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1   Abstract 

The methodology for the creation of the NIRISS “mask” reference file (also known as the 
“bad pixel mask”) used in the Data Quality Initialization (DQInit) step of the JWST Science 
Calibration Pipeline is presented. This investigation is motivated by the desire to document 
this process for future mask reference file creation and improvements. Additionally, I describe 
the algorithms and threshold choices made in the NIRISS team’s analysis of calibration data 
for the identification and treatment of different types of bad pixels. These include pixels that 
show unusual response in the absence of signal as well as pixels that have little or no response 
upon illumination. In some cases, there are also issues with the pixel response to the detector 
resets or the time-dependent response that makes the pixels unsuitable for science exposures. 

2   Introduction 

The NIRISS “mask” reference file is a critical calibration product used by the JWST data 
reduction pipeline (Bushouse et al., 2022) to define which detector pixels should be flagged as 
unusable or treated with caution during subsequent processing and analysis. This reference 
file primarily encodes information about permanently bad pixels, such as those that are non-
functional, dominated by systematics, or otherwise unreliable. The DQInit step of the JWST 
Science Calibration Pipeline generates a data quality (DQ) mask the same shape as the data 
and stores it in the “DQ” extension of several DETECTOR1 data products. This ensures that 
problematic pixels are properly identified from the very start of the calibration sequence. 

Accurate and up-to-date mask reference files are essential for producing scientifically reliable 
data products as they prevent dubious pixels from biasing scientific analysis made with 
NIRISS data. Section 3 describes the raw data and calibration steps used to produce a NIRISS 
mask reference file, and Sections 4 and 5 describe the tests performed to determine if a given 
pixel warrants a given flag and the rationale for the chosen thresholds used in each flag test. 

When there is a discrepancy between the information in this 
technical report and information in JDox, assume JDox is correct.
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3   Input Calibration Data 
 
There are two types of calibration data used to determine which flags are assigned to each 
pixel: dark observations and flat field observations.  
 
3.1 Dark Calibration Data 
Dark observations are taken using the NIRISS FULL frame array in NISRAPID readout mode 
with 5 integrations and 120 group ramps, using the F158M filter in the pupil wheel and the 
F430M filter in the filter wheel to exclude as much light as possible. This analysis includes 
data from programs PID1497, PID4473, PID6651, and PID9279. Since these are taken as 
calibration parallels, there is no certainty that the observed field is free of bright sources 
during the exposures. The dark signal is not entirely dark current and is instead dominated by 
the read flash when the pixel is accessed to make a measurement.  
 
Analysis of each pixel’s behavior since launch (see Table 1) has shown a slow but very stable 
increase in the number of RC and HOT pixels by about 60/mo and 25/mo, respectively. Given 
this steady degradation of the detector, the NIRISS team is executing a semi-regular schedule 
of dark observations over the life of the mission to track how each pixel is flagged over time. 
The NIRISS team decided to produce a mask reference file for every 11 dark observations, 
which results in a new mask reference file about every 3 months. The initial planning and 
execution of the commissioning dark observations is presented in Martel et al. (2023a).  
 
For this analysis, the uncalibrated data are first reduced with the DETECTOR1 pipeline using 
a dummy mask reference file of all zeroes (i.e. no pixel flags). Next, the 
`artifact_detection.correct_artifacts` function from the NIRISS `reference-file-creation/mask` 
repository on Gitlab1 is used to identify snowballs, persistence, or other transient artifacts that 
need to be corrected before the data can be used for calibration.  
For each of the 11 darks in the epoch, this routine sigma clips the 2D rate data, masks all 
pixels beyond one standard deviation of the mean, and then identifies all connected features 
comprised of 20 to 1000 pixels. The artifact masks for all the files are then compared to each 
other to identify transient phenomena, i.e. those features that only appear in one of the 11 
observations. With the locations of these artifact pixels identified in the ‘rate’ images, we 
make a copy of the associated ‘jump’ file (the 4D data product of the Jump Detection Step of 
the JWST Science Calibration Pipeline) and replace each affected pixel ramp with the median 
ramp of that pixel from the other 10 unaffected observations. The artifact correction routine is 
separately performed on the uncalibrated darks to produce superbias files using transient-free 
‘uncal’ data products, described in Section 3.1.1. 
 
The artifact-corrected ‘jump’ file is then flagged for cosmic ray hits by looking for large 
positive outliers in the time-ordered ramp of all correlated double sampling (CDS) values for 
each pixel. This process is described in more detail in Section 4.4. Pixels suspected of having 
been hit by a cosmic ray are assigned the JUMP_DET flag. If a pixel experiences a CDS jump 

 
1 https://grit.stsci.edu/NIRISS/reference-file-creation/mask for STScI users. External users may request this code via 
the JWST Help Desk. 
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of more than 3000 e–/s, its orthogonal neighbors are also assigned the JUMP_DET flag. The 
DQ array in the 4D data products are then saved to a new file with the suffix ‘_fixcr’ 
appended to the filename. 
 
These corrected darks are then used to produce four different sets of calibration data used in 
pixel flag assignments, described below. 
 
3.1.1 Superbias 
The ‘superbias’ function from the ‘jwst_reffiles’ package2 is used to create the superbias and 
superbias error images from the artifact-corrected uncalibrated darks and save the data to a 
file named ‘superbias.fits’. The superbias image is a high-signal-to-noise master calibration 
frame created by taking the mean of all 0th frames from the raw bias exposures to characterize 
fixed electronic offset patterns on the detector. This file also contains the superbias error 
image, which is the sigma-clipped standard deviation of all 0th frames. Figure 1 shows the 
superbias and superbias sigma images with their histograms underneath. 

 
2 https://github.com/spacetelescope/jwst_reffiles 



Making the NIRISS `mask` Reference File   JWST-STScI-009306 
  Revision - 

Check with the JWST SOCCER Database at: https://soccer.stsci.edu 
To verify that this is the current version. 

4 
 

 
Figure 1 - An example of the NIRISS superbias and superbias error images (top row) along with their 

histograms (bottom row). 
 

3.1.2 Dark Slope Noise 
The `makedarknoisefilesgdq/make_darknoise_files` function from the NIRISS `reference-file-
creation/mask` repository on Gitlab1 is used to create the dark slope noise image and save it to 
a file named ‘sigmadarkzero.fits’. This data is a two-dimensional image that represents the 
pixel-by-pixel temporal variability of the dark current slope after normalization to a common 
median level. This file is created from the per-integration slope images from all processed 
dark exposures, masking pixels flagged as cosmic rays, and applying sigma clipping (3σ, up 
to three iterations) across the stack to reject outliers. Next, each integration’s slope image is 
offset such that its median matches the global median slope value across all integrations to 
minimize integration-to-integration pedestal differences. The standard deviation is then 
computed across the normalized, sigma-clipped stack at each pixel location. The resulting 
image characterizes the intrinsic pixel-level noise associated with the time-dependent 
accumulation of dark signal, independent of global offset variations between integrations. 
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This image is then multiplied by the NIRISS gain of 1.62 e–/ADU to convert it into units of e–

/s. Figure 2 shows the cumulative distribution function (CDF) of this data, which illustrates 
the fraction of counted pixels as a function of the dark slope noise value. 

 

 
Figure 2 - The cumulative distribution function of the dark slope noise (blue curve) along with computed 

statistics as vertical lines. 

3.1.3 Median Correlated Double Sampling Noise 
The `makedarknoisefilesgdq/make_darknoise_files` function from the NIRISS `reference-file-
creation/mask` repository on Gitlab1 is used to create the median CDS noise image and save it 
to a file named ‘mediancds1fstd.fits’. This data is a two-dimensional image that represents the 
median CDS noise per pixel and is derived from the first-frame CDS statistics of the 
processed dark data. This file is produced by flattening the 3D CDS first-frame standard 
deviation arrays from all integrations and exposures into a single stack, masking cosmic-ray–
flagged pixels, and applying sigma clipping (3σ, up to three iterations) to reject anomalous 
values. The median image is then computed to produce the typical per-pixel CDS noise 
associated with a single-frame read that is minimally sensitive to outliers, transient effects, or 
temporal instabilities. This image is then multiplied by the NIRISS gain of 1.62 e–/ADU to 
convert it into units of e–/s. Figure 3 shows the cumulative distribution function of this data, 
which illustrates the fraction of counted pixels as a function of the median CDS noise value. 
The asymmetry of this curve, with a more gently rising slope just to the right of the median, 
indicates the CDS noise distribution is not gaussian but weighted more towards higher values. 
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Figure 3 - The cumulative distribution function of the single-frame CDS noise (blue curve) along with 

computed statistics as vertical lines. 
 

3.1.4 Median Dark Current 
The `makedarknoisefilesgdq/make_darknoise_files` function from the NIRISS `reference-file-
creation/mask` repository on Gitlab1 is used to create the median dark current image and save 
it to a file named ‘mediandark.fits’. This data is a two-dimensional image representing the 
median dark current slope per pixel across all processed dark integrations. It is generated by 
stacking the slope images from each processed dark exposure, masking pixels affected by 
cosmic rays, and applying sigma clipping (3σ, up to three iterations) along the integration axis 
to remove transient artifacts. The median value is then computed for each pixel across the 
clipped stack to produce a high signal-to-noise estimate of the spatial structure of the detector 
dark current. This image is then multiplied by the NIRISS gain of 1.62 e–/ADU to convert it 
into units of e–/s. Figure 4 shows the cumulative distribution function of this data, which 
illustrates the fraction of counted pixels as a function of the median dark current value. The 
bump around 0.035 e–/s shows the distribution is somewhat bimodal, due to the large central 
and smaller, scattered epoxy voids on the NIRISS detector. 
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Figure 4 - The cumulative distribution function of the median dark current (blue curve) along with computed 

statistics as vertical lines. 
 
3.2 Flat Calibration Data 
Flat field observations are ‘NIS_LAMP’ exposures obtained by observing an internal lamp 
that illuminates the entire NIRISS detector. These are taken semi-regularly as well using the 
FULL frame array, F200W filter, and CLEAR pupil. This analysis includes data from 
programs PID1503 and PID4472. Since the angle of incidence for photons from the 
calibration lamp is slightly different from that of a science observation, ‘NIS_LAMP’ 
exposures may not uniformly illuminate the detector and some internally reflected photons 
that reach the detector will be outside the normal filter response wavelength range. As a 
result, the exact spectrum of the illumination is not well characterized and most likely varies 
slightly from pixel to pixel across the detector. Cycle 1 planning and calibration of these flats 
is described in detail in Martel et al. (2023b). Since flat field observations are not timed 
perfectly with the cadence of dark observations, the flat field closest in time to the given 
epoch of dark data is used to determine the corresponding illuminated detector flags. 
 
Illuminated detector effects are flagged using a pipeline processed and normalized “pseudo-
flat”. First the uncal flat field data is pipeline processed and corrected in the same manner as 
the dark observations described in Section 3.1. A pseudo-flat is produced by fitting a 2D 
polynomial of degree 3 to the flat field image and then normalizing the data by the best fit 
surface. Figure 5 shows a histogram of the normalized flat-field data for epoch 0 with the best 
fit gaussian plotted in black for comparison. 
 
An additional “clipped” pseudo-flat is also produced by replacing any values less than the 
LOW_QE threshold of 0.6 or greater than 1.2 with a value of 1, which removes any low or 
high pixels when determining background levels for OPEN and ADJ_OPEN pixels (described 
in Section 5.3). 
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Figure 5 - A histogram of the normalized flat-field data (blue), computed statistics (vertical lines), and the 

best fit gaussian (black line) to highlight the significant counts in the distribution's wings. 
 

4   Methodology and Thresholds for Unilluminated Detector Flags 
 

There are eight detector flags that are determined from NIRISS dark observations, which test 
how the detector behaves if no light were incident upon it to identify pixel systematics that 
might indicate unreliable data. These include the HOT, WARM, RC, TELEGRAPH, 
UNRELIABLE_BIAS, UNRELIABLE_DARK, UNRELIABLE_SLOPE, and 
OTHER_BAD_PIXEL flags. 

 
4.1 HOT 
A pixel is flagged HOT if its value on the median dark current image is greater than 0.5 e–/s, 
which is about 10 times the median value. Below this threshold, some are just neighbors of 
HOT pixels with well-behaved noise properties that should not be flagged HOT. Figure 6 
shows how the number of HOT pixels varies with the choice of dark current threshold, with 
the chosen threshold of 0.5 e–/s shown in red.  
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Figure 6 - The number of pixels flagged HOT as a function of dark current threshold. The red vertical line 

indicates the threshold used in the current mask reference files. 
 

4.2 WARM 
A pixel is flagged WARM if its value on the median dark current image is greater than 0.1 e–

/s but less than the HOT threshold value of 0.5 e–/s. As mentioned in Section 4.1, many of 
these pixels are neighbors of HOT pixels that can potentially still be used for science, so they 
do not receive a DO_NOT_USE flag as all HOT pixels do. Figure 7 shows how the number of 
WARM pixels varies with the choice of dark current threshold, with the chosen threshold of 
0.1 e–/s shown in red. The curve reaches 0 WARM pixels at 0.5 e–/s since any pixel above this 
threshold is flagged HOT. 

 

 
Figure 7 - The number of pixels flagged WARM as a function of dark current threshold. The red vertical line 

indicates the threshold used in the current mask reference files. 
 

4.3 RC 
A pixel can physically degrade over time and begin to exhibit electronic behavior akin to a 
charging/discharging capacitor. We flag an RC pixel when the signal develops this 
characteristic 1െ 𝑒ିଵ/ோ஼ shape of an RC circuit and the counts of the pixel can no longer be 
trusted. An RC pixel is indicated in long dark observations by a steep rise in the counts in the 
very beginning of an integration and then a flattening later on. The time constant of this 
behavior is typically between a fraction of a second to a few tens of seconds so we assume it 
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is not more than 50 frame times in the analysis. 
 
To determine if a light-sensitive pixel exhibits RC behavior, we stack a time-ordered 
sequence of the 11 file, 5 integration, 120 group, CR-corrected, dark observation ramps to 
create a single data cube of shape (11*5, 120, 2040, 2040). The CDS noise (group-to-group 
count difference) is then calculated for this data and a single time-ordered ramp of all CDS 
values is created for each pixel. To determine if an RC flag is appropriate, we use this data to 
check if the median CDS noise at the beginning and end of a pixel’s time-ordered ramps fits 
the RC shape. 
 
For each pixel, first we calculate the group 0 median, group 1 median, and group 2 median 
CDS values. Then we calculate the median CDS values of the last 30 groups in the 
integrations. The CDS excess is defined as the sum of the group 0, 1, and 2 medians minus 3 
times the median of the later groups. A pixel is flagged RC if this excess is 7 times the median 
CDS noise of all non-reference detector pixels.  
 
Figure 8 shows the cumulative CDS noise for a well-behaved pixel (top) and an RC pixel 
(bottom), where each integration is a purple line along with the median integration in red. 
Notice the RC behavior of the bottom plot where the CDS noise exhibits a sharp rise in the 
first 5 groups before rising linearly. 

 
Figure 8 – The cumulative CDS noise of each integration (purple lines) with the median integration (red line) 

for a well-behaved pixel (top) and a pixel flagged RC (bottom). 
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4.4 TELEGRAPH 
Some pixels develop structural defects that cause random telegraph noise (RTN) where they 
randomly oscillate between two or more discrete signal levels over time. To identify these 
pixels, we look for this bimodal signal in the single time-ordered ramp of all CDS values for 
each pixel. First, we remove large positive outliers from the pixel’s CDS time series by 
repeatedly discarding the largest positive value whenever the distribution lacks a comparably 
large negative value, to within 80%. The data are first median subtracted to avoid bias from 
hot pixels, and the process continues until the remaining distribution is approximately 
symmetric. This approach preferentially removes cosmic rays while preserving telegraph 
noise, which produces balanced positive and negative steps. Then we test the remaining CDS 
values for a characteristic central peak of “normal” values, sandwiched between two smaller 
distributions indicative of this state switching in the pixel. 
 
To perform this test, we fit a single gaussian to the histogram, which would describe a non-
RTN pixel with a normal noise distribution. Additionally, we fit a 3-gaussian model that 
describes the three peaks expected of an RTN pixel. Constraints set on this fitting routine 
require the two off-center peaks to be similar in amplitude to each other and similar in 
distance from the central peak. We calculate the Bayesian information criterion (BIC) for both 
model fits to the histogram and take the difference between the 1- and 3-gaussian values. If 
this difference is greater than 20, then the 3-gaussian model is more likely. With the 3-
gaussian fit parameters, we also calculate the fraction of the histogram attributed to the 
secondary peaks to see how prominent they are. 
 
Finally, the pixel is flagged TELEGRAPH if the 3-gaussian model is strongly preferred and 
the secondary peaks are real, contributing between 0.5% and 99% of the distribution. Figure 9 
shows the CDS noise histogram for a normal pixel (left) and RTN pixel (right), with the 1-
gaussian (green line) and 3-gaussian (red line) fits to the data. 
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Figure 9 - Histogram of CDS noise values for a normal pixel (left) and a pixel exhibiting RTN behavior 

(right). For an RTN pixel, the 3-gaussian (red line) model is strongly favored over the 1-gaussian (green line) 
model. 

 
4.5 UNRELIABLE_BIAS 
A pixel is flagged UNRELIABLE_BIAS if its value on the superbias image (Figure 1) is 
greater than a bias threshold of 35000 ADU. If a pixel is under this threshold but its value on 
the superbias error image is still greater than 2.5 times the median superbias error, it also is 
flagged UNRELIABLE_BIAS.  
 
Figure 10 shows how the number of UNRELIABLE_BIAS flags varies with the choice of 
“Bias” and “Bias Sigma” thresholds. The threshold values used in the current mask reference 
files are shown as the red dot on the plot, which lies between the 11000- and 12000-pixel 
contour lines in white. The number of pixels that ultimately get flagged 
UNRELIABLE_BIAS in the final mask file is typically less than a third of this count since we 
unset this flag if the pixel also gets flagged as RC, OPEN, DEAD, or LOW_QE. 
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Figure 10 - The number of pixels flagged UNRELIABLE_BIAS as a function of Bias (x-axis) and Bias Sigma 
(y-axis) thresholds. The red dot indicates the thresholds used in the current mask reference file and the white 

contour lines outline 1000-pixel flag bins. 
 
Additionally, the 2048 reference pixels on the rightmost column of the detector are flagged 
UNRELIABLE_BIAS. Figure 11 shows the median values and bootstrapped error bars for 
each of the full reference pixel columns (indexes 0, 1, 2, and 3 on the left side of the detector 
and indexes 2044, 2045, 2046, and 2047 on the right side of the detector) of all 10 superbias 
files. Each reference pixel column median is consistent across all epochs except the right most 
detector column, where the bias level is about 10 percent higher and the scatter is about twice 
that of the other reference pixel columns. 
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Figure 11 - The median bias level of the eight reference pixel columns for the 10 epochs of superbias data. 

The reference pixels in the rightmost column on the detector (column index 2047) are flagged 
UNRELIABLE_BIAS due to the offset and scatter shown here. 

 
4.6 UNRELIABLE_DARK 
A light-sensitive pixel is flagged UNRELIABLE_DARK if its value on the CDS noise image 
is greater than 3 times the median CDS noise of all light-sensitive pixels. Similarly, a 
reference pixel is flagged UNRELIABLE_DARK if its value on the CDS noise image is 
greater than 3 times the median CDS noise of all reference pixels. Figure 12 shows how the 
number of UNRELIABLE_DARK pixels varies with the choice of CDS noise threshold, with 
the chosen threshold of 3.0 e–/s shown in red. 

 

 
Figure 12 - The number of pixels flagged UNRELIABLE_DARK as a function of CDS noise threshold. The 

red vertical line indicates the threshold used in the current mask reference files. 
 

4.7 UNRELIABLE_SLOPE 
A light-sensitive pixel is flagged UNRELIABLE_ SLOPE if its value on the dark slope noise 
image is greater than 3 times the median slope noise of all light-sensitive pixels. Similarly, a 
reference pixel is flagged UNRELIABLE_ SLOPE if its value on the dark slope noise image 
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is greater than 3 times the median slope noise of all reference pixels. Figure 13 shows how the 
number of UNRELIABLE_SLOPE pixels varies with the choice of slope noise threshold, 
with the chosen threshold of 5.0 e–/s shown in red. 
 

 
Figure 13 - The number of pixels flagged UNRELIABLE_SLOPE as a function of slope noise threshold. 

The red vertical line indicates the threshold used in the current mask reference files. 
 
5   Methodology and Thresholds for Illuminated Detector Flags 
 
There are five detector flags that are determined from NIRISS lamp flat observations, which 
test how the detector behaves as charge is accumulated in each pixel. These include the 
DEAD, LOW_QE, OPEN, ADJ_OPEN, and UNRELIABLE_FLAT pixel flags. 
 
5.1 DEAD 
A pixel is flagged DEAD if its value on the normalized pseudo-flat image is less than or equal 
to 0.05. Figure 14 shows the number of DEAD pixels flagged as a function of the flat field 
threshold and the easily visible break in the data strongly motivates this choice of threshold. 

 
 

 
Figure 14 - The number of pixels flagged DEAD in the F200W pseudo-flat as a function of flat field threshold. 

The red vertical line indicates the threshold used in the current mask reference files. 
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5.2 LOW_QE 
A pixel has low quantum efficiency and is flagged LOW_QE if its value on the normalized 
pseudo-flat image is greater than 0.05 (the DEAD threshold) but less than 0.6. Figure 15 
shows the number of LOW_QE pixels flagged as a function of the flat field threshold but 
unlike the DEAD flag, the relationship here is much smoother and the higher the threshold, 
the more pixels are flagged. 

 

 
Figure 15 - The number of pixels flagged LOW_QE in the F200W pseudo-flat as a function of flat field 

threshold. The red vertical line indicates the threshold used in the current mask reference files. 
 

5.3 OPEN and ADJ_OPEN 
To test for OPEN and ADJ_OPEN flags, we first identify all pixels that received a LOW_QE 
flag by having a pseudo-flat value less than 0.6 as described in Section 5.2. For each of these 
LOW_QE pixels, we determine the local background level by calculating the aperture 
photometry (using the photutils package, Bradley et al. 2025) with a circular annulus of inner 
radius 3 and outer radius 10 from the clipped pseudo-flat (described in Section 3.2) centered 
on the given pixel. The same aperture photometry calculation is performed on a “unity” flat of 
all ones and the ratio of the two values is taken as the mean background for a given pixel.  
 
If any of the given pixel’s orthogonal neighbors in the pseudo-flat are flagged LOW_QE, we 
set their value to the average background value just for this test. The values of these 
orthogonal pixels are then averaged and divided by the mean background value to determine 
the excess flux in the orthogonal pixels.  
 
A pixel is flagged as OPEN and its orthogonal neighbors are flagged as ADJ_OPEN if the 
mean excess flux in the orthogonal pixels is greater than the “Adjacent Open” threshold of 
1.05. If the mean excess flux in the orthogonal pixels is greater than the “Near Open” 
threshold of 1.1, then the diagonally adjacent pixels are also flagged as ADJ_OPEN. The 
“Adjacent Open” and “Near Open” threshold choices were determined during commissioning 
and are somewhat arbitrary, warranting a more robust rubric for future mask reference files.  
 
Figure 16 shows how the number of OPEN (left plot) and ADJ_OPEN (right plot) flags vary 
with the choice of “Adjacent Open” (x-axes) and “Near Open” (y-axes) thresholds. The 
threshold values used in the current mask reference files are shown as the red dots between 
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the 1000- and 1500-pixel contour lines on the OPEN plot and the 4000 and 6000 contour lines 
on the ADJ_OPEN plot. The grey areas in the lower right of each plot just reflect the 
constraint that the Near Open threshold must be greater than the Adjacent Open threshold. 

 
Figure 16 - The number of pixels flagged OPEN (left plot) and ADJ_OPEN (right plot) as a function of 

Adjacent Open (x-axes) and Near Open (y-axes) thresholds. The red dots indicate the thresholds used in the 
current mask reference file and the white contour lines outline 500 (left plot) and 2000 (right plot) pixel flag 

bins. 
 

5.4 UNRELIABLE_FLAT 
No test is performed for the UNRELIABLE_FLAT flag but all 8,156 light-sensitive pixels 
adjacent to the reference pixels are assigned this flag since they are about 15% brighter than 
the pixels interior to them. In all epochs of flat data, we measure the median of these one-
pixel wide outer slices to be between 1.145 and 1.148 in the normalized pseudo-flat while the 
pixels interior to them have a median of 1.003. 

 
6   Additional Flags 

 
There are four additional flags that are set in the “mask” reference file.  

 
6.1 REFERENCE_PIXELS 
The REFERENCE_PIXELS flag simply indicates a pixel is a reference pixel and thus does 
not detect photons. This includes only the four outermost pixels on each of the four edges of 
the NIRISS detector. These same 32,704 pixels are always set as REFERENCE_PIXELS and 
no input data is used and no analysis is performed.  
 
6.2 OTHER_BAD_PIXEL 
OTHER_BAD_PIXEL is a catchall flag for any behavior that makes a pixel untrustworthy but 
does not fall into any of the other existing data quality categories. For NIRISS, there are only 
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two types of pixels that are currently assigned this flag. The first is for a pixel whose value on 
the dark current image is less than 0.005 e–/s, indicating a “cold” pixel (akin to the HOT and 
WARM tests described in Sections 4.1 and 4.2). And the second is for “inverse RC” pixels, 
where the CDS excess is less than –7 times the median CDS noise of all non-reference 
detector pixels (akin to the RC test described in section 4.3). 
 
6.3 DO_NOT_USE 
The DO_NOT_USE flag indicates a pixel should not be trusted for science. This flag is 
applied if a pixel receives at least one critical flag, including HOT, RC, 
UNRELIABLE_BIAS, UNRELIABLE_DARK, UNRELIABLE_SLOPE, 
OTHER_BAD_PIXEL, DEAD, LOW_QE, OPEN, ADJ_OPEN, or UNRELIABLE_FLAT. If 
a pixel is flagged WARM, TELEGRAPH, or REFERENCE_PIXELS, we do not assign a 
DO_NOT_USE flag unless one of the other critical flags is also assigned. 
 
6.4 BAD_REF_PIXEL 
A pixel is flagged BAD_REF_PIXEL if it is a reference pixel and has been assigned a 
DO_NOT_USE flag. 

 
7   Finalizing the mask reference file 

 
After all the above tests are run and each of the flags have been assigned, we make the 
following adjustments to the flag counts before writing the final mask reference file.  

• If a pixel was flagged OTHER_BAD_PIXEL but also received any other critical pixel 
flag, the OTHER_BAD_PIXEL flag is removed. 

• If a pixel was flagged ADJ_OPEN and/or UNRELIABLE_BIAS but also received 
RC, OPEN, DEAD, or LOW_QE flags, the ADJ_OPEN and/or UNRELIABLE_BIAS 
flags are removed. 

• If a pixel was flagged OPEN, DEAD, and/or LOW_QE but also received a RC flag, 
the OPEN, DEAD, and/or LOW_QE flags are removed. 

 
A 2D binary map is created for each pixel flag and saved to its own file using the naming 
convention ‘niriss_mask_epoch<epoch_number>_<flag_name>.fits’. Each 2D map is then 
encoded using the bit values from the `jwst.datamodels.dqflags` lookup table and added to the 
final binary integer sum that comprises the completed DQ mask. This is then written to the 
final mask reference file that is ready for delivery to CRDS. 

 
8   Conclusions and Future Work 

 
To produce a NIRISS mask reference file, we perform a series of tests on dark and flat field 
calibration data taken during a 3-month observation epoch. The thresholds chosen for these 
tests can strongly impact the number of pixels that are assigned a given flag so the 
methodology and threshold dependence of each test is detailed in the sections above. 
 
Using the rubric described above, we analyzed 110 dark observations and 7 flat field 
observations collected between August 8, 2022, and July 3, 2025 to produce 10 mask 



Making the NIRISS `mask` Reference File   JWST-STScI-009306 
  Revision - 

Check with the JWST SOCCER Database at: https://soccer.stsci.edu 
To verify that this is the current version. 

19 
 

reference files, each covering 3 months of science operations. Table 1 lists the total number of 
pixels assigned each DQ flag in the 10 epochs of NIRISS mask reference files. 

 
Table 1 – The total number of pixels assigned each DQ flag across the 10 epochs of NIRISS mask files. 

Flag Name Epoch 
0 

Epoch 
1 

Epoch 
2 

Epoch 
3 

Epoch 
4 

Epoch 
5 

Epoch 
6 

Epoch 
7 

Epoch 
8 

Epoch 
9 

DEAD 3027 3027 3053 3052 3077 2800 2784 2782 2783 3131 
LOW_QE 1206 1205 1231 1234 1227 880 893 891 892 1214 
OPEN 962 956 950 950 957 883 906 908 903 1056 
ADJ_OPEN 6212 6268 6487 6434 6769 6730 6922 6882 6911 7085 
WARM 5902 5901 6182 6037 6103 6319 6298 6384 6027 6023 
HOT 2008 2139 2220 2314 2396 2460 2508 2681 2535 2712 
RC 6115 6411 6640 6871 7015 7269 7377 7585 7780 7940 
TELEGRAPH 47101 47129 47242 47158 47153 47448 47105 47042 46791 47175 
UNRELIABLE_BIAS 4381 3572 3833 3595 3856 4251 4014 4102 4380 3660 
UNRELIABLE_DARK 4716 4805 4803 4859 4833 4894 4841 4861 4893 4844 
UNRELIABLE_FLAT 8156 8156 8156 8156 8156 8156 8156 8156 8156 8156 
UNRELIABLE_SLOPE 5744 4484 4756 4703 4007 4535 4171 4175 3955 3919 
OTHER_BAD_PIXEL 3 2 2 1 4 1 3 28 2 3 
BAD_REF_PIXEL 2071 2074 2072 2070 2075 2071 2075 2072 2073 2075 
DO_NOT_USE 38646 37010 37966 37796 37969 38370 38073 38297 38749 39030 

 
Table 2 shows the time frame covered by the 11 darks used in each epoch along with the 
midpoint date and the total number of days covered by the observations. 
 

Table 2 – Date information for the 10 epochs of NIRISS mask data. 

Epoch Date Range Midpoint Date Total Days 
0 2022-08-08 → 2022-11-13 2022-09-25 98 
1 2022-11-21 → 2023-04-05 2023-01-27 136 
2 2023-04-16 → 2023-06-25 2023-05-21 71 
3 2023-07-02 → 2023-10-13 2023-08-22 104 
4 2023-10-30 → 2024-02-06 2023-12-18 100 
5 2024-02-11 → 2024-05-29 2024-04-05 109 
6 2024-06-03 → 2024-09-07 2024-07-21 97 
7 2024-09-15 → 2024-12-17 2024-10-31 94 
8 2024-12-18 → 2025-05-03 2025-02-24 137 
9 2025-05-06 → 2025-07-03 2025-06-04 59 

 
Ideally, the mask reference files would be produced using flagging thresholds based on 
empirical breaks in the data that suggest the measured effect was dominating (e.g. the DEAD 
pixel flag, Figure 14). However, some flags show a very smooth relationship between the 
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threshold and the number of flagged pixels (e.g. LOW_QE pixel flag, Figure 15) so we adjust 
the thresholds until they ignore those pixels whose ramp data look normal. Since the chosen 
thresholds in these scenarios were somewhat subjective and could still be incorrectly flagging 
a significant number of pixels, it would be preferrable to select more mathematically 
meaningful thresholds for each pixel flag in future versions. 
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