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Abstract

In this report, we analyze the sky backgrounds of all broadband ACS/WFC images with
exposure times ≥200s and compare these observed values to those predicted by the online
Exposure Time Calculator (ETC). Our goal is to provide the best available estimates for
the sky background for purposes of ensuring reliable charge transfer efficiency (CTE)
corrections. We find that the average sky-background rates (e−/ks) provided by the ETC are
on average slightly overestimated and provide plots for each filter to help observers better
anticipate their sky backgrounds. We include a summary of recommendations for observers
to ensure that their images reach the minimum advised background levels for dependable
CTE corrections.

Introduction

When planning observations with HST ACS/WFC (and all other instruments), it is recom-
mended that observers perform thorough tests with the online Exposure Time Calculator1

(ETC) to ensure that their planned observations will enable them to answer the scientific
questions put forth in their proposals. For CCD observations, a key component of the ETC
calculations are the estimates of the background level. Knowledge of the anticipated back-
ground is especially important for purposes of mitigating losses due to issues with CCD
charge transfer efficiency (CTE).

1https://etc.stsci.edu
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During readout, the electron packet corresponding to each pixel is parallel-shifted down
the detector to the readout register, where it is then serial-shifted to the amplifier for readout.
While each individual transfer has a 99.9996% efficiency at the time of manufacture, the more
time the detector spends in the harsh radiation environment of space, the more damage the
silicon lattice suffers, and the less perfect the pixel-to-pixel transfer becomes. The defects in
the silicon tend to affect smaller electron packets more than larger clouds, and losses can be
quite significant for faint sources far from the readout register (MacKenty & Smith 2012).

The relatively predictable nature of CTE loss allows us to model its behavior and to
correct for photometric losses. Many studies have been published discussing ways to correct
for CTE losses, including via the use of correction formulae for point source photometry
(Chiaberge 2012) and via empirical pixel-based CTE corrections (Anderson & Bedin 2010;
Anderson & Ryon 2018) that are used by the CALACS pipeline to provide images corrected
for CTE losses. While such methods generally perform well, there are instances where losses
due to very poor CTE can still be of concern. In particular, background levels of less than
20e− lead to large difficulties in recovering flux for faint sources (Lucas 2021). An increase
in the image background would help ameliorate these losses by pre-filling many of the charge
traps that cause CTE losses.

One option for observers to ensure they reach the minimum recommended background
value is to increase the individual exposure times for a given frame. An increased exposure
time will provide a larger value of the sky background and dark, both of which help improve
CTE. Similarly, the choice of a broader filter would allow for a larger sky background. If
the astronomical target is small, then another recommendation is to use the “WFC1-CTE”
aperture. This setting places the target close to the upper right corner of Chip 1, which
minimizes the number of transfers required to read out the data, hence minimizing losses
due to poor CTE.

If none of the above recommendations can be applied and the anticipated background level
is still low, then the option to use post-flash (illumination of the CCD via an LED lamp) can
be pursued. An integer number of post-flash electrons per pixel (up to 5733 for ACS/WFC)
can be specified, and the ETC allows for target S/N calculations accounting for the use of
these post-flash electrons. A cautionary note is attached to the use of post-flash, however,
as the level of illumination on the CCD generated by the post-flash procedure is spatially
variable by ∼50% across the frame and may complicate scientific analysis. Additionally, the
overall S/N of the image is reduced with the addition of post-flash. For more details on using
post-flash with ACS, see Ogaz et al. (2014) and Miles (2018).

In this ISR, we examine the observed sky backgrounds in broadband ACS/WFC images
over the lifetime of ACS. We then compare these observed rates to what is currently provided
by the ETC. A similar study was performed by Sokol et al. (2012), where they examined
only Cycle 18 ACS/WFC images and found generally good agreement between the ETC-
predicted and observed sky background values. With much more data in hand, we revisit
this topic, with the aim of providing observers with the best possible information so that
they are able to anticipate and control the background levels present in their data.

2



F435W F475W F555W F606W F625W F775W F814W F850LP
ACS/WFC Filter

0

5000

10000

15000

20000

25000

# 
of

 E
xp

os
ur

es

N=4646
N=5398

N=2300

N=14364

N=1433

N=8259

N=25532

N=8586

Figure 1: Bar plot of the number of exposures in each filter for the dataset used in this paper. Cumulative
exposure times for each filter are given in days within each bar. The number of exposures is printed above
each bar for clarity.

Data

We selected publicly available broadband ACS/WFC astronomical images with an approxi-
mate cutoff date of February 2020. Due to varying proprietary periods and other constraints,
there are some exposures extending past this period. From this sample, we excluded frames
with exposure times less than 200 seconds, so that uncertainties in the background levels
were minimally impacted by the CCD read noise of ∼4−6e−. This procedure resulted in
a total of 70,518 FLT images, representing 530.7 days of exposure time. These FLT images
are processed with the standard CALACS pipeline (v10.3.3), but are not CTE-corrected at
this stage. A list of these filenames can be found at the link provided in Appendix A. A
breakdown of exposures per filter and their cumulative exposure times is shown in Figure 1.
F606W and F814W are the most popular filters for longer observations with ACS/WFC, as
more than half of the total exposure time can be attributed to data taken with these two
filters. Additional filter characteristics and the median exposure time in each filter is given
in Table 1.

Analysis

We used a simple FORTRAN routine to obtain background measurements for each image. We
read in each 4096×4096 FLT image and determined an iterative 3 sigma-clipped average
background pixel value for each amplifier (A-D). Also recorded for each amplifier were the
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Filter Description Central λ [Å] FWHM [Å] Median Exp. [s]

F435W Johnson B 4317.4 691.08 661

F475W SDSS g 4744.4 989.27 522

F555W Johnson V 5359.6 847.79 540

F606W Broad V 5917.7 1583.2 530

F625W SDSS r 6310.5 978.32 525

F775W SDSS i 7693.0 1023.4 510

F814W Broad I 8059.8 1541.6 537

F850LP SDSS z 9054.8 1270.3 507

Table 1: Basic characteristics for the broadband ACS/WFC filters, along with the median exposure time
for each filter for the dataset used in this study.

percentage of pixels that fall within 3-sigma of the average background pixel value– we
later use these values to aid in removal of images that are contaminated by high levels of
crowding or nebulosity. A key difference to note between the present study and that of Sokol
et al. (2012) is that the latter was conducted on the RAW frames, whereas we are performing
our analysis on FLT frames, which are already dark-subtracted. As the dark contributes a
non-negligible fraction of the overall background—and dark current aids with CTE just like
natural backgrounds—it is important for users to consider the dark-current contribution to
their anticipated total background. Since we are examining FLT images, the dark current will
already have been subtracted, and our study here will be focused on deriving the astronomical
(sky) and dark-current-related backgrounds separately.

In addition to the difference in measured total background caused by Sokol et al. (2012)
not subtracting the dark current (∼6e−/ks at that epoch) before examining the astronomical
backgrounds, we found an additional offset between our measurements of the background
for the same images. This difference between our measurements and those of Sokol et al.
(2012) (∼4e−) is due to a previous improper subtraction of the horizontal bias gradient (in
the sense that our newly measured values are lower). Neither of these issues is a large effect,
but they are important to note so that users can plan their observations as accurately as
possible.

Estimating the Dark Background

As each observation has an associated date and time, we are able to leverage this information
to get a precise estimate of the dark current at the time of observation. To do so, we
must first construct a temporal dark rate profile. For this procedure, we use the mode of
the distribution of pixels in the superdarks (DRK) that are generated as part of the ACS
reference pipeline. Using pixel values that fall between -5.0 ≤ Log10(Dark Current) ≤ +2.0,
we use a non-parametric kernel density estimation (KDE) technique to fit the observed
distribution of dark pixel values. Specifically, we use Gaussian kernels, with a “rule-of-
thumb” Silverman bandwidth estimator (Silverman 1986) to provide the kernel widths for
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Figure 2: Example of the underlying pixel value distribution in an individual superdark (DRK) frame, shown
as a histogram (in black). The KDE fit to the underlying data (not the histogram) is shown as a dashed
red line, with the peak of the distribution marked with a dashed blue line. In general, we find the peaks
determined via KDE estimation to be robust against outlying peaks in the histogram, such as the one that
can be seen here slightly to the left of the KDE peak. Also shown are the regimes that are considered to be
warm and hot pixels, along with the percentage of the pixels that fall into these categories.

individual fits. As the underlying data approximates uni-modality and Gaussianity, this is
an appropriate method for our data. To enable reasonable run-times, we use the fast Fourier
transform implementation found in KDEpy. In general, we find that a KDE-based technique
is more robust against selecting outlier peaks that may be found if the peak of the histogram
is determined via a simple binning procedure (the KDE is performed on the underlying data,
not on a binned histogram). An example superdark distribution from January 2004 is shown
in Figure 2. The underlying data is shown as a binned histogram (in black), and the KDE
fit to the underlying data is shown in dashed-red, with the peak of the distribution found
via the KDE marked with the dashed-blue line. The peak determined via KDE is robust
against outlying peaks that can arise from the binning needed to develop a histogram.

With the individual modes of the superdarks, we can now examine the temporal evolution
of the peak of the dark current, as shown in Figure 3. Three key events are labelled as
dashed vertical lines– these are 1) the adjustment from a 12-hour annealing process to a
6-hour annealing process, 2) the change in operation temperature from -77 ◦C to -81 ◦C,
and 3) the beginning of post-flashing the dark frames. The gap in data spanning between
2007 and 2009 represents the time between the failure of the Side B electronics and the HST
Servicing Mission 4 that later restored ACS/WFC’s operating capabilities. For more details
on these events and their effects on the ACS reference pipeline, see Desjardins et al. (2018).
As the overall dark rate cannot be accurately characterized with a single linear fit, we instead
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Figure 3: Superdark (DRK) modes as determined via the KDE fitting as a function of time. Key events in
the history of ACS are marked with dashed lines, and our three component piece-wise function is shown as
red, yellow, and green lines, with the respectively colored points indicating the superdarks that contributed
to their linear fits.

perform three separate linear fits and generate a piece-wise function to model the data.
The three linear fits that comprise the overall piece-wise function are shown as red,

yellow, and green lines in Figure 3, with the respectively colored points showing which
superdarks contributed to each fit (two superdark frames just before the temperature change
were excluded due to erratic behavior). The first fit is to the epoch from the onset of ACS
observations until the shift to a 6-hour annealing process. The second fit is to the epoch
immediately following this time frame, and extends until just before the CCD temperature
change. After the temperature change, we then skip to the fourth epoch (2015 onwards)
where post-flash was enabled for dark frames. While these points exhibit larger scatter than
those in third epoch and are thus less precise, we believe they provide a more accurate
picture of the true dark current. This is because prior to the use of post-flash, increasingly
poor CTE shifted low-level warm pixels into the background, which artificially increased the
mode of the dark current. Hence, we use the data from 2015 onwards to perform a third
linear fit, and then extrapolate this trend backwards for both the third and fourth epochs.
Prior to the temperature change, the CTE is high enough that direct linear fits to the DRK

histogram peaks are sufficiently accurate for our purposes. The final piece-wise function for
the tabulation of the dark rate (in e−/ks) as a function of Modified Julian Date (MJD) is
given by:
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Figure 4: Cumulative histograms of the measured sky + dark backgrounds in the FLT images for each
ACS/WFC broadband filter. A vertical dashed line marks 20e−, the threshold below which corrections for
CTE become increasingly problematic.


[1.1252× 10−3 × (MJD)]− 56.1204 MJD < 53413.0

[1.7498× 10−3 × (MJD)]− 89.3875 53413.0 ≤ MJD < 53905.0

[1.6710× 10−3 × (MJD)]− 87.2269 MJD ≥ 53905.0.

(1)

We converted the DATE-OBS and TIME-OBS keywords into an MJD, then calculated the
dark rate in e−/ks for each individual WFC frame. With these dark rates, we are now able
to examine the overall distribution of background (sky+dark) values for the dataset as a
whole.

Initial Results and Removing Contaminants

Figure 4 shows a cumulative histogram of the measured sky+dark background values in each
ACS/WFC broadband filter from our selected dataset. A vertical dashed line marks 20e−,
a threshold below which corrections for CTE-related issues are especially difficult. For some
filters with higher sky background rates (e.g. F606W, F814W), there are few images that fall
below this 20e− level in our sample of ≥ 200 second exposures. Filters with lower intrinsic
sky background rates (e.g. F435W, F850LP) have a significant fraction of exposures that
fall below this 20e− threshold.

Figure 5 shows a cumulative histogram of the measured sky rates (not including the dark
rate) for each of the filters. While these cumulative histograms show a well-defined lower
envelope to the background levels for each filter, the upper envelopes are not clearly truncated
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Figure 5: Cumulative histograms of the measured sky background rates in the FLT images for each
ACS/WFC broadband filter.

and extend even beyond the very high background rate limit of the plot (300 e−/ksec).
Upon inspection, we find that the vast majority of fields with very high background rates
are taken in regions with high nebulosity or stellar crowding, which artificially boost the
measured background levels. We therefore choose to remove these images from our sample
and examine the overall distribution without these “false” high background interlopers.

To isolate such contaminating frames from our sample, we generate a relatively straight-
forward diagnostic plot. For each image in our sample, we first use the DQ flags to remove
any pixels that have any potential data quality issues (DQ 6= 0). On the Y-axis, we plot the
fraction of an image’s pixels that fall outside a range of ±5σ of the background value. Specif-
ically, we determine the fraction of pixels that fall outside the range of mbkg ± 5 ∗ (qsum)1/2,
where mbkg is the measured background value, and qsum is the quadrature sum of the Pois-
son variance due to the background (mbkg) and the CCD read noise variance, the latter
approximated as 20e− for all frames. The expectation is that exposures with a high frac-
tion of their pixels outside this ±5σ range would possess either a high level of nebulosity or
crowding as their underlying distributions are more likely to be far from Poisson distributed.

On the X-axis, we plot the variance of the “clean” pixels (those that do not fall outside
the ±5σ range listed above) divided by the same qsum term. The inclusion of the read
noise term allows us to compensate for exposures that have a substantial component of their
background noise from the irreducible CCD read noise. This is especially true for shorter
exposures, and we do not wish to remove these frames from our analysis if they are not
contaminated with nebulosity or crowding. We expect that relatively “good” frames (those
without much crowding or nebulosity) should cluster around an X-value of 1. However, since
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Figure 6: A diagnostic plot showing the fraction of pixels that fall outside a ±5σ threshold versus the
normalized variance of the clean pixels for each image in our sample. The color-coding is by the measured
background rate, and capped at a value of 500e−/ksec for clarity. Images with high levels of crowding and/or
nebulosity fall towards the upper right of the plot.

all of the images being considered are not just Poisson noise and contain true astronomical
sources and cosmic-rays, the minimum value will be slightly higher. Exposures with intense
crowding or nebulosity will have larger intrinsic variance among their pixels, skewing their
normalized variances further upwards of unity.

The results of this analysis are shown in Figure 6, color-coded by the measured sky
background rate, and capped to a value of 500 e−/ksec for visual clarity. Both X and Y-
values for each exposure in this study are provided in the same file as the list of filenames
mentioned above (see Appendix A). Given the large number of data points, we developed a
Python widget that allowed us to click individual points and show the corresponding ACS
imaging previews. This tool allowed us to explore the trends present in the diagram. As
expected, images that are relatively free from crowding and nebulosity have both low X and
Y values on our diagnostic diagram (note the Y-axis is log-scaled for clarity). The vast
majority of these images also have low to moderate background rates. At larger X-values,
the situation begins to change; for example, take the points that lie at X∼5. The minimum
Y-value for this set of points is ∼0.03. Near this minimum value, images typically contain
high levels of nebulosity, but are not considerably crowded.

As we approach higher Y-values, the level of crowding increases, and the incidence of
nebulosity seems to decrease. Images that suffer from both high levels of crowding and
nebulosity (e.g. disks of spiral galaxies with resolved stellar populations and dust lanes)
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Figure 7: The same as Figure 6, except we have removed all images that were determined to have less than
90% of their pixels fall within an iterative 3σ range on any amplifier. This serves as an initial cut of the
sample, with a further cut shown as the dashed line (along with an additional cut to exclude a few remaining
outliers with X ≥4.0). After all these exclusions, the remaining sample size is N = 47,672.

tend to reside in the top right of the diagram. There are additional features that may be
of interest− towards the upper middle region of the plot, there are points that cluster in a
linear fashion, forming a few distinct upward trending lines in the diagram. Upon inspection,
it seems that the differentiating factor between these regions may be the level of nebulosity
present among the crowded stellar fields− for instance, the light blue band centered at ∼(5,
0.1) appears to be mainly images of the Andromeda galaxy’s disk (with some underlying
nebulosity), whereas the dark blue band centered at ∼(5, 0.2) appears to consist mainly of
globular clusters. These intricate details are beyond the scope of this work, and we invite
further exploration of the distinct loci in this diagram.

With the information we have in hand, we can now proceed to remove exposures with
high levels of nebulosity or crowding from our sample. For an initial selection, we use the
percentage of pixels that fall within 3σ of the average background pixel value as determined
by the initial FORTRAN background measurement routine. Specifically, we remove any images
that have less than 90% of their pixels falling within the iteratively determined 3σ level.
We conservatively opt to use the per-amplifier results, and remove any frame that does not
meet our criteria on even a single amplifier. We do so because there are instances in which
images are only partially contaminated (e.g. a dwarf galaxy covering one chip), and we still
wish to isolate these targets along with the “fully” contaminated frames. Performing this
initial cut excludes ∼25% of our images, and leaves us with the sample shown in Figure 7.
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Filter Low Avg. High

F435W 21.23 30.03 54.63
F475W 39.08 55.37 100.68
F555W 36.99 52.65 95.63
F606W 87.63 125.59 227.73
F625W 56.36 81.09 146.90
F775W 52.68 76.71 138.57
F814W 69.20 101.00 182.36
F850LP 26.52 38.95 70.22

Table 2: ETC (v29.2) estimates for sky background levels. All values are given in electrons/pixel/kilosecond.
Selected options for the given sky presets are: Low) Zodiacal light: low, Earthshine: average, Airglow: low,
Average) Zodiacal light: average, Earthshine: average, Airglow: average, and High) Zodiacal light: high,
Earthshine: high, Airglow: high.

There are still a small portion of artificially high-background rate images with high X and Y
values on this diagnostic plot. To exclude these interlopers, we perform a linear cut (which
appears curved due to the log-scaling) shown by the dashed line in the plot. Specifically, we
remove Y > 0.15X − 0.315. Lastly, there are a handful of remaining outliers at very high
Y values, and so we perform a final cut, excluding any frame with a X ≥ 4.0. After all of
these exclusions, we are left with 47,672 individual exposures, which we will refer to as the
“cleaned” sample.

Comparing Observed and ETC-Predicted Values

With both a complete sample and a cleaned sample that is pruned for contaminants, we
can now compare our observed background rates to the ones provided by the ACS ETC.
Before doing so, it would be prudent to review the origin of the estimates provided by the
ETC. The sky background measurements given are composed of three separate components
(earthshine, airglow, and zodiacal light), each of which can be set to different preset values.
We briefly summarize the origin of the values for each of these three settings:

• Earthshine− The four ETC presets (None, Average, High, Extremely High) are dif-
ferent normalizations (0%, 50%, 100%, 200%) of the earthshine spectrum in Figure 2
of Giavalisco et al. (2002). These presets correspond to different limb angles given in
Table 1 on this page.

• Airglow− The ETC airglow presets of Low, Average, and High are calculated with
the Lyman-alpha and oxygen emission-line information from Table 3 at this page.

• Zodiacal Light− The ETC’s model is based on a renormalization of the zodiacal light
spectrum (zodiacal model 001.fits2). For a generic query with no specified position
on the sky, the Low, Average, and High presets correspond to scaling the zodiacal light
to mv = 23.3, 22.7, and 22.1 mag, respectively (Ryon 2021).

2This file is available upon request from the HST help desk.
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(a) (b)

Figure 8: a) Cumulative histogram for sky background rates in F606W. The number of exposures in the
filter is shown in the top-left of the plot. The ETC (v29.2) low, average, and high sky background estimates
(see Table 2) are shown as increasingly saturated vertical lines, with their intersection with the cumulative
histogram printed for convenience. b) Same as a), but with the cleaned portion of the sample that has been
pruned for contaminants.

Following Sokol et al. (2012), we obtained three “preset” estimates (Low, Average, and
High) of the background rate for each filter from the current HST ETC (v29.2). These
estimates correspond to the following selections for zodiacal light, earthshine, and airglow
levels:

Component Low Avg. High

Zodiacal light Low Avg. High
Earthshine Avg. Avg. High
Airglow Low Avg. High

Table 2 shows these values for each filter obtained with the current version of the ACS
imaging ETC (v29.2)3. While we nominally adjust the ETC’s airglow level for each of our
three presets (to match those considered by Sokol et al. 2012), this setting has zero impact
on any of the numbers in Table 2 as the airglow considered by the ETC is caused by Lyman-
alpha and oxygen emission that ranges from 121.6−247.1 nm. As these are UV emission
lines, they do not affect observations taken with the visible/near-IR filters considered in this
study.

3These values are not noticeably different than the ones found by Sokol et al. (2012), after accounting for
the evolving dark current.
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(a) (b)

(c) (d)

Figure 9: a) Scatter plot for observed sky background values as a function of exposure time in F606W.
The selected ETC preset values from Table 2 are shown as dashed lines. b) Same as a), but with the
cleaned portion of the sample that has been pruned for contaminants. c) Scatter plot for observed sky+dark
background values as a function of exposure time in F606W. A flat value of 20e− is shown as a dot-dashed
line, and is shown as a reference level below which CTE corrections become increasingly difficult. d) Same
as c), but with the cleaned portion of the sample that has been pruned for contaminants.
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Discussion

An example final figure-set for F606W can be seen in Figures 8 and 9, with equivalent figures
for all other broadband filters available in Appendix B. Figure 8 shows cumulative histograms
for the measured sky background rates for the entire sample and the cleaned sample. Our
defined ETC presets (low, average, and high) are shown as increasingly saturated vertical
dashed lines, with their intersections with the histogram printed on the plots for convenience.
The top panels of Figure 9 show scatter plots of the sky background versus exposure time
for each image, for both the total sample and the cleaned sample. The selected ETC presets
(low, average, and high) are shown as dashed lines. The bottom panels show scatter plots
of the total background (sky+dark) versus exposure time for each image, again for both the
total sample, as well as the cleaned sample. A threshold of 20e− is marked with a dot-dashed
line, signifying the level below which recovery of faint sources becomes increasingly difficult
with pixel-based CTE corrections.

There are several findings that can be gleaned from these plots. The first is that in all
cases, the lower envelopes are all well-defined, providing a good indication of the minimum
sky background rates that are possible with each filter set. In the complete sample, we
earlier pointed out that the upper envelopes, corresponding to the maximum observed sky
background rates, were not well-defined. We attributed this to contaminating exposures with
high levels of crowding and/or nebulosity that produced artificially high estimates of the sky
background with our measurement routine. The cumulative histograms of the cleaned sample
show upper envelopes that are better defined and can provide observers with reliable upper
limits of the sky background in each filter.

Looking at Figure 8 and the top-panels of Figure 9 (along with the identical plots for other
filters), we find good agreement between our observed sky background values for each filter
and the ETC preset selections. For our complete sample, the ETC’s average sky background
presets approximate the 50% level for the observed rates, though when comparing the ETC
estimates to our “cleaned” sample, the average ETC sky-background estimates are typically
slightly overestimated. For each filter, ∼10−30% of the images fall below the ETC’s low
sky-background preset. This is similar to what was found by Sokol et al. (2012), and it bears
repeating that the lower estimates provided by the ETC should not be taken as an absolute
lower limit. A larger such issue exists for F850LP, for which we find that ∼50% of images
fall below the ETC’s low estimate of the sky background level.

With a closer eye towards mitigating losses due to poor CTE corrections, we now turn
towards the bottom panel of Figure 9 (and the corresponding plots for each other filter). Due
to their intrinsically higher sky background rates, very few (<5%) images with exposure times
≥200s in F606W and F814W are below the minimum recommended threshold (20e−) for
reliable CTE corrections of low S/N sources. Conversely, due to their lower sky background
rates, a significant portion (>25%) of images in the F435W and F850LP bandpasses fall
below the 20e− mark. The remaining broadband filters all have a small portion (∼5−15%)
of their exposures that fall below the recommended threshold.
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Conclusion

Our findings show that observers should pay particularly close attention to their anticipated
background levels when observing with either F435W or F850LP, as well as other broadband
filters if the exposure times are shorter than ∼200s, or with any medium and narrowband
filter (as their sky background rates are intrinsically lower). The plots shown in Figure 8,
Figure 9, and the Appendix can aid in the determination of a robust minimum expected
background, ensuring that investigators achieve a background threshold of 20e− per expo-
sure, leading to reliable CTE corrections. Most programs can be adapted to hit the minimum
threshold for reliable CTE corrections without having to resort to post-flash (see the sum-
mary recommendations in the Introduction, with more details available in Lucas et al. 2019
and Ryon 2021). With proper background the improvement to the S/N of recovered faint
sources can be dramatic. Such improvements also enhance the archival value of images,
boosting the strength of the observing proposal itself. In the near future, we will work with
the ETC team to examine the modest offsets between the predicted sky background rates
and their observed counterparts, and make adjustments as needed.
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A Accompanying Data File

We provide a data file containing the list of images used in this ISR, along with values for
numerous known and derived measurements at this external Box link. A description of each
column is provided here:

rootname: Filename, given in the HST IPPPSSOOT format.
propID: Proposal ID to which the observation belongs to.
filter: Filter used during the observation.
exptime: Exposure time of the image, given in seconds.
bkg per ksec: Sky background rate as determined by our FORTRAN measurement routine,
given in e−/ksec.
varClean div qsum: Variance of the pixels that fall within the ±5σ range described in the
text, divided by the quadrature sum of the background and the read noise.
greater excess frac: Percentage of pixels that fall above mbkg + 5(qsum)1/2, where mbkg

is the measured background, and qsum is the quadrature sum of the background and the
read noise.
negative greater excess frac: Percentage of pixels that fall below mbkg − 5(qsum)1/2,
where mbkg is the measured background, and qsum is the quadrature sum of the background
and the read noise.
A-per: Percentage of pixels on amplifier A that fall within the iterative 3-sigma clipping
performed by the FORTRAN routine.
B-per: Same as the above, but for amplifier B.
C-per: Same as the above, but for amplifier C.
D-per: Same as the above, but for amplifier D.
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(a) (b)

Figure 10: Same as Figure 8, except for F435W.
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(a) (b)

(c) (d)

Figure 11: Same as Figure 9, except for F435W.
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(a) (b)

Figure 12: Same as Figure 8, except for F475W.
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(a) (b)

(c) (d)

Figure 13: Same as Figure 9, except for F475W.
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(a) (b)

Figure 14: Same as Figure 8, except for F555W.
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(a) (b)

(c) (d)

Figure 15: Same as Figure 9, except for F555W.
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(a) (b)

Figure 16: Same as Figure 8, except for F625W.
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(a) (b)

(c) (d)

Figure 17: Same as Figure 9, except for F625W.
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(a) (b)

Figure 18: Same as Figure 8, except for F775W.
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(a) (b)

(c) (d)

Figure 19: Same as Figure 9, except for F775W.

26



(a) (b)

Figure 20: Same as Figure 8, except for F814W.
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(a) (b)

(c) (d)

Figure 21: Same as Figure 9, except for F814W.
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(a) (b)

Figure 22: Same as Figure 8, except for F850LP.
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(a) (b)

(c) (d)

Figure 23: Same as Figure 9, except for F850LP.
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