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PART I:

Introduction

The Chapters in this Part explain how to use this Handbook, where to go
for help, and special considerations for using ACS in Cycle 11.



CHAPTER 1:

Introduction

In this chapter. ..

Purpose / 4

Handbook Layout / 5

Preparing an Observing Proposal with ACS /8
The Help Desk at STScl /8

The ACS Instrument Team at STScl/ 9

The ACS Web Site and Supporting Information / 9

The Advanced Camera for Surveys (ACS) is a third-generation
instrument that will be installed in the Hubble Space Telescope during
Servicing Mission 3B, currently scheduled for January 2002. Its primary
purpose is to increase the discovery efficiency of imaging with HST by
providing a combination of detector area and quantum efficiency that
surpasses thal available from current instruments by a factor of 10 or so. It
consists of three independent cameras that provide wide-field, high
resolution and ultraviolet imaging capability respectively, with a broad
assortment of filters designed to address a large range of scientific goals.
Additional coronographic, polarimetric and grism capabilities make this a
versatile and powerful instrument. This Handbook provides
instrument-specific information you need to propose for ACS observations
(Phase 1), design accepted programs (Phase II), and understand ACS in
detail.

This Chapter explains the layout of the Handbook and describes how to
use the Help Desk at STScl and the STScl ACS World Wide Web (WWW)
pages 1o get help and further information. Instrument and operating updates
will be posted on the ACS web pages.
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Purpose

The ACS Instrument Handbook is the basic reference manual for the
Advanced Camera for Surveys, and describes the instrument’s properties,
expected performance, operations and calibration. The Handbook is
maintained by scientists at STScl. Additional information has been
provided by the Investigation Definition Team, led by Dr. Holland Ford of
Johns Hopkins University, and by the principal contractors, Ball
Aerospace.

We have designed the document to serve three purposes:

* To provide instrument-specific information for preparing Cycle 11
Phase [ observing proposals using ACS.

* To provide instrument-specific information to support the design of
Phase II proposals for accepted ACS programs, in conjunction with
the Phase II Proposal Instructions.

* To provide technical information about the operation and expected
performance of the instrument, which can help in the understanding
of problems and in the interpretation of data acquired with ACS.

Document Conventions

This document follows the usual STScl convention in which terms,
words and phrases which are to be entered by the user in a literal way on an
HST proposal are shown in a typewriter font (e.g., ACS/WFC, F814W).
Names of software packages or commands are given in bold type (e.g.,
calacs).

Wavelength units in this Handbook are in Angstroms (A), and fluxes are
generally given in erg cm2s"1A™).

Examples Used in this Handbook

To illustrate the use of ACS, we have devised a set of representative
programs that cover a range of its capabilities. We hope that they will prove
helpful to users both in determining the capabilities of the instrument and
in writing the proposal to request HST time. The examples are:

1. Wide Field Channel imaging of a faint point source.

2. Solar Blind Channel (SBC) prism spectroscopy of a faint standard
star.

3. Polarimetry of the jet of M87.
4. SBC imaging of Jupiter’s aurora.

5. Coronography of the circumstellar disk of B Pic.
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Handbook Layout

To guide you through ACS’s capabilities and help optimize your
scientific use of the instrument we have divided this handbook into four

parts:
* Part I - Introduction
¢ Part Il - User’s Guide
» Part Il - Supporting Material
* Part [V - Calibratton

Figure 1.1 provides a rcadmap to navigating this Handbook.
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Figure 1.1: ACS Handbook Roadmap for Proposal Preparation
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The chapters of this Handbook are as follows:

Part | - Introduction

Chapter 1, Introduction, includes information about getting help.

Chapter 2, Special Considerations for Cycle 11, describes special
policy considerations for using ACS during Cycle 11.

Part II - User’s Guide

Chapter 3, Introduction to ACS, provides an introduction to ACS’s
capabilities. A discussion is provided to help guide you through
the technical details you need to consider in choosing the optimum
ACS configuration and in determining the number of orbits to
request.

Chapter 4 - Imaging, provides a description of ACS’s imaging
capabilities, including camera resolutions and sensitivities.
Chapter 5 - Polarimetry, Coronography and Prism/Grism Spec-
troscopy, provides detailed information on these specialized obser-
vation modes.

Chapter 6 - Exposure Time Calculations, describes how to perform
signal-to-noise calculations, either by using pencil and paper, or
by using software tools that are provided on the World Wide Web.
Chapter 7 - Feasibility and Detector Performance, provides a
description of the three detectors and their physical characteristics,
capabilities and limitations, including saturation, linearity and
bright object limits.

Chapter 8 - Observing Techniques, describes some methods that
can be used to obtain the best science from ACS, including dither-
ing and the use of pre-defined patterns that mitigate the effects of
detector imperfections.

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

Part I1I - Supporting Material

Chapter 10 - Imaging Reference Material, provides summary
information and filter transmission curves for each imaging filter.

Part IV - Calibration

Chapter 11 - Pipeline Calibration, briefly describes the processing
of ACS data by the STScl pipeline and the products that are sent to
observers.
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- Chapter 12 - Expected Calibration Accuracies, summarizes the
accuracies expected for ACS data calibrated by the STScI pipe-
line.

- Chapter 13 - Calibration Plans, provides an overview of the cur-
rent state of ACS calibration and how that will change as we go
through Servicing Mission Observatory Verification (SMOV) and
Cycle 11 calibration.

Preparing an Observing Proposal with ACS

Use the ACS Instrument Handbook together with the Hubble Space
Telescope Call for Proposals for Cycle 1] (CP) when assembling your ACS
Phase I proposal. In addition the HST Primer provides a basic introduction
to the technical aspects of HST and its instruments, and explains how to
calculate the appropriate number of orbits for your Phase I observing time
requests. The CP provides policy and instructions for proposing; the ACS
Instrument Handbook contains detailed technical information about ACS,
describing its expected performance, and presenting suggestions for use.
The next Chapter in the Handbook describes special considerations for
Cycle 11.

If your Phase 1 proposal is accepted, you will be asked to submit a Phase
IT proposal in which you specify the exact configurations, exposure times
and sequences of observations that ACS and the telescope should perform.
To assemble your Phase II proposal, you should use the ACS Instrument
Handbook in conjunction with the Phase 1 Proposal Instructions. The
Instructions describe the exact rules and syntax that apply to the planning
and scheduling of ACS observations and provide relevant observatory
information.

The Help Desk at STScl

STScl maintains a Help Desk, the staff of which quickly provide
answers on any HST-related topic, including questions regarding ACS and
the proposal process. The Help Desk staff have access to all of the
resources available at the Institute, and they maintain a database of answers
so that frequently asked questions can be immediately answered. The Help
Desk staff also provide STScl documentation, in either hardcopy or
electronic form, including Instrument Science Reports, and Instrument
Handbooks. Questions sent to the Help Desk are answered within two
working days. Usually, the Help Desk staff will reply with the answer to a
question, but occasionally they will need more time to investigate the
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answer. In these cases, they will reply with an estimate of the time needed
to reply with the full answer.

We ask that you please send alf initial inquiries to the Help Desk. If your
question requires an ACS Instrument Scientist to answer it, the Help Desk
staff will put one in contact with you. By sending your request to the Help
Desk, you are guaranteed that someone will provide you a timely response.
To contact the Help Desk at STScl:

* Send E-mail: help@stsci.edu (preferred)

* Phone: 1-410-338-1082
Toll-free in the U.S.; 1-800-544-8125

The Space Telescope European Coordinating Facility (ST-ECF) also
maintains a Help Desk. European users should generally contact the
(ST-ECF) for help; all other users should contact STScl. To contact the
ST-ECF Help Desk:

* Send E-mail: stdesk@eso.org

The ACS Instrument Team at STScl

STScl maintains a team of Instrument Scientists, Scientific
Programmers, and Data Analysts who support the development, operation
and calibration of ACS. The team is also responsible for supporting ACS
users. The current membership of the ACS team can be found on the ACS
WWW pages under “Help”.

The ACS Web Site and Supporting Information

The ACS group at STScl maintains a World Wide Web (WWW) site, as
part of STScl’s web service. The address for the STScI ACS page is:

http://www.stsci.edu/instruments/acs
The STScl ACS pages are currently in the process of being redesigned, but
will include sections that fall into the following categories:
* Advisories: This is where new and important information is posted

* Documents: Electronic versions of this Handbook will be main-
tained on the WWW site. In addition, more detailed technical infor-
mation concerning the development, performance, testing, operation
and calibration of ACS are contained in a series of ACS Instrument
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Science Reports (ISRs) and STScl Analysis Newsletters (STANS).
These reports can be downloaded from the WWW pages or paper
copies can be requested from the Help Desk.

* Tools: This section includes the Exposure Time Calculator (ETC),
which can be used to predict exposure times for ACS observations.

* Calibration Information: Includes the most up-to-date calibration
information, links to the locations of reference files and discussions
of calibration strategies.

* FAQs: Answers the most Frequently Asked Questions
» Help: This section tells you whom to contact when you need help.

Other information, not specific to ACS, can generally be accessed through
the top-level STScl web page: http://www stsci.edu/
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Special
Considerations
for Cycle 11

In this chapter. ..

ACS is a New Instrument / 12

SBC Scheduling Policies / 12

Prime and Parallel Observing with the SBC /13
Policy for Auto-Parallel Observations / 14

Data Volume Constraints / 15

Charge Transfer Efficiency /15

ACS will be installed in HST as part of Servicing Mission 3B, currently
scheduled for January 2002, During the same mission, NICMOS Cooling
System (NCS) will be inserted, with the result that the Near Infrared
Camera and Multi-Object Spectrometer (NICMOS) will be returned to
scientific operation. In addition, the Solar Arrays will be replaced with
smaller, rigid arrays and a Power Control Unit will be changed out. As has
been the case with earlier servicing missions, observers must appreciate
that it will take time for us to understand, calibrate and optimize the use of
these new capabilities.

1R
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ACS is a New Instrument

While planning your Cycle 11 observations, keep in mind that ACS will
be a new instrument. Sensitivities, brightness limits, optical performance,
software and hardware execution times, and other characteristics contained
in this handbook represent our best estimates at this time. Integrated testing
of ACS in a thermal vacuum chamber is currently scheduled for late spring
2001, and on-orbit verification of ACS (SMOV3B) is scheduled for the 3
month period after SM3B.

As we learn more information about ACS, either from ground testing or
on-orbit experience, we will post the information on our WWW site (see
“The ACS Web Site and Supporting Information™ on page 9).

The calibration state of the ACS will naturally evolve quite rapidly over
Cycle 11. Our initial experience will come from ground calibrations, which
are often not directly applicable to what we can expect when the instrument
1s installed in the telescope. The first on orbit calibration exercise for ACS
will be the Servicing Mission Observatory Verification (SMOV) program
that will be executed shortly after installation. In this, the instrument optics
will be aligned to optimize the PSF, and key elements of the performance
will be tested. At some point late in the SMOV process, the base
functionality will have been verified to the extent that GTO and GO science
can be enabled.

More detailed calibration observations will be taken in tandem with
science programs, and the data analysis and delivery of new reference files
will be an ongoing process during the Cycle. Users must expect that the
accuracies we quote in Chapter 12, Calibration Accuracies, cannot be
assumed until the relevant calibrations have been performed and the
reference files or tables updated. We will endeavor to keep users informed
as to the accuracies attainable with the current calibration files through
information on the ACS WWW site.

SBC Scheduling Policies

The STIS MAMA control electronics were found in orbit to be subject
to resets due to cosmic-ray upsets, so the STIS MAMAs are operated only
during the contiguous orbits of each day which are free of the South
Atlantic Anomaly (SAA). The design of the ACS MAMA control
electronics in the SBC was modified so that it would not be susceptible to
cosmic-ray hits. However, since the background count rate exceeds the
bright object limits for the SBC during SAA passage, the SBC will in
general only be scheduled for use during SAA-free orbits. As we expect



Prime and Parallel Observing with the SBC [l] 13

the SBC usage to be relatively low compared to the CCD cameras, we do
not expecl this to pose a problem to users.

Prime and Parallel Observing with the SBC

As explained in greater detail in “SBC Bright-Object Limits” on
page 129, the MAMA detector that ACS uses in the ultraviolet is subject to
damage at high illumination rates. To protect the instrument, we have
established limits on the maximum count rate at which the detector may be
illuminated. These count-rate limits translate into a set of
configuration-dependent bright-object screening magnitudes. These are
summarized in Table 7.6, “Limiting V-band Magnitudes for SBC
observations in various filters,” on page 131.

STScI will perform screening of all SBC exposures prior to scheduling.
Targets not established as safe for the configuration in which they are being
observed will not be scheduled. Observations that pass screening but are
lost in orbit due to a bright-object viclation will not be rescheduled.
Observers are responsible for assuring that their observations do not violate
the SBC count-rate limits. A detailed description of the SBC bright-object
limits and the observers’ responsibility is presented in “SBC Bright-Object
Limits" on page 129.

To assure that STScl can adequately screen observations, special
constraints are imposed on parallel observing with the SBC. More:

* No pure parallels are allowed using the SBC.

* Coordinated parallels are allowed with the SBC only if an exact
spacecraft orientation (ORIENT) is requested and the RA and Dec. of
the parallel field determined. Note that the specification of an exact
ORIENT limits the scheduling of observations to a ~4-8 week
pertod each year. The observer is responsible for assuring that obser-
vations do not violate the SBC count rate limits both for coordinated
parallel SBC observations and for primes.

» The number of SBC imaging snapshot visits accepted in Cycle 11
will be limited to about 100 overall to facilitate screening for bright
objects, and SBC snapshot imaging targets observed will be only
those unambiguously cleared of bright-object concerns.

Table 2.1 below summarizes the policy with respect to SBC observing in
Cycle 11.
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Table 2.1: Bright-Object Protection Policy for SBC Observations

Type of Observing Policy

Prime Allowed if target passes screening
Snapshots Limited in total number to <~ 100
Coordinated parallei Allowed only if ORIENT is exactly

specified and field passes screening

Pure parallel Not allowed

Targets that are one magnitude or more fainter than the magnitude limits
in the screening tables generally automatically pass screening. For a target
that is within one magnitude of the screening limits, observers must
provide a calibrated spectrum of the source at the intended observing
wavelength. If such a spectrum is not available, the prospective GO must
request an orbit in Phase I for a pre-qualification exposure, during which
the target spectrum must be determined by observation in an allowed
configuration (see “SBC Bright-Object Limits” on page 129 for more
details).

Please also note that if you are proposing SBC target-of-opportunity
observations, we ask you to provide an explanation in your Phase I
proposal of how you will ensure that your targel can be safely observed.

Policy for Auto-Parallel Observations

As described in “Parallel Observations” on page 158, ACS is able to
make simultaneous observations using the Wide-Field Channel and the
High Resolution Channel. Such observations are added automatically by
the scheduling system if doing so does not impact the primary exposures.
However, since the WFC and HRC share the same filter wheel, the filter
used in the “parallel” channel is determined by that selected for the
“prime” detector; the observer does not have the capability to select the
parallel filter independently. This means that the possibility and character
of these “Auto-Parallel” observations are purely a result of the choices
made by the proposer of the prime program. For this reason, the following
policies will be in effect for Auto-Parallel observations:

* Auto-Parallel observations are the property of the PI of the program
using the prime ACS detector.

* Auto-Parallel observations are not available for independent schedul-
ing.
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» There are some fairly severe timing constraints under which
Auto-Parallel observations may be added. The scheduling system
will add parallels if it can do so without affecting the prime science.

» If WFC data are taken in parallel with prime FIRC observations, the
GAIN setting will be 4 (see “Caveats for ACS Imaging” on page 45),
while for HRC parallels added to prime WFC exposures, the GAIN
will be 2.

* WFC Auto-parallel observations are subject to compression at a level
that can occasionally result in some data loss. Such observations will
not be repeated.

Data Volume Constraints

If ACS data are taken at the highest possible rate, it 1s possible to
accumulate data faster than it can be transmitted to the ground. High data
volume proposals will be reviewed and on some occasions, users may be
requested to break the proposal into different visits or consider using
sub-arrays.

Charge Transfer Efficiency

Both the STIS and WFPC2 CCDs have shown a significant degradation
in charge transfer efficiency (CTE) performance since their installation.
The degradation is believed to be due to radiation damage of the silicon
inducing the creation of traps that impede the clocking of the charge on the
CCD. Since reading out the ACS WFC requires 2048 parallel transfers and
2048 serial transfers, it is expected that CTE effects will begin to manifest
themselves in the first few years of ACS operation. For this reason, it is
likely that some types of science, particularly those in which the sky
background in each image is expected to be low (<20 electrons/pixel), will
be most effectively performed during the first two years of ACS operation.

As a benchmark, we expect that after 1 year of operation there will be a
loss of approximately 10% in the counts from a star with between 50 and
150 total counts placed at row 1024 in one of the WFC chips. For a similar
target placed at the WEFC reference point, the corresponding loss will be
about 18%. At the beginning of the Cycle, we expect these numbers 1o be
smaller by a factor of approximately 10. These predictions are based on
the results obtained from analysis of STIS CCD data.

As CTE effects worsen, users will most likely want to use the pre-flash
capability to add a background level to their images. This causes the
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Poisson noise from the background to increase, but improves the CTE
performance of the detector. We do not plan to offer the use of the
post-flash capability during Cycle 11, but users will need to consider these
trades in later Cycles. Please refer to “Charge Transfer Efficiency” on
page 120 for more information on this topic.



PART II:

User’s Guide

The Chapters in this Part describe the basics of observing with ACS.
Included are a description of the instrumental layout and basic operations;
the imaging, spectroscopic, polarimetric and coronographic capabilities of
ACS, the performance and limitations of its detectors, exposure-time
calculations, and overhead and orbit-request determinations.

This part of the Handbook is all you need to plan your Phase I ACS
Proposal.

17



CHAPTER 3:

Introduction to ACS
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instrument Capabilities / 19

Instrument Design / 20

Basic Instrument Operations / 26
Designing an ACS Observing Proposal / 27

In this Chapter we provide an overview of the capabilitics and scientific
applications of ACS. We describe the optical design and basic operation of
the instrument, and provide a flow chart and discussion to help you design.
a technically feasible and scientifically optimized ACS observing proposal.

Instrument Capabilities

The ACS is a camera designed to provide HST with a deep, wide-field
survey capability from the visible to near-IR, imaging from the near-UV to
the near-IR with the PSF critically sampled at 6300 A, and solar blind
far-UV imaging. The primary design goal of the ACS Wide-Field Channel
is to achieve a factor of 10 improvement in discovery efficiency, compared
to WFPC2, where discovery efficiency is defined as the product of imaging
area and instrument throughput.

ACS comprises three channels, each optimized for a specific goal:

» Wide field channel (WFC): 202 x 202 arcsecond field of view from
3700~11,000 A, and peak efficiency of 44% (including the OTA).
The plate scale of 0.05 arcsecond/pixel provides critical sampling at
11,600 A.

19
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+ High resolution channel (HRC): 26 x 29 arcsecond field of view from
2000-11,000 A, and peak efficiency of 29%. The plate scale of 0.027
arcsecond/pixel provides critical sampling at 6300 A.

* Solar Blind Channel (SBC): 31 x 35 arcsecond field of view from
1150-1700 A, and peak efficiency of 6%. The plate scale of 0.032
arcsecond/pixel provides a good compromise between resolution and
field of view.

In addition to the these three prime capabilities, ACS also provides:

» Grism spectroscopy: Low resolution (R~100) wide field spectros-
copy from 5500—11,000 A available in both the WFC and the HRC.

* Obijective prism spectroscopy: Low resolution (R~100 @ 2000 A)
near-UV spectroscopy from 2000—4000 A available in the HRC.

* Objective prism spectroscopy: Low resolution (R~100 @ 1216 A)
far-UV spectroscopy from 1150—-1700 A available in the SBC.

» Coronography: Aberrated beam coronography in the HRC from
2000—-11,000 A with 1.8 arcsecond and 3.0 arcsecond diameter
occulting spots.

» Imaging Polarimetry: Polarimetric imaging in the HRC and WFC
with relative polarization angles of 0°, 60° and 120°.

Table 4.1 on page 36 and Table 4.2 on page 37, and Table 4.3 on
page 38 provide a full list of filters and spectroscopic elements for each
imaging channel.

ACS is a versatile instrument that can be applied to a broad range of
scientific programs. The high sensitivity and wide field of the WFC in the
visible and near-infrared will make it the instrument of choice for deep
imaging programs in this wavelength region. The HRC, with its excellent
spatial resolution, provides full sampling of the HST PSF at A>6000 A and
can be used for high precision photometry in stellar population programs.
The HRC coronograph can be used for the detection of circumstellar disks
and QSO host galaxies.

Instrument Design

In this section, we provide a high-level summary of the basic design and
operation of ACS, concentrating on the information most relevant to the
design of your HST observing proposal. Subsequent chapters provide more
detailed information on specific aspects of the instrument’s performance
and the design of proposals.
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Detectors

ACS uses one or more large-format detectors in each channel:

¢ The WFC detector, called ACS/WFC, employs a mosaic of two
2048 x 4096 Scientific Imaging Technologies (SITe) CCDs, with
~0.05 arcsecond pixels, covering a nominal 202 x 202 arcsecond
field of view (FOV), and a spectral response from~3700 to 11,000 A.

* The HRC detector, called ACS /HRC, isa 1024 x 1024 SITe CCD,
with ~0.025 x 0.028 arcsecond pixels, covering a nominal 26 x 29
arcsecond field of view, and spectral response from ~2000 to
11,000 A.

» The SBC detector, called the ACS/SBC, is a solar-blind Csl
Multi-Anode Microchannel Array (MAMA), with 1024 x 1024
~0.030 = 0.034 arcsecond pixels, and a nominal 31 x 35 arcsecond
FOV, with far-UV spectral response from 1150-1700 A.

The WFC & HRC CCDs

The ACS CCDs are thinned, backside-illuminated devices cooled by
thermo-electric cooler (TEC) stacks and housed in sealed, evacuated
dewars with fused silica windows. The spectral response of the WFC CCDs
i1s optimized for imaging at visible to near-IR wavelengths, while the
spectral response of the HRC CCD is optimized specifically for the
near-UV. Both CCD cameras produce a time-integrated image in the
ACCUM data-taking mode. As with all CCD detectors, there is noise
(readout noise) and time (read time) associated with reading out the
detector following an exposure. The minimum exposure time is 0.1 sec for
HRC, and 0.5 sec for WFC, and the minimum time between successive
identical exposures is 45s (HRC) or 135s (WFC) for full-frame and can be
reduced to ~36s for subarray readouts. The dynamic range for a single
exposure 1s ultimately limited by the depth of the CCD full well (~75,000
e~ for the WFC and 160,000 e~ for the HRC), which determines the total
amount of charge that can accumulate in any one pixel during an exposure
without saturation. Cosmic rays will affect all CCD exposures: CCD
observations should be broken into multiple exposures whenever possible,
to allow removal of cosmic rays in post-observation data processing;
during Phase II you can use the CR-SPLIT optional parameter to do this
(See “Cosmic Rays” on page 139.).

The SBC MAMA

The SBC MAMA is a photon-counting detector which provides a
two-dimensional ultraviolet capability. It can only be operated in accum
mode. The ACS MAMA detector is subject to both scientific and absolute
brightness limits. At high local (=50 counts sec™! pixel™!) and global
(>285,000 counts sec” ") illumination rates, counting becomes nonlinear in
a way that is not correctable. At only slightly higher illumination rates, the
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MAMA detectors are subject to damage. We have therefore defined
absolute local and global count-rate limits, which translate to a set of
configuration-dependent bright-object screening limits. Sources which
violate the absolute count rate limits in a given configuration cannot be
observed in those configurations, as discussed under “SBC Bright-Object
Limits” on page 129.

ACS Optical Design

The ACS design incorporates two main optical channels: one for the
WFC and one which is shared by the HRC and SBC. Each channel has
independent corrective optics to compensate for HST’s spherical
aberration. The WFC has three optical elements, coated with silver, to
optimize instrument throughput in the visible. The silver coatings cut off at
wavelengths shortward of 3700 A. The WFC has two filter wheels which it
shares with the HRC, offering the possibility of intemal WFC/HRC parallel
observing for some filter combinations (See “Paralle] Observations” on
page 158.). The optical design of the WFC is shown schematically in
Figure 3.1. The HRC/SBC optical chain comprises three aluminized
mirrors, overcoated with MgF, and is shown schematically in Figure 3.2,
The HRC or SBC channels are selected by means of a plane fold mirror
(M3 in Figure 3.2). The HRC is selected by inserting the fold mirror into
the optical chain so that the beam is imaged onto the HRC detector through
the WFC/HRC filter wheels. The SBC channel is selected by moving the
fold mirror out of the beam to yield a two mirror optical chain which
images through the SBC filter wheel onto the SBC detector. The aberrated
beam coronograph is accessed by inserting a mechanism into the HRC
optical chain. This mechanism positions a substrate with two occulting
spots at the aberrated telescope focal plane and an apodizer at the
re-imaged exit pupil.

While there is no mechanical reason why the coronograph could not be
used with the SBC, for health and safety reasons use of the coronograph
is forbidden with the SBC.
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Figure 3.1: ACS Optical Design: Wide Field Channel
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Figure 3.2: ACS Optical design: High Resolution/Solar Blind Channels

HRC detector

From OTA

Filter Wheels

ACS has three filter wheels: two shared by the WFC and HRC, and a
separate wheel dedicated to the SBC. The WFC/HRC filter wheels contain
the major filter sets summarized in Table 3.1. Each wheel also contains one
clear WFC aperture and one clear HRC aperture (see Chapter 4). Parallel
WFC and HRC observations are possible for some filter combinations and
these are automatically added by RPS2, unless the user disables this option
or 1f adding the parallel observations cannot be done due to timing
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considerations. Note that since the filter wheels are shared it 1s not possible
to independently select the filter for WFC and HRC parallel observations.

Table 3.1: ACS CCD Filters

Filter Type

Broadband

Narrowband

Ramp filters

Spectroscopic

Polarizers

Filter Description

Sloan Digital Sky Survey (SDSS)
B,V,Wide V.R,1
Near-UV

Ha (2%), [OTT] (2%), [NTI] {1%)
NeV (3440 A)
Methane (8920 A)

2% bandpass (3700-10700 A)
9% bandpass (3700-10700 A)

Grism
Prism

Visible (0°, 60°,120°)
Near-UV (0°, 60°, 120°)

Camera

WFC/HRC
WEC/HRC
HRC

WEC/HRC
HRC
HRC/[WFC?]

WFC/HRC
WFC/HRC

WFC/HRC
HRC

HRC/[WFC?]
HRC/[WFC"]

a. Limited field of view for these filters using WFC

The SBC filters are shown in Table 3.2.

Table 3.2: SBC Filters

Filter Type
Medium Band
Long pass

Objective Prisms

Filter Description

Lyman-Alpha

MgF;, CaF,, BaF;, Quartz. Fused Silica

LiF, CaF,

Calibration-Lamp Systems
ACS has a calibration subsystem, consisting of tungsten lamps and a
deuterium lamp for internally flat fielding each of the optical chains. The
calibration subsystem illuminates a diffuser on the rear surface of the ACS
aperture door, which must be closed for calibration exposures. Under
normal circumstances, users are not allowed to use the internal calibration

lamps.

In addition, a post-flash capability was added to the instrument to
provide the means of mitigating the effects of Charge Transfer Efficiency
(CTE) degradation. We do not expect to use this facility much in Cycle 11,
but in later years, as radiation damage of the CCDs causes the CTE to
degrade, it is likely that more users will want to avail themselves of this

facility.
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Basic Instrument Operations

Target Acquisitions

For the majority of ACS observations target acquisition is simply a
matter of defining the appropriate aperture for the observation. Once the
telescope acquires its guide stars, your target will be within ~1-2
arcseconds of the specified pointing. For observations with the ramp filters,
one must specify the desired central wavelength for the observation. For
the special case of coronographic observations, an onboard target
acquisition will need to be specified. The nominal accuracy of the onboard
larget acquisition process is expected to be 0.05 arcseconds, comparable to
that achieved by STIS.

Typical ACS Observing Sequence

ACS is expected to be used primarily for deep, wide field survey
imaging. The important issues for observers to consider will be the
“packaging” of their observations, i.e. how observations are CR-SPLIT to
mitigate the impact of cosmic rays, whether sub-stepping or “dithering” of
images is required, and how, if necessary, to construct a mosaic pattern to
map the target. HRC observations and narrowband observations with the
WEFC are more likely to be read-noise limited, requiring consideration of
the optimum CR-SPLIT times. Observations with the MAMA detectors
do not suffer from cosmic rays or read noise, but long integration times will
often be needed to obtain sufficient signal-to-noise in the photon-starved
ultraviolet.

A typical ACS observing sequence is expected to consist of a series of
CR-SPLIT and dithered ~10-20 minute exposures for each program filter.
Coronographic observations will require an initial target acquisition
observation to permit centering of the target under the occulting mask.
Observers will generally not take their own calibration exposures. See
Chapter 8 for more details of observing strategies.

Data Storage and Transfer

At the conclusion of each exposure, the science data is read out from the
detector and placed in ACS’s internal buffer memory, where it is stored
until it can be transferred to the HST solid state data recorder (and
thereafter to the ground). The internal buffer memory is large enough to
hold one WFC image, or sixteen HRC or SBC images, and so the buffer
will typically need to be dumped during the following WFC exposure,
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assuming it is longer than ~6 minutes (see “ACS Exposure Overheads” on
page 166 for a more complete discussion).

ACS’s internal buffer stores the data in a 16 bit-per-pixel format. This
structure imposes a maximum of 65,535 counts per pixel. For the MAMA
detectors this maximum is equivalent to a limit on the total number of
detected photons per pixel which can be accumulated in a single exposure.
For the WFC and HRC, the 16 bit buffer format (and not the full well)
limits the photons per pixel which can be accumulated without saturating
in a single exposure when GAIN = 1 for WFC, and GAIN <2 for the HRC
is selected. See Chapters 7 and 8 for a detailed description of ACS
instrument operations.

Parallel Operations

Parallel observations with the WFC and HRC are possible with ACS for
certain filter combinations (See “Parallel Observations” on page 158).

ACS can be used in parallel with any of the other science instruments on
HST, within certain restrictions. Figure 3.3 shows the HST field of view
following SM3B with ACS installed. Dimensions in this figure are
approximate; accurate aperture positions can be found on STScI's
Observatory web page under “Pointing.”' The ACS grism and prism
dispersion directions are approximately along the V2 axis. The policy for
applying for parallel observing time is described in the Call for Proposals.
We provide suggestions for designing parallel observations with ACS in
“Parallel Observations” on page 158. While the ACS CCDs can be used in
parallel with another instrument on HST, subject to certain restrictions
described n “Parallel Observations” on page 158, there are significant
restrictions on the use of the MAMA detectors in parallel — see Chapter 2.

Designing an ACS Observing Proposal

In this section, we describe the sequence of steps you will need to take
when designing your ACS observing proposal. The process is an iterative
one, as trade-offs are made between signal-to-noise ratio, and the
limitations of the instrument itself. The basic sequence of steps in defining
an ACS observation are:

* Identify science requirements and select the basic ACS configuration
to support those requirements.

1. Pointing web page: http://www.stsci.edu/instruments/
Observatory/taps.html
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« Estimate exposure time to achieve the required signal-to-noise ratio,
determine CR-SPLIT, dithering and mosaic strategy and check fea-
sibility, including saturation and bright-object limits.

» Identify any additional target acquisition (coronograph), and calibra-
tion exposures needed.

» Calculate the total number of orbits required, taking into account the
overheads.

Figure 3.3: HST Field of View Following SM3B
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Figure 3.4: Defining an ACS Observation
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Identify Science Requirements and Define ACS
Configuration

First and foremost, of course, you must identify the science you wish to
achieve with ACS. Basic decisions you will need to make are:

* Filter selection

* Nature of target

As you choose your science requirements and work to match them to the
instrument’s capabilities, keep in mind that those capabilities differ greatly
depending on whether you are observing in the optical or near-UV with the
CCD, or in the far-UV, using the MAMA detector. Tradeoffs are described
in Table 3.3.

Table 3.3: Science Decision Guide

Decision Affects Tradeoffs
Field of view Camera WFC: 202 x 202 arcseconds
Filter selection HRC: 26 x 29 arcseconds

SBC: 31 x 35 arcseconds

Spectral response Camera WFC: 3700- 11,000 A
Filter selection HRC: 2000-11,000 A
SBC: 1150-1700 A

Spatial Resolution Camera WFC: ~50 milliarcsecond pixels
HRC: ~ 27 milliarcsecond pixels
SBC: ~32 milliarcsecond pixels

Filter Selection Camera WFC: broad, medium & narrow band ramps
HRC: Visible, UV, ramp middle sections

Spectroscopy Camera Grism {G800L): WFC and HRC
Spatial resolution Prism (PR200L): HRC
Field of View Prism (PR110L, PR130L): SBC

Wavelength range

Polarimetry Filters UV polarizers combine with Wheel 2 filters
VIS polarizers combine with Wheel 1 filters

Coronography Filter selection Coronographic imaging available with HRC only

Imaging

For imaging observations, the base configuration is detector
(Configuration), operating mode (MODE=ACCUM), and filter. Chapter 4
presents detailed information about each of ACS’s imaging modes.

Special Uses

We refer you to Chapter 5 if you are interested in any of the following
special uses of ACS: slitless spectroscopy, polarimetry and coronography.
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Determine Exposure Time and Check Feasibility

Once you have selected your basic ACS configuration, the next steps are
to:

» Estimate the exposure time needed to achieve your required sig-
nal-to-noise ratio, given your source brightness. (You can use the
ACS Exposure-Time Calculator for this, see also Chapter 6 and the
plots in Chapter 10).

* For observations using the CCD detectors, assure that for pixels of
interest, you do not exceed the per pixel saturation count limit of the
CCD full well or the 16 bit pixel word size at the GAIN setting you
choose.

* For observations using the MAMA detector, assure that your obser-
vations do not exceed brightness (count-rate} limits.

* For observations using the MAMA delector, assure that for pixels of
interest, your observations do not exceed the limit of 65,535 accumu-
lated counts per pixel per exposure imposed by the ACS 16 bit buffer.

To determine your exposure-time requirements consult Chapter 6 where
an explanation of how to calculate signal-to-noise and a description of the
sky backgrounds are provided. To assess whether you are close to the
brightness, signal-to-noise, and dynamic-range limitations of the detectors,
refer to Chapter 7. For a consideration of observational strategies and
calibration exposures, consult Chapter 8.

If you find that the exposure time needed to meet your signal-to-noise
requirements 1S too great, or that you are constrained by the detector’s
brightness or dynamic-range limitations, you will need to adjust your base
ACS configuration. Table 3.4 summarizes the options available to you and
steps you may wish to take as you iterate to select an ACS configuration
which is both suited to your science and technically feasible.
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Table 3.4: Science Feasibility Guide

Action Outcome Recourse
Estimate exposure If too long -> Consider use of an alternative filter.
lime re-evaluate instrument configura-
tion.
Check full-well limit If full well exceeded and you wish  Divide total exposure lime inlo mulliple,
for CCD observations 1o avoid saturation-> teduce time short exposures.? Consider use of different
per exposure. Gain.
Check bright-object If source is 100 bright -> re-evalu-  Consider the use of an alternative filler or
limits for MAMA ale instrument configuralion. change detectors and wavelength regime.
observations
Check 65,535 counts-  If limil exceeded -> reduce time Divide total exposure time into multiple,
per-pixel limit for per exposure, short exposures

MAMA observations

a. Splitting CCD exposures affects the exposure lime needed to achieve a given sig-
nal-to-noise ratio because of the read noise.

Identify Need for Additional Exposures

Having identified your desired sequence of science exposures, you need
to determine what additional exposures you may require to achieve your
scientific goals. Specifically:

* For coronography, determine what target-acquisition exposure will
be needed to center your target under the selected occulting mask.

* If the success of your science program requires calibration to a higher
level of precision than is provided by STScI’s calibration data, and if
you are able to justify your ability to reach this level of calibration
accuracy yourself, you will need to include the necessary calibration
exposures in your program, including the orbits required for calibra-
tion in your total orbit request.

Determine Total Orbit Request

In this, the final step, you place all your exposures (science and
non-science, alike) into orbits, including tabulated overheads, and
determine the total number of orbits you require. Refer to Chapter 9 when
performing this step. If you are observing a small target and find your total
time request 1s significantly affected by data-transfer overheads (which will
be the case only if you are taking many separate exposures under 6 minutes
with the WFC), you can consider the use of CCD subarrays to lessen the
data volume. Subarrays are described on pages 138 and 140.

At this point, if you are happy with the total number of orbits required,
you're done! If you are unhappy with the total number of orbits required,
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you can, of course, iterate, adjusting your instrument configuration,
lessening your acquisition requirements, changing your target
signal-to-noise or wavelength requirements, until you find a combination
which allows you to achieve your science goals with ACS. Good fuck!
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In this Chapter we focus on the imaging capabilities of ACS. Each
imaging mode is described in detail. Plots of throughput and comparisons
to the capabilities of WFPC2 and STIS are also provided. Curves of
sensitivity and exposure lime to achieve a given signal-to-noise as a
function of source luminosity or surface brightness are referenced in this
chapter, but presented in Chapter 10. We note the existence of bright-object
observing limits for SBC channel imaging; these are described in detail in
Chapter 7, including tables of the SBC bright-object screening magnitudes
as a function of mode and spectral type.

Imaging Overview

ACS can be used to obtain images through a variety of optical and
ultraviolet filters. When the selected ACS camera is the WFC or the HRC,
the appropriate filter in one of the two filter wheels is rotated into position
and a clear aperture is automatically selected on the other filter wheel. For
SBC imaging the single filter wheel is rotated to the required position. A

35
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number of apertures are defined for each ACS camera. In general, these
refer to different target positions on the detector.

Table 4.1 and Table 4.2 provide a complete summary of the filters
available for imaging with each detector. Figures 4.1 through 4.5 show the
filter transmission curves. In Figure 4.9 we show the integrated system
throughputs.

The CCD filter wheels contain filters with two different sizes. Some
filters (F435W, F475W, F502N, F550M, F555W, F606W, F625W, F658N,
F660N, F775W, F814W, FRS0LP and G80QL) are full-sized filters that can
be used with both WFC and HRC. Others (F220W, F250W, F330W,
F344N, F892N, POLOUV, POL60UV, POLI120UV, POLOV, POL60V,
POL120V, PR200L) are smaller, giving a full unvignetted field of view
when used with the HRC, but only an unvignetted field of view of 72"x72"
when used with the WFC. Use of the small UV filters is not supported with
the WEC due to the unpredictable behavior of the silver coatings shortward
of 4000A.

The Ramp Filters are designed to allow narrow or medium band
imaging centered at an arbitrary wavelength. Each ramp filter is divided
into three segments, of which only the middle segment may be used with
the HRC. See “Ramp filters” on page 49 for more details on these filters.

Note that although the CLEAR filters are specified in the filter wheel
tables, users do not need to specify these filters in their HST proposals;
they are added automatically. In the SBC filter wheel, every third slot (#1,
4,7, 10) is blocked off, so that in the case of a bright object limit violation,
it is only necessary to rotate the filter wheel to an adjacent slot to block the
incoming light.

Table 4.1: ACS WFC/HRC Filters in Filter Wheel #1

Wheel Filter Central Width _—
Slot Name | Wavelength | (A) Description Camera
1/1 CLEARIL - - WFC clear aperture | WFC
1/2 F555W 5346 1193 Johnson V WFC/HRC
113 F175W 7764 1528 SDSS i WFC/HRC
1/4 F625W 6318 1442 SDSSr WFC/HRC
1/5 F550M 5580 547 Narow ¥V WFC/HRC
1/6 F850LP 9445 1229 | SDSSz WEC/HRC
177 CLEARIS - - HRC clear aperture | HRC
1/8 POLOUV 2000-6000 0" UV polarizer HRC[/WFC]
1/9 POLGOUV 20006000 60° UV polarizer HRC[/WFC]
1/10 POLI120UV 20006000 120° UV polarizer HRC[/WFC)
1/11 F892N 8917 154 Methane (2%) HRC/[WFC]
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o[ er [ conru, TH0 T perpron | camer
112 F606W 5907 2342 | BroadV WFC/HRC
1/13 F502N 5022 57 [OTM] {1%) WFC/HRC
1414 GROOL 5800-11,000 Grism (R~100) WFC/HRC
1115 F658N 6584 78 Hu (1%) WEC/HRC
/16 Fa75W 4760 1458 | SDSS g WEFC/HRC
Table 4.2: ACS WFC/HRC Filters in Filter Wheel #2
o | st T _com T ocrpon
2/1 CLEAR2L WFC Clear aperture WFC/HRC
272 F660N 6602 40 [NII (1%) WFC/HRC
2/3 F814W 8333 2511 Broad I WFC/HRC
2/4-m FR388N 3710-4050 2% [OII1 Ramp—middle segment WFC/HRC
2/4-j FR423N 40504420 2% [OII) Ramp—inner segment WFC
2/4-0 FR462N 4420-4820 2% [O11] Ramp— outer segment WEC
2/5 F435W 4297 1038 Johnson B WFC/HRC
2/6-m FR656N 6270-6850 2% Ha Ramp—middle segment WFC/HRC
2/6-i FR716N 6850-1470 2% Ha Ramp—inner segment WFC
2/6-0 FR782N 7470-8160 2% Ha Ramp—outer segment WFC
7 CLEAR2S HRC Clear Aperture HRC
2/8 POLOV 4000-8000 0* Visible Polarizer HRC[/WFC]
219 F330W 3354 588 HRCU HRC
210 POLGOV 4000-8000 60° Visible Polarizer HRC[/WFC]
2/11 F250w 2696 549 Near-UV broadband HRC
212 POL120V 40008000 120" Visible Polarizer HRC[/WFC(C]
2713 PR200L 20004000 NUYV Prism {R~100 @ 200 nm) | HRC
2/14 F344N 3434 60 Ne V (2%) HRC
2/15 F220W 2228 485 Near-UV broadband HRC
2/16-m FR914M 7570-10,710 9% Broad Ramp—middle segment WFC/HRC
21 6-i FR853N 8160-8910 2% [R Ramp—inner segment WFC
2/16-0 FR931N 8910-9720 2% [R Ramp—outer segment WFEC
217-m FR459M 3810-5370 9% Broad Ramp—middle segment WFEC/HRC
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Wheel Filter Central Width .
Slot | Name | Wavelength | (A) | Description Camera
2/17-i FR64TM 5370-7570 9% Broad Ramp— inner segment WFC
2/17-0 | FRIOI6N | 9720-10610 2% IR Ramp—outer segment WFC
2/18-m | FR505N 4820-5270 2% [OI1I] Ramp — middle segment | WFC/HRC
2/18-i FRS55IN 5270-5750 2% [OIN] Ramp— inner segment WFC
2/18-0 FR60IN 5750-6270 2% [O111] Ramp—outer segment WFC
Table 4.3: ACS SBC Filter Complement
Slot | Filter Name | Description
2 F115LP MgF (1150 A longpass)
3 F125LP CaF, (1250 A longpass)
5 F140LP BaF, (1400 A longpass)
6 F150LP Crystal quartz (1500 A longpass)
8 F165LP Fused Silica (1650 A longpass)
9 F122M Ly-a (A=1200 A, A% =60 A)
12 PRI10L LiF Prism (R~100 @)
bl PRI30L Cafy Prism (R~100 @)
Figure 4.1: ACS Broad-band filters
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Figure 4.2: ACS SDSS filters
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Figure 4.4. ACS Narrow-Band filters
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Which instrument to use?

In this section, we compare briefly the performance of HST instruments
with imaging and spectroscopic capability in the UV to near-IR spectral
range. Important imaging parameters for all instruments are summarized in
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Table 4.4, followed by different sections where the ACS characteristics are
compared to each other instrument.

Table 4.4: Characteristics of HST Imaging Instruments

Parameter ACS WFPC2 NICMOS STIS
WFC 3700-11000 1150-110C0 8000-25000 | FUV-MAMA 1150-1700
Wavelength HRC 2000-11000 NUV-MAMA 1700-3100
range{A) SBC 1150-1700 CCD 2000-11000
Detector(s) SITe CCDs, Loral CCDs HgCdTe CCD,
MAMA MAMAS
Image WFC 2x2048x 4096 4x800x800 256x256 FUV-MAMA 1024x 1024
formgat HRC 1024x 1024 256x256 NUV-MAMA 1024x 1024
SBC 1024x 1024 256x256 CCD 1024= 1024
WFC 202" 202" 150"% 150" 1r=11" FUV-MAMA 25"x25"
0.05" /pix 0.1" /pixel | 0.043" /pixel 0.024" /pix
FOV and HRC 26"%29" 347x 34" 19" x 19" at NUV-MAMA 25"%25"
pixel size 0027 fpix 0.046" /pixel 0.075" /pixel 0.024" /pix
SBC 31"x35" 51"x51" at CCD 51"x51"
0.032" /pix 0.2" /pixel 005" /pix
WEC 50e” 55e” 30e” FUV-MAMA Oe”
Read noise HRC 42e 7.5e” NUV-MAMA Oe™
SBC Oe” CCD 4e”
Dark WFC (.002 e™/s/pix 0004 e7/s/pix | <0.1 e7/s/pix CCD 7.0x1076 e /s/pix
current HRC 0.003 e /s/pix NUV 0.001e7/s/pix
SBC 3x 10~ e~ /sipix FUV. 0.0025¢ /s/pix
WFC 75000 e” 53000 ¢~ 200000 e~ 140000 e
. HRC {gain 2) {gain 15) {gain 4)
Saturation (gain >2) 160000 &=
{gain 4}

Comparison of ACS and WFPC-2

Advantages of each instrument may be summarized as follows:
ACS advantages are:

Wider field of view, 202x202" vs. 150"x 150" or less

Higher throughput at wavelengths >3700 A (see Figure 4.6)
Better resolution: ACS offers 0.027” pixels vs. 0.046" on WFPC2

(PC)

spectroscopic and coronographic observations possible
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* ACS ramp filters have a higher throughput than those in WFPC-2
(see Figures 4.6-4.9) and offer complete wavelength coverage from
37104 10 10,710A.

* Polarization observations are likely to be more straightforward due to
the silver coatings on the fold mirror.

WFPC2 advantages are:

* some special filters are available that are not found in ACS. These are
the narrow filters (F343N, F375N (OII), F390N, F437N, F469N,
F487N,F588N,F631N, F673N, F953N). ACS can do narrow-band
imaging with the ramp filters, but with a smaller FOV.

* wide-field UV observations with the following filters: F122M,
FI160BW, FI70W, F185W, F218W, F255W, F300W (U), F336W
{(wide U)

Figure 4.6: Comparison between the system efficiency (or throughput) of ACS
WFC and WFPC2 tor the filters: Johnson B, Johnson V, Broad V and Broad |. The
solid lines are for ACS and the dashed lines for WFPC2. ACS system efficiency is
at least a factor of 3-4 better than WFPC2 at these wavelengths.

I T T L ] T T T I T L] T

!Wﬂd

i 1 1 1 I 1 1 L i l L L L L l 1 L 1 1 I

f435w 555w f808w f8l4aw
|
J ,\I\,\_\
,;i\\’ \
~/ \\ \ \____._\
rs ’l \-.
s N it ~~
/-L I} N \-""-
r ! ' ~
1l y) ,.v 1 1 ! \1\ I_\ 1 | 1 i L\
4000 8000 8000 108

A (Angstrom)



Which instrument to use? [l 43

Figure 4.7: Comparison between the ACS and WFPC-2 ramp filters. The crosses
and the open circles are for the ACS narrow and medium band ramps (numbering
12 and 3 respectively), while the open squares are for the 4 WFPC2 ramps. For
each of the ACS ramps the peak throughput that was calculated for eleven central
wavelength values is plotted. For the WFPC2 ramps the peak throughput, calcu-
lated every 100A within the field of view any of the 4 chips, for the 0° filler rotation
angle (as mapped in Figs. 3.4 and 3.5 of the WFPC2 Instrument Handbook, ver-
sion 3.0), is plotted.
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Comparison of ACS and NICMOS

ACS and NICMOS have a small overlap in imaging capability for filters
at around 9000A . At longer wavelengths NICMOS must be used:; at shorter
wavelengths either ACS, WFPC2 or STIS must be used. The following
table compares the detective efficiency of ACS and NICMOS in the
wavelength region where they both operate. Count rates for a V=20 star of
spectral class Al are given for all filters at common wavelengths; the
signal-to-noise (S/N} is also given for a | hour exposure of this same star.
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Table 4.5: Near-IR capabilities of ACS compared to NICMOS

Pivot Wavelength FWHM

Instrument Filter ( i\) ( A) Countrate S/N

ACS/WFC F850LP 9015 1050 425 384
ACS/WFC F892N 8915 160 4.2 119
NICMOS FO90M 8970 1885 99 70

It 1s apparent that ACS offers better efficiency at all wavelengths,
together with larger field size. For very faint sources, the lower read noise
of ACS (4.5 electrons vs. 30 electrons for NICMOS) will also prove very
advantageous.

Comparison of ACS and STIS

Both ACS and STIS are capable of imaging over the same wavelength
range, between 1200A and 9000A. At much longer wavelengths NICMOS
must be used.

Advantages of each instrument may be summarized as follows:

ACS advantages are:

* Wider field-of-view at optical and near-infrared wavelengths,
2027x202" vs. 50"x50" or less.

* Greater selection of filters, including polarizers, are available.
+ Higher sensitivity

STIS advantages are:

» MAMAS can be used in Time Tag Mode

* FUV-MAMA gives higher S/N than SBC due to the lower dark cur-
rent

» an OII filter centered at 3727A is available that allows deep,
high-resolution OII imaging

» narrow band filters at 2800A and 1900A allow imaging in Mgl and
CIII, respectively

* selectable aperture (slit) size for the MAMAS means that bright
object concerns are lessened

True to its name, ACS significantly enhances the imaging capabilities of
HST. Due to the combination of sensitivity and field of view we expect that
ACS will become the instrument of choice for UV/optical imaging on HST.
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Figure 4.8: Comparison between the system efficiency of ACS SBC and STIS
FUV-MAMA. For the SBC the system throughput and SBC+F122M filter are plot-
ted in the solid lines and for the STIS FUV-MAMA the system throughput

{25mama) and Lyman-a (f25lya) filter are given with the dashed line.
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Caveats for ACS Imaging

There are a few characteristics of ACS that should be taken into account

when imaging with ACS:

* The HRC and WFC filters are housed in two filter wheels shared by
both cameras. As a consequence, when a filter is chosen for the pri-
mary camera the filter used in the parallel camera is not indepen-
dently selectable (see Table 8.4 on page 160).

» The ACS cameras are designed to be used with a single filter, and for
this reason unfiltered imaging or imaging through two filters leads to
significantly degraded imaging quality (particularly in the WFC) and
is not normally used except for polarization observations, or bright
target acquisitions with the HRC. The polarizer filters were designed
with a zero optical thickness so that they can and should be used with

another filter.
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