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Abstract
The Hubble Advanced Camera for Surveys (ACS) has a larger geometric distortion than the
other HST instruments due to its off-axis configuration. Yearly observations of 47 Tuc have
been taken over the lifetime of the instrument to characterize and correct this distortion to
provide high quality images to the astronomical community. With the Gaia Data Release 2,
a new geometric distortion solution was derived that leverages the increased accuracy and
precision of DR2 over the current HST standard astrometric catalog. With DrizzlePac
software, we present tests showing an improvement in the scale, skew and time dependence
over the lifetime of ACS/WFC based on this new geometric distortion solution that
incorporates Gaia DR2 positions with errors less than 5 milliarcseconds as well as a new
measurement of the WFC aperture location in the Science Instrument Aperture File
(SIAF). Additionally, we present results from a 30 Dor mosaic DrizzlePac alignment of
which demonstrates increased accuracy in the alignment of large fields with the new Gaia
DR2-based geometric distortion solution.
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Introduction

Geometric distortion refers to the differences in shape between the detector of an instrument
and the accurate projection of the observed image on the sky. The Advanced Camera for
Surveys (ACS) on the Hubble Space Telescope (HST) has a larger geometric distortion than
other instruments due to the mounted position far from the HST optical axis. The Wide
Field Channel (WFC) discussed in this report has a tilt of 22◦ with respect to the incident
beam which leads to an ∼ 8% distortion over the field of view (Ryon et al., 2019). The
tilt means that, for a given pixel, the arcsecond per pixel scale will be smaller in the radial
direction as opposed to the tangential direction, where radial and tangential are associated
with the HST field of view as shown in Figure 1. This causes the ACS/WFC images to have
a skewed shape when compared to the truly rectangular shape of the detectors in undistorted
images. The distortion impacts photometry and astrometry of the WFC images if it is not
corrected.
The geometric distortion is corrected within the DrizzlePac software (Hack et al., 2020)
and requires multiple reference files to perform the correction. The geometric distortion
reference files validated in this report are IDCTABs, NPOLFILEs and the D2IMFILE. The
D2IMFILE corrects for pixel grid irregularities caused by the manufacturing process. The
Instrument Distortion Correction Tables (IDCTAB) contain the high-order polynomial coefficients that describe the geometric distortion solution (Hack & Cox, 2001). NPOLFILEs
provide filter-dependent components of the solution contained in the IDCTABs. More information about these ACS reference files can be found in the ACS Instrument Handbook
(Ryon et al., 2019).
Kozhurina-Platais et al. (2015) performed the last major analysis of the geometric distortion for ACS/WFC and that report contains a detailed explanation of the contents of the
reference files and the translation of the geometric distortion solution from the detector coordinates into the HST V2 & V3 system (equivalent to the sky tangential-plane). That work
also introduced a linear time-dependent distortion correction to remove a time-dependent
trend detected over the lifetime of ACS/WFC. Two geometric distortion solutions are calculated, one for data taken before the ACS failure in 2006 (pre-SM4) and one for after Servicing
Mission 4 in 2009 (post-SM4). This analysis follows these same conventions, although an additional IDCTAB is generated for post-SM4 data to account for changes made to the subarray
image sizes in 2016. The coefficients of the geometric distortion solution remain consistent
between the two post-SM4 IDCTABs with discrepancies due to the subarray image size only.
The validation procedure described in § 4.1 is also similar to the Kozhurina-Platais et al.
(2015) analysis where DrizzlePac products are evaluated to determine the effectiveness of
the geometric distortion correction. We performed two different studies: the first compares
F606W 47 Tuc images to the Gaia DR2 catalog with TweakReg, and the second analyzes a
F555W mosaic of 30 Dor processed with DrizzlePac.
There are several motivating factors to develop new reference files for the geometric
distortion model. One is that the HST Standard Astrometric Catalog, which is the reference
for the geometric distortion model, is now improved by aligning to the absolute astrometric
catalog from the Gaia Mission (Gaia Collaboration et al., 2016). Kozhurina-Platais et al.
(2018) describes the alignment process of the HST Standard Catalog in detail for Gaia Data
Release 1 and concludes that the increased accuracy and precision of the Gaia Data Release 2
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(Gaia Collaboration et al., 2018) is necessary to improve the 2 milliarcseconds (mas) precision
of the Kozhurina-Platais et al. (2015) geometric distortion solution of ACS/WFC. Another
is that we used a new measurement of the WFC aperture location by Sahlmann et al. (2019).
This update to the Science Instrument Aperture File (SIAF) allowed for an improvement in
the V2 & V3 coordinate transformation.
We detail how the IDCTAB is created in § 2, the observations used in this report in
§ 3, the procedure adopted to validate the geometric distortion with DrizzlePac in § 4, the
results of the validation for all filters in § 5, and lastly, provide an overall summary in § 6.
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IDCTAB Creation

The creation of the Instrument Distortion Coefficients Table (IDCTAB) starts with polynomial coefficients that describe the geometric distortion solution. The measurement of the
geometric distortion solution with respect to Gaia DR2 and the generation of the polynomial
coefficients that describe it will be explained fully in a separate, upcoming paper (KozhurinaPlatais et al., in prep), but is similar to the analysis of Gaia DR1 in Kozhurina-Platais et al.
(2018). The polynomial coefficients are transformed from the X and Y coordinates in the
detector frame (see Eqs. 1-2 in Kozhurina-Platais et al. 2015) to the HST V2 & V3 coordinates, which is equivalent to the sky tangential plane. In Figure 1, we reproduce Figure 3.1
from the ACS Instrument Handbook (Ryon et al., 2019) to show how V2 & V3 relate to the
ACS field of view. A full description of the HST V2 & V3 system and the transformation of
the X and Y detector coordinate system into the V2 & V3 system is provided by Borncamp
et al. (2014). A full description of how to transform polynomial coefficients into the IDCTAB
format is also provided in Section 4.2 of Borncamp et al. (2014) for interested parties.
Another description of the V2 & V3 system is provided by Sahlmann et al. (2019),
Section 2. They explain the calculations of the new reference values connecting the ACS
aperture to the HST Vehicle (V) coordinate system. All coordinate transformations in our
work use the new values of V2REF, V3REF and V3IdlYAngle (also called θ) from Table 9
in Sahlmann et al. (2019). These measurements describe how the ACS aperture reference
point on the detector maps to the HST V2 & V3 coordinate system, providing a basis for the
transformation between these coordinate systems. Previously, separate V2REF and V3REF
were used for pre- and post-SM4 data, but adopting the Sahlmann et al. (2019) values for
the lifetime of the ACS instrument has reduced the discrepancies measured between the two
epochs.
Currently, creating the IDCTAB involves making three separate versions. The first is for
polynomial coefficients derived for pre-SM4 images, and the other two contain coefficients
based on post-SM4 images. The two post-SM4 IDCTABs have the same set of coefficients,
but cover time periods of Jan 01 2009 - Sep 30 2016 and Oct 01 2016 - present. Jan 01 2009
corresponds to the beginning of the ACS post-SM4 lifetime, and Oct 01 2016 corresponds
to the implementation of new subarray sizes. For the 2009 IDCTAB, the WFC subarray
image size is XSIZE= 2048 and YSIZE=2046, while the 2016 IDCTAB subarray image size
is XSIZE=2048 and YSIZE=2048. This small change in the YSIZE of subarrays is the only
substantial difference between the two post-SM4 IDCTAB reference files.
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Figure 1: A reproduction of the HST field of view as illustrated in Figure 3.1 from the ACS Instrument
Handbook (Ryon et al., 2019). Note the location of ACS/WFC and the direction of the V2 & V3 coordinate
vectors. There exists several versions of this figure in addition to the one shown here. Another lives online
in the documentation about HST pointing and focus.
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Observations

47 Tuc has been observed repeatedly over the lifetime of ACS by both calibration and science
programs, which gives a long temporal baseline and significant filter coverage. 47 Tuc has
long been utilized for projects when precise measurements of many point sources is required,
such as the HST Standard Catalog and previous ACS/WFC geometric distortion calibration
(Anderson, 2007; Ubeda et al., 2013; Borncamp et al., 2015; Kozhurina-Platais et al., 2015,
2018).
Table 1 lists the number of observations used in this analysis by filter. Note that F606W
has greater coverage than the other bands, and was therefore chosen as the reference filter
for the geometric distortion calibration used to measure time-dependence. The proposal
numbers of all images used in this report, including both GO and calibration programs,
are as follows: 9648, 9656, 10043, 10368, 10394, 10569, 10730, 10737, 10771, 11397, 11887,
12116, 12389, 12734, 12971, 13159, 13596, 13959, 14402, 14511, 14953, 15526, 15764. Table 1
also provides the minimum and maximum exposure times utilized in each filter.
We also selected 6 overlapping pointings in 30 Dor to test image alignment of ACS/WFC
when processing spatially-extended fields. Each pointing has 3 associated F555W images, all
from proposal 12939 (PI: Sabbi) and were all observed in September 2013. The association
names of the images used in this validation are as follows: jby07d010, jby07e010, jby07f010,
jby07j010, jby07k010, jby07l010. One image is removed from each four image association in
this analysis as it consists of a single short (13 seconds) exposure that does not match the
other longer exposures (640 seconds).
We downloaded all images from the Mikulski Archive for Space Telescopes (MAST) and
use the FLC images corrected for losses due to the diminishing charge transfer efficiency
(CTE) of the ACS/WFC detector (Anderson & Bedin, 2010; Anderson & Ryon, 2018).
Table 1: Number of ACS/WFC observations of 47 Tuc for Alignment Validation
Number of Images

Exposure Time (s)

Filter

Pre-SM4

Post-SM4

Total

Min

Max

F435W

19

23

42

339

350

F475W

0

26

26

339

475

F555W

1

7

8

339

360

F606W*

71

36

107

339

450

F625W

0

12

12

300

339

F775W

21

22

43

339

400

F814W

21

28

49

339

450

F850LP

18

22

40

339

339

* Time-dependence measured F606W due to high volume of data.
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DrizzlePac Validation

DrizzlePac software (version 3.1.8) was written for processing and combining HST images
(Hack et al., 2020). It performs an array of necessary tasks such as removing the geometric
distortion, detecting and eliminating cosmic rays, and combining images. To validate the geometric distortion reference files, we rely on two packages within DrizzlePac, TweakReg and
AstroDrizzle. TweakReg matches images and catalogs with a source detection algorithm,
and then aligns the WCS of HST images to a single frame. We use the matching ability in
TweakReg to compare the new geometric distortion reference files to the Gaia DR2 catalog
in § 4.1. AstroDrizzle combines the images and applies the geometric distortion solution.
We use AstroDrizzle to test the geometric distortion solution beyond a single image by
processing a mosaic field in § 4.2.

4.1

Aligning 47 Tuc with TweakReg

We evaluate how well the geometric distortion solution performs by matching sources in the
F606W images in 47 Tuc observed over the lifetime of the ACS/WFC instrument (see Table 1
in § 3) to the Gaia DR2 catalog (Gaia Collaboration et al., 2018). We downloaded an area
of 50 centered on 47 Tuc from the available Gaia DR2 catalog and then selected positions
with errors less than 5 mas to avoid any uncertainty. We fed this abridged Gaia DR2 catalog
to TweakReg with the parameter refcat which reads external catalogs and uses them as the
reference frame when aligning images, specifying the RA and Dec position columns with
refxcol and refycol1 .
We specified a few other TweakReg parameters to get robust results, namely:
• searchrad = 10.0 (with searchunits default of arcseconds)
• tolerance = 2.0
• fitgeometry = general
• in imagefindcfg, threshold = 500
• in imagefindcfg, conv width = 3.5
For each image, we ran TweakReg twice: first with the previous versions of the reference files available in the pipeline, and second after we updated the WCS of each image
with stwcs.updatewcs with the new Gaia DR2-based reference files specified in the header
keywords IDCTAB, NPOLFILE and D2IMFILE. NOTE: A new DrizzlePac approach for
aligning observations to Gaia was introduced to the MAST archive in December 2019, but
none of the images analyzed in this report were processed with this method as we are evaluating only the performance of the new geometric distortion reference files. We turned off
the Gaia alignment behavior by running stwcs.updatewcs version 1.6.0 with the use db
parameter set to False.
1

All parameters are described in the TweakReg documentation online.
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Figure 2: Each point shows the global rotation in degrees between an HST F606W image of 47 Tuc compared
to the Gaia DR2 catalog plotted against the date of the observations. The rotation of the previous pipeline
solution is shown in red triangles, and the new Gaia DR2-based solution in black dots. Degrees are used as
it is the unit output from TweakReg, but the amount of rotation discussed here is small (0.02◦ is equal to
1.20 ). Zero order fits of the pre- and post-SM4 points (a red dashed line and a solid black line, respectively)
are included to help guide the eye. We added errorbars on the points taken after 2010 to estimate the spread
due to telescope breathing if multiple observations had been acquired at those same epochs, and we based
this estimate on the average spread per epoch seen in the pre-SM4 observations. The new Gaia DR2-based
solution displays improvement in comparison to the previous IDCTAB, with a reduction in the rotation
residuals.

Each TweakReg run created a log file that contains a fit to the Gaia DR2 catalog with
calculated values such as rotation, plate scale, and skew. As the alignment between the images and the Gaia DR2 catalog improves, these calculated values that describe the alignment
approach agreement. Therefore, we can compare the previous reference files in the pipeline
to the new Gaia DR2-based reference files to quantify any changes.
Figures 2-4 plot the comparisons for the rotation, the plate scale, and the calculated
relative skew as a function of time over the lifetime of the instrument. In all these figures,
the solution from the IDCTAB previously in the pipeline is shown in red triangles, and the
new Gaia DR2-based solution in black dots.
The absence of observations between 2006 and 2009 is due to the ACS failure and subsequent repair during Servicing Mission 4 (SM4). Post-SM4 observations of 47 Tuc do not
include multiple exposures per filter per epoch, and therefore we show error bars that represent the estimated spread that might exist due to telescope breathing. The estimate is based
on the average spread calculated in the pre-SM4 images. We use this value to illustrate how
much scatter each epoch might have if repeated observations had been taken.
Figure 2 shows a large improvement in the rotation for the post-SM4, with the average
rotation changing from 0.029◦ to 0.008◦ , in greater agreement with Gaia DR2 by 4×.
Additionally, we find less of a discrepancy between the pre- and post-SM4 solutions. The
average difference was previously 0.033◦ and is now at 0.005◦ between the pre- and post-SM4
average rotation values. The consistency between pre- and post-SM4 as well as the reduction
of residuals in the post-SM4 comparison indicates that the new Gaia DR2 based solution is
an improvement for the rotation.
Similarly, the plate scale in Figure 3 shows greater agreement between the pre- and postSM4 values. Also we can see a reduction in the overall time-dependent trend in the plate
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Figure 3: The F606W plate scale is displayed in pixels plotted against the date of the observations. The
plate scale from the previous pipeline solution is in red triangles, and the new Gaia DR2-based solution is
shown in black dots. The Gaia DR2-based solution is significantly closer to 1.0, as would be expected of a
plate scale comparison, and has mostly eliminated the trend over time seen in the previous pipeline solution.

scale. We calculated the difference between the max and min values of the previous geometric
distortion solution (5.795 × 10−5 ) and compared it to difference in the new Gaia DR2-based
solution (2.407 × 10−5 ), which is a reduction in magnitude of almost half. We also see that
the values of the new solution lie closer to 1.0 in greater agreement with the Gaia DR2
catalog. The average residual for the previous solution is 5.249 × 10−5 , while the new Gaia
DR2-based solution has an average residual of 1.422 × 10−5 . Multiplying these residuals by
2048, the number of pixels across a single ACS/WFC chip, we find an improvement from
0.11 pixels to 0.03 pixels with the new geometric distortion solution.
Lastly, we look at the relative skew in Figure 4. The relative skew (Srel ) is a measure of
the non-perpendicularity of the X and Y axis, defined by Equation 1 where S is the skew
calculated and output by TweakReg.
Srel = 2048 × tan−1 (S)

(1)

When examining the Srel , we find the average value in the pre-SM4 is smaller in the new
geometric distortion solution, from 0.066 to 0.030. However, there remains a positive trend
over time beginning at an approximate date of 2012.5 in both solutions. There is a decrease
in the magnitude of the trend, and the maximum value falls from 0.285 to 0.185 in the new
Gaia DR2-based solution. However, while this is an improvement, reducing the trend does
not completely remove the effects, especially going forward in time.
We investigated several avenues to remove the positive time-dependent trend in the relative skew beginning at a date of 2012.5 as seen in Figure 4. We performed iterative tests
with:
• refinements to the NPOLFILES. We found and removed small inconsistencies in the
NPOLFILES, which led to a higher quality and more accurate reference file, but did
not eliminate the trend.
• a quadratic rather than linear fit of the time-dependent parameters of the geometric
distortion solution. All previous calculations of the time dependencies assumed that it
was linear. We measured and applied the time-dependent parameters with a quadratic
8

Figure 4: The relative skew is shown, where the skew is the non-perpendicularity of the X and Y axis as
described by Equation 1. The relative skew of the previous pipeline solution is shown in red triangles, and
the new Gaia DR2-based solution in black dots. The relative skew sits closer to a value of zero, and reduces
the slope of the trend seen over time. See § 4.1 for a discussion of the remaining skew trend.

fit to ensure that we were not missing a second order effect. However, the second
order terms in our calculations were negligible and did not impact the correction of the
time-dependence or remove the remaining time-dependent trend seen in the relative
skew.
• fitting additional parameters for time dependence instead of assuming constancy. As
described in § 4.4 in Kozhurina-Platais et al. (2015), only two parameters in the geometric distortion solution change over time enough to be corrected. The others are
assumed constant with time. We theorized that a weak time dependence in another
parameter could be causing the trend in the relative skew. However, measuring the
time dependence in more parameters and including those calculations in the correction
did not impact our results in any way, likely because any time dependence in the other
parameters was negligibly small.
None of these had any measurable impact on the trend seen after 2012.5. In the end, we are
unable to say where this trend comes from or to remove it during the course of this work.
Additional study of the relative skew will be necessary in the future.
From this analysis of the TweakReg comparison, we determine that all of the calculated
values we examined from the TweakReg fit between the HST images and the Gaia DR2
catalog improves when using the new reference files derived with Gaia DR2. We see both
an increased level of agreement in the values of the rotation, plate scale, and relative skew
as well as a reduction of the time-dependent trends. Given this overall improvement, we feel
confident releasing reference files for the new geometric distortion solution.

4.2

Drizzling a Mosaic of 30 Dor

Another test of the accuracy of the geometric distortion solution is to align images that
cover a wide spatial area. The high geometric distortion of the ACS/WFC field of view
makes aligning images with minimal overlap potentially difficult, especially for images that
are spatially distant from the reference image. We chose 6 overlapping pointings of 30
9

Dor to analyze the impact of the new geometric distortion solution. An image of the full
10411×12527 pixels F555W mosaic we created is shown in Panel A of Figure 5. The reference
image (jby07eseq) is outlined in thick red lines. An enlarged section of the image is shown
in Panel B of Figure 5 to illustrate the image quality.
For ease, this work sometimes refers to the images by the three unique characters not
repeated in the other images, so the reference image jby07eseq would be referred to as ‘ese’.
The images in associations jby07e010, jby07d010, jby07f010, and jby07k010 are matched
directly to this reference image, while jby07j010 and jby07l010 are matched to jby07kc5q
after it had been aligned due to the limited overlap with jby07eseq.
We again specified TweakReg parameters to get robust results:
• searchrad = 15.0 (with searchunits default of arcseconds)
• tolerance = 1.0 (default value is 1.0, a single field required a value of 2.0)
• fitgeometry = rscale
• in imagefindcfg, threshold = 200
• in imagefindcfg, conv width = 3.5
Note that this tolerance worked for the majority of the pointings, but one field (jby07l010)
needed a larger value due to the amount of distortion across the large field of view and the
strict tolerance value of 1.0 adopted as the default. We increased the tolerance to 2.0,
after which it aligned without difficulty. The tolerance describes the distance in pixels that
TweakReg allows between matched sources before rejecting the match.
We performed the TweakReg and AstroDrizzle mosaic processing twice: once for images
that contained the previous reference files in the pipeline, and once for images updated with
the new reference files we created from the Gaia DR2-based geometric distortion solution. We
evaluate the new reference files based on a comparison of the results from both procedures.
The TweakReg software measures the difference in the X and Y positions in the reference
frame of sources in aligned images and calculates the RMS of the residual to the fit, which we
use as a quantitative measure to evaluate the accuracy of the alignment. An example of the
residuals calculated and plotted by TweakReg is shown in Figure 6 for image jby07esiq flc.fits
using the new Gaia DR2-based geometric distortion solution. The calculated residuals of the
sample are shown in black, solid lines, with a dashed line at zero for reference. Then we plot
a comparison of the RMS associated with the residuals for each of the 17 images (excluding
the reference image) in Figure 7.
While there is minimal difference in the X RMS (top two panels of Figure 7), we demonstrate a systematic improvement in the Y RMS with the new Gaia DR2-based geometric
distortion solution in the bottom two panels. It should be noted that while the difference is
relatively small (∆Y RM S = 0.0019 or a mean percent difference of 4.6%), it represents a
decrease in the residuals of all the matched sources between two images. From this result, we
can conclude the new Gaia DR2-based solution allows for an equal performance as measured
by the X position RMS, and an improvement in the Y RMS when aligning mosaic fields with
TweakReg.
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Figure 5: The top panel (A) shows a 6 pointing mosaic of 30 Dor observed in F555W. This image is the final
combined output of 18 images from AstroDrizzle utilizing the new Gaia DR2-based geometric distortion
solution. The irregular shape is due to overlapping fields of ACS/WFC. The final mosaic is 10411 × 12527
pixels, and an arrow shows that north is pointed to the top of the image, and east is to the left. A red
outline indicates the reference image (jby07eseq), and the blue outline identifies the location of the enlarged
region shown in the bottom panel (B).
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Figure 6: We replicate a TweakReg plot for a single image in the mosaic (jby07esiq flc.fits), where the X
and Y residuals are plotted against X and Y positions in blue dots. We added a dashed line at zero for
reference, and then plotted the RMS of the residuals measured by TweakReg in solid black lines. For this
image, the RMS of the X residuals is 0.0366 and the RMS of the Y residuals is 0.0393 (see Figure 7).
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Multiband Analysis

In addition to F606W, we generated new geometric distortion reference files for all bandpasses
possible given the observations available: F435W, F475W, F555W, F625W, F775W, F814W,
and F850LP (see § 3). As a reminder, the time-dependent component of the geometric
distortion is derived with the F606W filter and applied to all others, as it has the most data
available and the slope of the time-dependence is independent of filter (see Figures 24 & 25
in Kozhurina-Platais et al. 2015).
We repeated the procedure from § 4.1 with images of 47 Tuc observed in other filters,
and show the results in Figure 8. The different filters are identified by the color and shape
specified in the key and illustrate how the filters compare to F606W with no significant discrepancies in the time-dependent slope between filters, although there are small discrepancies
in the values between filters due to the filter wedge. The filter wedge describes positional
offsets introduced by glass in the filters failing to be coplanar (Sabbi, 2012; Martlin et al.,
2018). It is a known and documented effect and not due to any correction of the geometric
distortion.

6

Summary

We present here the validation of new geometric distortion reference files for ACS/WFC based
on Gaia DR2 absolute astrometry catalog and new SIAF measurements from Sahlmann et al.
(2019). We validate with DrizzlePac as this software corrects for the geometric distortion
in typical scientific reductions. When fit to Gaia DR2 absolute astrometry, we find that the
12

Figure 7: We display results from the TweakReg alignment of a F555W mosaic field of 30 Dor (see Figure 5),
plotting the X RMS (top panel) and Y RMS (third panel) for each of the 17 images (excluding the reference
image). The images are identified by the three characters unique to each image, so that dt9 is short for
the full rootname jby07dt9q. We continue the convention of plotting results based on the previous reference
files with red triangles, while black dots correspond to results obtained using the new reference files created
with the Gaia DR2-based geometric distortion solution. The difference between these two results for each
image is plotted for the X RMS in the second panel, and the Y RMS in the bottom panel. A line is added to
these points to illustrate the mean of the difference, 0.0002 for X and 0.0019 in Y. While there is not much
difference in the X RMS, we see increased accuracy in the Y RMS.
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Figure 8: This figure displays the same calculated TweakReg values as Figures 2-4, where the top panel
corresponds to rotation in degrees (Figure 2), the middle panel to plate scale (Figure 3), and the bottom
panel to the relative skew (Figure 4). The different filters are distinguished by markers of various shapes and
colors, and they all show similar time-dependence to the F606W analysis. The spread between the filters
in the plate scale and relative skew is due to the filter wedge and not the geometric distortion solution as
discussed in § 5.
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new reference files offer improvements to the calculated values of rotation, plate scale, and
skew. A time-dependent trend remains in the relative skew of the fit, and while the cause is
currently unknown (see discussion in 4.1), the Gaia DR2-based geometric distortion solution
does reduce the slope and minimize the impact of the trend on images. Additionally, we find
increased accuracy in the alignment of overlapping fields in a F555W mosaic of 30 Dor.
The reference files validated here were added to the HST reference file repository and
implemented in the MAST pipeline in early November 2020. Table 2 contains the names and
descriptions of the new reference files as they appear in the HST Calibration Reference Data
System (CRDS) for convenience. We encourage users to consult the HST CRDS website for
the latest versions of the reference files available.
Table 2: New Geometric Distortion Reference Files derived with Gaia DR2
Filename

Description

4bb1536cj idc.fits

Post-SM4 IDCTAB from Jan-01-2009 to Sep-30-2016

4bb1536mj idc.fits

Post-SM4 IDCTAB from Oct-01-2016 to present

4bb1536oj idc.fits

Pre-SM4 IDCTAB

4bb15371j d2i.fits

D2IMFILE

4bb1536ej npl.fits

F606W NPOLFILE

4bb1536gj npl.fits

F475W NPOLFILE

4bb1536hj npl.fits

F435W NPOLFILE

4bb1536jj npl.fits

F850LP NPOLFILE

4bb1536lj npl.fits

F814W NPOLFILE

4bb1536qj npl.fits

F625W NPOLFILE

4bb1536sj npl.fits

F555W NPOLFILE

4bb1536tj npl.fits

F550M NPOLFILE

4bb15373j npl.fits

F658N NPOLFILE

4bb15374j npl.fits

F660N NPOLFILE

4bb15376j npl.fits

F775W NPOLFILE

4bb15378j npl.fits

F502N NPOLFILE

The Post-SM4 IDCTABs function identically as they have the same
polynomial coefficients. The only difference between these two reference
files is a change in the subarray sizes as described in § 2.
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