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ABSTRACT

The ACS team takes calibration data yearly to measure the absolute gain for the four
ACS/WFC amplifiers. Initiated in Cycle 25, this yearly monitoring of the gain allows us to
monitor the health of the CCD. Here, we present a reanalysis of the gain with a revised
photon transfer curve method, as well as with a new “full-frame” methodology that exploits
the use of Poisson statistics on pairs of Tungsten-lamp exposures. Testing for the presence
of systematic effects reveals: 1) an increase in the measured gain as a function of
increasing row number away from the serial register, and 2) an increase in the measured
gain as a function of a increasing flux level of the underlying data. We show evidence that
the cause of the former systematic is likely CTE-related effects, and that the cause of the
latter may be related to charge-diffusion processes. As the latter has also been tied to the
brighter-fatter effect in the literature, we encourage future investigations along this matter
for ACS/WFC images. After accounting for the two systematic effects, we find that our
measured gains are ~5% lower than what is currently in the CCDTAB reference file.
However, we see that the relative amp-to-amp gains are consistent with the values in
CCDTAB to better than ~0.5%. Hence, while we do not recommend any changes to the
relative amp-to-amp gains, the ACS team is considering future adjustments to the absolute
gain levels (along with appropriate changes to the photometric zeropoints to compensate).
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1 Introduction

The absolute gain of a CCD provides the conversion between the electrons that accumulate
within an individual CCD pixel and the number of digital counts that are read out after
the conversion by the analog-to-digital converter (ADC). The only currently supported gain
setting for the four ACS/WFC CCD amplifiers is the setting of GAIN = 2.0 e /DN. This
is because it allows for complete full-well sampling before analog-to-digital saturation, while
also aiding in the mitigation of artifacts such as cross-talk between amplifiers (Giavalisco,
2004).

Since any deviation from the “true” gain can be compensated for in the absolute-flux
calibration, it is the relative gain values across amplifiers that are relevant for obtaining
accurate amp-to-amp photometry. These relative gains have been measured down to un-
certainties of ~0.2% using flat-field observations (Bohlin et al., [2009). However, knowledge
of the absolute gain is also important, as it is needed to accurately populate the image’s
error arrays. Additionally, monitoring the absolute gain over time can give indications as
to the present health of the ACS/WFC CCD, a key point given the increasing age of the
instrument (launched in 2002).

A popular technique for measuring the gain from CCD imaging has been the Photon
Transfer Curve (PTC) technique (Janesick et al. [1987)). In this method, sub-regions from
two identically timed exposures are used to generate a plot of the variance as a linear function
of the signal level (i.e., the photon transfer curve). The inverse of the slope of this line is
the gain value. This PTC methodology has long been used to determine the gains of the
four ACS/WFC amplifiers (Martel et al., 2001). Beginning in Cycle 25, a yearly ACS/WFC
gain monitor program was established using F435W flat-field exposures with the onboard
Tungsten lamp.

One notable issue with the application of the PTC method to the ACS/WFC images is
that there is a noticeable non-linearity present in the photon transfer curve. The origin of
this systematic effect has been uncertain, but deserves to be explored in further detail. In
this ISR, we perform gain measurements with both the traditional PTC technique, as well as
two new methods, one of which exploits the statistics of difference-squared images obtained
from pairs of flat-field exposures, and the second which uses the post-flashed short (~0.5
second) dark exposures taken as part of the CCD daily monitoring program to measure the
per-pixel signal and variance to derive the gain. We discuss our findings, which include a
systematic effect that inflates the measured gain as a function of increasing row number
away from the serial register, as well as the earlier finding of non-linearity in the photon
transfer curve method (and an analogous effect for the other methods). We then propose a
CTE-related origin as the cause for the new systematic effect, and a charge-diffusion process
(the same which underlies the brighter-fatter effect) for the previously known one.

2 Methods

The data we use in this analysis has been taken once per cycle, beginning with Cycle 25.
It consists of two consecutive images taken with the Tungsten lamp through F435W filter
with identical exposure times, with five different exposure times (0.8, 4.4, 8.8, 16.2, and
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