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Abstract

We report the results of a study of the long-term stability of the LED lamp used in
post-flashing WFC3/UVIS images. We analyze 644 sub-array exposures taken over the
course of just over 3 years and find no significant long-term trends in the LED lamp
brightness. The average percentage change per year over all FLASH level and shutter
combinations is found to be 0.15% per year with an uncertainty of +/- 0.24% per year.
The maximum measured percentage change per year was 0.39% for the highest FLASH level
of 20 e- on shutter A which would indicate a change of less than 1 e-/pixel over the roughly
3 years since post-flashing began.

There are, however, occasional short-term deviations in the LED output. The average
minimum and maximum outliers over all FLASH level and shutter combination subsets are
4.1% below and 3.5% above, respectively, the mean of that subset. The maximum outlier
over all the sets is 5.8% above the normalized mean value, for FLASH level 3/shutter A.
The minimum outlier over all sets is also for FLASH level 3/shutter A and is 8.9% below
the normalized mean value. Investigation of these outliers has revealed no systematic cause
for the excursions and we recommend that users continue using the post-flash as they would
have previously.
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1 Introduction
The post-flash calibration option available for the WFC3/UVIS CCDs was first implemented
late in Cycle 19 and later incorporated into APT (Astronomer’s Proposal Tool) for GO use
starting in Cycle 20, Oct 2012 (Biretta and Baggett, 2013). The process of post-flashing
involves illuminating either shutter A or shutter B, depending on the UVIS chip in question,
with a single LED just prior to image readout to soak the CCD with a highly diffuse light.
This illumination helps to fill trapping sites within the CCD which in turn aids in mitigating
the CCD issues with charge transfer efficiency (CTE): raising the overall background counts
by a known amount helps to curb the loss of electrons during readout. The efficacy of post-
flash for mitigating CTE losses is described in more detail in Anderson et al. (2012). For
more in-depth information on post-flash capabilities for WFC3/UVIS as well as the general
properties of our post-flash and our current post-flash reference files see Biretta and Baggett
(2013).

A key monitoring project for WFC3/UVIS is to track the long-term behavior of the post-
flash LED over time as aging and usage of the LED and/or associated electronics could
cause the output to change over time. Given the importance of the post-flash in mitigating
CTE losses (Anderson et al., 2012), it’s vital to keep the lamp calibration (i.e. post-flash
duration required to achieve a specific illumination level) up-to-date. A previous study found
no longterm instability over the 9 months of data available at the time (Biretta and Baggett,
2013). Here, we summarize a new study of the LED lamp stability over time with data
spanning just over 3 years (38 months).

2 Data
The data used within this specific study are a set of post-flashed darks obtained at LOW
current and various FLASH levels, taken with the C1K1C 1024x1024 sub-array which is in
the outer corner of amp C near to the amplifier. The sub-array was used in order to opti-
mally pack the orbit. The sub-array placement is such that we will also be taking images
where there is the greatest fall off in the LED illumination pattern (as described in Kurtz
et. al, 2017). This is useful because if there were issues with the stability of the LED lamp
over time we would likely measure the highest inconsistencies in such a region.

For this study of the LED lamp brightness, we utilized all that sub-array data across the
four proposals 13078, 13560, 14006, and 14372 for both shutter A and shutter B. The vari-
ous FLASH levels chosen are used most in science observations (Biretta and Baggett, 2013).
More specifically, there are a total of 644 0.5-second darks which were flashed with LOW
current at FLASH levels of 3, 5, 8, 10, 12 and 20 e-/pixel. We were obliged to use the
shortest possible darks as biases cannot be post-flashed. Each sub-array was run through
the usual CALWF3 pipeline to be bias and dark calibrated as well as scaled by the gain to
convert e-/DN to e-/pixel.
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Program ID PI Cycle Orbits Num. Images Dates

13078 J. Biretta 20 64 236 2012
13560 H. Gunning 21 60 168 2013
14006 A. Bowers 22 48 168 2015
14372 V. Bajaj 23 60 72 2016

Table 1: Information on the various UVIS post-flash monitor calibration proposals used
within this study. The number of images indicates the total number of LOW current, sub-
array images at our various FLASH levels that were taken in that program, not the total
number of images in that entire program. Over the four programs there were a total of 644
subarray images available.

3 Methods

3.1 Processing

To start we separated our 644 post-flash exposures into subsets of the 6 FLASH levels and
the two shutter positions. All images were processed through the calwf3 calibration software
version 3.1.4 in order to perform the overscan, bias, and dark corrections. We then processed
the images with LACOSMIC, as described in section 3.2, to remove cosmic rays.

3.2 Cosmic Ray Removal - LACOSMIC

To remove cosmic rays (CRs) we ran the individual frames from each of our 12 subsets
through LACOSMIC (van Dokkum 2001). The code uses Laplacian edge detection to iden-
tify CRs and produces a CR mask as well as a corrected image. The ‘cleaned’ flt image
has all the CRs replaced with the median of surrounding ”good” pixels. We experimented
with a variety of parameter settings to determine the set providing optimum CR rejection,
similar to previous WFC3 studies (e.g. Gosmeyer et al. 2014). We visually inspected the
LACOSMIC products to ensure the CR rejection was being performed correctly. An exam-
ple of a sub-array post-flash file before and after being cosmic ray corrected can be seen in
Figure 1 and shows clearly how the bright cosmic rays from the before image are removed
in the after image. Furthermore, plots of the means of the images with and without the
LACOSMIC correction are shown in Figure 2: as expected, by using LACOSMIC to correct
for the CRs, we see a distinct decrease in the spread of the data which is seen as a decrease
in the one-sigma lines on the LACOSMIC corrected plot vs. the non-LACOSMIC corrected
plot.

We used a python wrapper of the IRAF version of LACOSMIC with the following parame-
ters for runs of all subsets:

SIGCLIP (Detection limit for cosmic rays) = 9.5;
SIGFRAC (Detection limit for adjacent pixels) = 0.3;

OBJLIM (Max number of objects desired in image) = 2;
NITER (Number of iterations of cosmic ray finder) = 3.
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Figure 1: At top is a typical FLASH=12 post-flash C1K1C sub-array on shutter A applied
to a 0.5 second sub-array dark (image icrz31jvq). The brightness scale runs from 0 to 22
e-/pixel on both images. Cosmic rays have not been removed from the image at top and can
be seen as the very bright spots and smudges on the image. At bottom is the same image
but with CRs removed by LACOSMIC.
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Figure 2: The mean counts in a single image are normalized to an average of the mean
counts of a selection of images. The mean counts for each image were calculated using
numpy.mean, at bottom with data containing cosmic rays and at top with data corrected
with LACOSMIC. The uncertainties are encompassed in the size of the points and are less
than +/- 0.5%. The purple lines mark one-sigma. Both plots have the same axis scales.
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3.3 Cutting extreme outliers

LACOSMIC is known to occasionally ‘explode’, i.e. over-flag images, in around 5% of data
files (Gosmeyer, et al. 2014). Interestingly, we saw a similar proportion of files that were
flagged inappropriately in our data runs, but for a slightly different reason. In the usual
LACOSMIC runs, such as that in Gosmeyer et al. (2014) there was an overabundance of
pixels marked as cosmic rays, while in our runs 42 of our sub-array/LOW current files were
found to have only one or two incorrectly flagged pixels which were assigned an absurdly
high count of 9.997 * 107. In contrast, a correctly masked CR pixel had values around 3 to
20 counts, depending on the FLASH level. After a series of tests using varying LACOSMIC
parameters didn’t create better flagging results for those images we eventually decided to
exclude those files. The number of images found was around only 6.5% of the total files and
not restricted to any specific subset of FLASH level and shutter combination.

These extreme outliers caused by the inappropriately masked CR pixels in LACOSMIC
stand in strong contrast with the other outliers visible in every subset of data. The more
reasonable outlier values lie outside of the one-sigma lines of the data, but are all less than
10% different than the average normalized mean measured independently in each subset.
These differing measurements were of interest as they indicated the possibility that there
was a systematic reason for the LED lamp to occasionally flash brighter or dimmer than
it normally does. Unfortunately we found no useful engineering parameters - such as LED
temperature - to investigate possible anomalies. Therefore, we included a study into the
outliers of each set along with our general investigation of the overall LED lamp brightness
to ensure there were no systematic issues with our measurements or calibrations and to help
us define the general gravity of possible effects of these seemingly random fluctuations on
post-flashed science data taken by users.

3.4 Data Analyzing Methods - Checking LED Stability

Finally, to analyze our data in general to look for variations in the LED lamp brightness over
time we normalized the mean of each individual image to the average of the mean of a small
selection of images from the middle of our data date range. Means were initially computed
using both the previously standard IRAF function msstat as well as the python numpy.mean
function. After a comparison of the two revealed minimal differences, as seen in Figure 3, we
decided to use the python numpy.mean function exclusively. We then proceeded to plot the
normalized mean of every image for each FLASH level/shutter subset and fit a linear fit to
each to test for dimming over time. Results of these tests can be found in section 4 below.

3.5 Data Analyzing Methods - Checking Outlier Points

Upon inspection of the general trends of the LED lamp brightness over time it became clear
that there were a series of individual images up to 8% brighter or about 5% dimmer than the
average normalized mean in some subsets of our data, which is outside of our uncertainties
of +/- 0.5%. This indicated the possibility that our LED lamp is flashing slightly brighter
or dimmer at points.
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Figure 3: Plot of normalized mean post-flash level over time calculated using numpy.mean
(orange diamonds) and msstat (blue circles) for the 12 e- FLASH level and shutter A subset
combination. The uncertainties are encompassed within the points and are less than +/-
0.5%
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In order to test the outlier images we first performed a simple visual inspection of the files
to ensure there were no obvious features or defects. We completed visual inspections of all
outlier images in each subset and a discussion of our results and an example set of outlier
and non-outlier images can be seen below in section 4. Secondly, we also created ratio files
of the outlier points within a subset to all non-outlier points within the same subset in order
to visually and numerically inspect whether there were any discernible patterns or shapes to
indicate some systematic difference between the outlier and non-outlier points. We include
another example image of this step in our Results in section 4.

4 Results

4.1 LED Lamp Stability

Statistical results from the twelve different FLASH level/shutter combinations are summa-
rized in Table 2. We provide the FLASH level (in electrons/pixel) and the shutter used along
with the mean, standard deviation, minimum and maximum of each subset, and the total
number of images used. The plots of all subsets can be seen below in Appendix A.

As can be seen in table 3, all FLASH/shutter combinations show effectively no change over
time: the slopes (of order 10−6) are essentially zero and all the average normalized means
are measured to within a few tenths of a percent of 1.00.

FLASH Level/Shutter Mean Std. Dev. Min Max Images
Used

3 A 1.011 0.027 0.921 1.070 41
3 B 0.995 0.022 0.939 1.045 43

5 A 0.999 0.017 0.970 1.051 45
5 B 1.000 0.018 0.959 1.033 42

8 A 1.006 0.017 0.953 1.049 42
8 B 1.004 0.015 0.959 1.033 41

10 A 1.001 0.016 0.957 1.031 43
10 B 0.996 0.013 0.975 1.025 41

12 A 0.992 0.012 0.954 1.019 94
12 B 0.996 0.012 0.959 1.019 89
20 A 0.998 0.012 0.971 1.020 41
20 B 0.998 0.011 0.977 1.023 40

Table 2: Statistical information of the normalized mean counts for the various sub-array
FLASH/shutter subsets.

We summarize in Table 3 the slope of the linear fit and their uncertainties converted from
change in normalized mean count per day into a percent change per year. We see the uncer-
tainties shrink with increasing signal in a Poissonian manner. These results demonstrate that
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the largest percentile change we see, for FLASH level/shutter 20A, is less than a third of a
percent per year or just over 1 electron per pixel over the total of 3.18 years our data covers.

FLASH Level/Shutter Percent Change per Uncertainty (percent per
Year year)

3 A -0.11 0.44
3 B -0.13 0.35
5 A -0.13 0.25
5 B 0.14 0.28
8 A 0.07 0.26
8 B -0.06 0.23
10 A -0.01 0.24
10 B 0.24 0.21
12 A 0.18 0.13
12 B 0.13 0.13
20 A 0.39 0.17
20 B 0.24 0.17

Table 3: The change in normalized mean counts by percent per year for all sub-array
FLASH/shutter subsets and their uncertainties.

4.2 Outlier Points

One result that we wanted to investigate was that the minimum and maximum normalized
mean measurements within a subset can range as much as about 5-8% from the average of
all the normalized means of that specific data set. These outlier images are important to
understand as they could signal an unintended effect the post-flash could have on the sci-
ence data of our observers. If the LED lamp has random times when it is up to 6% brighter
or 8% dimmer than average it could lead to observers having data that has been under or
over-corrected by the post-flash reference file. In this study the minimum outlier image is
the dimmest of all the measured normalized means per image for that subset. It was found
by taking the mean of all the measured normalized means and subtracting the minimum
outlier mean then converting that to a percent difference. The maximum outlier image is
the brightest of all the measured normalized mean values for that subset. It was found by
taking the maximum outlier mean and subtracting the mean of all the measured normalized
means then converting that to a percent difference.

We include information on the FLASH level/shutter combination as well as information
on the minimum and maximum outlier images in Table 4. Some of this spread is likely due
to the low counts and, therefore, the low S/N our data has. We see the outlier percentages
shrink in a Possionian fashion as the post-flash level increases.

We want to know if these outliers are caused by the LED lamp itself and is therefore present
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FLASH Level/Shutter Minimum Outlier Maximum Outlier
(Percentage) (Percentage)

3 A 8.97 5.83
3 B 5.57 4.96
5 A 2.92 5.24
5 B 4.09 3.32
8 A 4.64 4.36
8 B 4.47 2.90
10 A 4.37 2.99
10 B 2.11 2.99
12 A 3.85 2.67
12 B 3.66 2.38
20 A 2.69 2.28
20 B 2.17 2.46

Table 4: The minimum and maximum outlier image of each FLASH level/shutter combina-
tion subset. The percentage measurement is of the percent brighter (maximum) or dimmer
(minimum) that image is than the mean of all the normalized images in that subset. All the
normalized mean values and statistical information for each FLASH level/shutter combina-
tion can be found in Table 2.

in science data, or if it’s an artifact of systematic uncertainties or offset in some process-
ing/calibration step within our post-flash research. We completed a series of visual inspec-
tions of the sets of outlier images in comparison to the sets of non-outlier images for each
subset of FLASH/shutter combinations according to our previous description. We include
in Figures 4 and 5 a typical example of a non-outlier image from the 3A FLASH/shutter
combination subset, an example of an outlier image from 3A, and the ratio image of the two.
We see in these images and the ratio image that there are no unusual patterns to indicate
some sort of abnormal behavior being the cause of this higher normalized mean value (e.g.
scattered light feature that might occur occasionally but not in every post-flash). Thus we
conclude that the overall LED lamp output is occasionally very slightly higher or lower than
‘normal’.

Lastly, we found that the average minimum outlier over all FLASH level and shutter
combinations is 4.12% below the mean level of that combination. The average maximum
outlier over all FLASH level and shutter combinations is 3.52% above the mean of that com-
bination. Overall, we find an average of 28% of images lie within these ‘outlier’ parameters.
As our definition of outlier is a point above or below 1-sigma of the average normalized mean,
that is reassuring as 1-sigma should encompass about 68% of the values in the distribution.
We discuss in the conclusion possible impacts to user science data.

5 Conclusions
We have described the process used to investigate the overall brightness of the LED lamp
over time by evaluating the normalized mean of calibrated sub-array images of a variety of
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Figure 4: The top image is an example of a typical non-outlier image (ic6di3f0q) after being
processed. The bottom image is an example of a usual outlier image (ic6db3shq) after being
processed. They both scale from -8 e- to 8 e- and visually appear very similar.
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Figure 5: The ratio of the outlier image (ic6db3shq) to the non-outlier image (ic6di3f0q).
Their original images are available in Figure 4. The scale, once again, goes from -8 e- to
8 e-. There are no visible patterns or shape to the ratio image indicating that there is no
issue causing these outliers to be dimmer or brighter than the average normalized mean
measurements.
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FLASH levels over the last 3 plus years. We computed statistics and fit a linear trend to
all our FLASH level/shutter subsets to find the percent change per year, summarizing the
results in Table 2 and plotting the data along with the fits (in Appendix A).

We have found no evidence for significant trends in the LED brightness over time for the
12 unique FLASH level/shutter combinations. The linear fits are relatively flat, with slopes
on the order of 10−6, or 0.03% per year, and all mean normalized count measurements are
within a few tenths of a percent of 1.0. Overall, we measure the average percentage change
per year over all FLASH level/shutter combinations to be 0.15% per year with an uncertainty
of +/- 0.24% per year, for a change of less than half a percent over the slightly more than 3
years of data.

However, it will still remain important in the future to continue tracking the stability of
the LED lamp. We are still well within the expected lifetime of the lamp and expect to
see it remain stable as it has been here. A complimentary study on full-frame MEDIUM
current post-flash images is also currently being completed (H. Kurtz et. al, 2017) as the
post-flash reference files are currently created with those images and scaled to the LOW
current FLASH levels.

We have also reported on the visual “outliers” as seen on every plot of the normalized mean
counts over time. These outliers are characterized in Table 3 and are shown to average less
than 5% in most subsets of FLASH level/shutter combinations. This means that an image
post-flashed with the 20 e-/pixel level may read an average of 19 e-/pixel or 21 e-/pixel.
In fact, the highest percentage difference - about 9% dimmer for 3A as seen in Table 4 -
would mean that the average pixel was showing 2.73 e-/pixel and the post-flash reference
file would under-correct by only 0.37 e-/pixel. Therefore we would recommend that users
continue using the post-flash as they would have previously.
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Figure 6: Plot of normalized mean post-flash over time for flash level 3 for shutter A (top)
and shutter B (bottom). The blue line is the mean of all the data; the purple lines indicate
the plus and minus one-sigma of the data; the green line is the linear fit of the data; the
uncertainties are encompassed in the size of the points and are less than +/- 0.05.
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Figure 7: Plot of normalized mean post-flash over time for flash level 5 e-/pix for shutter A
(top) and shutter B (bottom). The blue line is the mean of all the data; the purple lines
indicate the plus and minus one-sigma of the data; the green line is the linear fit of the data;
the uncertainties are encompassed in the size of the points and are less than +/- 0.05.
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Figure 8: Plot of normalized mean post-flash over time for flash level 8 e-/pix for shutter A
(top) and shutter B (bottom). The blue line is the mean of all the data; the purple lines
indicate the plus and minus one-sigma of the data; the green line is the linear fit of the data;
the uncertainties are encompassed in the size of the points and are less than +/- 0.05.
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Figure 9: Plot of normalized mean post-flash over time for flash level 10 for shutter A e-/pix
(top) and shutter B (bottom). The blue line is the mean of all the data; the purple lines
indicate the plus and minus one-sigma of the data; the green line is the linear fit of the data;
the uncertainties are encompassed in the size of the points and are less than +/- 0.05.
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Figure 10: Plot of normalized mean post-flash over time for flash level 12 e-/pix for shutter
A (top) and shutter B (bottom). The blue line is the mean of all the data; the purple lines
indicate the plus and minus one-sigma of the data; the green line is the linear fit of the data;
the uncertainties are encompassed in the size of the points and are less than +/- 0.05.
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Figure 11: Plot of normalized mean post-flash over time for flash level 20 e-/pix for shutter
A (top) and shutter B (bottom). The blue line is the mean of all the data; the purple lines
indicate the plus and minus one-sigma of the data; the green line is the linear fit of the data;
the uncertainties are encompassed in the size of the points and are less than +/- 0.05.
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