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1 Abstract 
We report conversion gain values calculated for all available NIRCam detectors using flat 
field data collected in Integrated Science Instrument Module (ISIM) Cryo-Vacuum 2 
(CV2) testing. We find mean gain values for the detectors ranging from 1.96 – 2.42 e-

/ADU, and uncertainties of roughly 0.008 e-/ADU. We also find well-defined areas on 
four of the detectors with significantly below average gain values. These areas are the 
result of a thinner than average epoxy layer between the multiplexer and the indium 
bump bond area. In addition, we find that in many data sets, the first two flat field 
integrations produce substantially lower gain values than the following integrations. 
Comparison of our gain maps with those produced by the University of Arizona team 
reveals that our gain values are higher across all detectors by up to 25%. 

2 Introduction 
Conversion gain is a basic detector property that relates the raw digital counts in a pixel 
in analog to digital units (ADU) or data numbers (DN) to the number of electrons 
detected. The standard method for determining the gain is called the Photon Transfer 
Curve (PTC) method and involves the measurement of the change in variance as a 
function of signal level. We have used this method to measure the gain for 9 of the 10 
NIRCam detectors using data obtained as part of the CV2 ground testing campaign.  The 
tenth detector, SCA A2, suffered a short circuit during the testing and was not functional. 

3 Data 

3.1 Characteristics 
A typical NIRCam observation consists of multiple non-destructive readouts of one or 
more of the detectors. Each readout is commonly referred to as a "group". The collection 
of groups that contain all of the data collected between resets of the detector is referred to 
as an "integration". Multiple identical integrations can also be collected together into a 
single file and called an "exposure". For this analysis all exposures contained only one 
integration, hence we use the terms "integration" and "exposure" interchangeably. 
Additionally, each detector is split into four "sectors", where each sector is read out 
through a separate amplifier. Columns 1 through 512 are read out through amplifier 1, 
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columns 513 through 1024 through amplifier 2, columns 1025 through 1536 through 
amplifier 3, and columns 1537 through 2048 through amplifier 4.  
For our analysis, we have used a set of 10 full-frame integrations for each detector. These 
integrations were collected as part of the non-linearity measurements (in test OTP 8.15 
Rev C) in CV2 and are composed of flat field observations illuminated by the diffuser 
lamp within the Optical Telescope Element Simulator (OSIM). File names are listed in 
Table A1 in Appendix A.  Each integration comprised 160 non-destructive groups. Figure 
1 shows a plot of the mean measured signal versus time for one of the ramps from the B1 
detector. These signals come from a raw ramp with no calibrations applied. The lack of a 
non-linearity correction results in a decreasing slope with time.  

 

 
Figure 1 Mean signal versus time for a B1 integration. 

3.2 Calibration 
Prior to the gain calculations, we performed a custom data reduction to prepare the files 
and remove several undesirable effects and noise sources. We used a mixture of manual 
calibrations and steps in the SSB Level 2A pipeline to perform our calibrations. Table 1 
gives a complete list of the calibrations in the order they were performed. 
We began by running the dq_init step of the SSB pipeline on the input files. This step 
creates the data quality arrays that were to be populated during the subsequent data 
calibration steps. Next, we manually subtracted the bias signal from the input files. This 
was done using the appropriate superbias reference file, derived from CV2 data by the 
University of Arizona team.  
After the removal of the superbias, the next calibration step was to remove a large 
residual bias signal which alternated by ~1000 ADU between even and odd numbered 
columns remained. Figure 2 shows an example of this “even/odd effect”. We manually 
removed this effect using the reference pixels across the top and bottom edges of the 
detector. Working independently in each sector, we calculated the sigma-clipped mean 
value of the reference pixels in the odd-numbered columns, and subtracted this from all 
of the science pixels in the odd-numbered columns. We then repeated this technique 
using the even numbered columns. The result was an image free of bias structures. 
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The next calibration task was the “bias drift” step of the SSB JWST data reduction 
pipeline. This function subtracts the mean value of the reference pixels above and below 
the detector from the science pixels in each sector. It then uses the reference pixels along 
the left and right sides of the detector to map any temporal drifts in the reference pixel 
signal, and subtracts this drift from the science pixels. 
Using the saturation step in the SSB pipeline, along with saturation reference files created 
from CV2 data, we flagged all saturated pixels. Finally, we applied the linearity 
correction via the SSB pipeline, again using reference files created with CV2 data. 
During more detailed investigations, described in section 5.5 below, we also used the 
SSB pipeline to correct the data for inter-pixel capacitance (IPC) effects. To properly 
remove the IPC, we performed this correction after the even/odd correction within the 
data calibration flow. IPC effectively smooths the image as a small fraction of the signal 
belonging to each pixel is spread amongst neighboring pixels. By removing the IPC, we 
removed the correlation between adjacent pixels, which was necessary to produce 
accurate measurements of the variance across the detector. 

Note that the IPC, saturation, and non-linearity correction reference files used were 
derived from CV2 data by the University of Arizona.  

 
Table 1 Calibration steps performed on the input data prior to calculating gain values. The steps are 
listed in the order that they were performed, and list whether we used the SSB pipeline or a manual 
correction. 

Calibration Step 
SSB Pipeline Step or 
Manual Correction 

Data Quality Initialization SSB pipeline: dq_init 
Superbias subtraction Manual 
Even/odd correction Manual 
IPC removal SSB pipeline: ipc 
Reference Pixel 
correction SSB pipeline: bias_drift 
Saturation flagging SSB pipeline: saturation 
Linearity correction SSB pipeline: linearity 
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Figure 2 Left panel: Example of the “even/odd effect”, where the mean background level in the even 
numbered columns is ~1000 ADU larger than the mean background level in the odd numbered 
columns. The large magnitude of the even/odd effect renders finer details in the image invisible. This 
image shows ~250 columns from the A1 detector. Linear scale, 2000 to 10000 ADU. Right panel: 
Same image after the even/odd effect has been removed. Linear scale from 0 to 1000 ADU. 

4 Photon Transfer Curve Method 
The method we used for calculating gain values was the Photon Transfer Curve Method 
(Janesick, 2001). This method uses the relationship between the signal and the measured 
variance from a pair of integrations to calculate the gain.  
Once the appropriate data reduction steps were performed on the ten integrations for a 
particular detector, the integrations were divided into five pairs of consecutive 
integrations. Using non-consecutive pairs of integrations resulted in artificially increased 
variances between the two integrations, which artificially decreased the measured gain. 
This is most likely due to changes in the flux level of the illuminating lamp over the 5.1 
hour duration of the test. 
For each pair, we read in the integrations and created "summed" integration and a 
"differenced" integration. Adding the two integrations to each other on a group-by-group 
basis created the summed integration. Similarly, by subtracting one integration from the 
other, group-by-group, we created the differenced integration. 
Inspection of the summed and differenced integrations revealed the presence of small 
populations of poorly performing pixels, most notably within the outermost few rows and 
columns along the right and top edges of many of the detectors. Investigation revealed 
that the non-linearity correction coefficients for many of these pixels were bad, causing 
the non-linearity calibration to return bad values for these pixels. Before proceeding with 
the mean and variance calculations, we masked these pixels so that they were ignored in 
all subsequent calculations. 
The next task was to calculate mean signals within each group of the summed integration, 
and variances from each group of the differenced integration. We treated the pixels 
corresponding to each of the four sectors of the detector separately, as each sector is read 
out through a different amplifier.    
In each group of the summed integration, we divided each of the four sectors into a grid 
of boxes. We began by removing any bad pixels within each box. Iterative sigma clipping 
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at the 3σ level within each box assured that bad pixels were ignored. We then calculated 
the mean signal in the box.  
Next, we calculated the variance in the differenced integration, using the same set of 
boxes to divide each sector and group. We again used iterative sigma clipping at the 3σ 
level within each box to remove bad pixels prior to calculating the variance.  
For each box, we plotted the mean signals versus the variance values for all groups and 
fit a line to these data points. The inverse of the best-fit slope was the measure of the gain. 
The top plot of Figure 3 shows an example variance versus mean plot for one box on 
detector B1. The blue and red points show the calculated mean and variance values for all 
of the boxes within the sector. The red points show data that were used to calculate the 
best-fit line to determine the gain. The bottom plot shows the residuals between the 
variance values and the extrapolated best-fit line. The increasing magnitude of the 
residuals at mean signal levels above roughly 20,000 ADU is the result of residual non-
linearity present after the linearity calibration step. 
 

 
Figure 3 Mean versus variance and residuals plots for one box. Points in red were used in the line-fit 
to determine gain. Note that even with the completed non-linearity correction, residual non-linearity 
is apparent in the data at mean signal levels above ~20,000 ADU.  

5 Initial Results 
The initial results described in this section describe analysis performed using data from 
the NIRCam B1 detector. We used this detector to analyze our gain calculation method 
and search for any improvements to be applied to data from the rest of the NIRCam 
detectors. 

5.1 Low Epoxy Region 
By calculating the gain independently within each box in the grid of boxes across the 
detector, we have the ability to look for spatial variations in the gain. Figure 4 shows 
mean gain maps for the B1 detector using 128×128, 256×256, and 512×512 pixel boxes, 
ignoring the reference pixels where appropriate. These gain maps were created by taking 
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the average of the five individual gain maps corresponding to the 5 pairs of images used 
in the analysis, and show that gain values vary across the detector from 2.29 to 2.39 e-

/ADU.  
The most prominent feature is an area of low gain (dark boxes) towards the bottom center 
of the detector. This area covers 6-8 of the 128×128 boxes in the left panel of Figure 4, 
and spreads across the boundary between sectors 2 and 3 (the vertical line down the 
center of the image). In the center panel, this low-gain area is contained within 2-3 boxes 
that cover roughly the same area on the detector. In the case of the 512×512 pixel boxes 
in the right panel, where each sector contains only one column of boxes, the low-gain 
area is averaged together with a larger population of surrounding pixels. This results in 
boxes with a smaller gain decrease relative to the surrounding areas, as can be seen by the 
lack of very dark boxes. However, due to the large box size, this decrease spread to the 
entire width of sectors 2 and 3, rather than just the fraction of each seen in the higher 
resolution gain maps. 
This low-gain feature corresponds to an area on the detector where the epoxy layer 
between the indium bump bond region and the multiplexer layout is thinner than average. 
In addition to affecting the gain, these areas also show below average IPC values, as 
reported by Rest et al. (2014). For brevity, we refer to these areas as “epoxy voids” for 
the remainder of this report. Figure 5 is a view of the bottom half of a flat field image 
produced by detector B1, and shows that the epoxy void area (in the red circle) is a 
visible feature.  
 

   

128×128 pixel boxes.  
A localized low gain value is 
present in the bottom center. This 
is an area where the epoxy layer 
is thinner than average. 

256×256 pixel boxes.  
With the larger box size, we 
average over the most extreme 
gain variations seen in the figure 
to the left. 
 

512×512 pixel boxes. 
Here, the boxes are so large that 
the depth of low-gain area has 
been partially averaged over. The 
large box size also means that the 
low-gain area affected the gain 
results over ¼ of the detector.  

Figure 4 Gain maps for detector B1, calculated using three different box sizes. All 3 maps are shown 
with a linear stretch from 2.26 – 2.40 e-/ADU. 
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Figure 5 Bottom half of a flat field image from detector B1. The lighter area within the red circle is 
the region with thinner epoxy underfill, and corresponds to the low-gain area seen in Figure 4. 

Detectors A4, ALONG, B1, and B4 all exhibit similar irregularly shaped low-gain areas 
in the bottom center of the detector. In each of these detectors the epoxy void area is 
spread between sectors 2 and 3. The area in B4 appears to have the largest size.  
With the calculated gain values inside the epoxy void areas roughly 5% lower than those 
immediately outside, we decided that the only way to accurately map the gain across the 
detector was to modify our regular grid of boxes by overlaying separate, irregularly-
shaped boxes containing only pixels within the epoxy void regions. In this way we were 
able to isolate the pixels in the epoxy void regions and calculate gain values that applied 
only to them. In order to keep the uncertainties for all boxes roughly equal, any boxes 
that initially contained less than half the number of pixels in the nominal square box, 
were joined with a neighboring box. Figure 6 shows the mean gain maps calculated for 
detector B1 using the updated map of boxes.  
These maps clearly show that treating the epoxy void area separate from the rest of the 
detector when calculating gain is necessary. The calculated gain values within the epoxy 
void are all significantly lower than those outside, allowing this region to clearly stand 
out in Figure 6. 
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128×128 pixel boxes. 256×256 pixel boxes. 512×512 pixel boxes. 
 
Figure 6 Similar to the gain maps seen in Figure 4, these gain maps for detector B1 were created 
using the updated box maps that keep the thin epoxy areas separate from the rest of the detector. All 
3 maps are shown with a linear stretch spanning values of 2.35 to 2.55 e-/ADU. The low gain areas 
corresponding to the epoxy void areas are much better defined than in Fgure 4. 

5.2 Box Size Differences 
The next test we performed was a search for the optimal box size to use when dividing 
the detector into a grid for our gain calculations. Smaller boxes resulted in noisier results, 
while larger boxes reduced our sensitivity to any spatial differences in the gain. 
Balancing these two effects was necessary to produce the most accurate gain results. 
We used three different box sizes for this investigation:  128×128 pixels, 256×256 pixels, 
and 512×512 pixels, and repeated the gain calculation method described in section 4. 
Varying the size of the boxes used for the calculations showed that the resulting sector-
averaged gain values were largely insensitive to box size, giving confidence to our results. 
We found typical differences of the mean gain values of ~0.002 e-/ADU, or about 0.1% 
of the nominal gain value.    
Next we examined the gain value uncertainties across the detector for the different box 
sizes. With box areas increasing by a factor of 4 between each of the three box sizes 
mentioned above, we expected to see the uncertainty in the gain value decrease by a 
factor of 4 at each step. For each box size, we calculated the standard deviation of the 
difference image created from two individual gain maps. We translated this value into the 
uncertainty for a single gain map by dividing by 2. Table 2 shows that the measured 
noise for a single gain map did indeed decrease by roughly a factor of 2 between each 
box size, as expected. The rightmost column shows the size of the calculated uncertainty 
relative to the expected gain values. For this data set, each final mean gain map was 
constructed using a minimum of 4 individual gain maps. This implies the uncertainties on 
the mean gain maps are a factor of 2 lower than those for the individual gain maps. 
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Table 2 Uncertainties associated with various box sizes used to calculate the gain. We measured the 
standard deviation of the difference image of two gain maps. The uncertainty for a single gain map is 
therefore a factor 𝟐 lower, and is shown in the second column from the right. The right-most 
column shows the size of this uncertainty relative to the gain value. 

Box Size (pixels) 

Measured 
Standard 
Deviation 
(e-/ADU) 

Uncertainty 
(e-/ADU) 

Percentage 
of Expected 
Gain Value 

128×128 0.047 0.033 1.5% 
256×256 0.027 0.019 0.8% 
512×512 0.013 0.009 0.4% 

 
To create another look at the relative noise levels resulting from different box sizes, we 
produced scatter plots which compared the gain values in one gain map versus those from 
a nominally identical gain map created from a second pair of files. Ideally, all points in 
these scatter plots would fall on the y=x line. The range along the y=x line covered by the 
points indicates the range of real gain differences across the detector. Points not falling 
on this line indicate the effects of map-to-map noise. Figure 7 shows the scatter plots 
produced using the three box sizes. The red points show the gain values in the epoxy void 
region of the detector, while the rest of the detector is represented by blue points. The 
plot in the upper left was produced from gain maps with 128×128 pixel boxes. The 
roughly circular envelope of points suggests that the noise level is comparable in 
magnitude to the real variations in the gain across the detector. The plot in the upper right 
was produced using gain maps with 256×256 pixel boxes. Here the points cluster more 
closely around the y=x line, implying a lower noise level and more clearly indicating real 
spatial changes in the gain. The plot in the lower left was made using 512×512 pixel 
boxes, and shows points even closer to the expected line.  
In order to explore how the noise decreases when multiple gain maps are averaged 
together, we produced the scatter plot seen in the lower right of Figure 7. In this case we 
used 4 individual gain maps produced using the 256×256 pixel boxes. We created an 
average gain map from the first pair of these 4 maps, and a second average gain map 
from the second pair. We then plotted these two mean gain maps against each other. In 
this case we expected the noise to decrease by a factor of 2 compared to the 0.019 e-

/ADU measured in the individual gain maps seen in the upper right panel of Figure 7. 
Taking the difference of these two mean gain maps, we calculated the standard deviation 
of the values across the detector. Dividing this result by 2 in order to arrive at the 
uncertainty associated with a mean gain map created from 2 individual gain maps, we 
find 0.011 e-/ADU, comparable to the expected value of 0.013 e-/ADU. As the final gain 
maps will be constructed as the averages of 4 or 5 individual gain maps, we expect the 
uncertainty in the final gain maps to be lower than the 0.019 e-/ADU for a single map by 
a factor of 4 to 5, or 0.008 – 0.009 e-/ADU. 
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Figure 7 Scatter plots for the gain values calculated using file pairs 5/6 versus 7/8. Upper left is for a 
box size of 128×128 pixels, upper right is for 256×256 pixels, and lower left is for 512×512 pixels. For 
each factor of 4 increase in box area, the measured noise decreased by a factor of 2, as expected. The 
nearly spherical shape of the points in the upper left plot suggest that using a box size of 128×128 
pixels results in noisy gain measurements. The more elongated shapes of the distributions in the 
other two plots suggest higher-signal results. The lower right panel shows a scatter plot for a pair of 
mean gain maps created with 256×256 pixel boxes, each created from 2 individual maps. As expected 
the measured noise decreased by a factor of 𝟐 compared to the case of the individual gain maps. 

From the uncertainty levels shown in Table 2 and the plots and distances shown in Figure 
7, we chose to proceed using 256×256 pixel boxes. This box size kept the uncertainty for 
a single gain map below 1% and that for a mean gain map at or below 0.5%, allowing 
real spatial variations in the gain to be visible. 

5.3 Signal Limit Differences 
A third parameter we investigated was the upper limit of the signal used in the line-fitting 
step. The choice of this upper limit is quite important to the resulting gain calculations. A 
limit that is too low resulted in line-fitting to very few points and higher uncertainties in 
the gain values. However, if the upper signal limit is too high, the gain calculation can be 
contaminated by errors in the calibration of the input data, such as uncorrected non-
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linearity at high signal levels. This uncorrected residual non-linearity can lead to 
artificially low variance values, which in turn produces artificially high gain values. This 
effect is seen in variance versus mean plot in Figure 8, where the decreasing slope of the 
red data points, which have not been corrected for non-linearity, implies that these 
uncorrected data yield a higher gain value relative to the non-linearity-corrected blue 
points. 

 
Figure 8 Examining the effects of uncorrected non-linearity. Red crosses show data where no non-
linearity correction has been performed. Blue crosses show corrected data. The red and blue circles 
show the data points that were used in the line-fitting. Dashed red and blue lines indicate 
extrapolated best-fit lines. Uncorrected data, in red, show a lower than expected variance with 
increasing signal. Line-fitting to this curve produces slopes that are lower than expected, implying 
gain measurements that are higher than expected. By truncating the data at the appropriate signal 
level prior to calculating gain, this effect can be avoided. 

Initial testing revealed that an upper limit of 5,000 ADU in the shortwave detectors and 
7,500 ADU in the longwave detectors (corresponding to 10,000 ADU and 15,000 ADU 
respectively in the summed data frames) was necessary in order to avoid residual non-
linearity effects. This limited the line-fitting to only the first 4 to 5 groups in each 
integration. In order to test whether our upper limit was too low, we created gain maps 
using several different signal limits and compared the results. 
For each signal limit, we created gain maps for each of the 5 pairs of integrations, and 
then combined these into a mean gain map. We then divided the mean gain map by the 
mean gain map produced using the 5,000 ADU signal limit in order to examine the 
percentage difference between the gain maps. Table 3 lists the mean and standard 
deviation of the gain map ratios.  
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Table 3 The mean and standard deviation of the ratio between gain maps produced with and upper 
signal limit of 5,000 ADU and those with a higher signal limit. Using higher signal limits resulted in 
higher gain values, implying a reduction in noise in the data relative to the case of the 5,000 ADU 
signal limit. 

Signal Limit 
(ADU) 

Mean Difference from 
5,000 ADU Limit Case 

Stdev of Difference from 
5,000 ADU Limit Case 

5,000 0 0 
10,000 +0.34% 0.36% 
15,000 +0.57% 0.38% 

 
For upper signal limits of 10,000 ADU and 15,000 ADU, the calculated gain values were 
larger than those produced using the 5,000 ADU limit, implying that calibration effects 
could be creeping into the data even at these low signal levels. On average, gain values 
from the 10,000 ADU limit are higher than those from the 5,000 ADU limit by 0.34%. 
This translates into roughly 0.008 e-/ADU, which is comparable in magnitude to the 
uncertainties on the mean gain map, as found in section 5.2. Increasing the upper signal 
limit to 15,000 ADU resulted in the mean gain value increasing to almost 0.6% higher 
than the 5,000 ADU limit case. The outcome was identical when the analysis was 
repeated at several different box sizes. 
Given these results, we chose to keep the 5,000 ADU signal limit for all shortwave 
detectors in order to minimize any effects from residual non-linearity or other calibration 
effects. We used a signal limit of 7,500 ADU for the two longwave detectors, in order to 
allow the same number of groups to be fit as in the case of the shortwave detectors. 

5.4 First Pair Differences 
After calculating gain maps for the five pairs of integrations for all of the detectors, we 
found that the first pair of integrations gave systematically lower gain values relative to 
those from the other file pairs. Lower gain values imply higher variance values. This may 
have been a symptom of the lamp used for these flat field observations warming up and 
exhibiting a changing flux level between the first and second integration, which together 
were used to create the first gain map. 
To quantify this effect, we created ratio images of each individual gain map versus the 
gain map produced from the first two integrations. We then calculated the mean and 
standard deviation of each of these ratio maps. The results are shown in Table 4. 
For detector B1 we found that the gain map created from the first pair of files had mean 
gain values that were 0.61% - 0.80% lower than those in the other maps. This translates 
into a difference of roughly 0.015 – 0.019 e-/ADU, comparable to the uncertainty found 
in a single gain map when using the 256×256 pixel boxes, shown in Table 2. Given this 
small difference, we chose to include the gain map from the first pair of integrations 
when combining the five individual gain maps in order to create the mean gain map for 
B1.  
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Table 4 Differences in the mean gain values from maps created with the first and second input files 
versus those created from other pairs of input files. The positive mean values indicate that the gain 
values in the map created from the first and second input files are lower than in the other maps. 
However, these differences are comparable to the noise in a single gain map, as found in Table 2. 

Gain Map Difference Image 

% Difference 
in Mean Gain 
Levels Standard Deviation  

Files 3/4  minus Files 1/2 0.74% 0.97% 
Files 5/6  minus Files 1/2 0.79% 1.00% 
Files 7/8  minus Files 1/2 0.80% 0.98% 

 
However, a similar analysis performed on data from the other NIRCam detectors 
revealed that the magnitude of the gain decrease in the first of the five gain maps was 
quite variable. Table 5 shows, for all detectors, the mean difference in the gain value 
from the second gain map (created from integrations 3 and 4) minus the first gain map 
(from integrations 1 and 2). For comparison, we also show the mean difference between 
gain map #4 (from integrations 7 and 8) minus gain map #3 (integrations 5 and 6), which 
for all detectors was representative of the consistency between all the other individual 
gain maps. 
Table 5 Differences seen in the gain maps produced from the first and second integrations compared 
to gain maps from the other integrations, for all detectors. The second column from the left shows the 
mean and standard deviation of the difference between the gain map produced with the third and 
fourth integrations minus the gain map produced with the first and second integrations. For 
comparison, the third column from the left shows the mean and standard deviations of the gain map 
produced with the seventh and eighth integrations minus the gain map from the fifth and sixth 
integrations. The right-most column shows whether or not the initial gain map was used when 
constructing the mean gain map. 

Detector 

Mean and Stdev, 
gain map #2 – 
gain map #1  
(e-/ADU) 

Mean and Stdev, 
gain map #4 – 
gain map #3 
(e-/ADU) 

Gain Map #1 
Used When 
Creating Mean 
Gain Map 

A1 0.007 ± 0.021 0.007 ± 0.019 Yes 
A3 0.087 ± 0.043 0.002 ± 0.023 No 
A4 0.087 ± 0.044 0.002 ± 0.023 No 
ALONG 0.070 ± 0.032 0.004 ± 0.020 No 
B1 0.018 ± 0.024 0.004 ± 0.023 Yes 
B2 0.057 ± 0.045 0.002 ± 0.023 No 
B3 0.067 ± 0.049 0.003 ± 0.023 No 
B4 0.035 ± 0.024 0.005 ± 0.021 No 
BLONG 0.002 ± 0.020 0.002 ± 0.020 Yes 

 
Table 5 shows that the measured gain value in the first of the five individual gain maps 
was significantly lower in all detectors except A1, B1, and BLONG. On average, gain 
values were lower in the initial gain map by 1.5% to 4% compared to subsequent gain 
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maps in the other six detectors.  Also in these cases, the initial gain map showed a 
significantly higher standard deviation across the detector compared to the other gain 
maps. As a result, we chose to ignore the initial gain map when calculating the average 
gain map for these detectors. For the A1, B1, and BLONG detectors, we kept all 5 
individual gain maps for the mean map calculation. 

  
Figure 9 The detector-averaged signal in group 10 minus group 0 for all 10 of the flat field 
integrations used in the gain analysis. (Left panel: detector A4, right panel, detector B1.) The large 
differences in signal between integrations 1 and 2 imply that variance values will be artificially 
elevated in the difference images created from these images. Note that the difference between 
integration 1 and 2 is much larger for detector A4 than it is for detector B1, in agreement with the 
second column of Table 5. Error bars represent the standard deviation of the signal values across the 
detector. 

In looking for a faster, easier way to determine whether or not to use the first gain map 
for a given detector, we focused on the accumulated signal in each of the 10 flat field 
integrations for each detector. We plotted the detector-averaged mean of the measured 
signal in group 10 minus group 0 for each integration. The two plots in Figure 9 show the 
results for detectors A4 (left panel) and B1 (right panel). For both detectors, integration 1 
had a significantly lower signal than subsequent integrations. Most important was the 
difference between integrations 1 and 2, as these integrations were combined to create the 
first gain map. This signal difference was about 80 DN in the case of A4, but only 30 DN 
for B1. 
We expected that the magnitude of this signal difference could be used as a metric to 
decide whether to keep or ignore the first gain map in our analyses. Unfortunately, the 
magnitude of the signal jump, and in fact the entire pattern of points seen in the plot for 
A4, was nearly identical for all of the module A detectors. Similarly, the pattern of points 
in the plot for B1 was replicated in all B module detectors. This implies that we could not 
have used the signal differences to inform our decision of which gain maps to discard. 
Given the nearly identical plots for all of the module A detectors, and the similar plots 
amongst the module B detectors, the physical reason behind the behavior seen in Figure 9 
is most likely related to the output flux of the light source used for the flat field 
observations. All five module A detectors were operated simultaneously over a period of 
roughly 5 hours when collecting the flat field observations for this test. See Table 8 for 
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the timeline. Following this, all 5 module B detectors were operated for the next 5 hours 
to collect their flat field data. We theorize that the increasing signals observed across the 
first 5 integrations in the A module detectors (i.e. the left panel of Figure 9) represents a 
real increase in the lamp output flux as the lamp warmed up.  
For the module B detectors, the smaller signal difference observed between integrations 1 
and 2 must have a different source, as at that point the lamp had been on for at least 5 
hours. We speculate that persistence may be the cause. After being unused and not 
illuminated for at least 5 hours, the module B detectors had released all trapped charge. 
The first flat field integration then produced electrons which filled the empty traps, 
decreasing the measured signal. By the second integration, the detector had reached an 
equilibrium of charge entering and leaving the traps, resulting in a higher measured signal.  
Given these effects, those creating NIRCam calibrations using flat field data should take 
care to monitor the integration-to-integration consistency of the flat field data used.  

5.5 IPC Correction 
Finally, we studied the effects of interpixel capacitance (IPC) on the gain calculations. 
IPC is a capacitive coupling of adjacent pixels across the detector that causes the 
measured signals to be correlated between neighboring pixels. The effect, as well as the 
measurement and solution for NIRCam, are described in Rest (2015).  
The correlation of the signal and the shot noise between pixels has a large effect on the 
calculated gain values. By effectively smoothing the measured signal, IPC lowers the 
variance across the detector, which artificially increases the measured gain. There are two 
ways to correct for this effect. The first is an empirical correction where the effects of 
IPC are removed from the data using the SSB pipeline’s IPC correction step. This 
correction convolves a small (3x3 pixel) correction kernel with the data in order to return 
the measured signals to the proper pixels.  
The second method of correcting the gain values for the effects of IPC is an analytic 
correction. This method has been used for gain calculations in the Wide Field Camera 3 
(WFC3) instrument on HST (Hilbert 2008). This correction is achieved by multiplying 
the gain values by a factor that accounts for the variance differences caused by IPC. 
Equation 1 shows this correction where gc is the corrected gain, g is the measured gain, 
and k1,1 is the central term of the IPC correction kernel. Equation 2 shows the IPC 
correction kernel for the NIRCam B1 detector, derived from CV2 data. 

𝑔! = 𝑔 × (1− 2 ×(𝑘!,! − 1))                                              1) 
 

𝑘 =
−2.6×10!! −0.0056 −2.8×10!!
−0.0072 1.025 −0.0056
−2.6×10!! −0.0056 −2.8×10!!

                                        2) 

 
For the correction kernel shown above we find that the measured gain must be multiplied 
by a factor of 0.95 in order to account for the effects IPC. We tested the accuracy of this 
analytical correction by comparing gain values that were calculated from data which had 
the empirical IPC correction performed versus those calculated from uncorrected data. If 
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the analytic solution was correct, we expected to see a 5% difference between the 
resulting gain maps. 
Using 256×256 pixel boxes, we calculated gain maps for all 5 pairs of integrations both 
with and without the empirical IPC correction. In each of the two cases, these five gain 
maps were combined to create a median gain map.  
Comparing the two median gain maps, we found that the gain values from the corrected 
data were lower than those from the uncorrected data by 4.7 – 4.9%, with a mean of 4.8%. 
This confirms that the analytic solution accurately corrects for the effects of IPC to within 
roughly 0.2%. This corresponds to an uncertainty of about 0.005 e-/ADU, which is less 
than the uncertainty of the mean gain values. This shows that one may obtain accurate 
measurements of the NIRCam gain using data that are not IPC corrected. The advantage 
of using the analytic correction is purely in the time savings associated with not applying 
the IPC correction step to the data during the initial data calibration. For the final gain 
calculations described below, we continued using the empirical IPC correction step in the 
calibration pipeline. 

6 Improved Results 
Using the results from the initial analyses described above, we made adjustments to our 
procedures, and repeated the analysis on all detectors. For this analysis, we created gain 
maps using a box size of 256×256 pixels and kept the epoxy void region separate from 
the rest of the detector. We used a line-fitting signal limit of 5,000 ADU for the 
shortwave detectors, and 7,500 ADU for the longwave detectors. In addition we ignored 
the results from the first two exposures for the detectors where they were found to be 
anomalous. Input data were also IPC-corrected during the data reduction process. 

6.1 Gain Maps 
We present gain maps for all 9 detectors in the appendix. Note that the shapes and 
locations of the epoxy void areas are different in this report than in Rest et. al (2014). 
This is because new flight detectors were installed in NIRCam between the Cryo3 and 
CV2 testing campaigns. We find that for a given detector, the spatial variations in the 
gain are 0.15 e-/ADU at most. For six of the nine detectors, the gain varies by 0.1e-/ADU 
or less.  

Table 6 Notes on the gain maps shown in the appendix 

Detector 

Range of 
Gain Values 

(e-/ADU) Notes 
A1 2.12 – 2.19 Generally lower gain on the left side than the right 

A3 2.24 – 2.32 Gain is lowest in upper left and increases downward 
and rightward 

A4 1.94 – 2.03 Gain lowest in the center. Low epoxy region present. 

ALONG 2.09 – 2.25 Gain is lowest in the center of the right side and 
increases to the left. Low epoxy region present. 

B1 2.31 – 2.38 No real pattern to gain. Low epoxy region present. 
B2 2.38 – 2.51 Gain lowest at the top and increasing downwards 
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Detector 

Range of 
Gain Values 

(e-/ADU) Notes 

B3 2.36 – 2.47 Gain lowest in the top left and increasing downwards 
and rightwards. 

B4 2.18 – 2.27 Low epoxy region present. 

BLONG 2.07 – 2.22 Gain lowest in the bottom right, increasing up and to 
the left. 

6.2 Uncertainty Estimation 
Our next task was to determine if the spatial variations observed in the gain maps were 
real or simply the result of noise. 
To find the uncertainties of our gain values, we calculated the standard deviation across 
the detector using a difference image from two individual gain maps. This is similar to 
what was done when examining the low gain values associated with the first individual 
gain maps in section 5.4. In this case, we performed the analysis on all gain map 
differences and divided each of the calculated standard deviations by 2 in order to 
produce uncertainties associated with individual gain maps. We then divided the 
uncertainties by the square root of the number of individual gain maps used to create the 
mean gain map. The results are shown in Table 7.  
This table presents the sector-averaged gain values for all 9 detectors, calculated using 
256×256 pixel boxes, and treating the low epoxy areas independently from the rest of the 
detectors. These values also include the IPC correction. The uncertainties are those from 
the areal standard deviation method described above.  
Comparing the means and uncertainties in Table 7 with the variations in the gain values 
seen in the gain maps in Appendix B, we see that the spatial variations in the gain maps 
do appear to be real and not just a product of noise. 
 
Table 7 Sector-averaged gain values and associated uncertainties derived from CV2 using the PTC 
method, with an upper limit on the signal of 5,000 ADU for the shortwave detectors and 7500 ADU 
for the longwave. 

SCA Sector 1 Sector 2 Sector 3 Sector 4 
Sector 2 

Epoxy Void 
Sector 3 

Epoxy Void 
A1 2.139 ±	0.006 2.141	±	0.006 2.162	±	0.006 2.166	±	0.006 NA NA 

A3 2.256 ± 0.008 2.259 ± 0.008 2.267 ± 0.008 2.288 ± 0.008 NA NA 

A4 1.970 ± 0.006 1.955 ± 0.006 1.963 ± 0.006 1.990 ± 0.006 1.895 ± 0.006 1.911 ±	0.006 

ALONG 2.191 ±	0.007 2.144 ±	0.007 2.118 ±	0.007 2.114 ±	0.007 2.059 ±	0.007 2.044 ± 0.007 

B1 2.363 ± 0.008 2.355± 0.008 2.347± 0.008 2.352± 0.008 2.289± 0.008 2.300± 0.008 

B2 2.414 ±	0.008 2.404 ±	0.008 2.422 ±	0.008 2.440 ±	0.008 NA NA 

B3 2.384 ±	0.009 2.375 ±	0.009 2.387 ±	0.009 2.411 ±	0.009 NA NA 

B4 2.219 ±	0.008 2.195 ±	0.008 2.210 ±	0.008 2.224 ±	0.008 2.122 ±	0.008 2.122 ±	0.008 

BLONG 2.140 ±	0.006 2.136 ±	0.006 2.102 ±	0.006 2.083 ±	0.006 NA NA 
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6.3 Comparison with University of Arizona Gain Values 
Once we had produced mean gain maps for all available NIRCam detectors, our next task 
was to compare these maps to those produced by the University of Arizona (UofA) team 
and delivered to STScI. The UofA gain maps have an independent gain measurement for 
each pixel across the detector, as seen in the upper left box of Figure 10.  In order to 
better compare their maps with ours, we first binned the UofA gain maps into the same 
boxes we used to create our maps. To accomplish this we simply calculated the sigma-
clipped mean of the pixels located within each of our boxes when these boxes were 
placed on the UofA gain maps. All pixels within a given box were then assigned that 
mean value. The upper right panel of Figure 10 shows the binned UofA gain map for 
detector B1. 
We then created a ratio image of our gain map to the binned UofA gain map (minus 1, in 
order to produce a map of fractional differences) for each detector. The lower left panel 
of Figure 10 shows the ratio image for detector B1. Finally, as seen in the lower right 
panel, we produced a histogram of the ratio image in order to quantify the differences 
between the UofA map and the map produced in this work. From the histogram for 
detector B1, we see that the UofA gain map contains gain values that are lower that those 
produced by the current work by 13 – 22%. This corresponds to 0.3 – 0.5 e-/ADU. Given 
the sensitivity of the gain calculation method to the details of the input data’s calibration 
and to incomplete removal of noise, we attribute this difference to differences in 
calibration or details of the PTC method used by the UofA group. Comparable images 
and histograms highlighting the comparison of the other detectors are shown in the 
appendix. For the remaining detectors, the UofA gain maps have values that are 
consistently lower than those of these new maps as is seen for detector B1 below. Typical 
differences range from several percent up to 25%. 
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Figure 10 Top left panel: Detector B1 gain map produced by UofA, shown with a linear stretch from 
1.2 to 2.9 e-/ADU. Top right panel: UofA gain map that has been placed onto the same grid used for 
our calculations in this paper. We calculated the sigma-clipped mean of the pixels within each box 
and gave that value to all pixels in the box. Linear stretch from 1.9 to 2.15 e-/ADU. Bottom left panel: 
Image showing the percent difference between the gridded UofA map seen in the top right, and the 
gain map produced in this work. Linear stretch from -20% to -5%. Bottom right panel: Histogram of 
the ratio image on the bottom left. 

7 Conclusions 
We have produced 2 dimensional gain maps for 9 NIRCam detectors using data from 
CV2 testing. Binning the pixels of these maps in order to increase the signal to noise, we 
have found significant spatial variations across all of the gain maps. In four of the 
detectors, epoxy voids result in areas with gain values that are depressed by up to ~5% 
relative to the surrounding pixels. These spatial variations imply that the 2 dimensional 
gain maps currently used by the JWST pipeline are necessary, as opposed to using a 
single gain value for each amplifier. 
We observed small but significant inconsistencies in the measured signal levels across 
some of our flat field integrations. We believe these inconsistencies may be due to the 
changing flux level of a warming lamp, and possibly also persistence. One may need to 
account for these effects when creating calibrations from flat field data. 
Our calculated gain values are up to 25% higher than those calculated by the UofA team 
using the same data set. Several other basic detector properties depend on the gain and 
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therefore would be affected if higher gain values were adopted. This includes the QE of 
the detectors and flat field calibration files, which impacts the flux calculations later in 
the calibration process. 
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Appendix A. Files used in this analysis 
Table A1: List of CV2 files used in this work. 
Detector Files Used Time of Exposure Start 

A1 

NRCN815A-LIN-4243235734_1_481_SE_2014-09-01T00h34m53.fits 
NRCN815A-LIN-4244002823_2_481_SE_2014-09-01T01h03m54.fits 
NRCN815A-LIN-4244005744_3_481_SE_2014-09-01T01h33m00.fits 
NRCN815A-LIN-4244012704_4_481_SE_2014-09-01T02h02m25.fits 
NRCN815A-LIN-4244015628_5_481_SE_2014-09-01T02h32m01.fits 
NRCN815A-LIN-4244022547_6_481_SE_2014-09-01T03h01m27.fits 
NRCN815A-LIN-4244025510_7_481_SE_2014-09-01T03h31m23.fits 
NRCN815A-LIN-4244032428_8_481_SE_2014-09-01T04h00m47.fits 
NRCN815A-LIN-4244035350_9_481_SE_2014-09-01T04h29m34.fits 
NRCN815A-LIN-4244042310_10_481_SE_2014-09-01T05h13m45.fits 

2014-08-31 23:59:35.068998 
2014-09-01 00:28:55.899999 
2014-09-01 00:58:16.733000 
2014-09-01 01:27:37.565000 
2014-09-01 01:56:58.396999 
2014-09-01 02:26:19.228994 
2014-09-01 02:55:40.061000 
2014-09-01 03:25:00.892999 
2014-09-01 03:54:21.725000 
2014-09-01 04:23:42.621000 

A3 

NRCN815A-LIN-4243235734_1_483_SE_2014-09-01T00h34m57.fits 
NRCN815A-LIN-4244002823_2_483_SE_2014-09-01T01h03m52.fits 
NRCN815A-LIN-4244005744_3_483_SE_2014-09-01T01h32m59.fits 
NRCN815A-LIN-4244012704_4_483_SE_2014-09-01T02h02m25.fits 
NRCN815A-LIN-4244015628_5_483_SE_2014-09-01T02h32m02.fits 
NRCN815A-LIN-4244022547_6_483_SE_2014-09-01T03h01m26.fits 
NRCN815A-LIN-4244025510_7_483_SE_2014-09-01T03h31m22.fits 
NRCN815A-LIN-4244032428_8_483_SE_2014-09-01T04h00m45.fits 
NRCN815A-LIN-4244035350_9_483_SE_2014-09-01T04h29m35.fits 
NRCN815A-LIN-4244042310_10_483_SE_2014-09-01T05h13m45.fits 

2014-08-31 23:59:35.068998 
2014-09-01 00:28:55.899999 
2014-09-01 00:58:16.733000 
2014-09-01 01:27:37.565000 
2014-09-01 01:56:58.396999 
2014-09-01 02:26:19.228994 
2014-09-01 02:55:40.061000 
2014-09-01 03:25:00.892999 
2014-09-01 03:54:21.725000 
2014-09-01 04:23:42.621000 

A4 

NRCN815A-LIN-4243235734_1_484_SE_2014-09-01T00h34m52.fits 
NRCN815A-LIN-4244002823_2_484_SE_2014-09-01T01h03m52.fits 
NRCN815A-LIN-4244005744_3_484_SE_2014-09-01T01h32m58.fits 
NRCN815A-LIN-4244012704_4_484_SE_2014-09-01T02h02m26.fits 
NRCN815A-LIN-4244015628_5_484_SE_2014-09-01T02h32m03.fits 
NRCN815A-LIN-4244022547_6_484_SE_2014-09-01T03h01m28.fits 
NRCN815A-LIN-4244025510_7_484_SE_2014-09-01T03h31m29.fits 
NRCN815A-LIN-4244032428_8_484_SE_2014-09-01T04h00m50.fits 
NRCN815A-LIN-4244035350_9_484_SE_2014-09-01T04h29m36.fits 
NRCN815A-LIN-4244042310_10_484_SE_2014-09-01T05h13m44.fits 

2014-08-31 23:59:35.068998 
2014-09-01 00:28:55.899999 
2014-09-01 00:58:16.733000 
2014-09-01 01:27:37.565000 
2014-09-01 01:56:58.396999 
2014-09-01 02:26:19.228994 
2014-09-01 02:55:40.061000 
2014-09-01 03:25:00.892999 
2014-09-01 03:54:21.725000 
2014-09-01 04:23:42.621000 

ALONG 

NRCN815A-LIN-4243235734_1_485_SE_2014-09-01T00h34m52.fits 
NRCN815A-LIN-4244002823_2_485_SE_2014-09-01T01h03m52.fits 
NRCN815A-LIN-4244005744_3_485_SE_2014-09-01T01h32m58.fits 
NRCN815A-LIN-4244012704_4_485_SE_2014-09-01T02h02m24.fits 
NRCN815A-LIN-4244015628_5_485_SE_2014-09-01T02h32m02.fits 
NRCN815A-LIN-4244022547_6_485_SE_2014-09-01T03h01m26.fits 
NRCN815A-LIN-4244025510_7_485_SE_2014-09-01T03h31m23.fits 
NRCN815A-LIN-4244032428_8_485_SE_2014-09-01T04h00m46.fits 
NRCN815A-LIN-4244035350_9_485_SE_2014-09-01T04h29m37.fits 
NRCN815A-LIN-4244042310_10_485_SE_2014-09-01T05h13m45.fits 

2014-08-31 23:59:35.068998 
2014-09-01 00:28:55.899999 
2014-09-01 00:58:16.733000 
2014-09-01 01:27:37.565000 
2014-09-01 01:56:58.396999 
2014-09-01 02:26:19.228994 
2014-09-01 02:55:40.061000 
2014-09-01 03:25:00.892999 
2014-09-01 03:54:21.725000 
2014-09-01 04:23:42.621000 

B1 

NRCN815B-LIN-4244045244_1_486_SE_2014-09-01T05h34m02.fits 
NRCN815B-LIN-4244052724_2_486_SE_2014-09-01T06h03m16.fits 
NRCN815B-LIN-4244055646_3_486_SE_2014-09-01T06h32m21.fits 
NRCN815B-LIN-4244062606_4_486_SE_2014-09-01T07h01m12.fits 
NRCN815B-LIN-4244065528_5_486_SE_2014-09-01T07h30m55.fits 
NRCN815B-LIN-4244072448_6_486_SE_2014-09-01T08h00m01.fits 
NRCN815B-LIN-4244075410_7_486_SE_2014-09-01T08h29m54.fits 
NRCN815B-LIN-4244082328_8_486_SE_2014-09-01T08h58m25.fits 
NRCN815B-LIN-4244085239_9_486_SE_2014-09-01T09h28m04.fits 
NRCN815B-LIN-4244092159_10_486_SE_2014-09-01T09h58m43.fits 

2014-09-01 04:58:36.125000 
2014-09-01 05:27:56.957000 
2014-09-01 05:57:17.788999 
2014-09-01 06:26:38.555999 
2014-09-01 06:55:59.388999 
2014-09-01 07:25:20.221000 
2014-09-01 07:54:41.053000 
2014-09-01 08:23:51.196996 
2014-09-01 08:53:11.965000 
2014-09-01 09:22:32.795999 

B2 

NRCN815B-LIN-4244045244_1_487_SE_2014-09-01T05h34m04.fits 
NRCN815B-LIN-4244052724_2_487_SE_2014-09-01T06h03m16.fits 
NRCN815B-LIN-4244055646_3_487_SE_2014-09-01T06h32m22.fits 
NRCN815B-LIN-4244062606_4_487_SE_2014-09-Mi01T07h01m13.fits 
NRCN815B-LIN-4244065528_5_487_SE_2014-09-01T07h30m58.fits 
NRCN815B-LIN-4244072448_6_487_SE_2014-09-01T07h59m59.fits 
NRCN815B-LIN-4244075410_7_487_SE_2014-09-01T08h29m54.fits 
NRCN815B-LIN-4244082328_8_487_SE_2014-09-01T08h58m26.fits 
NRCN815B-LIN-4244085239_9_487_SE_2014-09-01T09h28m04.fits 
NRCN815B-LIN-4244092159_10_487_SE_2014-09-01T09h58m44.fits 

2014-09-01 04:58:36.125000 
2014-09-01 05:27:56.957000 
2014-09-01 05:57:17.788999 
2014-09-01 06:26:38.555999 
2014-09-01 06:55:59.388999 
2014-09-01 07:25:20.221000 
2014-09-01 07:54:41.053000 
2014-09-01 08:23:51.196996 
2014-09-01 08:53:11.965000 
2014-09-01 09:22:32.795999 
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Detector Files Used Time of Exposure Start 

B3 

NRCN815B-LIN-4244045244_1_488_SE_2014-09-01T05h34m03.fits 
NRCN815B-LIN-4244052724_2_488_SE_2014-09-01T06h03m15.fits 
NRCN815B-LIN-4244055646_3_488_SE_2014-09-01T06h32m22.fits 
NRCN815B-LIN-4244062606_4_488_SE_2014-09-01T07h01m13.fits 
NRCN815B-LIN-4244065528_5_488_SE_2014-09-01T07h30m55.fits 
NRCN815B-LIN-4244072448_6_488_SE_2014-09-01T07h59m58.fits 
NRCN815B-LIN-4244075410_7_488_SE_2014-09-01T08h29m57.fits 
NRCN815B-LIN-4244082328_8_488_SE_2014-09-01T08h58m27.fits 
NRCN815B-LIN-4244085239_9_488_SE_2014-09-01T09h28m06.fits 
NRCN815B-LIN-4244092159_10_488_SE_2014-09-01T09h58m42.fits 

2014-09-01 04:58:36.125000 
2014-09-01 05:27:56.957000 
2014-09-01 05:57:17.788999 
2014-09-01 06:26:38.555999 
2014-09-01 06:55:59.388999 
2014-09-01 07:25:20.221000 
2014-09-01 07:54:41.053000 
2014-09-01 08:23:51.196996 
2014-09-01 08:53:11.965000 
2014-09-01 09:22:32.795999 

B4 

NRCN815B-LIN-4244045244_1_489_SE_2014-09-01T05h34m03.fits 
NRCN815B-LIN-4244052724_2_489_SE_2014-09-01T06h03m16.fits 
NRCN815B-LIN-4244055646_3_489_SE_2014-09-01T06h32m23.fits 
NRCN815B-LIN-4244062606_4_489_SE_2014-09-01T07h01m13.fits 
NRCN815B-LIN-4244065528_5_489_SE_2014-09-01T07h30m54.fits 
NRCN815B-LIN-4244072448_6_489_SE_2014-09-01T07h59m59.fits 
NRCN815B-LIN-4244075410_7_489_SE_2014-09-01T08h29m54.fits 
NRCN815B-LIN-4244082328_8_489_SE_2014-09-01T08h58m25.fits 
NRCN815B-LIN-4244085239_9_489_SE_2014-09-01T09h28m04.fits 
NRCN815B-LIN-4244092159_10_489_SE_2014-09-01T09h58m43.fits 

2014-09-01 04:58:36.125000 
2014-09-01 05:27:56.957000 
2014-09-01 05:57:17.788999 
2014-09-01 06:26:38.555999 
2014-09-01 06:55:59.388999 
2014-09-01 07:25:20.221000 
2014-09-01 07:54:41.053000 
2014-09-01 08:23:51.196996 
2014-09-01 08:53:11.965000 
2014-09-01 09:22:32.795999 

BLONG 

NRCN815B-LIN-4244045244_1_490_SE_2014-09-01T05h34m02.fits 
NRCN815B-LIN-4244052724_2_490_SE_2014-09-01T06h03m16.fits 
NRCN815B-LIN-4244055646_3_490_SE_2014-09-01T06h32m23.fits 
NRCN815B-LIN-4244062606_4_490_SE_2014-09-01T07h01m14.fits 
NRCN815B-LIN-4244065528_5_490_SE_2014-09-01T07h30m55.fits 
NRCN815B-LIN-4244072448_6_490_SE_2014-09-01T07h59m59.fits 
NRCN815B-LIN-4244075410_7_490_SE_2014-09-01T08h29m55.fits 
NRCN815B-LIN-4244082328_8_490_SE_2014-09-01T08h58m25.fits 
NRCN815B-LIN-4244085239_9_490_SE_2014-09-01T09h28m04.fits 
NRCN815B-LIN-4244092159_10_490_SE_2014-09-01T09h58m43.fits 

2014-09-01 04:58:36.125000 
2014-09-01 05:27:56.957000 
2014-09-01 05:57:17.788999 
2014-09-01 06:26:38.555999 
2014-09-01 06:55:59.388999 
2014-09-01 07:25:20.221000 
2014-09-01 07:54:41.053000 
2014-09-01 08:23:51.196996 
2014-09-01 08:53:11.965000 
2014-09-01 09:22:32.795999 
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Appendix B. Gain maps created for all detectors 
 

  

  
 
Figure 11 Top left panel: Mean gain map for detector A1. Linear stretch from 2.09 – 2.19 e-/ADU. 
Top right panel: Histogram of the mean gain map. Bottom left panel: Scatter plot of two individual 
gain maps. 
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Figure 12 Top left panel: Detector A1 gain map produced by UofA, shown with a linear stretch from 
1.25 to 2.9 e-/ADU. Top right panel: UofA gain map that has been placed onto the same grid used for 
our calculations in this paper. We calculated the sigma-clipped mean of the pixels within each box 
and gave that value to all pixels in the box. Linear stretch from 1.85 to 2.15 e-/ADU. Bottom left 
panel: Image showing the percent difference between the gridded UofA map seen in the top right, 
and the gain map produced in this work. Linear stretch from -15% to -5%. Bottom right panel: 
Histogram of the ratio image on the bottom left. 
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Figure 13 Top left panel: Mean gain map for detector A3. Linear stretch from 2.21 – 2.34 e-/ADU. 
Top right panel: Histogram of the mean gain map. Bottom left panel: Scatter plot of two individual 
gain maps. 
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Figure 14 Top left panel: Detector A3 gain map produced by UofA, shown with a linear stretch from 
1.2 to 2.9 e-/ADU. Top right panel: UofA gain map that has been placed onto the same grid used for 
our calculations in this paper. We calculated the sigma-clipped mean of the pixels within each box 
and gave that value to all pixels in the box. Linear stretch from 1.85 to 2.25 e-/ADU. Bottom left 
panel: Image showing the percent difference between the gridded UofA map seen in the top right, 
and the gain map produced in this work. Linear stretch from -20% to 0%. Bottom right panel: 
Histogram of the ratio image on the bottom left. Figure 14: Top left panel: Detector A3 gain map 
produced by UofA, shown with a linear stretch from 1.2 to 2.9 e-/ADU. Top right panel: UofA gain 
map that has been placed onto the same grid used for our calculations in this paper. We calculated 
the sigma-clipped mean of the pixels within each box and gave that value to all pixels in the box. 
Linear stretch from 1.85 to 2.25 e-/ADU. Bottom left panel: Image showing the percent difference 
between the gridded UofA map seen in the top right, and the gain map produced in this work. Linear 
stretch from -20% to 0%. Bottom right panel: Histogram of the ratio image on the bottom left. 
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Figure 15 Top left panel: Mean gain map for detector A4. Linear stretch from 1.89 – 2.04 e-/ADU. 
Top right panel: Histogram of the mean gain map. Bottom left panel: Scatter plot of two individual 
gain maps.  
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Figure 16 Top left panel: Detector A4 gain map produced by UofA, shown with a linear stretch from 
1.2 to 2.9 e-/ADU. Top right panel: UofA gain map that has been placed onto the same grid used for 
our calculations in this paper. We calculated the sigma-clipped mean of the pixels within each box 
and gave that value to all pixels in the box. Linear stretch from 1.8 to 2.2 e-/ADU. Bottom left panel: 
Image showing the percent difference between the gridded UofA map seen in the top right, and the 
gain map produced in this work. Linear stretch from -10% to +5%. Bottom right panel: Histogram 
of the ratio image on the bottom left. 

 



JWST-STScI-004622 
SM-12 

 
Check with the JWST SOCCER Database at: https://soccer.stsci.edu 

To verify that this is the current version. 
 

 - 29 - 

  

  
 
Figure 17 Top left panel: Mean gain map for detector ALONG. Linear stretch from 2.00 – 2.25 e-

/ADU. Top right panel: Histogram of the mean gain map. Bottom left panel: Scatter plot of two 
individual gain maps.  
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Figure 18 Top left panel: Detector ALONG gain map produced by UofA, shown with a linear stretch 
from 1.2 to 2.9 e-/ADU. Top right panel: UofA gain map that has been placed onto the same grid used 
for our calculations in this paper. We calculated the sigma-clipped mean of the pixels within each box 
and gave that value to all pixels in the box. Linear stretch from 1.8 to 2.2 e-/ADU. Bottom left panel: 
Image showing the percent difference between the gridded UofA map seen in the top right, and the 
gain map produced in this work. Linear stretch from -20% to -5%. Bottom right panel: Histogram of 
the ratio image on the bottom left. 
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Figure 19: Top left panel: Mean gain map for detector B1. Linear stretch from 2.25 – 2.40 e-/ADU. 
Top right panel: Histogram of the mean gain map. Bottom left panel: Scatter plot of two individual 
gain maps. 
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Figure 20 Top left panel: Detector B1 gain map produced by UofA, shown with a linear stretch from 
1.2 to 2.9 e-/ADU. Top right panel: UofA gain map that has been placed onto the same grid used for 
our calculations in this paper. We calculated the sigma-clipped mean of the pixels within each box 
and gave that value to all pixels in the box. Linear stretch from 1.9 to 2.15 e-/ADU. Bottom left panel: 
Image showing the percent difference between the gridded UofA map seen in the top right, and the 
gain map produced in this work. Linear stretch from -20% to -5%. Bottom right panel: Histogram of 
the ratio image on the bottom left. 
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Figure 21 Top left panel: Mean gain map for detector B2. Linear stretch from 2.35 – 2.5 e-/ADU. Top 
right panel: Histogram of the mean gain map. Bottom left panel: Scatter plot of two individual gain 
maps 
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Figure 22 Top left panel: Detector B2 gain map produced by UofA, shown with a linear stretch from 
1.2 to 2.9 e-/ADU. Top right panel: UofA gain map that has been placed onto the same grid used for 
our calculations in this paper. We calculated the sigma-clipped mean of the pixels within each box 
and gave that value to all pixels in the box. Linear stretch from 1.85 to 2.35 e-/ADU. Bottom left 
panel: Image showing the percent difference between the gridded UofA map seen in the top right, 
and the gain map produced in this work. Linear stretch from -25% to 0%. Bottom right panel: 
Histogram of the ratio image on the bottom left 
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Figure 23 Top left panel: Mean gain map for detector B3. Linear stretch from 2.35 – 2.45 e-/ADU. 
Top right panel: Histogram of the mean gain map. Bottom left panel: Scatter plot of two individual 
gain maps 
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Figure 24Top left panel: Detector B3 gain map produced by UofA, shown with a linear stretch from 
1.2 to 2.9 e-/ADU. Top right panel: UofA gain map that has been placed onto the same grid used for 
our calculations in this paper. We calculated the sigma-clipped mean of the pixels within each box 
and gave that value to all pixels in the box. Linear stretch from 1.8 to 2.2 e-/ADU. Bottom left panel: 
Image showing the percent difference between the gridded UofA map seen in the top right, and the 
gain map produced in this work. Linear stretch from -30% to -5%. Bottom right panel: Histogram of 
the ratio image on the bottom left. 
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Figure 25 Top left panel: Mean gain map for detector B4. Linear stretch from 2.10 – 2.27 e-/ADU. 
Top right panel: Histogram of the mean gain map. Bottom right panel: Scatter plot of two individual 
gain maps 
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Figure 26 Top left panel: Detector B4 gain map produced by UofA, shown with a linear stretch from 
1.2 to 2.9 e-/ADU. Top right panel: UofA gain map that has been placed onto the same grid used for 
our calculations in this paper. We calculated the sigma-clipped mean of the pixels within each box 
and gave that value to all pixels in the box. Linear stretch from 1.95 to 2.25 e-/ADU. Bottom left 
panel: Image showing the percent difference between the gridded UofA map seen in the top right, 
and the gain map produced in this work. Linear stretch from -15% to 0%. Bottom right panel: 
Histogram of the ratio image on the bottom left. 
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Figure 27 Top left panel: Mean gain map for detector BLONG. Linear stretch from 2.05 – 2.25 e-

/ADU. Top right panel: Histogram of the mean gain map. Bottom left panel: Scatter plot of two 
individual gain maps. 
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Figure 28 Top left panel: Detector BLONG gain map produced by UofA, shown with a linear stretch 
from 1.35 to 2.35 e-/ADU. Top right panel: UofA gain map that has been placed onto the same grid 
used for our calculations in this paper. We calculated the sigma-clipped mean of the pixels within 
each box and gave that value to all pixels in the box. Linear stretch from 1.8 to 1.95 e-/ADU. Bottom 
left panel: Image showing the percent difference between the gridded UofA map seen in the top right, 
and the gain map produced in this work. Linear stretch from -20% to -5%. Bottom right panel: 
Histogram of the ratio image on the bottom left 




