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ABSTRACT 
We have created and released updated full-frame and subarray superdarks for all allowed 
observing modes based on data collected during observing cycles 17, 18, 19 and 20. These new 
superdarks were generated from a much larger number of input files taken over a longer 
timespan than the previous darks. The larger number of input files significantly improves signal 
to noise and reduces associated errors. For most modes, the signal to noise ratio in the new 
reference files is a factor of 3-11 higher than in the previous reference files for the full-frame 
darks, even higher for some subarray superdarks. The mean error values were reduced by 44% - 
98%. In addition, these new superdarks incorporate a non-linearity correction and were 
processed using the persistence masks now available from the Mikulski Archive for Space 
Telescopes (MAST). The new superdarks are currently in use in the processing pipeline. 

 

Introduction 
As with all detectors, there is an intrinsic thermal background signal, or dark current present in 
all WFC3/IR observations. If one collects observations in which no external light is introduced to 
the detector (by placing the aluminum blank in the light path), the resulting image is a map of the 
thermal background. Assuming the thermal background pattern is stable over time, such a map 
can be used in the calibration process to effectively remove the imprint of the thermal 
background. Creating a composite map or "superdark" by combining a number of dark 
observations together improves signal to noise, reduces error, and removes cosmic rays. The 
WFC3 calibration pipeline CALWF3 uses the superdarks to remove the dark component from 
observations (see section 3.4.2 of the WFC3 Data Handbook). 

The first generation of superdark calibration files were created for all allowed observing 
modes shortly after the completion of SMOV (Servicing Mission 4 Observatory Verification, the 
verification period following the installation of WFC3 into HST). At that time, Hilbert & Petro 
(2012) determined that the long-term variability in the dark current was large enough to warrant 
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continued monitoring, but not large enough to necessitate regular, frequent updates to the 
superdark calibration files. 

Our motivation for the creation and delivery of a new generation of superdark calibration 
files was threefold: First, there is much more data available. The regular collection of darks for 
monitoring purposes over 4 cycles provides a large pool of potential input files. Consequently, 
any resulting superdarks will have higher signal to noise and lower error than their predecessors.  

Second, we are now able to flag and reject specific regions of input files affected by 
persistence from earlier observations. This allowed us to salvage observations affected by minor 
persistence and only throw out individual pixels or certain regions on the detector, rather than the 
entire observation. 

Lastly, in the three years since the first set of superdarks were created, we have been able to 
make a number of refinements to the superdark generation code and the quality control 
procedures used to vet input files and validate superdarks. 

 
Figure 1: Mean count rate vs. elapsed exposure time for the SPARS200/Full-Frame 

superdark x5g1509ki_drk.fits. The mean count rate approaches the canonical value of 0.05 
e-/sec in the final reads of the superdark. 

 
 

The average dark rate for the WFC3/IR detector is ~0.05 electrons per second (Hilbert and 
McCullough 2009), as illustrated by Figure 1 which shows the mean count rate in each read of a 
~2800 sec superdark. There are significant reset effects in the first two reads of the ramp but 
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after that, the ramp stabilizes at around 0.05 electrons per second. Figure 2 presents an image of 
the final read of the ~2500 sec superdark file. Items of note include the diffuse non-uniform 
large-scale pattern in the dark current (highest in the upper left and lowest in the upper right 
quadrant), the numerous hot pixels distributed uniformly across the field of view, and a number 
of defective and/or unstable pixels (described in Hilbert 2012).  

 
Figure 2: Image of SPARS200/Full-frame superdark reference file x5g1509ki_drk.fits. 

Note: The scaling is linear, with a range of between 41 and 91 counts (97 and 216 electrons) 
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Data 
During each observing cycle, dark calibration observations are regularly collected as part of the 
IR dark monitor program. The observations are obtained for all observing modes contained in 
approved observations for that cycle, and are used to create superdarks, search for and monitor 
any variability in the dark current, and evaluate trends in the population of bad (hot, unstable, or 
dead) pixels. 

Data used in the new generation of superdarks described in this report were drawn from the 
IR Dark Monitor programs of cycles 17-20 (proposals 11929, 12349, 12695, 13077). Table 1 
summarizes the input file contribution by observing cycle for each of the superdarks. It should be 
noted that all previous full-frame superdarks (reference file names of u*drk.fits) only used inputs 
from observations taken during SMOV and the Cycle 17 Dark Monitor. The previous subarray 
superdarks (reference file names of u*drk.fits and v*drk.fits) used data taken during the Cycle 17 
and 18 dark monitor programs. 

There are two entries for the RAPID/256 observing mode in tables 1, 3, 4 and 5. At the time 
of delivery, we discovered that unlike all other modes that have only one dark superdark 
calibration file for all observations, there were two separate RAPID/256 superdark calibration 
files in the system. The first file was being used to calibrate all RAPID/256 observations taken 
before 2011-01-09 00:00:00 GMT, and the second file was being used to calibrate all 
RAPID/256 observations taken after this date.  

In order for all RAPID/256 observations to be calibrated by the new dark calibration file, 
both of the older calibration files had to be replaced with copies of the new RAPID/256 
superdark. These two files are identical in every aspect, except for the USEAFTER header value. 
Hereafter, xcc20395i_drk.fits, the copy of the new RAPID/256 superdark that is being used for 
earlier (taken before 2011-01-09 00:00:00 GMT) observations will be referred to as the “early” 
RAPID/256 superdark, and xcc20396i_drk.fits, the copy used with data after this date will be 
referred as the “late” RAPID /256 superdark.  
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Table 1: Superdark input file contribution by observing cycle 

   
  
 One major new enhancement that we incorporated into the new generation of superdarks 
is persistence flagging. Persistence is the tendency for pixels to retain residual signal deposited 
by bright sources even after an extended period of time and one or more detector resets (Long et 
al. 2013). The effect was found to be largely correctable, and corrected images, as well as 
estimates of the total persistence, and external persistence are produced by MAST for all 
WFC3/IR exposures and are available from the PERSIST website 
(http://archive.stsci.edu/prepds/persist/search.php).  

When we created the previous generation of dark calibration files, input files that were found 
to exhibit persistence were simply rejected. This new generation of dark reference files uses 
external persistence masks available from MAST (at the website noted above) to identify and 
flag out specific pixels suffering from persistence. This allows us to salvage the "clean" pixels 
from input files affected by persistence, rather than rejecting the entire input file. For more 
information concerning persistence, see 
http://www.stsci.edu/hst/wfc3/ins_performance/persistence/. 

Superdark Creation Process 
In order to produce functionally validated and statistically robust superdark calibration files, we 
started with uncalibrated raw.fits files of individual darks downloaded from MAST. All 
downloaded raw.fits files were manually recalibrated using the latest version of the CALWF3 
pipeline with a standardized set of calibration switches to produce calibrated .ima files. The 
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switch settings are listed below in Table 2, and the specific versions of calwf3 used for each 
superdark are tabulated in Table 3. 
 

Table 2: CALWF3 switch settings used in the manual recalibration of all raw.fits files 

 
 
The calibrated ima.fits files were then processed through the standard persistence flagging 
software in order to identify any potential problem areas. For each IR dark observation, MAST 
calculates a corresponding persistence estimate image. This image provides an estimate of the 
amount of persistence that has accumulated in each pixel from sources in external IR 
observations in the preceding 8 hours (Long 2014, Private Communication). Pixels in the dark 
observations whose external persistence value exceeds a threshold level of 1/10th the mean dark 
current (0.0005 e-/sec) were flagged in the data quality extension with a value of “1” and ignored 
in the subsequent dark current calculations.  
The calibrated and persistence-flagged ima.fits files were then passed through a five-step 
visual/statistical vetting process to identify any observations with anomalies that would 
adversely impact the final superdark calibration file. This vetting process was designed to 
eliminate images with specific anomalies such as banding (Dulude et al. 2011) or excessive 
(>10% of all pixels flagged) persistence, as well as more general larger-scale features, such as 
specific files that are overall significantly brighter or dimmer than the overall trend. 
A composite superdark was then created by stacking the vetted input images using a custom-
written IDL script. Pixel values from the input files were combined on a pixel-by-pixel and read-
by read basis by the IDL script using a 3-sigma clipped resistant mean algorithm 
(resistant_mean.pro from NASA’s Astronomy User’s Library (Landsman 1993)) to produce the 
values in the composite superdark. Any pixels previously flagged as bad (e.g., during calibration, 
vetting, or persistence-flagging) were not included in the computation of the mean. 
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Table 3: Versions of the CALWF3 pipeline used to reprocess input raw.fits files for each 
observing mode. 

  
 
Finally, the resulting superdark was visually and statistically inspected. During these 
assessments, deviations beyond several percent were investigated further. Before delivery for use 
in the calibration pipeline, we compared the new superdark to the existing superdark in MAST to 
ensure that information in the image extensions and headers is correct. We also tested the 
superdark with CALWF3 to verify functionally that it performs properly. 

Analysis 
Overall, the new batch of superdarks brought a number of positive changes. In the SCI 
extensions, there was a significant increase in the signal to noise ratio. Additionally, banding was 
eliminated in a small number of subarray modes. In the ERR extensions, all modes saw a 
significant decrease in the mean error value, and the dispersion (standard deviation) about the 
mean. The DQ extensions were also improved as the updates to the superdark generation code 
brought more informative data quality flagging and flagging that is more representative of the 
input files. 
With a few exceptions, the new superdarks had greatly improved signal to noise values, as 
illustrated by Table 4 and Figure 3. The improvement in signal to noise ranged from ~29% to as 
much as several orders of magnitude. We attribute this primarily to the large increase in the 
number input files. Depending on the mode, the new superdarks used between 19 and 134 
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(between 76% a factor of ~15) more input files than the old superdarks being replaced (see table 
4 for a complete listing of the increase for all modes). We also attribute the increases in signal to 
noise to improvements in the techniques we used to reject of hot, unstable, and otherwise deviant 
pixels through the entire superdark production process. 
There was one mode that saw a significant decrease in the signal to noise ratio. The new 
RAPID/Full-Frame superdark’s signal to noise ratio decreased by 33% compared to that of old 
superdark. We attribute this to the effects of readnoise in this extremely short (~43 sec) 
exposure.  
To better understand the change in signal to noise values, we explored whether the error in the 
sci frames was dominated by counting statistics or if was it was being influenced by other 
factors, such as fluctuations from input file to input file. 
We produced pairs of superdarks for a variety of sample sequence/aperture size combinations 
(observing modes). The first superdark of each pair used the first half of the input files from the 
list of input files used to generate the superdark for that particular observing mode. The second 
superdark of each pair used the second half of the files from the input list. In cases where the 
total number of files was odd, the middle file was excluded so that both input lists would contain 
an equal number of files.  
We then compared the statistics for each pair of superdarks. If the error is indeed dominated by 
counting statistics, there should be little to no difference in the statistics calculated from the first 
and second superdark of each pair. It should be noted that all statistics were computed using only 
good pixels. Any pixels that were flagged with a non-zero value in the data quality array were 
ignored from these calculations. 
The variation in mean values was generally less than ~3%. The two exceptions were 
SPARS10/256 and SPARS25/256, which had variations of 21% and 12%, respectively. Upon 
further examination, we found that the large variations were caused by a handful of outlying 
input ramps, which drove the mean value of one of the two superdarks in each pair up or down. 
We performed this exercise again on these two modes using a different method to construct input 
lists. Instead of simply splitting the original input list into two parts, we constructed the first 
input list from the odd (first, third, fifth, etc.) files of the original input list, and the second list 
from the even (second, fourth, sixth, etc.) files of the original input list. This reduced the 
variation in the mean values from 21% to 5% for SPARS10/256, and from 12% to 0.9% for 
SPARS25/256. 
Based on these values, we can conclude that for majority of observing modes, noise is dominated 
primarily by counting statistics. For the handful of modes that are influenced by other factors, the 
effect is within acceptable limits. 
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Figure 3: Histograms of the SCI array values of the new and old SPARS100/Full-Frame 
superdarks. Compared to the old superdark, the peak of the histogram for the new 

superdark is taller, and dispersion about the peak is reduced. 

 
 
There are also a number of modes that have negative mean values for both the new and older 
superdarks. All negative mean values occur in subarray modes with exposure times less than 103 
seconds. We believe that the negative values are caused by the fact that at such short exposure 
times, read noise and the reset effectively dominate the statistics. 
Analysis of the y-axis marginal distributions (a 1-pixel wide column of values produced by 
computing the 3-sigma-clipped resistant mean on each row of a given image) showed that a 
handful of old superdarks that were replaced suffered from banding (see Dulude et al. 2011 for 
more details). The new superdarks do not contain the banding signal seen in a few of the old 
superdarks for subarray modes. 
Three modes were affected: RAPID/256, both early and late, SPARS10/256, and RAPID/128. In 
Figure 4, evidence that banding in the older superdark takes the form of distinct "spikes" at the 
128-pixel wide band boundaries (rows 68 and 197), and significantly different plot morphologies 
inside and outside this region. The older banded superdarks were delivered to CDBS before the 
IR banding feature was fully understood and before we had developed methods to positively 
identify and screen out banded input ramps. 
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Figure 4: Percent difference of the Y-axis marginal distributions of the early RAPID/256 
superdarks. The vertical dashed lines denote the boundaries of boundaries of 128 and 64 

band regions. The dashed line denotes the image center. Spikes lined up with the 128-pixel 
wide band boundaries (dash-dot lines, rows 67 and 197), as well as differing plot 

morphologies inside and outside this region suggest that the older superdark suffered from 
banding. 
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Table 4: Statistics for the SCI arrays. Note: units are in electrons. 

 
 

Table 5: Statistics for the ERR arrays. Note: units are in electrons. 
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Figure 5: Histograms of the ERR array values of the new and old SPARS100/Full-Frame 
superdarks. Compared to the old superdark, the histogram for the new superdark peaks at 

a much lower value, and dispersion about the peak is significantly reduced. 

 
 
There was significant improvement in the mean error values and the dispersion in the error 
values across all modes, as illustrated by Table 5 and Figure 5. Depending on the mode, the new 
superdarks have mean error values that are between ~44% to 98% and dispersions (standard 
deviations) that are between 70% and 99% smaller than the files being replaced. Again, we 
attribute this improvement primarily to the larger numbers of input files used in new superdarks 
and to improvements to our pixel rejection techniques. 
We have also made a number of improvements to the algorithm that sets the data quality flags in 
the superdarks. As before, the values in the data quality array of every superdark are based on the 
values contained in the current SPARS200/Full-Frame superdark in CDBS (since at ~2803 sec, it 
is the WFC3/IR ramp with the longest exposure time). We used the data quality array from the 
SPARS200/Full-Frame superdark as the foundation for all other superdark data quality arrays 
because of the large number of input files and very long exposure time of this mode ensures we 
can reliably identify bad pixels and thus provide the highest quality, lowest noise data quality 
array. 
In the old superdarks, only hot (dq value = 16) and bad reference (dq value = 128) pixels were 
flagged in the SPARS200/Full-Frame superdark DQ array and for other modes; no additional 
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post-substitution modifications to the DQ arrays were made. The difference in data quality bit 
populations in the last (longest) read of the old and new SPARS200/Full-frame superdark is 
illustrated in Figure 6. In the new superdarks, modifications are made to the data quality arrays 
after substitution of the SPARS200/Full-frame DQ values. Depending on the value, data quality 
bit values are either propagated directly into the final data quality array without any additional 
checks, or they are propagated into final data quality array ONLY if the flag is present in a given 
pixel of a given read of every input ramp. The one exception is dq value = 32 (Non-Repeatable). 
If a given pixel is flagged as 32 in any read of any input ramp, than the corresponding data 
quality pixel in the final superdark will be flagged as 32 in all reads. The specific data quality bit 
definitions and propagation rules are summarized in Table 6. 
 

Figure 6: Relative populations of data quality flags present in the new and old 
SPARS200/Full-Frame Superdark data quality arrays. The old SPARS200/Full-Frame 

superdark data quality arrays only contain two types of data quality flags, while the new 
superdark data quality arrays contain 8.    
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Table 6: Data quality bit propagation rules for the generation of new superdarks. 

 
 
Conclusions 
 
In late 2013, we delivered a large batch of IR dark calibration files, providing updates to 10 full-
frame observing modes and 9 subarray observing modes. These new superdarks were created 
from data collected during observing cycles 17, 18, 19 and 20.   
Compared to the superdarks used prior to that delivery, the new batch of IR calibration files have 
significantly higher signal to noise and lower error. Data quality flagging in the new superdarks 
is also improved. In addition, the new superdarks eliminate banding in the calibration files for 
three subarray modes.  
In the process of generating the new superdarks, we have incoporated a number of improvements 
in the procedures used. These include standardized input ramp reprocessing (which now includes 
non-linearity correction), identification and rejection of pixels suffering from persistence, a 
streamlined and standardized vetting process for input ramps, improved rules dictating how data 
quality flags are set in the final superdark data quality arrays based on the data quality flag 
values present in the input ramps, and a streamlined and standardized pre-delivery quality control 
process for newly created superdarks. 
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The pipeline (OTFR) began using the SPARS200/full-frame superdark reference file on May 16 
2013 15:55:19 GMT, the rest of the full-frame superdark reference files on Oct 16 2013 20:34:13 
GMT, and the subarray superdark reference files on Dec 12 2013 21:32:31 GMT. The new 
filenames are listed in the second column of Table 1. 
To apply the new superdark reference files to observations retrieved before the dates listed, users 
can either download the appropriate dark reference file(s) listed below and manually reprocess 
their observations, or simply re-retrieve the science data from the archive. 
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