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Abstract
The Mid-Infrared Instrument (MIRI) imager (P. Bouchet et al., 2015) flat field reference files
created during the commissioning of the instrument have worked relatively well, and have
been applied successfully to a wealth of scientific datasets. However, these pre-June 2025
reference files, archived in the Calibration Reference Data System (CRDS) (H. Bushouse
et al., 2012), were limited by low signal-to-noise ratios (SNR). They were derived from narrow
datasets acquired during the James Webb Space Telescope (JWST) commissioning phase.
While a subset of these references was later updated using portions of data from the Cycle
1 observing campaign, they were generated using inconsistent methodologies across different
filters. This inconsistency resulted in a non-uniform set of flat-field reference files for the
JWST data reduction pipeline.

Driven by an improved understanding of the instrument and the necessity to achieve not
just higher SNR but also uniformity across the field-of-view, enabling better observations
and science, the MIRI team initiated a project to upgrade these reference files. This re-
port describes the input data, methodology, artifact mitigation, and testing to produce a
new and uniform set of MIRI imaging reference flat field files. These files were produced
using a consistent methodology and incorporate an expanded dataset of high-quality on-sky
data, resulting in significantly improved SNR. We also implemented custom data processing
techniques to mitigate specific artifacts, such as periodic striping, observed in MIRI imaging
data.

The new reference files were validated using JWST Cycle 2 science data, comprising more
than a dozen observations per filter with varied dither patterns, extended emission, and point
sources. Quantitative analysis, comparing the data products processed using pre-2025 flat
versus the new flat, demonstrates an average flux increase of approximately 0.3% (across
all filters and a large flux range) and a ∼5.0% reduction in flux uncertainties. Although
this is a significant improvement, the updated absolute flux calibration process has already
incorporated the new flat fields, meaning these changes remain within the total uncertainty of
the calibration factor. The files have been verified using Astropy’s ( Astropy Collaboration
et al., 2022) fitsverify and certified via the CRDS certify function (P. Greenfield & T.
Miller, 2016). All processing was conducted using JWST pipeline build 11.1 (version 1.17.1)
under CRDS context jwst_1364.pmap. These updated reference files have been delivered for
inclusion in context jwst_1374.pmap.

1 Introduction
After more than four years of JWST operations, a substantial archive of on-sky data is now
available to generate a significantly improved and uniform set of flat-field reference files for
the MIRI imager. The initial reference files (D. Dicken et al., 2024), produced during the
commissioning phase, were limited by low SNR and utilized inconsistent processing method-
ologies across different imaging filters. This document details the development, validation,
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and delivery of a new, homogenized set of high-quality MIRI imager flat reference files.

A primary goal of this effort was to leverage the expanded dataset to improve SNR across
the array and to implement refined calibration techniques that address known detector-level
artifacts. In § 2, we describe the selection criteria for on-sky input data and the methodology
used to generate the new reference files. This section highlights the specialized processing
steps implemented to mitigate periodic "striping" artifacts, which were notably present in
earlier versions of the short-wavelength imaging flats. In § 3, we present a multi-tiered
validation approach: first, a direct comparison between the legacy and updated reference files,
and second, an evaluation of pipeline-processed science data to quantify the improvements in
flux consistency and uncertainty reduction. Finally, § 4 provides a summary of our findings
and the implications for future MIRI data reduction.

2 Generating MIRI Imaging Flats

2.1 Input Data

We used two distinct sets of input data to generate the MIRI imager flat-field reference
files. The first dataset is similar to that used for the previous version of the flats and served
to validate our generation methodology and codebase. The second dataset comprises on-sky
observations from the first cycle of JWST/MIRI operations and includes a significantly larger
volume of data than the first set. Currently, the selection of appropriate input data for MIRI
imaging flats is not automated; we therefore manually screened the observations to ensure
suitability.

We selected initial candidate datasets by filtering for MIRI imaging observations with expo-
sure types of MIR_IMAGE, or MIR_FLATIMAGE that utilized the FULL detector subarray with
the internal calibration lamp set to OFF (refer to MIRI header keyword dictionary for defi-
nitions). To facilitate the retrieval of these data, we developed a Python-based utility that
queries, filters, and downloads required data products from the Mikulski Archive for Space
Telescopes (MAST). The utility is driven by a YAML-formatted parameter file, allowing
users to specify precise query constraints such as filter, program ID, and date ranges as input
(See SI Keyword Search notebook for data retrieval example).

While the utility defaults to downloading uncalibrated (UNCAL) FITS files for pipeline process-
ing (Stages of JWST Data Processing in JDocs et al. (2016)), it can be configured via flags to
retrieve any valid data product subgroup or *rate.jpg quick-look images. For this project,
we first utilized the tool to download rate images for a comprehensive visual inspection. This
screening process was critical to ensure that each candidate observation was of point-like
sources, employed medium-to-large dither patterns, and—most importantly—lacked signifi-
cant extended emission or complex backgrounds within the MIRI imager field-of-view (FOV).
Observations that failed to meet these requirements were excluded from the final processing
manifest to avoid imprinting astronomical features onto the resulting flat-field reference.

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

The flat generation code is implemented as a Python class, providing high modularity and
allowing users to customize various input and output parameters. The tool is executed via
a command-line script, with the primary input being an ASCII manifest file that lists the
uncalibrated data files (*_uncal.fits) for processing. Once the manifest is loaded, the code
performs an inspection of the FITS headers for each listed file. This validation step is crucial
to ensure that the properties of the dataset – such as FILTER, SUBARRAY, and EXP_TYPE
– are strictly consistent with the initial query parameters defined in the YAML file. Any
discrepancies found during this automated cross-check result in the file being flagged as
inconsistent and excluded from the processing pool. This ensures that the final flat-field
product is derived from a clean, homogeneous dataset.

For all validated input uncalibrated files, we execute the JWST Detector1Pipeline (Run-
ning the JWST Science Calibration Pipeline in JDocs et al. (2016)) to generate the corre-
sponding count-rate images (*_rate.fits). Following the pipeline execution, a static mask
is applied to the rate images to exclude detector regions that fall outside the nominal MIRI
imager area. This mask is dynamically updated for each processing run to incorporate current
bad-pixel maps and a custom border mask that excludes edge pixels prone to instability.

The ensemble of masked rate files is then normalized, point sources are masked, and the data
are combined using a robust mean algorithm with iterative outlier rejection (sigma-clipping).
We normalize the files by dividing each SCI array by its median value. Point sources are then
masked by establishing a threshold above the median and excluding any pixels exceeding this
level. These point-source-masked SCI arrays are subsequently combined to generate a high-
fidelity master flat-field array (SCI) and its associated uncertainty array (ERR). Finally, these
products are combined with the data quality mask (DQ) and the data quality definition table
(DQ_DEF). The resulting reference file is populated with the required metadata, including
CRDS selection criteria and pedigree information, to produce a standard JWST-compliant
flat-field reference file (JWST ReadtheDocs, 2016).

2.3 Mitigating Striping Artifacts

Initial processing using the above methodology produced high-SNR flats; however, shorter-
wavelength filters exhibited a "striping" artifact, manifesting as alternating bright and dark
vertical columns (D. Dicken et al., 2024). This striping artifact is a result of the reset anomaly
correction which is part of the dark correction in the pipeline (J. E. Morrison et al., 2023).
We determined that this artifact is observed in the input *_rate.fits files and is present in
most short-wavelength MIRI imaging filters with low backgrounds. Because the artifact is
stationary on the detector, the combined flats become imprinted with this "striping" signal.
Figure 1 illustrates a MIRI observation in the F770W filter, where the striping artifact is
clearly visible in both the SCI and VAR_RNOISE arrays of the rate file. Generating a flat using
data containing such an artifact would propagate the striping signal onto the SCI and ERR
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Figure 1: MIRI observation in the F770W filter processed using the Detector1Pipeline, showing
the striping artifact in the rate file. The left panel shows the SCI array, and the right panel shows
the VAR_RNOISE array.

arrays of the flat and applying such a flat containing the striping artifacts would propagate
the artifact into all calibrated science products.

Investigation by the MIRI instrument team suggests that this artifact is primarily due to low
detector fluences, typically observed in short-wavelength (< 12µm) bands with low back-
ground levels. The effect is most pronounced in exposures with a low number of groups per
integration (D. Dicken et al., 2024). Previous work by David Law (private communication),
which focused on mitigating striping in MRS data, demonstrated that excluding the first
few groups during the ramp-fitting step of the Detector1Pipeline significantly reduces the
artifact. This approach is effective because the initial groups in a ramp often have low back-
ground fluences where the striping is most dominant; as the number of accumulated groups
increases, the striping signal is effectively suppressed.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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Figure 2: Column profile for the F560W SCI array (blue), where the first 5 groups were excluded
during ramp-fitting. The orange line represents a third-order polynomial fit to the profile, and the
bottom panel shows the resulting residuals.

Figure 3: Standard deviation of fit residuals in the F770W filter versus the number of excluded
groups. The blue star denotes the default pipeline performance (no groups excluded). The orange
line is a third-order polynomial fit used to identify the optimal exclusion count.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
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We adopted this same mitigation strategy for the MIRI imaging datasets; however, the
optimal number of groups to exclude for best results was initially unknown. The goal was
to identify a threshold (number of groups to exclude) that significantly reduces the striping
artifact while ensuring that the remaining data are sufficient to produce a robust up-the-
ramp fit. To determine this threshold, we re-processed the input data (*_uncal.fits) by
varying the number of excluded groups (e.g., 1, 3, 5, . . . , 25) during the ramp-fitting stage.
To guarantee that a high-quality fit could still be achieved even at the highest exclusion
levels, we limited our input dataset for this optimization to exposures with a total of at least
40 groups.

For each exclusion count trial, we generated a flat and quantified the striping signal by
averaging the data along each column of the resulting flat SCI array to generate a column
profile (see Figure 2). The column profile reveals a sinusoidal striping signal superimposed on
the overall background emission. We modeled the background using a third-order polynomial
and used the fit residuals as a proxy for the striping signal. By plotting the standard deviation
of these residuals against the number of excluded groups (see Figure 3), we identified the
minimum striping signal. For the F770W filter, for instance, the minimum occurs when 13
groups are excluded while creating the rate files.

This mitigation technique proved highly effective for filters with central wavelengths below
12µm. For longer wavelengths, the striping artifact is naturally lower, due to higher back-
ground emission, making it difficult to accurately model the residual standard deviation.
Furthermore, long-wavelength data are often acquired with fewer groups, and our 40-group
cutoff would have severely limited the available dataset. Consequently, we applied the group-
exclusion method for filters between 5 and 12µm and used the default pipeline processing
for all other filters. Based on this analysis, the optimal number of groups excluded to miti-
gate the striping artifact for the 5 filters with λ < 12µm are: 20 (F560W), 13 (F770W), 19
(F1000W), 12 (F1130W), and 20 (F1280W), respectively.

3 Testing MIRI Imager Flats
In the rest of this document, we refer to the pre-2025 reference files and the data processed
with them as “current” or “CRDS”, as they were the default files at the time of testing. The
reference files generated in this work are referred to as “New”. To validate the new flats,
we first compared them with the current reference files (context jwst_1364.pmap) available
in the CRDS archive. This comparison showed that the SCI arrays of the new flats are
morphologically similar to the current ones, but their ERR arrays are significantly improved,
with average relative values that are approximately 5% lower than the CRDS flats. In a
second test, we processed a large dataset of cycle 2 MIRI observations across all filters using
both the current and new flats, and compared the resulting calibrated data products (see
§ 3.2).

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

In this section, we provide a detailed comparison between the newly generated flats and those
currently serving as defaults in the JWST pipeline for the MIRI F560W filter. Figure 4 and
5 illustrate this comparison, displaying the SCI and ERR arrays in Figure 4 alongside their
corresponding pixel value histograms in Figure 5. In addition, in Figure 6 we compare the
SNR histograms of the two flats.

Figure 4: Comparison of the MIRI imager flat in the F560W filter. The top rows represent the
current flat in CRDS, and the bottom rows represent the new flat. The left columns display the SCI
array data, and the right columns display the ERR array data. All sub-images are displayed using a
linear color stretch mapped via zscale scaling.

Analysis of this comparison reveals several significant improvements in the new reference
files:

• Narrower SCI Distribution: The histogram of the SCI array for the new flat (bottom-
left panel of Figure 5) exhibits a slightly narrower (by ≈ 3.8%) full-width at half-
maximum (FWHM). This tighter distribution indicates a more uniform pixel response
characterization across the detector.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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• Lower Uncertainty (ERR): The ERR values in the new flats are significantly lower,
translating directly to a higher SNR (see Figure 6) in the new flat compared to the
CRDS.

• Artifact Reduction: There is a visible and quantifiable reduction of the striping
artifact (top-right panel of Figure 4), particularly critical for short-wavelength filters
where this effect naturally dominates.

Additional figures providing detailed 1-to-1 comparisons for the remaining MIRI imaging
filters are included in Appendix A and their SNR comparison are shown in Appendix B.
The improvements highlighted above for the F560W filter–specifically the enhanced SNR
and narrower SCI distribution –are consistently observed across all other MIRI filters. While
the reduction in the striping artifact is naturally confined to the short-wavelength bands
where it originates, the overall conclusion is clear: the new flats offer substantial, measurable
improvements over the current pipeline defaults in both their SCI and ERR arrays.

Figure 5: Comparison of the pixel value histogram of MIRI imager flat in the F560W filter. Similar
to Figure 4, the top rows represent the current flat in CRDS, and the bottom rows represent the
new flat. The left columns display the SCI (or Flux) array data, and the right columns display the
ERR (or Uncertainty) array data.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
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Figure 6: Signal-to-noise (SNR) histograms comparison of CRDS (blue) and New (orange)
flat.

3.2 Testing using on-sky science data

While the comparative analysis described above demonstrates overall improvements in the
pixel value distributions, it is essential to perform an end-to-end validation to verify that
applying these new flats within the JWST data calibration pipeline produces higher-quality
science data products. To assess this, we processed a representative test dataset through the
pipeline twice: first utilizing the current default reference flats, and then using the newly
generated flats for comparison. In the subsequent text, figures, and analysis, calibrated
data products derived using the current default reference are denoted as “CRDS”, while data
processed with the reference files generated in this work are labeled “New”.

For this evaluation, we selected over a dozen targets across all MIRI imaging filters from the
JWST Cycle 2 observing campaign. Each observation incorporated multiple dither positions,
providing a substantial volume of input RAW data. The selected targets encompass a di-
verse range of astronomical objects, including isolated point sources, extended emission, and
complex morphology. Table 1 summarizes this dataset, detailing the number of targets, the
number of files, and the average flux data range for each MIRI imaging filter. Additionally,

Check with the JWST SOCCER Database at https://soccer.stsci.edu
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the table presents the global performance ratios (New / CRDS) for both the SCI and ERR ar-
rays, demonstrating that while flux levels remain robustly consistent (average ratio ≈ 1.003),
the uncertainties are systematically reduced (average ratio ≈ 0.952).

Table 1: Input data statistics for validation test.

Filter Targets # Files SCI (MJy/sr) ERR (MJy/sr)
Min Max Mean Ratio Min Max Mean Ratio

F560W 24 121 6.4 1486.8 61.175 1.013 0.14 4.74 2.571 0.927
F770W 24 106 9.1 633.0 22.366 1.010 0.12 7.81 0.155 0.884
F1000W 26 131 13.1 231.8 16.667 0.999 0.20 1.02 0.223 0.987
F1130W 17 75 18.2 777.5 29.308 1.001 0.32 2.95 0.367 0.991
F1280W 24 135 28.3 324.3 32.305 0.999 0.24 0.86 0.260 0.995
F1500W 20 112 40.1 306.1 46.878 1.002 0.29 0.93 0.316 0.998
F1800W 13 67 87.3 409.7 98.763 1.002 0.58 1.52 0.646 1.002
F2100W 17 67 237.7 915.1 246.472 1.002 0.53 1.93 0.562 0.993
F2550W 13 45 876.3 2499.2 923.078 0.997 1.40 4.85 1.520 0.790

As a demonstration, Figure 7 to 10 and Figure 11 present comparisons for individual obser-
vations in four short-wavelength filters. Each panel in Figure 7 to 10 displays the SCI and
ERR arrays of the fully calibrated (cal) product: the top row utilizes the CRDS flat, while
the bottom row utilizes the New flat. Histograms representing the pixel value distributions
for these respective arrays are provided in Figure 11, where blue histograms correspond to
CRDS and orange to New. Due to the high dynamic range of histogram counts in these data,
the y-axes of the histograms are plotted logarithmically.

Regardless of the specific MIRI filter, the SCI arrays exhibit highly consistent overall flux
distributions between the two flat references. However, the ERR arrays consistently exhibit
systematically higher values when processed with the CRDS flat. This disparity is visually
evident as brighter, more extended morphological features within the ERR arrays of the CRDS
data (Figure 7 to 10), and also apparent as a broadened distribution within the ERR array
histograms (Figure 11). Consequently, the final cal data products achieve a demonstrably
higher SNR when calibrated with the new flats compared to the legacy CRDS flats.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
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Figure 7: Comparison of fully calibrated (cal) F560W science products derived using the default
CRDS flat versus the newly generated flat. In each panel, the upper row displays the SCI and ERR
arrays for the CRDS-calibrated data, while the lower row shows the equivalent arrays calibrated with
the New flat. All sub-images are displayed using a linear color stretch mapped via zscale scaling.
The statistical distributions of pixel values for these specific images are provided in Figure 11.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
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Figure 8: Same as Figure 7 but for F770W data.
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Figure 9: Same as Figure 7 but for F1000W data.
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Figure 10: Same as Figure 7 but for F1130W data.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
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Figure 11: Histograms detailing the pixel value distributions of the SCI and ERR arrays for the cal
products presented in Figure 7 to 10. Each of the four major panels corresponds to a specific MIRI
imaging filter. Within a given panel, the left sub-plot shows the flux (SCI) distribution and the right
sub-plot details the uncertainty (ERR) distribution. Data calibrated with the legacy CRDS flat is
plotted in blue, while data calibrated using the New flat is overlaid in orange.

Furthermore, evaluating the new flats on diverse science fields confirms the success of our
artifact mitigation strategies. For instance, in the observation F1000W filter (Figure 9), the
persistent striping artifact is visibly suppressed when calibrated with the new flat. Similarly,
irregular structural ("splotchy") features present in the CRDS ERR array for the F1130W
observation are effectively eliminated when the new flat is used in the pipeline. Thus, the
new reference files provide not only improved fundamental statistical properties but also
deliver superior visual and quantitative artifact suppression.

Finally, Figure 12 visualizes the direct ratio (New / CRDS) of the resulting cal files. In
each multi-part panel of the figure, the top row displays the 2D spatial ratio maps for flux
and uncertainty (with normalized color bars provided at the bottom), while the lower scatter
plots show these exact ratios as a function of the absolute pixel flux. In these scatter plots,
individual blue points represent distinct pixels, the solid gray horizontal line indicates a ratio
of 1.0, dashed lines map the ±3σ boundaries of the specific dataset, and the enlarged magenta
diamonds trace the running median ratio calculated within discrete flux bins.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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Figure 12: Pixel-to-pixel comparison of the ratio of final cal data generated using the New flat
versus the legacy CRDS flat (New / CRDS). The four major panels correspond to specific MIRI
imager filters. In each panel, the top quadrant illustrates the 2D spatial ratio maps for the SCI and
ERR arrays accompanied by linear color bars.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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Figure 12: (Continued) The bottom quadrant provides scatter plots of these SCI and ERR ratios as a
function of absolute pixel flux. The 2D spatial ratio images in the upper quadrants are displayed with
a linear stretch constrained by zscale bounds. In the underlying scatter plots, individual pixel ratios
are marked in blue, a solid grey line represent a ratio of 1.0, dashed lines indicate ±3σ limits from
the running median, and magenta diamonds denote the median itself. Note that these medians are
explicitly calculated across sequential flux bins to properly illustrate the SCI and ERR ratio behavior
across a dynamic range of source fluxes.

These diagnostic plots confirm that the global median flux ratio closely tracks 1.0 across
a wide dynamic range. In contrast, the uncertainty ratio systematically remains bounded
below 1.0 (except for data in Filter F1800W, see Table 1), reaffirming that the new flats
reliably produce calibrated science data with lower uncertainties. Additionally, the magenta
median trend lines reveal an important flux-dependence in the uncertainty ratio reduction:
proportionally greater improvements (lower uncertainty ratios) are consistently realized at
higher pixel fluences across all MIRI imager filters.

Therefore, based on the comparative analyses of pixel value distributions in the SCI and
ERR arrays, combined with direct diagnostic ratio tests of fully calibrated science data, we
conclude that pipeline data products achieve a significantly higher quality when processed
with the newly derived reference flats in place of the current defaults.

4 Summary
This report details the generation and comprehensive validation of updated MIRI imaging
flat-field reference files using on-sky data from the initial months of the JWST observing
campaign. By leveraging this substantial volume of background data, we have demonstrated
that these new reference files yield calibrated science products with a significantly higher
SNR.

The methodology utilized a robust stacking algorithm combined with rigorous visual screen-
ing of input datasets. This process ensured that the resulting reference files were free from
imprints of astronomical sources or transient artifacts. Key improvements realized in these
reference files include:

• Enhanced Statistical Precision: The new flats exhibit systematically lower values
and narrower distributions in their ERR arrays, mathematically improving the sensitivity
of the MIRI imager data.

• Superior Artifact Mitigation: We achieved a significant reduction in the persistent
vertical striping artifact, particularly for imaging filters in the 5.0 ∼ 12.0µm range.
Additionally, the use of cleaner input datasets eliminated irregular “splotchy” features
previously present in some default reference files.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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End-to-end validation using diverse astronomical sources confirms that the new flat-field
reference files maintain flux fidelity while delivering lower uncertainties. Consequently, we
recommend incorporating these files into the standard MIRI imaging calibration pipeline to
provide the community with higher-quality data products. These updated files have been
delivered to CRDS for inclusion in context jwst_1374.pmap

Looking ahead, we plan to incorporate a much larger data volume spanning the first two to
three cycles of the JWST observing campaign. This expanded baseline, with even cleaner
datasets, will allow us to further refine the flat-field calibrations and deliver the highest
quality (better SNR across the array) reference files to the astronomical community.
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A Detailed Comparison of CRDS (pre-2025) and New
Flat Fields

This appendix provides a comprehensive filter-by-filter comparison between the current CRDS
reference flats (context jwst_1364.pmap) and the new flats generated in this work. As dis-
cussed in § 3.1, these comparisons primarily evaluate the statistical distribution of the SCI
and ERR arrays in the flat reference files.

• SCI Arrays and Flux Uniformity: In all filters, the SCI array morphologies appear
visually consistent between the current and New flats. However, the corresponding
histograms reveal that the New flats consistently exhibit a narrower FWHM while
maintaining the same peak flux scaling. This refinement indicates a more stable and
uniform pixel-to-pixel response across the imager field of view.

• ERR Arrays and SNR Improvements: The ERR array histograms for the New flats
peak at systematically lower values with narrower distributions compared to the current
CRDS versions. Because of these lower ERR values, the final average SNR of the flat
reference file is higher compared to the default one.

• Striping Artifact Mitigation: For filters in the 5.0 ∼ 12.0µm range, the New flats
demonstrate a marked reduction in the vertical striping artifact. Notable filter-specific
details include:

– F770W: The current CRDS ERR array for F770W is heavily regularized, resulting
in a histogram resembling delta function. While this masks the striping visually
in the flat itself, the artifact is clearly present in the underlying rate data (see
Figure 1) and is better characterized and mitigated in the New flat.

– F1130W: Small-scale “splotchy” features in the current CRDS ERR array—likely
due to residual extended emission in the original commissioning datasets—are
successfully eliminated in the New flat through our more stringent visual data
screening process.

– Non-Imager Masking: In the current flats for F770W, F1130W, and F2550W,
non-imager regions were not masked, leading to anomalous secondary peaks in
their ERR histograms. This masking oversight has been corrected in the New
reference files. Note that we have not displayed the non-imager pixels in the
following plots to facilitate comparison of identical regions of the CRDS and New
flat arrays.

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

21



JWST-STScI-009419
Revision -

Figure 13: Similar to the analysis shown for F560W filter in Figures 4 and 5, reproduced here for
completeness.

Figure 14: Same as Figure 13, for the flat in F770W filter.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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Figure 15: Same as Figure 13, for the flat in F1000W filter.

Figure 16: Same as Figure 13, for the flat in F1130W filter.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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Figure 17: Same as Figure 13, for the flat in F1280W filter.

Figure 18: Same as Figure 13, for the flat in F1500W filter.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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Figure 19: Same as Figure 13, for the flat in F1800W filter.

Figure 20: Same as Figure 13, for the flat in F2100W filter.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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Figure 21: Same as Figure 13, for the flat in F2550W filter.

B SNR comparison of CRDS (pre-2025) and New Flat
Fields

In this appendix, we present the filter-by-filter comparison of the SNR between the current
CRDS flat data (context jwst_1364.pmap) and the new flat generated in this work. As
outlined in § 3.1, like the F560W filter, these comparisons show that overall, in most MIRI
filters, the SNR of the new flat is higher than the current CRDS ones, with one outlier. In
the plot below we see that the SNR of F770W shows opposite behaviour from the rest of
the MIRI filters i.e., the CRDS flat has an abnormally large SNR compared to the new one.
This is expected since both the SCI and ERR pixel distributions in the CRDS F770W flats
are heavily regularized, with the ERR distribution almost resembling a delta function (see
Figure 14).

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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Figure 22: Plots showing comparison of SNRs histograms of CRDS and new flat field. Each panel
represents data for individual MIRI filters. In each plot the blue line is the distribution of the CRDS
flat field SNR and the orange is new flat field SNR.

Check with the JWST SOCCER Database at https://soccer.stsci.edu
to verify that this is the current version.
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C Code Access
All the data reduction and analysis presented in this report were performed using custom-
built Python code. The codebase used to query and download data, select high-quality
observations, and generate the flat-field reference files is publicly available in the author’s
repository on GitHub at https://github.com/STScI-MIRI/pyMIRI.

To use these tools, the pyMIRI package can be installed directly from the source repository. It
is recommended to install the package within a dedicated Python virtual environment (e.g.,
using conda or venv). You can install it with the following commands:

git clone https://github.com/STScI-MIRI/pyMIRI.git
cd pyMIRI
pip install .

This repository contains the pyMIRI package, which can be used to work with MIRI data.
The package provides several command-line interface (CLI) scripts: get_data, select_data,
and generate_imager_flat.

• get_data: A CLI script used to retrieve appropriate data from the MAST archive.

• select_data: A script designed to select the appropriate files for generating MIRI
imager flats.

• generate_imager_flat: A script that builds a MIRI imager flat using an input man-
ifest (typically the output of the select_data script).

All of these scripts accept multiple user-configurable flags as inputs. Detailed information
about these flags and their usage can be found by running any of the scripts with the -h or
--help option.

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