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Abstract
The throughput curves for the imaging modes of the Advanced Camera for Surveys Solar
Blind Channel (SBC) have been updated to correct for a 15% – 30% error in the absolute
flux calibration. The offset is removed by adjusting throughput curves of various components
of the different observing modes, and bringing synthetic photometry into agreement with
observed photometry. The resulting curves show that the detector is more sensitive than
previously estimated. The practical result of these changes is that the new zeropoints are
fainter than before. In other words, until now, the observed astrophysical fluxes of sources
have been overestimated. Updated zeropoints for F122M and F165LP have accuracies of
∼ 4.5%, while the other filters have accuracies better than ∼ 1.7%. New throughput curves
and other necessary support files have been delivered to the calibration pipeline so that, from
now on, SBC images downloaded from MAST contain the appropriate zeropoints.
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Introduction

The Solar Blind Channel (SBC) on the Advanced Camera for Surveys (ACS) is a MultiAnode Microchannel Array (MAMA) photon counting device. It is optimized for observations in the far-ultraviolet (FUV) regime from 1150Å to 1700Å, with a field of view of
3500 × 3100 , and a plate scale ∼ 0.03200 /pix. It is equipped with a set of six imaging filters
(five long-pass and one Lyα filter) and two low-resolution prisms.
The wavelength-dependent throughput curves used for flux calibrations of the SBC imaging mode were first derived during ground testing prior to launch. Tests conducted during the
Copyright c 2019 The Association of Universities for Research in Astronomy, Inc. All Rights Reserved.

Servicing Mission Orbital Verification (SMOV) campaign in 2002 showed that the throughput curve for the MAMA detector required wavelength-dependent adjustments (Tran et al.,
2003a,b; Sirianni et al., 2003). A revised throughput curve for the detector was delivered in
2008 when a substantial red leak was characterized (Boffi et al., 2008). Figure 1 shows the
throughput curves used for each of the SBC imaging modes, as they stood at the beginning
of 2019.
In the last few years, observers and STScI staff have noted that the predicted count
rates for the imaging modes do not match observed count rates (e.g. Tao et al., 2012; Östlin
et al., 2014; Bhattacharyya et al., 2017; Peacock et al., 2018). The ACS Team conducted a
campaign with the ultimate aim of fixing the absolute flux calibration of the imaging modes.
Recent studies have characterized the dark rate (Avila, 2017; Avila et al., 2018), the aperture
corrections (Avila and Chiaberge, 2016), the high-frequency flat fields (Avila et al., 2016),
and the low-frequency flat fields and time-dependent sensitivity (TDS; Avila et al. 2019).
With these calibrations in hand, it is now possible to undertake a study to derive corrections
to the throughput curves, new inverse sensitivities, and new photometric zeropoints.
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Figure 1: Total system throughput curves for the six imaging modes available on SBC, as they stood in
January 2019.

Section 2 presents the data and explains how basic calibration, spectral extraction and
photometric measurements were performed. Section 3 describes the synthetic photometry
process. Section 4 presents the corrections applied to the throughput curves. Section 5
presents a verification of the corrections. Section 6 presents a discussion of the results and
summarizes this report. Section 7 discusses the technical aspects of how these results are
being implemented in the calibration pipeline, PYSYNPHOT software , and the observatory
Exposure Time Calculator (ETC).
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Data

SBC photometry and associated UV spectroscopy of sources are necessary in order to determine the absolute flux calibration of an observation mode. These data exist for the open
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Table 1: Dataset names of STIS spectra used in this analysis.

Rootname

Proposal ID

Grating

Exposure time [sec]

Observation date

O5JA06030
O5JA06040
O69U09010
O69U10010
O5JA06080
O69U09040
O69U10040
O5JA06050
O69U09020
O69U10020

8422
8422
8849
8849
8422
8849
8849
8422
8849
8849

G140L
G140L
G140L
G140L
G230L
G230L
G230L
G430L
G430L
G430L

800.0
800.0
1546.0
1546.0
1360.0
2588.0
2588.0
302.0
420.0
420.0

2000-06-21
2000-06-21
2002-06-18
2002-06-20
2000-06-21
2002-06-18
2002-06-20
2000-06-21
2002-06-18
2002-06-20

cluster NGC6681. Spectra were obtained with the Space Telescope Imaging Spectrograph
(STIS) using a 5200 × 200 long slit, and the FUV/G140L, NUV/G230L, and CCD/G430L
modes. Table 1 lists the sets of data included in this analysis. Figure 2 shows the approximate slit alignment on the sky. The locations on the STIS detectors were measured for
a dozen relatively well isolated stars, and these spectra were extracted using custom IDL
software, as detailed by Bohlin et al. (2019). In particular, clear regions of the images were
selected for the sky-background locations. The spectra were extracted with the standard 11
pixel height (0.3 arcsec) for the MAMA FUV and NUV detectors. Wavelengths were assigned
based on the distance from the center of the slit for each star; and multiple observations with
the same grating were averaged using the exposure times as weights. The STIS/CALSPEC
absolute flux calibration is documented in the review by Bohlin et al. (2014). Figure 3 shows
the flux distributions for the six brightest and most isolated stars, which were the ones used
for this study.

A

B

C

G
I

K

Figure 2: An approximation of the sky location of the STIS slit on the NGC6681 cluster. The marked
stars were used for this study. The stars are labeled as in Proffitt et al. (2003). Image was taken with SBC
F115LP filter. The image is 2.7500 × 2000 , and the size of the circles indicate the r=0.500 (20pixels) apertures
used for photometry.

To perform photometry, all SBC images of this field that are available in the Mikulski
Archive for Space Telescopes1 (MAST) were downloaded in RAW format. Failed observations
were discarded. Observations where the average detector temperature exceeded 25◦ C were
discarded in order to avoid images with high dark current, which is difficult to correct for in
SBC data (Avila, 2017). The final list of images appears in Table 1 of Avila et al. (2019).
1
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Figure 3: STIS spectra of the six stars used for this analysis, shown in Figure 2. G140L mode was used
below 1687Å, and G230L above.

Images were calibrated using the LP-flats derived by Avila et al. (2019).
To define the astrometric grid, it would be ideal to align the SBC images directly to the
Gaia (Gaia Collaboration et al., 2018) reference frame. Unfortunately, there is no overlap
between the SBC images and the Gaia catalog because of the small size of the SBC footprint
and because Gaia does not contain many UV-bright sources. Alignment was accomplished
by first aligning near-UV images taken with WFC3/UVIS F275W to Gaia and then aligning
SBC images to the WFC3/UVIS observations. WFC3 images were from GO-13297 (PI:
Piotto), visits 94 and 95.
Calibrated and aligned images (FLT files) were sorted by filter and observation dates.
Images taken with the same filter and observation day were drizzled together, and a single
world coordinate system (WCS) was used for all drizzled products (see Table 2 of Avila et al.
2019). Photometry was performed on each drizzled image using the aperture photometry task
from the PHOTUTILS (Bradley et al., 2016) package, employing apertures of radius = 0.500 .
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Table 2: Number of photometric measurements per star per filter. Star names are the same as Figure 2.

Star

F122M

F115LP

F125LP

F140LP

F150LP

F165LP

–
–
9
11
11
11

47
47
46
48
47
48

50
48
49
48
50
50

48
46
47
46
48
48

49
48
48
48
48
49

47
46
46
46
47
47

A
B
C
G
I
K

Photometry of each star was corrected for TDS effects using the new corrections published by
Avila et al. (2019) and further adjusted with aperture corrections from Avila and Chiaberge
(2016). Finally, the mean and standard deviation of the photometric measurements of each
star were calculated. Photometry of Stars A and B in the F122M filter were discarded
because the stars are too faint. Table 2 shows the number of photometric measurements per
star per filter.
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Synthetic Photometry

Synthetic photometry was performed using the PYSYNPHOT python package (Lim et al.,
2015). PYSYNPHOT works by using wavelength-dependent throughput curves for every optical component (e.g. mirrors, filter, and detector) in an observing mode. The total throughput
function (bandpass) of the requested observing mode is then formed by multiplying together
the individual component throughputs at each wavelength.
Table 3: List of throughput curves before corretions.

#
1
2
3
4
5
6
7
8
9

Filename

Component

hst ota 007 syn
optical telescope assembly
acs hrc m12 006 syn
corrective optics
acs f122m 005 syn
F122M filter
acs f115lp 005 syn
F115LP filter
acs f125lp 006 syn
F125LP filter
acs f140lp 006 syn
F140LP filter
acs f150lp 005 syn
F150LP filter
acs f165lp 005 syn
F165LP filter
acs sbc mama 009 syn
MAMA detector

Bandpasses are then convolved with observed UV spectra to simulate HST observations
of targets, yielding predicted count rates. PYSYNPHOT also has the capability to apply
aperture corrections. Table 3 shows the component throughput files that were used in this
analysis. The component files that correspond to the observatory and the corrective optics
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of the instrument are assumed to be invariable, while the instrument component files can be
adjusted.
An example run of synthetic photometry would involve the following steps. The bandpass generator is given the appropriate keywords for the observation mode, for example,
"acs,sbc,f115lp". This would take files 1, 2, 4, and 9 from Table 3 and multiply them
together. The result would be the throughput curve for F115LP shown in Figure 1. The
desired target spectrum is then convolved with the throughput curve. Figure 4 shows the
result of this process when applied to Star K. Finally, the convolved spectrum is integrated
and converted to the appropriate units to produce a synthetic count rate, which can be
compared to observed aperture photometry.
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Figure 4: Contributions to the SBC/F115LP total flux as a function of wavelength, i.e. the spectrum of
Star K convolved with the system throughput, before corrections were applied.
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Matched Photometry

Figure 5 shows the ratio of synthetic photometry to observed photometry of each star and
filter combination, as a function of the effective wavelength of the observation. The bottom
set of points (squares) show the results from using the set of uncorrected throughput curves
(Figure 1). The value used for the observed photometry is the mean of all measurements in
a filter of each star, and the error bars are the standard deviation of those measurements.
The effective wavelength (or mean wavelength of the detected photons) of an observation
is defined in Equation 1 (Koornneef et al., 1986). The synthetic photometry deviates from
the observed photometry by ∼15% – 33%. The discrepancy is such that the SBC is more
sensitive than previously estimated.
R
Fλ Pλ λ2 dλ
λeff = R
(1)
Fλ Pλ λdλ
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Figure 5: Ratios of synthetic to observed photometry for each star. Square points show the ratios before
any adjustments were made to the throughput curves. Circles show the ratios after corrections. Error bars
indicate the 1σ scatter in the observed photometry.
Table 4: Residual RMS of the corrected ratios of synthetic to observed photometry by filter.

Filter

Fit residual

F122M
F115LP
F125LP
F140LP
F150LP
F165LP

4.1

0.041
0.015
0.017
0.012
0.014
0.045

Corrections

Adjustments were made to both the detector and filter throughput curves in order to correct
the discrepancy between predicted and measured count rates. The detector throughput
curve was adjusted first by fitting a line through all the points in Figure 5, except those
corresponding to filters F122M and F165LP, and dividing the throughput curve by that line.
Tests showed that excluding those two filters yielded more realistic results for the detector
throughput curve. With a corrected detector throughput, the synthetic photometry was
performed again, and the results compared to the observed photometry. The individual
filter throughput curves were adjusted by determining the mean offset of the measurements
in each filter. The filter throughput curves were then divided by that constant. The synthetic
photometry was run once more, yielding the ratios represented by the top set of points
(circles) in Figure 5. Table 4 shows the residual RMS of the final fit for each filter.
The final set of throughput curves for the six imaging modes of the SBC are shown in
Figure 6. For comparison, the curves being replaced are shown in dotted lines. The aggregate
adjustments resulted in throughput curves with higher sensitivity in all imaging modes.
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Figure 6: Comparison of the old (dotted) and new (solid) system throughput curves for the six imaging
modes.
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Verification

The new throughput curves were tested by comparing observed and synthetic photometry
of a completely different set of stars for which SBC imaging and STIS spectra are available.
The list of verification stars and filter combinations used is given in Table 5. These stars
are isolated on the sky, so larger 1.00 apertures were used for the photometry. The spectra
were obtained from CALSPEC2 , which contains the composite stellar spectra that are flux
standards on the HST system.
Figure 7 shows the spectra of verification stars, as well as the ratio of synthetic photometry to observed photometry of each star and filter combination. Square points show
the ratio before the throughput curves were corrected. The offset between the observed and
synthetic photometry is once again ∼15%–30%. The circles show the results from using the
new throughput curves.
Table 5: Stars and filters used to test the new throughput curves.

Star

Filter

HS2027
F122M
LDS749B
F122M
SDSS132811 F125LP
SDSS132811 F140LP
SDSS132811 F150LP
LDS749B
F165LP
2

http://www.stsci.edu/hst/instrumentation/reference-data-for-calibration-and-tools/
astronomical-catalogs/calspec
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Figure 7: Top) Spectra of stars used for verification. Bottom) Ratios of synthetic and observed photometry
for verification stars. Square points correspond to ratios before adjusting the throughput curves. Circles
show results after corrections. The colors in the two panels are matched by star.
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Discussion

Throughput curves for the MAMA detector required an upward adjustment, and additional
minor adjustments to the filter curves were also necessary, so that synthetic photometry
matched observed photometry. This means that the detector is more sensitive than previously thought – fewer photons are required to produce 1 count per second in a bandpass.
Photometry performed on stars that used zeropoints derived from previous curves needs to
be made fainter. Equivalently, astrophysical fluxes of SBC sources have been overestimated
in the past.
The residual RMS of the corrected ratios of observed to synthetic photometry shown
in Table 4 is below 0.02 in four of the six imaging modes. The residuals for F122M and
F165LP fall outside this range because the photometric measurements have low signal to
noise. These fit residuals in Table 4 represent the errors in the SBC absolute flux calibration
and are consistent with the residual mismatch in the CALSPEC standards seen in Figure 7.
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Implementation

Zeropoints need to be derived any time adjustments are made to the throughput curves of an
imaging mode. The zeropoint of an observing mode is derived by using the inverse sensitivity
of the throughput curve, defined as the amount of incident flux required to produce 1 count
per second in the given bandpass, with units of erg/second/cm2 /Å. The ACS Data Handbook
(Lucas et al., 2018) provides full details on zeropoint derivation. In calibrated images, the
inverse sensitivity is stored in the PHOTFLAM header keyword. It is not possible to present
a single zeropoint for a given observing mode because it depends on the observation date,
due to the declining sensitivity with time (Avila et al., 2019). The CALACS software was
updated, and the necessary files delivered to the reference pipeline, to enable the capability
to update the PHOTFLAM keyword with the correct value, depending on the observation date.
This capability is present starting with CALACS v10.2.1. All SBC imaging data in MAST
will be re-processed with the release of this report, and will be available to users near that
time. Alternatively, the ACS Zeropoints Calculator3 can be used to determine the SBC
zeropoints for different photometric systems.
Moving forward, the default behavior of PYSYNPHOT will change when simulating SBC
observations. If no observation date is provided to PYSYNPHOT when defining the observing
mode, the midpoint date of the next HST cycle will be used.
The ETC also assumes an observation date when providing simulations. Users should
consult the ETC release notes4 to identify what date is being used.
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