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Abstract. The Advanced Camera (AC) is a 3rd generation instrument for the Hubble Space Tele-
scope (HST) and is scheduled for installation during the 1999 Servicing Mission. The AC will bring
predicted performance improvements of one to two orders of magnitude over existing HST science
instruments and provide the first real opportunity to conduct efficient, deep imaging surveys with
HST. In this paper, we briefly preview the filter complement proposed for the Advanced Camera.
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1. Introduction

The Advanced Camera (AC) will be installed in the Hubble Space Telescope (HST)
during the 1999 servicing mission, when HST is reboosted to a higher orbit. AC will
investigate new and unexplored regions of HST’s discovery space, primarily by means
of a wide field imaging survey. AC is being built within a severely constrained budget
environment, through the extensive use of existing designs and spares. AC is truly an
advanced camera, with predicted performance improvements of one to two orders of
magnitude over existing HST science instruments. The baseline AC consists of three

camera channels, a Wide Field Channel (WFC), a High Resolution Channel (HRC),
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and a Solar Blind Channel (SBC). The science goals and design of AC is described
in detail by Ford et al. (in prep.).

2. Instrument Design

The AC features three individual camera channels, each designed to achieve the best
possible performance for a particular scientific objective.

2.1 WIDE FIELD CHANNEL (WFC)

The WFC features a 204”x211” field of view optimized for sky-limited V and I-band
imaging. The WFC employs two butted SITe 2048x4096 CCDs with 15 um pixels,
with a plate scale of 0.050 ”/pixel and near critical sampling in the I-band. High red
throughput is achieved by a unique optical design employing only three mirrors with
protected silver coatings, and the use of thinned, backside illuminated CCDs with
platinum flashgates and anti-reflection coatings optimized for red wavelengths. The
WFC is intended primarily for a sky survey science program and so the X-Y axes of
the FOV are aligned with HST V2 and V3 axes for maximum survey efficiency.

2.2 HiGH REsoLuTION CHANNEL (HRC)

The HRC provides spectral coverage from 200-1000 nm with a 26”x27” field of view.
It employs a 1024x1024 STIS-like CCD optimized for high quantum efficiency in the
near-ultraviolet by means of a platinum flashgate and NUV optimized AR coatings.
The CCD pixel size is 21 ym with an effective plate scale of 0.026 ” /pixel and critical
sampling at wavelengths greater than 506 nm.

2.3 SoLAR BLIND CHANNEL (SBC)

The SBC covers the spectral range 115 nm-170 nm with a 30”x33” field of view. The
channel employs a Csl photocathode PCA detector with 25 um pixels with an effective
plate scale of 0.031 arc sec/pixel. Thus, the channel is nominally undersampled in the
FUV, however, the PCA high resolution mode halves the pixel size. The high FUV
throughput, the primary emphasis of this channel design, is achieved with only two
internal reflections and a high QE CsI photocathode detector.

3. Filters

The ACE optical design, shown in Figure 1, includes two filter wheels which are
shared by the WFC and HRC, and a separate filter wheel for the SBC.

3.1 WFC anD HRC FILTERS

In order to maximize the number of filters available in the WFC and HRC filter
wheels, filters intended primarily for use with the HRC have been sized accordingly.
A total of 29 filters will be mounted in the two filter wheels, with an additional 3
filter slots left clear. The filter wheel closest to the detector (Wheel 2) will contain a
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Fig. 1. Schematic showing the Advanced Camera optical design

WPFC size and a HRC size clear slot positioned opposite each other. The other filter
wheel (Wheel 1) will have just one clear WFC size slot. This arrangement will permit
pairs of filters in Wheel 1 to be located opposite each other in the wheel and used in
parallel when the Wheel 2 clear slots are in the beam.

The science team has chosen to adopt the Sloane Digital Sky Survey (SDSS) filter
set (Fukugita et al. 1995) as the primary broadband filter system for AC. This filter
system provides extensive wavelength coverage from 300 nm to 1100 nm with 5 filters.
The individual filter bandpasses are wide and, therefore, ideal for the primary science
goals of AC which focus on faint object imaging. The zero point of this system is the
AB, system of Oke and Gunn (1983), which allows immediate conversion of measured
magnitudes to fluxes. We anticipate that by the launch of the 1999 Servicing Mission,
the Sloane Sky Survey will have amassed a significant database of calibration data
in this photometric system. The SDSS filter set will be matched to the field of view
of the WFC, however, the u’ filter bandpass will be determined by the the cutoff of
the WFC’s silver coated optics and consequently, differs from the standard SDSS u’
filter (Fukugita et al. 1995).

In addition to the SDSS filter set we have selected standard U, B, and V filters
for WFC photometric programs requiring the Johnson-Cousins UBV photometric
system. For very deep imaging with the WFC, two very broad bandpass filters are
provided, a V filter similar to the WFPC2 F606W employed for the Medium Deep
Survey, and an I band filter similar to the WFPC2 filter F814W. These two filter
sets offer the additional benefit of providing a link to previous HST calibrations of
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TABLE I
Filter complement for the WFC and HRC
Wheel 1 Camera Wheel2 Camera
SDSS i’ WFC F220W (180-250 nm) HRC
SDSS 2’ WFC F250W (200-300 nm) HRC
SDSS r’ WFC SDSS v’ WFC
SDDS g’ WFC F550M (547 nm continuum) WFC
B WFC Grism (R~50) HRC
\' WFC [O11] Ramp WFC
Broad V WFC [OI1l] Ramp WFC
Broad I WFC Ha Ramp WFC
F656N Hoa (AX=1%) WFC IR Ramp WFC
F500N [OIII] (AA=1%) HRC Redshift Quad WFC
UV Polarizer (0°) HRC Polarizer (0°) HRC
UV Polarizer (60°) HRC Polarizer (60°) HRC
UV Polarizer (120°) Polarizer (120°) HRC
UV prism (R~50) HRC
Methane Band (A ~892nm) HRC
U Band HRC
F344N (Ne V) HRC

WFPC2 and WFPCI1. For high efficiency near-UV imaging in the HRC channel, two
broadband HRC filters are provided, one centered at 220 nm and one at 2500 A.

With its superb imaging quality, low dispersion slitless spectroscopy with ACS
will provide otherwise unobtainable UV and optical spectral information on a large
numbers of faint sources. This spectral information can be used to estimate the red-
shifts of faint galaxies from the position of the Lyman break. Alternatively, surveys
can be made for emission line objects in distant galaxies (e.g., planetary nebulae and
supernova remnants), faint quasars, and galaxies with strong emission lines in high
redshift clusters. A grism is, therefore, provided for visible WFC spectroscopy with
a spectral resolution of R~50 and a UV prism for the HRC with R~50.

In contrast to the WFPC2, the AC has a smaller set of narrowband filters. For
wide field narrowband imaging AC has Ha and [OIII] filters, each with a bandpass
of 1%. To complement these two filters, there is a medium band continuum filter
F550M, which is centered at 547 nm with a bandpass of ~11%. It is anticipated that
the majority of narrowband imaging will be undertaken with a suite of ramp filters
similar to those used in WFPC2. The major difference, compared to WFPC2’s ramp
filters, is that the AC Ramp filters will offer a significantly larger monochromatic field
of view ( 70x30 arcsec) at any given wavelength. The four ramp filters will cover the
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TABLE II
Filter complement for the SBC

Slot  Filter

MgF 2

CaF,

BaF2

Crystalline Quartz
CaF3 Prism (R~100)
LiF Prism (R~100)
CIV (145 nm - 165 nm)
La (AX=1%)

O ~J O O W W N -

wavelength region 365 nm-985 nm, with a bandpass of 2% at any given wavelength.
Each ramp filter will have three strips which are arranged parallel to the rotation
direction of the filter wheel. This will permit the central strip in each filter wheel to
image onto the HRC as well as the WFC. In order to use the ramp filters with the
HRC it will also be necessary to partially rotate the filter wheel, to select the required
central wavelength. Two additional ZHRC imaging in the NeV line, for imaging of
AGN nuclei, and the methane band (892 nm) for imaging of the solar system planets.
Finally, a quadrant filter has been baselined, giving four 100x100 arcsec fields of view
each with a 5% bandpass optimized for the study of a specific cluster of galaxies.

The Advanced Camera team is committed to a functional polarimetric capability
and so the AC filter complement has two sets of polarizers optimized for UV and
visible band polarimetry with the HRC. The UV polarizers will be optimized for
the 200 nm-400 nm region and are located in filter Wheel 1 to permit them to be
crossed with the UV filters in Wheel 2. The visible band polarizers are located in
filter Wheel 2 and are designed to be crossed with broad and narrow band filters in
Wheel 1. Each set of polarizers comprises three separate elements which give relative
polarizer angles of 0°, 60° and 120° respectively. A polarimetric imaging sequence
will require only one filter move between each observation. It will not be necessary
to move the target, or roll the telescope between observations.

4. Solar blind channel

The SBC filters are selected for imaging programs in the FUV and are shown in Table
2.

A narrowband Lyman-a filter will allow Lyman-a emission to be isolated for stud-
ies of auroral emission on Jupiter. A narrowband CIV filter is provided for imaging
of the nuclei of AGN. Longpass filters, designed for use in pairs, to isolate a specific
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bandpass, will provide coverage of the spectral region from 120 nm to 160 nm where
the SBC has good sensitivity. Two prisms are also included, a lithium fluoride (LiF)
prism and a CaF prism. LiF provides high transmission, high efficiency and relative-
ly constant dispersion from 120 nm to 180 nm . A CaF prism performs a similar
function, but with a cutoff wavelength which blocks Lyman-« emission.
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