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Abstract

The Advanced Camera for the HST will have a high throughput, wide field (200”°x200") optical and I-
band camera which is critically sampled at 1000 nm, a high resolution optical and near-UV camera
critically sampled at 500 nm, and a high throughput, far-UV camera.

The AC's survey capability will be optimized for optical and NIR studies of the early Universe. The
optimization is achieved by combining a novel, three-mirror optical design for the wide field camera with
high reflectivity optical and NIR mirror and window coatings, a large format CCD optimized for the NIR,
and a camera orientation chosen to minimize the time required to move to an adjacent field and begin a
new exposure. The AC will increase HST's capability for surveys and discovery in the NIR by at least a
factor of 10.

We will use 350 CVZ orbits to take contiguous deep V- and I-band WFC images of ~0.7 square degrees of
sky to investigate the formation and evolution of galaxies and clusters of galaxies, and the nature and
large scale distribution of dark matter. In the second survey, we will use Surface Brightness Fluctuations
in deep WFC I-band images of early type galaxies to map large scale flow. We will use narrow band and
polarimetric HRC and WFC images to address QSOs and AGNs, our second major science area.

The cornerstone of our approach to building the AC within the cost and schedule constraints set out in the
NASA AO is reliance on STIS design and technology. The detectors and electronics for the far-UV and
high resolution cameras are STIS design, and, in fact, may be STIS flight spares. Approximately 80 % of
the AC electronics modules and mechanisms are “build to print” from STIS drawings.

1. Introduction

In December 1994, NASA announced the results of the AO for next generation of scientific instruments
for the Hubble Space Telescope. This instrument is to be installed on the third HST servicing mission now
scheduled for 1999. The instrument selected was the Advanced Camera for Exploration or ACE.

The Advanced Camera will anchor the HST program at the turn of the 21st century. It will exploit the full
potential of the Hubble telescope to serve the needs of a sophisticated, demanding science community, as
indicated by the FOSI' report. ACE will investigate new and unexplored regions of HST’s discovery

! The Future of Space Imaging, Edited by Robert A. Brown, Space Telescope Science Institute, Baltimore
Md. 21218.
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space, and thus will realize the Hubble vision for imaging science. And ACE will be built within a
severely constrained budget environment through the extensive use of existing designs and spares. ACE is
truly an advanced camera, with predicted performance improvements of one to two orders of magnitude
over existing HST science instruments.

ACE will secure the full benefits of the intrinsic image quality of the telescope optics. Images from
WFPC2 and FOC taken since the repair mission show that the point-spread function (PSF) is diffraction-
limited an stable over a wide field of view and full range of wave-lengths. The PSF has these fine
characteristics both in the peak of the image, which increases limiting magnitude, and in the wings,
which means that faint sources can potentially be detected next to bright ones.

However, HST’s current imaging instruments fail to take full advantage of the available image quality,
which limits the potential for exploration and discovery. Five specific shortcomings of the current
instruments are: (1) low throughput, (2) limited fields of view, (3) undersampling of the image, (4) red
leaks in FUV pass bands, and (5) unexploited high-contrast imaging. ACE will correct the first four of
these deficiencies and finally allow the studies and discoveries they currently preclude.

The science team intends to use the bulk of its observing time as service to the science community. We
will devote approximately 70 percent our time (370 orbits) to take a deep look at a small portion of sky.
This early universe program is effectively a key project, like the H, program. The remaining 30 percent of
our time will be used for exploring new ideas requiring the special characteristics of ACE, especially
investigations of QSOs and AGN, and Solar System Studies.

2 Investigation and Instrument Design

The baseline ACE consists of three complementary channels that solve the first four shortcomings of
HST’s existing cameras: throughput, FOV, sampling, and red leak. These channels are the Wide Field
Channel (WFC), High Resolution Channel (HRC), and Solar Blind Channel (SBC). Figure 1 is a
functional schematic illustrating the basic instrumnet design.These three channels will serve the bulk of
the HST imaging science listed in the FOSI report. A fourth channel, the High Contrast Channel (HCC),
was proposed to address the fifth shortcoming, high-contrasting imaging. The HCC is not in the baseline,
but was a technology option offering valuable but narrowly focused potential for discovery, but was not
selected by NASA for funding as an ACE option.

Figure 2 is a Cut-away view of the Advanced Camera configuration which shows the locations of the
major system elements. Almost all of the major systems are either STIS spares, “build to print” STIS
components or modifications to existing designs. Figure 3 shows the FOV of the advanced camera
relitive to the WFPC II. The orientation of this FOV relitive to the HST FOV optimises the operational
efficiency of the camera for surveys.

Based on the expertise of the science team, three themes drive the design and performance priorities of the
ACE baseline. The early universe survey requires the wide field of the WFC and its optimization in the I-
band to detect highly redshifted objects. QSOs and AGN call for the complementary characteristics of
WEFC, HRC, and SBC. Solar System Studies need the resolution of HRC to achieve study detail on
planetary surfaces, and the SBC’s rejection of reflected solar light to study energetic phenomena such as
auroras and plasma emissions.

Table 1-1 summarizes first-order design features of the ACE channels. These characteristics were

selected to illustrate the influence of our science themes on the functions and features of ACE, and are
compared with current HST cameras and the FOSI recommendations.
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Table 1-1 ACE improves important science instrument performance characteristics for exploration and
discovery

Wide Field High Resolution Solar Blind High Contrast
Prioritized FOSI Fos! FOSI | FOC*& ACE
Features ACE WF | WFPC2| ACE | HiRES |WFPC2| ACE WF | COSTAR Optional
WFC | NUVO | t129 | HRC | NUVO | 1179 | SBC Fuv f/151 HCC
Maximum 53% @ - 14% @ | 28% @ - 4% e |67%e| - 16% @ -
Throughput 7000A 6000A | 6000A 6000A | 1216A ** 1500A
@ 8000A 53% - 6.6% 19% - 66% |67%@| - 0.81% @ -
1216A 1216A
@4000A 21% - 5.3% 25% - 53% |57%@| - 1.3% @ -
1300A 1300A
@2000A - - 1.2% 14% - 12% |43% @ - 1.4% @ -
1400A 1400A
@1216A - - - 1.1% - - 30%@| - 1.6% @ -
1500A 1500A
17% @| - 15% @ -
1600A 1600A
Equivalent 211"x | 200°x | 143"x | 27°x | 50"x | 35"x | 33"x |125"x| 7'x7" 12"x 12
Field of View 204" 200 143 26" 50 35" 30 125"
Sampling Half Half | Quarter Full Full Half Half Full Full Full
Polarization from <1% 25% ~5% <5% | ~25% | ~5% <% | <1% <1% -
design and coatings

* FOCis not solar blind  ** Maximum in FUV
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Figure 1 ACE functional schematic lliustrates the simplicity of the novel design.
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Figure 3 ACE FOVs optimize the survey
operational efficiency of HST.

The cornerstone feature of ACE is high end-to-end DQE. This is a practical way to increase the effective
size of the telescope. Integration times for shot-noise limited observations are inversely proportional to
DQE. All three baseline channels have high throughput as a result of efficient optical design and
enhanced detector performance. For the WFC in the cosmologically important I-band and the SBC at
Lyman alpha, the end-to-end DQE gain over current instruments is a factor of 8.

A large FOV is important to shorten survey times and to study objects of large characteristic size, such as
solar system objects. The WFC and the SBC have FOVs which exceed the FOSI recommendations. The
time required to survey an area of the sky to a specified limiting magnitude and signal-to-noise ratio,
SNR, is inversely proportional to the product of the detector FOV solid angle and the DQE. The
Advanced Camera will improve the HST’s discovery capability by a factor of 170 at Lyman alpha, and by
a factor of 10 or more with the WFC at wavelengths greater than 5000 A (a factor of 17 in the
cosmologically important I-band).

Full sampling according to the Nyquist criterion is needed to obtain full-resolution images. HRC and HCC

achieve this by small detector pixelation for visible and longer wavelengths. WFC is half-critically
sampled in the visible, in accordance with the FOSI recommendations.
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3 Filters

We summarize here the current status of our filter list for Advanced Camera which we believe to be close

to the final set.

J.H. Crocker et al.

1) Wide field and High resolution channel

Wheel 1

1) clear (no filter) - WEC filter size
2) i (SDSS) - WEC Filter

3) z (SDSS) - WFC Filter

4) r (SDSS) - WEC Filter

5) g (SDSS) - WFC Filter

6) B (WFPC2 - F439W) - WEC Filter

7) V (WFPC2 - F555W) - WFC Filter

8) R (WFPC2 - F675W) - WFC Filter

9) I (WFPC2 - F814W) - WFC Filter
10) Halpha (bandpass = 2%) - WFEC Filter
11) [OIII] (bandpass = 2%) - WFC Filter
12) UV polarizer - 0 Deg - HRC Filter
13) UV Polarizer - 60 Deg - HRC Filter
14) UV Polarizer - 120 Deg - HRC Filter
Wheel 2

1) Clear (no filter) WEC Filter size

2) 218 nm continuum
3) 255 nm continuum

(~WFPC2 F218W) - HRC Filter size
(~WFPC2 F255W) - HRC Filter

4) u (SDSS) WEC Filter

5) 547 nm continuum (WFPC2 F547W) - WEFC Filter
6) [OII] Ramp WEFC Filter

7) [O1II] WEC Filter

8) Halpha Ramp WEC Filter

9) IR Ramp WEC Filter

10) Redshift Quad WEC Filter

11) Grism (R~50) @600 nm WEC Filter

12) Vis Polarizer - 0 deg HRC Filter

13) Vis polarizer - 60 Deg HRC Filter

14) Vis Polarizer - 120 Deg HRC Filter

15) Clear (no filter) HRC Filter size

16) UV Prism (R~50) HRC Filter

17) PLACEHOLDER - (nominally [OII] - HRC Filter
18) PLACEHOLDER - (nominally NV - HRC Filter

The broadband filter complement gives us two standard systems
- Sloane Digital Sky Survey set u,g,r,i,z (similar to Gunn system)

- WFPC2 B,V,R/I set

We have four ramp filters

- each ramp has three strips each of which is 600 A long,

-the bandpass will be ~2% at any point giving a 70x40 arcsec monochromatic FOV
- specification of the ramps is preliminary pending feedback from vendors
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3) The prism and grism both have R~50

4) we are carrying two HRC size placeholders

5) The narroband filters will be ~2% covering -600-+6000 kms

6) Redshift quad - this filter comprises four quadrants each of

which has ~100x100 arcsec FOV and a bandpass of 5-6%. They are

for cluster imaging and George Miley will define the the central
wavelengths and exact bandpass for each of the four quadrants

7) WFC/HRC parallel issues

- observations with the WFC or HRC using a filter in wheel 1

will produce a complementary image in the other camera with one of the
other broadband filters. We have not yet defined the pairing of
broadband filters (this is because wheel 2 has two clear slots)

- observations with wheel 2 filters will generally result in

poor filter combinations in the other camera.

8) Polarizers

- vis polarizers can be used in combination with all wheel 1 filters

- UV polarizers can be used in combination with 218, 255, u and the UV prism

13 Expected Scientific Results

We will use the unique characteristics and dramatically improved efficiencies of the ACE for a focused
attack on our three major science themes. The WFC and HRC will address the formation and evolution of
galaxies and clusters of galaxies, and the nature and large scale distribution of dark matter. We will
devote approximately 75 percent of or guaranteed time to two major surveys aimed at solving outstanding
problems in cosmology.

In the largest survey we will take contiguous deep V-and I-band WFC images of ~ 0.7 square degrees of
sky in the CVZ. We expect to map the large scale distribution of dark matter around approximately 20
rich clusters of galaxies. The survey data will establish the evolution of galaxies and clusters of galaxies in
the early universe and determine the cluster and supercluster environment around one or more high
redshift radio galaxies.

In the second survey, we will use Surface Brightness Fluctuations (SBF) in deep WFC I-band images of
early type galaxies to map large scale flow. This method will allow us to obtain distances to galaxies
which are independent of their redshifts and will contribute to the measurement of H, and to the mapping
of large scale flows. Mapping the infall pattern around the “Great Wall” of galaxies will provide us with
constraints on the mass distribution on very large scales, which is presumably dominated by dark matter
dynamics.

We will use narrow band and polarimetric HRC and WFC images to address QSOs and AGNSs, our second
major science area. These objects are not only unique probes of early universe conditions and potential
tracers of the geometric evolution of the universe, but are also important testbeds for identifying their
nuclear engines. Our observations of AGNs will delineate the structure in the Narrow Line Region of
AGNs and provide morphological data on stellar populations and related ionized gas. HRC observations
will elaborate on the relationship between the host galaxies and associated radio sources. Imaging
polarimetry data will be sued to study proposed Unified Schemes for understanding active galaxies.

We will use a novel polarimetric technique to measure geometric distances to galaxies, and provide
independent measures of H, and q,

Finally, a variety of observations using narrow band imaging with the SBC will address specific questions

in solar system science, our third science theme. The SBC will provide high spatial resolution narrow
band data on aurorae of the giant planets.

© ESO ¢ Provided by the NASA Astrophysics Data System

63


http://adsabs.harvard.edu/abs/1995ESOC...53...57C

FIYO5ESCC. =53 ~. 57C!
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