs withom FGS goiding (ie., 3YRO HOLD pointing control). These are
nacessaty for lager motiore (> 2 arcmins). The telescope will drift at a mte
of 1 to 2 milli-arcsecs per second of time j=lapsed time—nor exposnre
timel.

SAMs with RE—ACQnisitiors at each mtorn to the target position. This can
be nsed to chop between a target and an offset backgmund measurement
pointing (which wonld be observed with GYRO HBOLD pointing contral).

The available options for OFFSET are:

-

SAM, the defanlt, will ne= guide stas whenever possi ble. 1f 2 motion, or the
sequence of motiors, moves the telsmscope sofficiently from the original
position that gnide stars are no longer available then exposnres will be
obtained nsing GYRO HOLD. If a subsequent motion returms the telescope
to a poimt wher the original gnide stars become available then it will
RE-ACQuire the gnide stars. This incurs an overhead of ~3 mimmtes for
each RE-ACQuisition.

SAM-NO-REACG will me gnide stars (FGS Fine Lock) ontil the firsr
instance in the pattern when guide stas become unavailable. The remainder
of the pattern will be execoted msing GYRO HOLD pointing control.
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* SAM-N0-GYRO will nse gnide stars for all exposnes. If guide stas are not
available, the observation cannot be scheduled.



CHAPTER 11
Imaging Reference
Material

This chapter provides the sensitivity infommation for the imaging filters,
ardered by camera and increasing centml wavelength. See Chapter 4 for a detailed
description of the the figures in this chapter. The coresponding i nformation for
the grism and poladzer elements is provided in the same format in Chapter 5.

155
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Camera 1, Filter FOOOM
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Figure 11.1: Camsam@ 1, Fitter FOB0I
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Camera 1 FOS0M Sensitivity

Camera 1, Filer FO2011 Il 157

Figure 11.2: Sansitivity and Exclusion Gurves, Cama@ 1, Filker FOR0 1
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Camera 1, Filter FO95N
[S IIl] Line

Certral Mean Peak _
wavelength  wavelength  wavelength FWHM Range Ma xTr Pixel
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Figure 11.3: Camsm@ 1, Fittar FO851M
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Figure 11.4: Sansitivity and Exclusion Gurves, Camama 1, Filkar FOR5M
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Camera 1, Filter FO97N
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Figure 11.6: Sansitivity and Exclusion Gurves, Camama 1, Filkar FOET M
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Camera 1, Filter F108N

Hel Line

Filter FLO&M is alsa available in Camera 3.
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Figure 11.8: Sansitivity and Exclusion Gurves, Camama 1, Fiker F1081
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Camera 1, Filter F110M

Tate: Camera L also has a broader ELLOW filt=r.
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Figure 11.8: Camsm@ 1, Fittar F1101
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Figure 11.10: Samsitivity and Exclusion Cures or Cama@ 1, Filker F1100
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Camera 1, Filter F110W

This filter is also available on Camems 2 and 3.
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Figure 11.11: Came@a 1, Fiker F110W
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Camera 1 F110W Sensitivily
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Figure 11.12: Sansitivity and Exclusion Cures or Cama@ 1, Filker F1100W
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Camera 1, Filter F113N
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This filter is also available on Camem 3.
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Camera 1 F113M Sensit

Figure 11.14: Sansitivity and Exclusion Curves or Camam@a 1, Filker F113K
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Camera 1, Filter F140W

Cemtral Mean Peak

FW&HM Ra nge MaxTr Pixel
{pvra;;lenﬂth {Hwan:;bngth {pmn:;hnﬂth fum) (um) =, Fraction

13973 13993 L2240 0.7945 0513 9550 a4

Figure 11.15: Came@A 1, Fikar F140W
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Figure 11.16: Sansitivity and Exclusion Cures or Cama@ 1, Filker F1400W
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Camera 1, Filter F145M
H O Band
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Figure 11.17: Came@E 1, Fitar F1451
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Figure 11.18: Samsitivity and Exclusion Cures, Cameara 1, Fitter F145M
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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 wavelength
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FW& HM Ra nge MaxTr Pixzl
(umd (umd % Fraction
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Figure 11.18: Came@a 1, Fikar F160W
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Extended Sources Sensitivily

Camera 1 F160W Sensiltivity

Camera 1

Cameara 1, Filer F180wW Il 175

Figure 11.20: Sansitivity and Exclusion Cures or Cama@ 1, Filker F160W
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Camera 1, Filter F164N

[Fell] Line

This filter is also available on Camem 3.
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Figure 11.21: SCamama 1, Fiker F1564H
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Extended Sources Sensilivily

Camera 1 F1B84N Sensitivity

Camera 1, Fitter F1841 Il 177

Figure 11.22: Sensitivity and Exclusion Curves for Camam@ 1, Filker F1640
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Camera 1, Filter F165M

H-O Continuum

This filter is alsa available on Camemn 2.
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Figure 11.23: Camam@ 1, FI1G5M
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Fxtended Sources Sensitivity

Camera 1 F1685M Sensitivily

Cameara 1, Filer F1851 Il 179

Figure 11.24: Sansitivity and Exclusion Cures oiZamam@ 1, Fitker F165M
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Camera 1, Filter F166N

[Fell] Continuum

This filter is also available on Camem 3.
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Figure 11.25: Camama 1, Fiker F186H
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Figure 11.26: Sensitivity and Exclusion Curves for Camam@a 1, Filker F166M
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Camera 1, Filter F170M

This filter is also available on Camen 2.
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Figure 11.27: Came@A 1, Fiker F170M
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Figure 11.28: Samsitivity and Exclusion Cures or Cama@ 1, Filker F170M
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Camera 1, Filter F187N

Paschen o

This filter is alsa available on Camem 2 and 3.

Central Mean Peak _
wavelength wavelength wavelength FWHM Range Ma xTr Pixel
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Figure 11.28: Camama 1, Fiker F187TH
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Samsitivity and Exclusion Gurves for Camam@ 1, Filker F187H

Figure 11.30
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Camera 1, Filter F190N

Paschen o comtinuum

This filter is alsa available on Camems 2 and 3.
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Figure 11.31: SCamama 1, Fiker F1290HK
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Extended Sources Sensiltivily

Camera 1 F180N Sens=itiviby

Camera 1, Fitter F1901 Il 187

Figure 11.32: Sensitivity and Exclusion Curves for Camam@a 1, Filker F180RK
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Camera 2, Filter F110W

This filter is also available on Camems 1 and 3.
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Figure 11.33: Came@ 2, Fiter F110W
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Figure 11.34: Sansitivity and Exclusion Cures or Cama@ 2, Filker F1100W
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Camera 2, Filter F160W

Minimum background

This filter is alsa available on Camems 1 and 3.
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Figure 11.35: Camam@ 2, Fiker F1G0W
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Figure 11.36: Sansitivity and Exclusion Cures or Cama@ 2, Filker F1G60W
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Camera 2, Filter F165M

Planetary continuum

This filter is also available on Camemn L.
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Figure 11.37: Cameama 2, Fiker F1G5M
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Figure 11.38: Samsitivity and Exclusion Cures or Cama@ 2, Filker F165M
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Camera 2, Filter F171M
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Figure 11.39: Came@ 2, Fitear F17 11
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Figure 11.40: Samsitivity and Exclusion Cures or Cama@ 2, Filker F17 1
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Camera 2, Filter F180M

HCGE and CE
Thermal background impo riant

Central Mean Beak

FilHM Ra nge Ma xTr Pixel|
mwaﬂ:;length {pmn:;lermh mvran_lv;bnﬂth (um) {um) % Fraction

1.7aas 17971 L2103 0065 L. 7ax 12835 9340 Q.11

Figure 11.41: Camama 2, Fiter F180M
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Figure 11.42: Samsitivity and Exclusion Cures or Cama@ 2, Filker F1801
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Camera 2, Filter F187N
Paschen
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Figure 11.43: Camam 2, Fiker F18TH
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Figure 11.44: Sansitivity and Exclusion Curves for Camama 2, Filker F187H
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Camera 2, Filter F187W
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Figure 11.45: Came@a 2, Fiter F187W
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Camera 2 F187W Sensitivity

Camera 2, Fitler F187wW Il 201

Figure 11.46: Sansitivity and Exclusion Cures or Cama@ 2, Filker F187TW
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Camera 2, Filter F190N
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Figure 11.47: Camama 2, Fiker F120HK
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Camera 2

Camera 2, Fitter F1201 Il 203

Figure 11.48: Sansitivity and Exclusion Curves for Camam@ 2, Filker F180RK
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Camera 2, Filter F204M
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Figure 11.48: Cameama 2, Fiker F204 M
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Figure 11.50: Sansitivity and Exclusion Cures or Cama@ 2, Filker F204104
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Camera 2, Filter F205W
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Figure 11.51: Came@ 2, Fiter F205W
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Figure 11.52: Sansitivity and Exclusion Cures or Cama@ 2, Filker F205W
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Camera 2, Filter F207M
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Figure 11.54: Sansitivity and Exclusion Cures or Cama@ 2, Filker F207W
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Camera 2, Filter F212N
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Figure 11.55: Came@ 2, Fiker F212M
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Figure 11.56: Sensitivity and Exclusion Curves or Camam@a 2, Filker F212K
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Camera 2, Filter F215N
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Figure 11.57: Camama 2, Fiker F215H

! T T I ! TR T I T ! T T T T TR TR I

E Bl =51 i

0[] b ekl iP "31‘}\
! p\, ! e —
'||_1;. H H d '.'_
= F i ]I Vs y s
o0 1 ] =
- | J | Ll
I N Sfiadaid ledalm] | e,
- ' - | 7
g E i SRS -
El.'l' II|I IIE Y

-

[=]
[=]

|

|

|

{

SFI I A A A A A |
I ]

[} r T TR =TT T T
|

(RN

Wavelenglh (pm)

Wavelength {pm)

h,



Extended Sources Sensitivity

Camera 2 F2158N Sensitivily

Camera 2, Fitter F2151 Il 213

Figure 11.58: Sensitivity and Exclusion Curves or Camama 2, Filker F215K
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Camera 2, Filter F216N
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Figure 11.58: Camam 2, Fiker F216H
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Extended Sources Sensitivity
Camera 2

Camera 2, Fitter F2161 Il 215

Figure 11.60: Sansitivity and Exclusion Curves or Camam@a 2, Filker F216M
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Camera 2, Filter F222M

CO continuum
Alsa available on Camera 3.

Thermal background impo riant.
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Figure 11.61: Came@ 2, Fitar F222M
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Camera 2, Filker F22211 Il 217

Figure 11.62: Samsitivity and Exclusion Cures or Cama@ 2, Filker F222M
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Camera 2, Filter F237M
co

Alsa available on Camera 3 as F240N.

Thermal background impo riant.
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wavelength wavelength wavelength
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(um) (um) % Fraction
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Figure 11.63: Came@ 2, Fitar FZ37 M
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Figure 11.64: Samsitivity and Exclusion Cures or Cama@ 2, Filker F237IW
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Camera 3, Filter F108N

Hel line

Alsa available on Camera L.
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Figure 11.65: Camam 3, Fiker F108H
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Figure 11.66: Sensitivity and Exclusion Curves for Camam@ 3, Filker F108K
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Camera 3, Filter F110W

Also availableon Cameras 1 and 2.
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Figure 11.67: Transmi=sion CGurve or F110W
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Figure 11.68: Sansitivity and Exclusion Cures or Cama@ 3, Filker F1100W
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Camera 3, Filter F113N

Hel continuum
Alsa available on Camera L.
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Figure 11.68: Camam 3, Fiker F113H
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Extended Sources Sensilivity

Camera 3 F113N Sensilivily

Camera 3, Fitter F1131 Il 225

Figure 11.70: Sansitivity and Exclusion Curves for Camam@ 3, Filker F113K
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Camera 3, Filter F150W

Grism B continuum
Thermal background impo rtans.

Cantra | Mean Peak
wavelngth  wavelength wavelength

(m} (umy (um)

L3035 15069 16355 0.530X0 Ll-19 97 a7 Q.78

FilHM Ra nge Ma xTr Pixel|
(um} (um} % fraction

Figure 11.71: SCamama 3, Fiker F150W
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Cameara 3, Filer F150w Il 227

Figure 11.72: Sansitivity and Exclusion Cures or Cama@ 3, Filker F150W
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Camera 3, Filter F160W

Minimum background

Alsa available on Camerss | and 2.
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Figure 11.73: Camama 3, Fiker F1580W
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Figure 11.74: Sansitivity and Exclusion Cures or Cama@ 3, Filker F160W
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Camera 3, Filter F164N

[Fell] line

Alsa available on Camera L.
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Figure 11.75: Camam 3, Fiker F1564H
E Y | T I | (] | | (] | LS | | T I | (] | I (] | T 17 I T . . .
; .FIE4N CAMERA 3 F164N

100 L 101 e

B ] S SR TR

i £

A N '.'_:I

10" &

i
e
——
S s

(e/s/(W/m?))

ranamiaaion {&)
-
hi
e
L il

107 L

=]
T
TS 2L iR s
e

=
=
-
T
=
L

1078 I_. IO T N T T
1.62 1.63 1.64

0|

1.856

Wavelengih (um) Wave {Z'I'lj;':_l.h L':Il'..'.""l"j



Camera 3, Fitter F1641 [l 231

Figure 11.76: Sensitivity and Exclusion Curves for Camam@ 3, Filker F1640
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Camera 3, Filter F166N

[Fell] continuum

Alsa available in Camera L.
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Figure 11.77: Camam 3, Fiker F186H
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Extended Sources Sensilivity

Camaora 3 F186N Sensilivity

Camera 3

Camera 3, Fitter F1651 Il 233

Figure 11.78: Sansitivity and Exclusion Curves for Camam@ 3, Filker F166M
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Camera 3, Filter F175W

Alsa available on Cameras 2 and 3.

Thermal background important.
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Figure 11.79: Came@ 3, Fiter FAT5W
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Figure 11.80: Sansitivity and Exclusion Cures or Cama@ 3, Filker F175W
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Camera 3, Filter F187N

Paschen o line

Alsa available on Camerss | and 2.
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Figure 11.81: Camama 3, Fiker F187TH
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Figure 11.82: Sensitivity and Exclusion Curves for Camam@a 3, Filker F187H
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Camera 3, Filter F190N
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Figure 11.83: Camama 3, Fiker F1290HK
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Figure 11.84: Sansitivity and Exclusion Curves for Camam@ 3, Filker F180RK
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Camera 3, Filter F196N
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Figure 11.85: Camam@ 3, Fiker F196H
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Figure 11.86: Sensitivity and Exclusion Curves for Camam@ 3, Filker F1896K
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Camera 3, Filter F200N
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Figure 11.87: Camama 3, Fiker F200H
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Figure 11.88: Sansitivity and Exclusion Curves for Camam@ 3, Filker F200R
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Camera 3, Filter F212N
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Figure 11.89: Came@ 3, Fikar F212M
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Figure 11.80: Sansitivity and Exclusion Curves or Camam@ 3, Filker F212K
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Camera 3, Filter F215N
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Figure 11.81: Came@ 3, Fiker F215M
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Figure 11.82: Sansitivity and Exclusion Curves for Camam@a 3, Filker F215K
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Camera 3, Filter F222M
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Figure 11.83: Came@ 3, Fitar F222M
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Figure 11.84: Samsitivity and Exclusion Cures or Cama@ 3, Filker F222
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Camera 3, Filter F240M
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Figure 11.85: Camsama 3, Fitker F240M
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Figure 11.86: Sansitivity and Exclusion Cures or Cama@ 3, Filker F2400
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CHAPTER 12
Flux Units and
Line Lists

In This Chapter...

Infrarad Flux Units /253

Formulas /255

Look-up Tables and Softwars /257
Examples / 264

Infrarad Lina Lists / 264

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 flox 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
ta lines which are.

Infrared Flux Units

In the infrmared, as in the optical, the mears of mpaorting source brightnesses
and the vnits employed have varned considerably. ln recent years, howewver,
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 formuolas and tables to facilitate the comersion from
other nnits imo Jy.

253
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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
one 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
obszrvations 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
obssrvations 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 calcolations. We have also presented a great deal of sensitivity
infommation her in Chapters L1 and 5 of the NICMOS fnsrmemenr Handbool:.
Given the muoltitnde of l1|'||t".:'. :m:l systems that h:r. = been ua:d t'r.'nr 1R jl:uhzntnm:tr_'r'
magnitundes, Janskys, mum Y, Wem Sum _eIg sec Loy ij i and for
snrface hngl‘rtn:ss memsurements rJarEL}s arcsec Wy steradian-! , magnitndes
arcsec "), prsenting these data to obssrvers could become somewhat
cumbersome. Additionally, given the lack of any srandard 1R filte= (as explained
abave], in order to express brightnesses in magnitondss we would have to adopt our
own BICHO5 magnitode system, and observers would have to trarsfomn
ground-based photometry into the MICK OS5 bands. We have therefore adopted a
single standard set of flux nnits, Janskys for all photometry and spectmscopy, and
lanksys arcssc= for all sorface brightness measurEments in all WICHOS
documentation and observeroriented software. The MICW 05 calibration pipeline
software will deliver resnlts calibrated in Janskys acsec .

We are aware that some observers do not rootinely use these vnits, and
therefore below we give a set of simple formnlas to nse to convert between
gystems, and some comversion tables. In the fotore we will alss maks available,
via the World Wide Web, software to perform comermsions between different
systems and nnits.

Formulae

Converting Between F and F;

One Jansky (v is defined as L "®Wm “Hz L, =2 it is a onit of measnement of
the spectml flux density, F,.

Far F, in ly, nse the following formola:
F; = PE,/A%,

where & is the wavelength in microns (Umj), and f is a constant chosen from Table
12.1 and d:E:nding an the nnits of F;. (This is simply derived, msing the fact that
adyidi = i
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Table 121: Constants for Convarting F_and Fy

F,. meazured in B
e ]
Wm umt Inlo

"Fn'cm'zl.lm'l' Il

L K

=g sac” em™ |.Im'|' S 10

=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
originally based on Beckwith et al (1976, Ap.)., 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] gy (UKIRT)

W 054 3540 3540
E 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 cary oot some of the comvemions described hers, some simple
Fortran pmgrame will soon be available an the MICKOS World Wids Web pages
at 5TScl We ar adopting here the C1T system defined in Table 12.2.

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
hondred 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
3.0 T.19 G936 [t 579
LA 1. T G453 589
24 Ta3 1. 573 523
L5 7. - T G54
125 g1+ EE:1} 7.4 G.74
La i3 .06 T43 G658
a3 34z 330 1.32 722
IR ] e 24l 203 75
a5 913 351 523 733
a4 938 945 847 Tes
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, | Fs Fy Fy
[v] [magl [Wm3um']  WemZum™]  [erg & em A7
1250 a0 g 3m10” g ot g 321
LT La 331210 331210 331210
356 10 131810 L3lex 107 1318 1077
142 10 525107 525l 5 25xlgtt
56.4 40 209 10°° o1 [ el 2 el
215 50 g3xott g 3ot g3t
LT 6.0 331210t 331200 331210
15 70 131910t L3lgx 10t 131910t
142 8.0 52510t 525yl 5 25x1g
0564 9.0 200y 1072 1 [ ey 2 @l
0.225 104 g3m10t? g 32xlat’ R [t
00594 1o 33zact? 331210 331210
Q0356 120 13190t L3lgx1ot? L3l%e 10t
Q0142 130 525107 5 25x10 8 52510
000564 144 209 1071 2 Exla 2 @l
00225 151 83210t 8 32xlat® 8 3210
o410~ 160 3317x0t? 3312 107" 33124107
3I56c10~ 170 1319wgtd L319x10® L319x10®
142107 180 525107 525510 ™ s25x10”
s6dx10% 190 109 107 2 a1 ey [
25007 M0 g3m10t? e [y R [
BO4x10® 20 33120t 3312107 3312 1078
I56el0® 20 1319w0t’ L3lox 107t 1318y 1078
142%10% 230 5251078 525510 525x10
S64x107 M0 0% 107 1 Ealr® ey (1
125007 250 g3m 107 g a1 g a0

804x107 a0 331210 331210 3312107
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Table 125: Jband Flux Convarsian

F, J Fy Fy R
Hyl [magl Wm3um™]  Wem=um™]  [erg em A
1670 a0 32110 37 1107t 371107
665 14 12810 128107t 128107
M5 10 5081077 508 107 50810t
106 10 102107 102107 1010t
420 40 E06x 10t 2 06x 107 E06x 10t
7 50 32 1 lott 32 1 1ot 121107
665 &1 L2810t 128 107 128107
165 70 508107t 508x107t® 508107t
106 80 1010t 10210t 1010
a4 ag 8 06x 107 8061077 8 06 1071
a.167 104 12 e 10 12 10t 12107
00665 110 128« 107t L2gx 10t 128107
00265 120 50810t 5081078 508107t
00106 130 0% 10 101078 204107
0.00420 140 & 06x 107 E06x 10" & 06 107®
0.00167 150 32 I 107 32 I 107H® 121k 10°®
6 a5xlT 161 128107t 128107t 128x10°t®
2 65xlT 174 508x107'® 508107 501’
LO&x1T™ 180 102107 20210 202107t
410 190 2 0éx 107 806 107t 206 1078
L&Txld 00 32 10t 32 10t 32 I 108
6 65x10® 110 12810t 128107t 1281013
2 6510 plel 508103 508107 508 10t?
LOsx1o® 230 2021078 202107 202 107®
42010’ 240 8 0én 107* 806 107 206107
L&Tx1d” 250 371107 371107 37110

66510 e 2610 128107 L2810 128 10"
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Table 12.6: Hband Flux Conmarsion

F, H Fi, Fi Fi
[¥] [magl [Wm3um™]  WemZum™]  [erg & 'em A
28] a0 108 10* 108x1r 18«1 @
300 La 4310 430t 43xtt
155 10 L7 12x1at? L7110t L7110t
613 10 68 lxlatt 6.81dx 107 6.81dx 107
246 40 27130t 271310 271310t
98 50 Logx 107t 1 08x1a 1081
39 6.0 4310t 4310 4 3ot
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 Rl kS ool B [/
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 140 2 713l 2 71310 el NS
agxl0* 150 10810t LEx10® T L
19x10% 160 430te 4 310" 4 3=l
155107 170 1712a0t® 17110 L7120t
618107 180 6SMxT aSldxwt 6814102
raec10? @a 27530t 271310t 271310 tE
98x10® M0 L0810t P LBl
10x100% 210 S e 430 4 3a1t?
15510% 20 171zxotd 1712107 L71210®
618107 W0 a8l asldxw? 6814z 1077
Taecl0” M 27530 271310 2 7131077
CEM e 51 108 10t® LiEx1r ™ LiExlr ™
3051078 % 0 S 4310 O P i

B =61
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Table 127: K-band Flux Comearsion

F, K Fi, Fi Fy
Hyl [magl Wm3um™]  WemZum™]  [erg &”'em @A
620 a0 184x 107 TR (1 g I84x 107t
U7 La 15310t 1 53wl 15310t
o 3 10 60% 10 6 0l 6.0% 10
W 1 10 14310t 1 43xlat 14310t
156 4.0 agex 1o’ 9 saxlo'® agex 10t
620 50 I8dx 107 3 B4l e 184z 107
147 6.0 15310t? 1 53xl'® 15310t
0983 7.0 &.0% 10" 6 0xlat 6.0% 101
391 80 14310 2 43x1at 14310
.15 a0 9 G 107 9 Gl d 9 Gén 10
0.0620 1040 384x 107" 3 B4l ® 384x 107
00247 114 15310 153x10 8 153107t
0.00983 124 a0 107 6 mx1r e a0% 107"
0.0031 130 14310 1 43xla 14310t
0.00 156 140 9 e 1071 e D @66 107
60105 150 184x10°® 3 EdxlT ™ 184x 107
147107 160 153107 153xlor ™ 153107’
I [ R el a0 10’ 6 mxlrt 0% 107e
iglald? 180 24310t 243l 143 107tE
Lsxlod® 190 266 1072 9 faxlT 2 6em 107
6.M0x10® 200 184z 1013 3 Bdxl T 184x 1077
147x10% 210 153103 1 53xld™ 153 10t®
983xlo’ 20 a0%x 107" 6.mx1r 602107
iglxld’ 734 14310t 2 43u1r ™ 14310
Lsxld’ Ma 966 107 9 faxlT 966 10t
6Mxld? 250 384107 3Bl 38410

147210 ma 153109 15310 15310t




Lock-up Tables and Software Wl 2683

Table 128: Surface Brightness Convarsion

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

Jy aresec™ g'eradﬂn'" Jy aresec™ g'eradﬂn'" Jy aresec™ g'eradﬂn'" Jy aresec™ g'emdﬂn"'
aa ek 2 Gl 1670 197x10" &0 1.16x10" 620 73M
10 594 1 D6x10" 665 7860 |0 4510 U7 =k
10 356 4210 %5 3130 155 1830 9 3 1160
10 147 1680 106 1250 &l 8 730 W1 467
40 564 667 420 496 U | 15 & 184
50 el %6 7 127 9.3 116 .20 732
&0 294 106 665 TEE 1.9 461 147 33
7 356 421 165 313 155 183 09:3 116
B0 147 168 106 125 0618 7.3 391 462
ag 0564 667 Q420 196 0246 191 .15 184
104 0125 166 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%  0.007E6 Iov10T Q00461 24TxITT 00023
174 15x10T 000421 265x10° Q00313 LSSxl0T 00183 9.83xd’ 0.00lle
180 L42x10 Q00168 L6xl07 Q00125 61Sxl07  TI0T 39lxld’ 4alxld”
194 Sedxld’  AETHITT 40 498xlTT 246107 291x0% LSxld LExldT
200 x0T 2&6nld T LeTwld  Lo7alot 9810 Llexldt 6Mwl0® 732wl
114 BOxl0® LO6xl0  G6SklT®  TEexld? 30x10® L6lxl0F 247kl 29310
120 T8xl0® L2007 265x0% 330 LSSkId® LEIkIdY 983kl0 Ll&wxld?
230 L42x10®  LéSxld”  L06xl0®  L25xI0Y 618xl0 T30 39lud’ 4a2xl0®
240 SedxlT’  AETEIT®  4l0 4%68x1T®  246xld 291xl0% LSxld’ L8xld®
250 1210 2&6xlT® LETxl0 197al0® 92:10® L1xl0®  eMwld? 73T’

261 Exlr? L08xl0®  AeSeldr?  7Esxld’ 3oe10® 46lwld’ 247xl0? 2e3wg”
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Examples

1. Given a sowrce with a flux of 09mly at 1350A, convert this flx to e1g

s lem2A-!. From section 3, Table 12.1, we see that the convermsion constant

P is 310" and the wavelength is 13504 = 0.135um. Thus:
F=3x1075 x 9x107 /01357 = 1. 48210 Heig s lem=A!

2. Given a ¥V magnitode of 15.6, and knowledge that V-K=2.5 in the UK1RT

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, =107 9 x 657 = 3.8x107 1y

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

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

10723 ¢ 1670 =6.06x10° Ty atcsec™, or 6.06x 10°/0.084616 =

7.17x107MI 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 2.3x10°' is mooghly 15 magnitodss fainter 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?

T r e
{mic rons) fem 1y Ta=Ng=10?

43 LET54 553155 Q.332

53 12822 TTea 33 Q. 1a2

&3 Lia4] Q] E a.@al

73 L5z @is.1

2. Ini=nziti=s ficm Hommer & Sioiey, WMMRAS 224 201,
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Table 1210: Recombination Lines of Atomic Hydrogen: Brackstt Sarias

Traneition Yacuum Wavelength Frequency HIEHED

(N,-NJ {microng) fem1) T.=10*

54 45225 a7 TGS [ JY

& 15259 3B0E 25

T4 214l 451641 Qa27s

4 18451 5141.14 Q0181

a4 13151 55008 Q012
1a-4 17347 57581 900909
11-4 16511 548 45 9.0a679
12-4 16412 G093 22 Q0as521
13-4 lall4 G205 49 000409
14-4 155885 G245 3 Q03327
15-4 15705 G367 4 Q00266
la-4 15541 647 4 9.0a220
T-4 15443 6753 Q0a1E4
158-4 15346 G516 3 Q156
19-4 15265 G551.4 Qa1Es
-4 15194 G530.7 Qs

series imil l45a G55,

Table 1211: Haland Hall Linas

10 Transition Afpm}

Hel TF-30,3Fa-30 Laasl

Hel TE-30, 1Fa-10 L3

Hell JER Liaada

H=11 5d Lal3s

Hal G0-3P 3053 Lasl4

H=11 13-4 Liod22

Hel G5-3F35-3Pa Lioaas

Hel IP-25,3Po- 35013 L3z

Hel IP-25 3P 3RG1LE]L Lag32

Hal IP-25. 3P0 350 1LES L8353
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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

Hell 94 L4765




Table 1211: Haland H=ll Linas
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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

1D Trangition Afpm)
Hall 249 ENER. =)
Hal T5-4F35-3Pa 21500
Hal TF-40,3Fa-3D Tlald
Hel 4d0-7{F 21al7
Hel TF-40), 1Fa- 10 N [ Bk
Hall 14-8 1553
Hal 4-7 e (1.1
Hall ) N
Hal TOH4P,1D- 1Pa 3 1B47
Hell 137 1891
Hell 225 X155
Hal T5-4F,15-1Pa 1m
Hall 219 . 11] ]
Hall LALTLT IMTE
Hal GP-45 1 P15 il )
Hell 20-9 2314
Hell 138 THE
Hall le-g TIE
Hall 1589 T 4504
Hal GL-4P.50-3Pa TATH

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

'IEc'IElD 13c'|EIE|
Vacuum Wavelength qu'i?nm‘r Vacuum Wavelength fFreqquermr
(mizrans) cm [micnne) em
S — — S ———_——————

2-0 2335 43601 234458 4247

i-1 LI £ 43054 23739 42124

4-2 33535 42508 24037 41603

5-3 1EX 41965 1431 4108 3

G-4 34142 414272 24652 4055 4

7-5 Z44al 422 244971 Rl
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Table 1212: &0 Vibation-rotation Band-heads? (Caontinuad)

12p160, Frequency 130160 Frequency
Vacuum Wavelength 1 Vacuum Wavelength 1
(mizrans) fem =) [micnne) fem =)
5-4 24787 40343
a-7 2 5177 I9E05
3-0 15582 54178
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 of the d=la v = 2 bandheads oo ol heai J=50.
Table 1213: Important Hz Lines?
Line Name Wavel Freg.l o) Eupper A . LTE I{line)K1-05017)
CLUNEN (K (10278) ook  zoooK  3000K  AoookK
1-a S0 22235 “ardl 5 64Tl 253 Q.27 Q.21 Q1= Q.=
1-a S0l 21218 471281 21 6955 347 La La La L
1-a S0 255 M417alr 9 T5H 3198 Q.27 Q.37 0.42 044
1-a S03 L9576 51\ 40 33 5365 4.21 .51 Laz 1= L45
1-a Sid 1382 518252 I3 a5 4.19 Q.82 0.26 0. Q.47
1-a 55 18358 M4T25 45 1ozl 395 0.096 0.52 ol 121
1-a S0E 17880 55929 17 11522 354 Q.a1a Q.14 Q.21 0.3l
1-a ST 17430 5TXME 57 12817 -] 0005 Q.15 Q.40 0.a5
1-a S8 L7147 5E3le | 14221 1H 0.oal 0022 0.074 014
1-a S(9 L&s77 el | - =) 15722 L&3 0.025 Q.11 .22
1-a 5010 L&6a5 004 25 17311 Las 0.003 0.als 0.034
1-a TR RN Lasod G154 a gl 159749 .53 0.0a2 0.a14 0.037
1-a il 24065 415525 9 Gl49 4.3 Las 0.7a Q.al Q.57
1-a N2 241 414347 5 6471 303 Q.30 0.23 .22 Q.21
1-a N30 24237 412587 21 59 55 2.7 0.7a 0.7a 0.7a 0.7a

1-a CAah 24375 41257 g 7584 245 a.1s Q.21 Q.23 024
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Table 1213: Important H; Lines® (Continued)

Line Name Wayel Fre?‘ o) Eupper A . LTE I{line}K1-0E{17)

um)  fem™) (k) (10272) ook  =oooK  3000K 4000
140 A5 1 A548 407372 33 8365 155 024 049 a2 Q.7
140 oy} TATES 40395 13 Q285 145 0036 a.12 Q.17 a2l
140 AT 2 5001 32399 45 10341 13 [N a.11 040 Q53
3-2 5(03 15114 3IMWITI S 17387 388 0aal 0007 0alé
3-2 Sl -1t 419033 21 17818 5.14 0006 Qa35 QaE7
3-2 S22 12ET 437249 9 183846 543 0002 aal4 Q.a37
3-2 53 . (g 454257 33 19085 543 0006 [N 0.1z
3-2 LTEN] 21280 459932 13 l1ea]? 57 0aal a1z 0036
3-2 LTS 10655 48413 45 I 55 4.5] 0003 Q0az3 0028
3-2 LT-] 10130 49577 17 119l 357 0006 0azl
3-2 ST 1 2592 50781 57 23069 154 0001 0.ala Q38
4-3 503 T345 43654 21
4-3 LTEN] 1668 44115 Q
4-3 LTS 1M1 45435 33
54 LTS 13555 4454 45
54 57 12510 444735 57
24 LT K] 12383 BO753 5 12095 127 0001 Q412 QA28 Q3
24 S0l 1.1622 86042 21 12550 1.ad 0004 0aal Q.15 Q23
24 502 1.1382 87855 Q 13150 13 0aal Qazs 0.a7a Q.12
140 53 11175 SUES 33 13890 177 0002 0074 04 Q43
240 Sid 1 fRag Q@4 13 14764 307 aazl Q078 a.15
140 LTS 1 E51 arlss 45 15763 338 0aal (AR a2l W JEES
14 il 12383 BO753 Q 11789 led 0003 Q.a37 QaE2 Q.12
24 N2 12419 s0519 5 123095 138 0aal aalz 0.aza Qs
24 N30 12473 20172 21 12550 12 0002 0.a39 0098 a2
140 Cd 12545 79711 Q 13150 1.7 0aal a1z Q0a33 0056
240 x50 12635 74133 33 13890 123 0aal 0024 003 Q.17
140 K20 1732 TT326 1 115635 347 0aal 0003 0alé 0024
24 K30 13354 T4BE3 Q 11789 lal 0003 QA28 0063 Q.09
24 K4 1317 TI3T5 5 123095 143 0aal 0008 0.aza Q.a3a
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Table 1213: Important H; Lines® (Continued)

Line Name LTE I{line)K1-05{17)
Wawel Fr Eupper A
amty G

{um} (K (10e7s) 100K 2000K  2000K  A000K

24 50 14322 G925 21 12550 0693 0l Qals (RN, QaT4

a. Ehelg_-.' le=vmlz cale nli=d o=i hg Dabiows=ki & He=iz belg. Can ] Ph_'.': &2, 1639 19845, Einst=in co=thci=ni=
fiom Toinet eial. ApY Soppl 35, 220 (1977).
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CHAPTER 13

Calibration Pipeline

In This Chapter...

Cvarview and New Features /275
MICWOS Pipslina /278
HMICKDS Data Proeducts /282

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 support MICKOS, incloding the concept of associations of datsets
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

275
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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
produocts, the calibmtion process at their home imstitmtion. To support this last
goal, the calibration software is available within the STEDAS systermn 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
process. This permits the pipeline to both genemts 2 combined prodnct and to ves
calibratiors obtained contemporaneously with the science observatiors. This
capahility is designed to support the cosmic my event removal, mosaicking, and
backgronnd subtraction for HICH OS5 observations. As discussed in Chapter 10,
mechanisme exist for compactly mquesting snch obssrvations in the Phase 11

proposal.

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 ground 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
rednction schemes, it is a new pamdigm for the HS T ground 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:
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+ 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
obssrvation.

Figure 13.1: Concaptual calnica Pipaline

—

DATASET /’
i1 EXPOSURE) CALMICH | calNGA
* IMAGE Single Datasst CALIERETED
+ ERROR Usasonly COB DATASET
= DATA QUALITY
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* TIME
L+ SPT

U MCALIBRATED

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

CALRMICA
CALIBRATED
DATASET

CALNICA _SALNIGE MERGED
CALIERATED A=socigted Set CALIBRATED
DATASET Calbation Only DATASET

CALNICA
CALIERATED
DATASET

We refer to these sets of exposmes as associated sers. The calnich task
operates on an entire asociated set and prodoces one or more prodocts from that
set (Fignre 13.3). While the calnich capabilities that are expectsd at the start of
Cyele 7 are still being defined, it iz intended that the cormbination of multiple
EXPOSULES withont telescope motion, i.e, UEXP=n (to ramove CosmMic 1ays and ta
improve signal to noise and dynamic range), the creation of mosaics (for which
the tel sscope mmained in Fine Guidance mode), and the scalar snbtmction of the
sky backgmund from offset images (choppingl will be supported. 1n the latter
case, each mgion of the sky fi.e., the target and one or more offset background
regions) is saved in the Archive as a separate entity to permit the HST Data
Archive to correctly report which positions on the sky have been observed.
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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, Muoltiple madonts in the same dataset (eg., MULTIACCUM data) are
represemted 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 Jrd extension.

Figure 13.4: Data Format for ACCUNM, RAMP, BRIGH TOBJ and ASQ Modes

SLOEAL
HEADEFR [

SCIEICE
1LIAGE

[SCL1] e [1]

ER. Ri2R

[ERR.1]ex [7] /

DATAQUALITT
FLAGS

(O] e [3]

SATIPLES
BALE]] ex B]

TITES RATLCN]

TILIE
MITA] o [5] /
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Sclence Image

The science image contains the information recomed by the WICH 05 camem.
The data may be mprsemed as counts (ie. data numbers) or as connt mtes (ie.
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
expresssd as a mal number of standard deviatiors. This iz a calenlated goantity
based on a model of the irstroment and its amvimnment.

Quality Flags Array

The quality flags array provides 16 independent flags for each pixel. Each flag
hae a troe (=et) or falss (unset) 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.

* When muoltiple integrations are combined to prodoce a single image, the
samples array will contain the number of samples w=tained at each pixel.
Llate that this impliss that the original nomber of samples information is not
prpagated forward into combined images.

Integration Time Array

The imegration time amay contairs the total intsgration time at each pinel.
While initially a simple pammeter in some obssving modes, combining datasets
into composite mosaics and wpsing the information obtained by multiple
non-destroctive readoms during an integration requires ns to keep tmck of the
actnal exposure time for sach pixel. This amay is nsefuol for simple convemions
betwesn counts and count mtes.

The MULTIACCUM mode (Figure 13.5) prodoces 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.



284 M Chapier 13: Calbmation Pipsline

Figure 13.5: MULTIACS UM Data Format
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GLIOEAL
HEADER [] |
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TIAGE TLAGE TLIAGE [;1:'1-:‘1";7]'1_
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ERRCR
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[C1] e B [C2.7] e [5] [E2.3] ec [13] [E211] oc [2511-3]
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THLE TILIE TILIE TILIE
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IRAF Access
Backwards Compatibility

This data strocture will be implemented so that the defmelr amay is the most
meaningful science image amay. For example, if yon mqoest IRAF to display a
dataset, the first science image array wonld be displayed. Access to the other
arrays within a datase=t will be via =le=memt numbers (1-5; mod 5 for datas=ts
containing multiple readoms) or via a standardized naming comention (s== Fignors
134 and Figure 13.5). 1t is a critical requirernent that existing LRAF tasks be able
to access any amay ina WUCKL0S dataset.

FITS File Format

The physical format of MICH 05 datasets will be FITS with image extensions.
Data will both be deliver=d to obssrvers and vssd within LIEAF and STSDAS in
this format. A modified version of the IRAF kernzl has been developed at 5TScl
to support this data format directl v. This permits the mse of MICHI OS5 data withont
comvemsion fi.e., the strfils task is not necessary ). This will be distributed with the
STSDAS system before Cyele 7.



CHAPTER 14
Expected Calibration
Accuracies

In This Chapter...
Expacted Accuracies /285

This chapter describes the expectad accuracies which shonld be reached in the
calibration of WMICKOS doring Cyele 7

Expected Accuracies

Remarks

In Table 141 we list a pmvisional snmmary of onr calibration goals for
Cycle 7. These goals will be achieved thmough the analysis of data obtained this
snmmet during the ground testing and on-otbit doring the Orbital Verification
phass and Cycle 7. Observes may, and should, plan on WICKLO0S achizving thess
levels of performance. While higher levels of performance may indesd by
possible fand even achisved) in Cyele 7, obszrvers should not depend upon
MICMOS being calibrated better than defined her. Science pmograme which
require supedor calibrations should reqoest and jostify additional observing time
to reach the necessary calibration accumacy.

An vpdate to these estimates will be provided in mid-Angust 1996 following
analysis of the data obtained during the gmound testing (SLTV) of MICKOS.
Likewise, a revised setof calibmtion accuracy goals will be poblished in the eady
snmmet of 1997 for the Cycle § observing opportonity after on-othit experience
has besn obtaine=d.

285
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Areas of Significant Uncertainty

While the performance of MICMOS can to a lage extent be predicted from
gronnd bassd testing, two significant onoertaintiss mnst wait for on-orbit
measurements. First, the HST optics will be a source of thermal mdiation which
will contribute to the background. This will arise both from direct radiation from
the Wl gF » overcoated optics in the OTA and from radiation from baffles which has
been scattered imto the beam by dust and imperfections on the OTA mimor
snifaces. Both of thess sources ars known to be faidy wam (15 to 17 ) and,
while the OTA primary mirror has a fairly long themmal time constant, are snbject
to significant variations. This thermal mdiation will affect only observations at
fairly long wavel engths (=1.6 microns).

Second, the effectof the charged partticle emvironment on MICHO05 data isstill
nncertain. While extersive ground testing has demorstrated that degmdation of
the detectors is very onlikely over their planned lifetimes, electrone deposited by
particle events are likely to be present in WICK OS images. This will be similar to
WFPC2 cosmic ray events, althongh their numbers, energy deposited, and sizes
are still nnknown.

Both of these topics will be stodies eady in the on-orbit Sh OV test program.
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Provisional Cycle 7 Calibration Goals

Table 14.1: Summary of Cycle 7 Calbration Goalks

Attrib ute

Didecior dark correm and
shading

Flaifi=lds

Fholomedty

Fhotomedric stabil iy owver 1 year

P5F and focns

Coxnographic F5F

Fohriztion

GRS K wavelangth calbmtion

GRS phdamedric calbmtion

Asiometry

Telescope backgonnds

Acecuracy

5% selected ex posmre 1imes
1% ovemall

1% broad band

2-3% murrow band

1015 abisa nie
5% m=lative

15

Tlainiained within 20% of basi
focms Strehl miio.

13 arcsec positioning

- 1% t=lative intensiiy”

alpm

20— abzo = and rehd e

025% phie= scalke
0.1” totation

TG D Thermal backgronnd

TB D Siny light

Limiting Factar/Mates

A smbsedof the available exposnre 1imes
will ave adireci dark calibration while all
athars will reqmite imerps hiin.

Colot dependence may limii flais in some
casas .

The loww spatial frequency may only b=
reliable 1o = 3%.

Fholomeitic s ysiems
Tmmpixel effects
Filler l=aks on red somrces

Treathing and OTA desorption ane
approcimaiely equal effecs.

Ahbility 1o commol on 1amed
imernal asitomedry

Limited by cemmoiding of farged for
wavelenglh zemo paini dedatmination.

Expecied accnmcy over cemml 20% of
spectml mnge.

Grism C flal fi=ld may nod achieve this
performance.

Limited by sam plingof stlhr images.

Slability 4o be measmredon cbil.
Amplind=mangs and thermal varabiliy 1o
b= measmredon arbi.

Attifacis and diffnse sty lighiio be
meazsmred on atbil.

A The NICWIOE fore-opfics conizin a hombel of Leflectionz which ate ik=ly ioinlicdoce s;ome inzdio-
menial pohitization. The exact level of polatization indoced iz not yei khown, bol iz meoed plobably
aboni 05-2%, and zhouold be gable. Becanme the MIZWOS defeciciz have high dyhamic iange, aie
nod connt tade limited, and the polatimetel foums the Sokes paiameteis osing images thioogh analyz -
iz oh the zame locations on the deleciol, high inftinsic plecizion in polatimett y memsoiemenis shoold
be pozzible, foan accoiacy of 0. 1-0.2%. Only flol fielding effecis caozed by image wandet will poden-
fially degiade thiz peifoumance, and the a= y=i onknown qoality of the analyz=i=. In plinciple then, a
vely accoldle memolemeni of any inst ome nial polatization shoold be poszible which will allow i1 10
be zublincied fiom the science datr. Given sofficieni accoiacy in the otiginal daia, we expect fo be
able o wolk down 1o polatizadion levels ol leasd as low as the instomental pohiization.
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CHAPTER 15
Calibration Plans

In This Chapter...

Introduction /289

Tharmal Yacuum Tast /280

Sarvicing Mission Chsarvatory Varification /280
Cycla 7 Calibation Program /280

P hatomatric Calibation 7 2893

Rafziancas /298

This Cthtr.r describes the corrent state of the plans for the calibration of
WICM OS5 dorng SLTY, SMOV and Cyele 7.

Introduction

The calibrations available during Cycle 7 will be based on thme distinct
calibration activities. First, MICHOS will be extensively tested on the gmouond.
Thess tests inclode a limited amonnt of calibration, particul arly during the System
Level Thermal Vaconm (5 LTV ) testing. Second, there will be a period following
the installation of MUCKIOS into HST for testing and initial calibration. This
activity is known as the Servicing blission Obssrvatory Verification (SMOV or
SWLCW 2. Finally, the tontine Cycle 7 calibration progmm will be perfommed.

1t is important to distingnish between the varions goals of these calibration
activities. SLTV is intended to demnonstrate the proper fonctioning of the
Scientific lnetmment (51) and to obtain, if possible, an initial calibration of a
snbset of its capabilities. S0V iz intended to demonstrate that the instroment is
functioning as expected, based on the SLTV experience, to characterize thoss
parameters not measumble doring SLTV (e.g., the thermal background generated
by the HST optics), and to begin the calibration of MICKIOS. In many cases the
complete calibmtion will be condocted during Cycle 7 and W10V will be nsed o
demonstrate that the planned calibration is in fact femible. This approach is
designed to enable the acquisition of science observatiors at the sariest possible
date, even if the best possible calibrations do not become available vntil some

288
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time later. This contribites to the efficiency with which H5T can be operated and
maximizes the total number of MICKOS observations over its cryogen limmitad
lifetime.

Thermal Vacuum Test

The MICHIOS System Level Themnal Vaconm test program (SLTV) will be
condocted at Ball Aewspace dorng June 1996, The primary poipose of this
activity is the validation of the opemtion of the assembled instrnment in an
emvitonment nearly identical to HS5Ts This inclodes testing the themnal
performance of the imstmment, demonstmting pmper opemtion of  all
commandable opemting modes, exercising all mechanisme, and testing safing
procedures. 1t alsa inclodes characterization of the detsctor performance i=.g.,
read noise and dark corrent). Of particolar importance to the overall calibration
program, flat fizlds nsing the flight optics and detectors will be obtained in cach
filter.

Enongh calibmtions shonld be obtained from SLTV to initially popnlate the
Calibmtion Data Base at 5TScl. Thess calibmtions are available to users (via the
HET Data Awhive) and are uns=d by 5TScl in the rontine data processing
calibration pipeline. Cleady, some of these calibmtions will require updating from
on-orbit obssrvations before they are of muoch scientific otility (eg., the
photometric zero points). However, others (eg., lincanty comections) will
probably be satisfactory.

Servicing Mission Observatory Verification

The corent SMOV plan for MICKOS consists of 22 activities as listed in
Table 15.1. Some of these f2.g., | throngh &) test specific components of the
instruments  while othes characterze its performance  within the HST
emvitonment (e.g., 7, 8 17, and 22). Activities 12 and 13 align the NICHLOS
fore-optics, activities 9, 10, L1, and 21 enable the mse of the coronograph in
—amem 2 activities 15 and 20 chamcterize the detectors; and activiti=s 18 and 19
establish the initial photornetric calibration.

Cycle 7 Calibration Program

At the time this handbook was written, the Cycle 7 calibmtion programs had
not yet been defined in detail. Therefore, this section shonld be mgarded as a
geneml statement of poipose bt it is rwasonable to expect the specifics to evalve.
Ln particular, the calibration progmm is driven in large part by poposal demand.
The initial version of the calibmtion program will be based an the GTO observing



Cycla 7 Calibation Progam [l 291

Table 15.1: Planpad NIGWMOS SMOV Activitiss

Activity  Title

1

-

=

19

HICHIOS 10 Hold Tlode

HMICHIOS Internal Pamlle] Test

HICHIOS Memory Load and Comp Tesi

MICIADS Field Ctsed Wlechanizm Tesi

HIZHIDE Filer Whesl echinizms
Te=l

MICHIOS 544 Comont Test

FICKIOS Dmyar Heaters Setpaim
Admsimem

M0 S Transter Function Test
FICHICS Targed Acqmisition Tesi

HIZKIO S 10 PG5 Asttomednic
Calibmtion

HFICHIOS Plate Scale and Astromed tic
Calibmtion

HICHIO S Coarse Oplical Alignmem

MICHIO S Fine O plical Alignmem

MIZHIO S Poin Spread Function
Chamcierization

MO S Persisdence Tesi

HICHKIOS Intflal Transfer and Stbiliy
Te=

HICKIOS HST Thermal Gackgronnd
Te=A

HMICHIOS Absalme Photometry Tes
MICHIOS Differemial Fholomed ry Test
HIZHI0E Diedacior Floize and Dark
Chimci=rization

Coronogiaph Verification

Limb Avoidince Determimtian

Demonstrates or Calibrates

Tasic opemtion of compmer and HST imerfaces.

Diemonsimie absence of imertference doe o mrllkl oprationof
camema and fiHer wheels.

Tesimemory and code inimerml compnier.

Tesiand chamcierize opemtion and optical performance of the Field
Ciffsed Wirmor

Verify opemationand correc boeation of sach position on =ach filer
w heel.

Chamcierize effect of mdiation on MICHIOS elscitonics and defecion
performance; deletmine optimal 544 limils.

Esiablish optimal sxi=rnal dewar {emparaimnre.

Sel oplimal detector DT offsed voltages.
Demonsimie Flode 2 (amonomons ) acqoisiions.

Esiablish the kcations of the TS deteciors within the FOS
coordinaie sysiem.

Dietermine plate scakes, r=lative fizld rotations, and fi=ld distorions for
#ach camemna.

Initial focns and 4ipii adjnstimeniof the Pupil alignmenimior bass=d
on modeled images.

Ciptimal pesilioning of the PAW based on grid of small PAM modions.

Chamciarization of the imaging performance of MICHOS and infiial
sed of PSF chs=nation.

Chamciarize the effect of severs overswpommre of the MICHIOS
dedecions.

Diemonsimtion of flal fisking capability and stbilily moniloring.
Boolsttap of SLTV flad fields.

Chamcterization of H5T genemisd {thetmal backgonnd over a broad
mnge of siimiions.

Slandard star observations acmoss MICHIOS wavelength mnge. Llpdates
SLTV 1thronghpm calbmation.

Ini=t-camen photometric precision and stability 4251 cbiained from
obserations of 2 slar a1 25 posilions.

Chamcierization of d=tector nois= and dark curreni. Verification of
stbilily since SLTV.

Oplical chamcierization of comnogmphic sty light rejection and PSF
of 1he obscnred st

Dietermimiion of the appropriaie brighi and cark =arh limb angle
restrictions for normal and low-background HICHIOS chs=rations.
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prgram with appmpriate modification following the TAC decisions an the GO
program in late 1996, Technical problems with MICWOS (discoversd either
doring 5 LTV or SKOV ) may l=ad to significant changes in this program.

Photometry

Photometric obeervations of standard stars from both the white dwarf and solar
analog samples (see below) will be obtained in all filters and grisms. Experiments
to determine the reproduocibility of photometric measurements as a function of
both position on the detectors and time will be camied ot

Detector Performance

All three detectors will be characterized to the same sxtent. Since dark current
iz a highly nan-linzar fonction of exposnme time, we will obtain high guality dark
frames for only a limited sobset (~30) of the possible exposnme times. Other
expoenre times will mquoire interpolated dark current subtmction which may be
le== satisfactory. The selectsd exposnre times will be poblished in the Phase 2
preposal instroctiors. Changes in detector performance (had pixels, dark corrent,
read noiss, linsarty) will be monitor=d.

Flat Fields

All filters will have SLTV flat fizlds. We sxpect to bootstrap thess to on-orhit
flat fizlds doring S™OV and to monitor their stability with the int=rnal flat field
lamps. As was done for WEPCZ, this bootstrap calibration will be based on a
small nomber of onorbit flats. We expect to obtain sky and earth flats for all
WICHOS filters doting the conse of Cycle 7 with some filtes being designated
for a greater calibration effort based on nsage and their role in the photometric
EyEtem.

Background Characterizations

MICHM OS5 will see significant thermal backgmund from the HST optics.
Continuing chamcterization and definition of optimal observing strategies
(particolarly for very deep observations) will be performed doring SHOV and
Cyele 7.

Point Spread Function

We will obtain a detailed characterization of the PSF in a few filters during
SMOW incloding the effects of intm-pixel sampling. As with WFPC 2, standard
star observations will resnlt in nominally exposed P5Fs at the defanlt apertore
positiors. Observers who require PSFs in specific filters and/or locations within
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the field of view are advised to include these in theirown programs. The stability
of the PSF will be monitored and the optical alignment and focus maintained.

Coronograph
The ability to position a star behind the coronographic mask will be enabled
during SWOV. This necessitates a faidy high guoality astrometrc calibration of

Camem 2 and shonld also resolt in high quoality Camem 1 and 3 astometry. The
PSF within the comnograph will also be characterized.

Grisms

The dispersion and flox calibration of the grism mnlti-object spectmgraphs
will be carried ow during Cycle 7. The PSF as a function of wavelength will be
det=rmined.

Polarizers

Thronghpnt, position angle, and polarization calibrations will be obtained
during Cyele 7.

Time Variability

While the instrumert is expected to be wery stable these calibration
obesrvations will monitor any mpects of the MICHIOS performance that might be
time variable. Tepically, observations will be made at 3 monthly imervals to verify
that the performmance has not changed significantly.

Photometric Calibration

Flux Standards for NICMOS Absolute Calibration

The absalot= flux calibration of MICKIOS will be calcnlated from obs=rvations
of standard stars with known flox distribotiors Fri). The s=nsitivity as a fuonction
of wavelength for the dispersed spectra from the grisme is determined directly
from the known Fii) and the observed response, after any required cormctions for
flat fizld response. Semsitivities for the filtes are calcolated from obssrvations of
the standard stars accoming to the synthetic photometry procedore detailed in
Koomeef er al. (1986). Since the pipeline calibmtion cannot otilize color
infomnation, the h=ader of the rednced data will comtain the calibration constant
fior the filter that specifies the equivalent flx for a carstant spactral distribution as
a fonction of wavelength. For convenience, this calibmtion constant appears
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twice, once in Jansky wvnits and once in eig st em? Al units. Color

trarefommations conld be defined for post-pipeline data analysis.

White Dwart Absolute Standards

The flx distribitiors of our primary standard stars are defined by models for
the fonr pure hydmwgen white dwarfs in Table 15.2 (Bohlin, Colina, & Finley
19251, Bohlin 11994) 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 fow pewent fiom L150-9200A. Observatiors of this s=t of
standard staE pmdoces consistent absol me flux cali brations on the WD scale faor
the corrent HST instroment complement. Unfortunately, only the four white dwarf
flux distribitions are corremtly available to the limit of MICHIOS coverage at
25 Um

Table 15.2: 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
MICHIOS, Bl. Ricke, R. Thompson, and collaborators at the Uiniversity of Abzona
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:

1. That the absolmtely 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 solaranalogs are identical to the solar spectmim, ie.,
agres within the 2% uncertainty in the shape of the flix distribition at infra-
red wavelengths.



Fhaotomatric Calibration [l 295

The solar-analog method was msed in the past to determine the absolme
calibration of nearinframd photometry (Campins, Ricke, and Lebofsky, 1985) at
gound-based observatories. The accoracy in the absolme calibmtion was at least
5%, and for some bands, 2% to 3% (Campirs =t al., 1985).

As a check on the solar analog method, the groond-based program inclodes
obesrvations of the WD G191B2B. Furthermore, FOS observations of three po me
solar analog candidates listed in Table 15.3 will be made doring Cycle 6. The FOS
red detector will be msed with the high msolmtion G780H, G570H, G400H and
G270H to obtain high signal to noise spectm of these thres candidates aver the
2200 to 8500 angstroms mnge to verify agreement with the solar flim distribotion.

Table 15.3: Prime Solar Analeg Candidatss

Star ¥ K E{E-V) B-W W R 2507 DEC(1250) No.®
F4l-C 1194 10 56 a.al 0.a2 .69 451428 +71:55: 25 4
FL73-D 1350 1209 Q.al .63 Q.71 1557432 474507 3
F3i3-E 1303 1162 Q.al .63 0.7+ la29:358 +30:1 5:09 5

a. Mo, indicates the hombel of obssivations in hand by the UL of Alizoha gloop oz of %6Feb2l. Fou
th= Sun, B-V=0633 (Taylt 1994, and V-I=0.703 (Besze|l and Mowi 1984).

Ground Based Calibrations

The existing nearinfrared standard star lists used by ground-bassd telescopes
are inadequate for MICKIOS becanse they are too bright and there is a dearth of
gnitable obs=rvations to role oot low-level Mear1R variability for most stars. As
we mentionsd previowsly, to counter this pmblem, a largs progmm of 1, H, K
photometry has been condocted by a team lead by WMarcia Rieke of Stewamd
Observatory. The star selection is  based wvpon HST  Goide  Star
Availability/ Suitability Windows.

In the Morthern Hemisphere observations have been perfommed with a
WICHO0S2 army an the Wit. Lemmon 60" & Kitt Peak 90" and in the Southern
Hemizpher with a WMIC K053 amay on the Las Campanas 40"

The primary goals of the progmm were:

+ Relative flux references accorate to 1.5% for standard photometry.

+ Color transformations between ground based and WICH OS5 systems.

+ Relative absolote wavelength & spectrop hotometric references for Grisms.
+ Polarization standards.

Sample Selection

Solar analogs from HST Goide Star Photometric Sorvey |Lasker and Sturch)
form the main flux references to bridge the gaps in atmespheric tmnsmission.
Solar analogs were chosen becanse:

* Dispemion in Mear LR colos is very small in G-stars.
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+ Mlinimom nomber of strong s pectral featires in Mear1R.
+ Solarspectmm available thooghom range of MICWVOS semsitivity.

A small nomber of nonevariable W-dvwarfs, with V-l == E, and which do not
show emission lines in their spsctrom have also besn meed to enable color
trarefommations, as have thme White Dwarfs (HZH, Feige 66, and G191B2B)
take=n from Table 15.2.

The data has been cross-calibrated vsing the list of Elias et al. (1982, Al, 87,
1029). The majority of the targets will have been observed on at least 5 nights to
scresn for varables af the 1.5% level.
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Appendix

In This Appendix...
Ramp Mode /301

Ramp Mode

The RAKP mode is an inttinsically differ=nt way of obtaining an image which
can be thongtht of as an on-board hybrid betwesn ACCTM and MULTIACCUM,
prviding a limited version of the advantages we described for MULTIACCUM
with the simplicity of 20T, producing a single output image at the end af the
exposnre. RAMP mode is appropriate when high dynamic mnge or cosmic ray
cleansd observatiors are raquired bt the data volume is comstrainad. The basic
ideas behind the RAMP mode are illustmted in Figore 7.4

401
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As in the case of the MULTIACCUM mods, in RAMP mode the initial detector
readont, which abtaire the initial pixel values, is followed by a number, N152MP, of
non-destroctive readonts, vp to a maximuom of 254, Both the integration time T
and the number of passes NSAMP are s=t by the observer in the proposal. Unlike
the madouts of MUL TIACCUM the intemmediate madonts in RAMP mods most be
at equal intervals during the exposnre 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 snb-reads occur at intervals of TMISAMP. As illostrated in
Figure 7.5. each of the mmp samples are fomned by taking the differnce between
the comolative signal mcomed after the coment read and that obtained at the
previons read.



Figure A2: 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 values of the slops or ramp of each 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 satnmtion 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.3 and Figure A4

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.3 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, £, 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 A3: Ramp Mode Opearation for Uncontaminated Signal
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Figure A4 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 A3 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 A4: Ramp Mode Opaation for Signal Contaminated by Cosmic Rays
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RAN P mode also discontinnes the processing on a pixel once the signal in the
pinel reaches a level in which the deviation from linsarity is > 2%. As shown in
Figure A5, 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
obssrvations. Figne A5 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 timeThe hotizomal line matks the
satnmtion or nonlinear thieshold. The bottom panel shows how the guality flag
wounld have been evalnated 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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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 made will retorn an ontput array withoot the dark coment 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 therefor crucial to the
functioning of the mode & a failue to treat it properly will invalidate ramp mods
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
possible to remove them withow 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 emwor
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 counnt 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
occnr dutng 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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Glossary

The following terms and acmnyme are used in this handboak.

A-D: Analog 1o digital.
CCD: Chatge-conpled device. Solid-state, light defecting 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.

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.

FAQ: Frequently asked questions.

FGS: Bine Guidance Sensots.

FITS: Flexible [mage Transpoil Sysltem. A genenic IEEE- and
MASA-defined standaid used for sioting image data.

FOC: Faint 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.
FWHM: Full width a1 half maximom.

297
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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: Infrared.

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 Mitvor (ot mechanism).

FI: Principal investigator.

FODFS: Post-Obsetvation Data Processing Svsiem.
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

STECF: Space Telescope Entopean Cootdinating Facility.
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STEIS: Space Telescope Electionic Information Sysiem. The World Wide
Wb host trom which information, software, decumentation, and
other tesoutces petiaining 1o the HST can be oblained.

ST15: Space Telescope Limaging 5pectiograph.

5T5cl: Space Telescope Science Lnstitule.

STSDAS: Space Telescope Science Data Analysis Sysiem. The complsie
snile of data analysis and calibtation roulines used 1o process HST
data.

SV Science vetification. Process of laking obseivations that can be nsed
tor HST instinment calibration.

TAC: Telescope Allocation Comimitiee.

L'RL: Uniform resonrce locaton Address for WWW.
LV Uliraviol=t.

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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nzs=d in ithis manunal 297
apeilonie

defining +8

MIC1 through NIC3-FLX 48

MLC2-ACQ 52

MNIC2-COROM™ 52
aichive

calibraled data 275

file formats 13

reference files 276
artay

compatison o CCD 25

datas=t 282

tead 107

tesel 107
associalion
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Index

dalasels
alomic lines 264
attached parallel 27

background radiation
calibtation exposures 292
ground-based 28
in exposure calculations 76
infraved 28
low skv 31
specitoscopy 68
slability 30, 287
saubltaction 139
thetmal 14, 30,92, 125, 126, 129,

139, 142, 286

zodiacal light 30

bad pixels
detecior 92

bandpass
ses "Aller”

bright object mode ., see "BERIGHT-

oBI"

EBERIGHTOEI
data fotmat 282
exposute limes 115
function of 106
mode, desciib=d 114
crvethmads 123

C

calibration
backgronnd 292
calnica 278
calhick 281
cotonogtaphy 287, 293
cycle 7 goals 287,289
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described 275 CO lines 264

detector peiformance 287,292 color

sxpecied accoracy 285 effecti on sensitivity 102

flal fi=lds 97, 292 coordinats system

giism 293 MICKOS 49

photometric 287,292, 293-296 cotonogtaphy 18

point spiead function 287,292 apetiure 48

polatimetry 293 calibration exposures 293

reference files 276 cotonoglaphic mask 52

sofiware 278 cotonogtaphic spot 51

sonices 289 expecied accuracy 287

slais image conirasi, P5F
F330E 295 centeting 54

stats, G191BIB 294 laigel acquisition 52, 116

slats, GD153 294 laigel acquisition overhead 1272

stars, GD71 294 N —

stars, H243 294 effect 96

siars, PO41-C 295 RAMP 304 309

slais, P1770 295 nhoetainly 286

nnsuppotied modes 13 Cvcle 7 i

calnica task 278 calibtation goals 287

calnickiask 281 s o s "F.L'-:.Pcaul"

caineta
attached parallel 27 D
changing, overhead 123, 128 datk cutrent
cotonography 51 calibration in ACCUM or
field of view 22 MULTLACCUM 112
fillers 36, 155 detecior 25,92
olii=mialion 22 exposute times 113
oveth=ad 123, 128 RAME 308
polatimetry 36 data

tesolntion 22

specitoscopy, cameta 3 o4

associations
calibtation process 275

cameta 1 through cameta 3 datas=i 117. 283
see "cameta” and "Alter” described 276, 282

cco ettor attay 283
compated 1o MICMOS array 25 formal 282

chop _ inlegration lime artay 283
described 141 [ ’

quality 283

examples 147 quality Hags 283

ovethead 123 teadoul, overhead 123
F‘_ﬂ“ﬂ” 143, 145 samples artay 283

size 153 scienoe dataset, sttucior= 117
SFIRAL-DITH-CHOP 131 scimnos image 283
TWO-CHOP 128 definitions

YSTRIP-DITH-CHOP 130

{=itres used in this manwnal 297



detecior

artay reset 107

arrays 91,95

bad pix=lz 92

bias 93, 107

datk cutvent 25,92, 112,287

datk frames 93

describad 25,91

DQE 92

dvhamic tange 92,935

flal fields 97,102, 287

flat fi=lds, for specitoscopy 104

Hat fields, photometiic
accotacy 102, 104

fat fizlds, wavel=ngth
dependence 100, 104

inita- pinel sensitivity 97

laige scale vatiation 97

linearity 92,95

pixel response 97

pixel-lo-pixe| vatiation 97,99,
102

quadranis 91

quaninm sthciency 92, 101

teadnoise 92,95

teadonl modes 25, 105

response 92,95, 101

salntalion 92,95

shading 26,93, 112,287

dewar 20
dither

described 141, 145

examples 147

crvethmad 123

pati=tn 143, 145

size 153
SPIRAL-DITH-PATTERM 134
SQUARE-WAVE-DITH 127
KSTRIP-DITH 128

Y STRIP-DITH-CHOP 130

decuineniation

World Wide Web 2
dynamic tange
detecior 92
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E

EIGHT-CHOP 14&
emission lines
exposure limes 78
epsilon diagrams 42, 68,
sltol artay
desciibad 283
examples
chop 147
dither 147
signal-lo-noise calculation 84
exclusion
diagtaimes, desctibed 44
diagtaims, nse of BS
FCROM., cameta 1 157
FCaah, camera 1 159
FCOTM, cametra 1 161
F108M, came=ta 1 163
F108M, cam=ta 3 221
F110M. caime=ia 1 165
F110W, cameta 1 167
F110W, camera 2 189
F110%, cameta 3 223
Fl113M, came=ta 1 169
F113M, cam=ta 3 225
F140W caime=ia 1 171
Fl4530h. cameta 1 173
F130W, camera 3 227
Fl1a0W, cameta 1 175
F1a0W, camera 2 191
F1&60W, camera 3 229
FladM, came=ta 1 177
FledM, cameta 3 230
Flashl, cameta 1 179
Flashl, camera 2 193
Flaah, came=ta 1 181
Flaahl, cameta 3 232
F170M. caime=ta 1 183
F171M., cameta 2 195
F175W, camera 3 234
F180W, camera 2 197
F187M, cam=ta 1 185
F187H, came=ta 2 199
F187M, came=ta 3 236
F187TW, cameta 2 201
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F190M, cameta 1 187
F190M, cameta 2 203
F190M, came=ta 3 238
Fl19ah), cameta 3 240
E2OOM, cameia 3 242
F204M, cameta 2 205
F205W, camera 2 207
F207W, cametra 2 209
F212M, came=ta 2 211
F2120, came=ta 3 244
F215M, came=ia 2 213
F215M, came=ia 3 2465
F216M, cameta 2 215
F2220, camera 2 217
F2220, cam=ta 3 248
F237h. cam=ta 2 219
E2400. caime=ia 3 250
grisms 68-74
polatizets 539463
exclusion diagtans, nse of 86
exposute (se= "data” and "imag-
ing"]
expos ute limes
background radiation 76,79
BRIGHTOREI 115
calcolating 75, 80
calcolating by hand, emission
lin= sonrce 88
calcuolating by hand, line plus
conlinuom 88
calibration slat 87
datk cutrent 113
emission line coniti bolion 78
mimission line sontce 88
exclusion diagtanms, using 86
glism observalions 90
high background 85
instrument patameiers 80
instrumental faciowrs 76
line plus continonm source 88
low backgiound 84
ovethead 122
signal-to-noise, calculating 78
sofiwate 1ools §2
World Wide Web 82

exi=nded soutce
backgronnd subiraction 142
exclusion diagrans 4+
sensitivily cotves 42

F

FCRCM thiough F237TM
se= filler”

FAST
crvetheads 123
teadouti mode 113
teadonl mode, desctibed 107

field of view
cametas 22

fizld oftset mirtor 13
oplical path 20
PSF 47

file
data formats 13, 282

filler
available, list of 36
bandpasses 37, 39,41
catoeta 1 36
caimeta 2 38
caimeta 3 40
describad 22, 36
encitcled sneggy 45
EOROM., caim=ia 1 156
ECRSM, cameta 1 158
FCOTM, camera 1 160
F108M, camera 1 162
E108M, cam=tra 3 220
F1100d, came=ta 1 164
F110W caimeia 1 165
F110W, cameta 3 222
F113M, camera 1 168
F113M, camera 3 224
F11W, cam=ta 2 188
F140W, came=ta 1 170
Fl45M, caim=ia 1 172
F1530W, cameta 3 226
F1a0W, cameta 1 174
F1&0W, camera 2 190
F1a0W, came=ta 3 228
Fledh), cam=ta 1 176
FladM, caime=ia 3 230



Flashl came=ta 1 178
Flashl, cameta 2 192
Flaoh, cam=ra 1 180
Flaahl, cam=ra 3 232
E1700, caim=ia 1 182
F171M. came=ta 2 194
F175W, cametad 234
F1800, cameta 2 195
F187TM, cam=ta 1 184
F187TH, caim=ta 2 198
F187TM, caime=ia 3 236
F187TW, caimeia 2 200
F190M., camera 1 186
F190M, camera 2 202
E190M, cam=ra 3 238
Fl19ah), cam=ta 3 240
E2OOM, caime=ia 3 242
E204ML cameta 2 204
F205W, camera 2 206
E207TM, cameta 2 208
E212M, cam=tra 2 210
F212M, cam=ta 3 244
E215M, caime=ia 2 212
F215M., cameta 3 246
F216M, camera 2 214
E2220, cameta 2 216
E222M, cam=ta 3 248
E237TM, cam=ta 2 218
E2400, caime=ia 3 250
Cooa a9

G141 71

C206a 73

l=aks, oul of band 4+
notme nclatoi= 36
crvetheads 122
POLOL &2

POLOS &0

POL120L &2
FOL120S5 &0
FOL240L &2
FOL2408 &0
polatimetry 59

P5SF atea 45

ted [=aks 44
sensitivily cotves, polatizers 59

specitoscopy 36, 68
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filtet s=nsitivily patameters 80-82
FITS
data format, handling 284
MICWMOS data format 282
flatheld
calibtation exposures 292
chatacietistics 97
response 97
fux
lansky 255
magnilude sysiems 254
magniludes, zeto point 32
unil convetrsion 32, 255
nnil conversion, examples 264+
units 4,32, 253,255
flux calibration
slandaid stais 293
EON
see "feld offset mittor”
FOUR-CHOP 146

G

glism
available 40
B cominouim, F150W, cameta
3 226
calibtation exposures 293
desciibed &4
exposure limes 90
flat fielding 104
overthead 130
specitoscopy 18, 64
specitoscopy, molti-object 104
guide star
acquisition overhead 122
reacquisilion overhead 122

H

he=linim lines 264

Help Desk
conlacting 8

high background
sighal-io-noise 85

hvdrogen lines 264
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iinage

bac kground 139

imaging

desciibed 17

fillers 36, 155
polatimetry 18
sensitivily 24,42
sensifivity limits 18

insttnment 48

see also "TACCUM." and "MWILIL-
TLACCLIW"

attay, linsatity 95

caimeta oii=nlalion 22

capabilities 23

compared 1o WEPC2 or
STLS 23

cootdi nale sysiem 49

design 18

fizld offs=t mmitior 13,20

fillers 4

optics 20

orveiview 3, 18

polatization 36

polatizets 56

pupil alighment mechanism 20

RAMPE mode 13

sefup time, ovethead 122

nnsoppotied modes 13

inlegration lime

exclusion cotves, using 86

integration lime attay

desctibed 283

integtation times 73

L

li neatily

delecior 92,95

line=s

alomic 2o
molecolar 264

low background

sighal-io-noise 84

LOW-SKY

background option 31

M
magnitude
CIT sysiem 257
flux convetsion 256
infrared system 254
UKIRT sysiem 257
z=to poinis 237
mode=s
detecior teadonl 25, 105
nnsuppotied 13
molecular linss 264
mosaic
example ovethead 127
crvetheads 131
melion
telescope 141
MULTLACCUM
datk cutt=ni calibration 112
data format 284
dvnamic tange 111
example, overthead 125, 128
function of 106
mode, desciibed 25, 110
crvethmads 123
SAMP-TIME 110
multi-objec speclicscopy 65
multiple accumuol ate mode, see

"MULTLACCUR"

N

MLC] throngh NIC3-FIX

see "aperiore” 48
MLCMOS

se= "insiroment”
MLCHMOS-0ORIEMT 49
non-desttoclive tmadont 107,111
MEEAD 108
MEAMP 111,302

(8]

obsetvation
allached parallel 27
cotonogtaphic, planning 54
glism, planning &6
polarimetry, planning 58



obssivations
planning 32

OME-CHOP 14&

opetaling mods
crvetheads 122

oplical elements
fillers 36, 155
grisms 40, 64
polatizers 36

oplics
dewai 20

COPUS [z=e "calibiation” and

"pipeline)

otbils
example calculation, map 127
example, change camera 128
requited, calculating 124

DORIEMNT 49

otienlalion
described 49

orveth=ad 128
cameta change 123
chopping 123
cotonogtaphy 124
data management 123
dithering 123
example, calibration star 134
example, cametra changs 128
example, giism 130
example, map 127,131
example, polatimetry 126
example, specitoscopy 130
examples 124
exposure 122
genetic 122
guide slar acquisition 123
in obsetvations 121
instroment setop 123
instrument-specific 122
obssrvatlory level 122
slews 123

ovetheads

POSTARG 123
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P
BPAM
see "pupil alignmeni mecha-
nism"
parallels
attached 27
pati=tn

chop 131,141
chop size 153
dither 131, 141, 145
dithet siz= 153
EIGHT-CHOP 14&
FOUR-CHOP 144
nlJl'L'Il:fL'D‘FEiEFE 153
OME-CHOP 14&
otiznl 153
orverth=ad 128
ovetheads 131
patametiss 1353
SPIRAL-DITH 145
SOUARE-WAVE-DITH 145
TWO-CHOP 146
KSTRIP-DITH 145
Y¥STRIP-DITH 145
Phase=IL
see ' proposal
photometry
calibration 293-29¢
calibration exposures 292
expecied accuracy 287
pipeline
calibtation process 275
point sontce
background subitaction 142
exclusion diagrams ++
sensitivily cutves 42
point spr=ad function (s== "PSF")
polatimetry 18
example 126
expecied accuracy 287
fillets 36
instrumental polatization 36
polatization angle 57
polatization degres 57
polatized intensity 57
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sensitivily 42
speciial coverage 36,56
Stokes patametets 56
polatizets
calibtation exposures 293
catneta 1 &0
caineta 2 62
desciibed 56
FOSTARG 123, 152
proposal
insituclicohs 7
ovetheads, exposure 122
peifotmance updates 12
submission process 7
thermal backgronnd 14
nnsuppotisd modes 13
F5F
area of 43
calibration 292
encitcled eneigy 45
fizld ottsel mittor 47
pupil alighment mechanism
oplical path 20

Q
quality Hags array
desciibed 283

R

FAalP
cosmic tays 304, 309
datk cutt=nl 308
data format 282
funclion of 106
limitations 308

teadout mode, desctibed 13,302

salntation 304
tmadnoise
desciibed 95
detecior 92
teadont
ACCUM mode= 106, 108
ACQ made 106, 116

ERIGHTOE] modes 106,114

BRIGHTOE], exposute

time=s 115
FAST mod= 107,113
modes, detecior 105

MULTIACCUM mode 106,110

noh-destinclive 107
MEAMP 111
cvethead 123
FAWMP mode= 106, 302
SAMP-TIME 110
SLOW mede= 107,113
teadoul mod=s
deleciot 25
refetence files
calibration 27&
resoluiion
caimetas 22
te-use latgel acquisilion

described 26

S
SAM

see 'small angle motion” 48

samples artay
describad 283
SAMP-TIME 110
salntation
dmmcio 92
software 83
RAME 304
sciences image
describad 283
sm= also "data”
sensitivity
calculating 78
culves +2
FCROM., cameta 1 156
EFCR5SM, camera 1 158
ECOTI, came=tra 1 160
F108M, cam=tra 1 1&2
F1OBM, caim=ia 3 220
F110M. came=ta 1 164
F110W, camera 1 1646
EF110W, camera 2 188
E110W, came=ta 3 222
F113M, cam=ta 1 168
F113M, caime=ia 3 224



F140W, cameta 1 170
E1500W, cameta 3 226
E1aW, came=ta 1 174
F1&W, came=ta 2 190
Fl1a0W caimeia 3 228
FledM, cameta 1 176
FlodM, camera 3 230
Flashl, cameta 1 178
Flashl, came=ta 2 192
Flashl, cam=ta 1 180
Fl&ashM, cammeia 3 232
E1700, caim=ia 1 182
F171M. cameta 2 194
E1753%W, cameta 3 234
E1800, cam=ta 2 197
F187TM, cam=ta 1 184
F187TM, caime=ia 2 198
F187M., cameta 3 236
F187TW, camera 2 200
F190M, cametra 1 186
E190M, came=ra 2 202
F1900, caim=ta 3 238
Fl19aM, caimeia 3 240
F200M, cameta 3 242
F204ML camera 2 204
E205W, camera 2 206
E207TM, cam=ta 2 208
F212M, cam=ta 2 210
E212M, caime=ia 3 244
F215M, cameta 2 212
F215M., cameta 3 246
F216M, camera 2 214
E222M, cam=ta 2 216
E2220, cam=ta 3 248
E237TM, caim=ia 2 218
E240M., came=ta 3 250
glisms 68
imaging 24
limmis 18
polatizers 59
vatiation, inita-pixel 97
vatiation, wavelzngth 99
selvicing mission observalory ver-
ification (se= "SMOV™) 289
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shading

datk cuttenl removal 112

desciibad 26,93
shuii=t

deleciod tesel 107
signal-io-noise

calcolating 78

example calculations 84

sofiware 83
sky btighiness

rodiacal backgronnd 30
SLOW

ovetheads 123

readonl mode 113

rmadoul mod=, desciib=d 107
SLTYV 289,290
small angle motion 48, 153
SMOY 290

activities 291

l=sting 289
sofiware

exposute limes 82

speciioscopy teduclion 66
solar analog

absolule standatds 294
speciioscopy 18

ceniral wavelength &4

complex fislds 66

data teduction sofiware 65

dispetsion G5

CCas a9

G141 71

G205 73

grism, described &4

giism, genetal 18

grism, multi-object 63, 104

multi-object 65

sensitivity 42,68

specital coverage o4
SFIRAL-DITH 145
SFIRAL-DITH-CHOP 145
SOUARE-WAVE-DITH 145
standatd stals

calibration 294

S191B2E 294

G0153 294
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GD71 294
gronnd-based calibration 295
H243 294
PO41-C 295
P177-D 295
P330-E 295
STIS
compared 1o NICWMOS 23
Stokes parameiers
polatimetry 36
STSDAS
calibration 276
sysiem level thetmal vacoum test
(see "SLTV")

T
laigel acquisition

ACD mode, describad 26

aperiure 48

cotonogtaphy 52

intetactive 26

ohboatd 26, 116

onboard acquisition 52

ovetheads 122

te-nse latgel offsel 26
l=lescope

motion 48, 141

molion, ovethe=ad 122

small angle motion 48, 133
thetmal background 14,30, 286
thetmal vacowm 1est

Ise= "SLTV")
lime

ovetheads 121
time variability

calibtation exposures 293
TWO-CHOP 146

U
unils
in Handbook 4
sez also "flux" and "wavelength”
unsuppotisd modes
calibtation 13
usel suppoil

Help Desk 8
w

wavelengih
sensitivily vatiation 99
nnils +
WFEPC2
compated 1o NMICMOS 23
white dwait
calibialion slandaids 294
World Wide Web
documents 9
exposute ime calculations 82
glism exposute times 90
MNICMOS web page 9

X

X5TRIP-DITH 145
XSTRIP-DITH-CHOP 145

Y

YETRIP-DITH 145
YSTRIP-DITH-CHOP 145

Zz

zodiacal light
background 30



