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ABSTRACT

We present the results of testing an updated, interim, geometric distortion correction for
the Advanced Camera for Surveys (ACS) Wide Field Channel (WFC). This testing
includes not only the updated distortion correction, but also a more robust
implementation of the time dependent distortion. The updated geometric distortion
correction including this time dependency can greatly improve the accuracy of the image
alignment and provides a better representation of the undistorted image by as much as
0.15 pixels at the edge of the chips.

1. Introduction

This report is not designed to be an in-depth description of the geometric
distortion model or its construction, but rather to briefly describe the reference files
currently available on the ACS webpage and show the kind of improved results that can
be obtained by using the updated correction, as this is an interim solution. A paper
detailing a full description and the construction of the reference files will be published
when the final geometric distortion is well established. Until then, the ACS Team has
provided the new reference files on the ACS website to make them available to the
astronomical community at http://www.stsci.edu/hst/acs/analysis/distortion

Thus, we present the testing of an interim, revised correction for the ACS/WFC
geometric distortion combined with a new version of DrizzlePac that includes a new,
more robust implementation of the time dependent distortion. While this solution does
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not yet contain unique solutions for every filter, in most cases it is an improvement over
the old reference files. Therefore we are publishing and documenting the improved
results that can be obtained with the reference files so that it is available to all users.

The updated geometric distortion correction is based on the standard astrometric
catalog of 47Tuc and uses a 5" order polynomial solution that rectifies the time
dependence when coefficients are transformed into the IDC system (Borncamp et al.,
2014). It now uses a 2 dimensional look-up table to correct for the pixel grid distortion
and a 2 dimensional look-up table to correct for non-polynomial distortion. Because of
the new application and re-derived solution, the revised distortion correction significantly
improves the alignment between images. Since the representation of pixel grid distortion,
non-polynomial distortion, and the implementation of the ACS/WFC time dependence
have been altered, the DrizzlePac modules (Gonzaga et al., 2012) that apply distortion
corrections have been modified to be able to accept the new version of the files. More
information on the application of the distortion files within DrizzlePac can be found on
the DrizzlePac website: http://drizzlepac.stsci.edu/ .

2. Brief Description of Revised Reference Files

2.1 IDCTAB

The Instrument Distortion Correction table (IDCTAB) contains the information of
the polynomial component of the distortion in the form of a FITS table with each
extension representing a different chip and filter combination. Since the correction
changes after Servicing Mission 4 (SM4) there are 2 IDCTABs, and users will need to
use the correct file based on the date of observation. The IDCTAB’s posted on the ACS
website at the time of this writing only contain unique solutions for F435W, F606W, and
F814W. All other filter combinations contain the same solution as F606W as this is the
best-constrained filter set. Files containing solutions with other filters will be posted as
work progresses. Even though other filters do not have unique solutions, in most cases
the distortion correction is a significant improvement over the original solution in the
ACS pipeline (see plots in appendix).

2.2 D2IMFILE

The updated ACS/WFC Detector to Image File (D2IMFILE) contains pixel grid
distortion and is used to correct for the irregular pixel grid in the WFC. It now uses a 2
dimensional look-up table to correct for the pixel grid distortion. Since the pixel grid
distortion does not change from filter to filter, with time, or after SM4 so users will only
need one D2IMFILE to calibrate all ACS/WFC data.

2.3 NPOLFILE
The updated Non-Polynomial reference file (NPOLFILE) contains corrections for
the non-polynomial filter dependent component of distortion. It is a 2 dimensional look-
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up table that is bi-linearly interpolated within DrizzlePac. Each individual NPOLFILE
reference file contains corrections for a specific filter so care must be taken to use the
correct file. Like the IDCTAB, the NPOLFILE reference files currently posted on the
ACS webpage, only contain unique solutions for filters F435W, F814W and F606W. All
other filters have the same solution as F606W, but have header keywords that identify it
as belonging to different filters.

2.4 Time Dependent Distortion (TDD)

The geometric distortion correction for ACS/WFC is seen to have a linear time
dependence in 2 of its terms when transformed into the IDC system. These terms are
fitted using a simple linear solution and are chip dependent but are filter independent
(Borncamp et. al., 2015). The new method of applying time dependence in the IDC
system is much more robust than previous methods as it is a simple linear application.
The components of the time dependence are included in the WCS of an image after
applying the distortion and the linear IDC terms available in the header of the IDCTAB
via the keywords: TDD DATE, TDD CYBI1, TDD CYB2, TDD CYAIl, TDD CYAZ2,
TDD _CXBI1, TDD_CXB2, TDD CXAl and TDD_ CXA2.

The ACS reference files can be found on the ACS website:
http://www.stsci.edu/hst/acs/analysis/distortion

3. Test Data

The updated geometric distortion correction has been extensively tested with the
47Tuc calibration field, which spans the lifetime of ACS and covers multiple roll angles
and all supported filter combinations. A randomly selected subset of this data was used to
test the updated distortion as a random selection ensures there are no biases in testing
from the same proposal or with specific time differences. From this random selection,
either the earliest or latest data was used for the reference image so that the longest time
baseline could be tested. Information on these combinations can be seen in Table 1, and
results for those filter alignments combinations can be found in Figure 23 of the
appendix.

The updated reference files have also been tested with a small sample of data
from The Hubble Frontier Fields (HFF) (Program ID 13495; PI Lotz, J.) and a previous
set of observations (Program ID 11689; PI Dupke, R.) that were taken with a large offset
and rotation shown in Figure 1 and with a large time baseline. The large offset and
rotation is a good test for the skew, while the large baseline checks that the time
dependent terms of the distortion work correctly. We also tested the Large Magellanic
Cloud (LMC) to ensure that 47Tuc is not unique in showing improvement. Information
on this data and the combinations used are found in Table 2, and results for each of the
corresponding combinations can be found in the appendix.
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Image Filter Date PA V3 RA Dec Figure # ProplID
ice502hoa flc.fits F606W 2014.261  337.1814  5.66042 -72.06778 13596
jc6101hjq flc.fits F606W 2012917 213.927 5.65937 -72.06500  Figure 2 13155
jbms03o0lq flc.fits F606W  2011.597 9536593  5.66042 -72.06778  Figure 3 12389
jbn503rbq flc.fits F606W  2010.931  213.95351  5.65937 -72.06500  Figure 4 12385
jbbf0lhxq flc.fits F606W  2009.722  140.39169 5.66042 -72.06778  Figure 5 11887
j8c061vnq_flt.fits Fo606W 2002.386 19.33735  5.65500 -72.07056 9018
j8hmO0lylq fit.fits F606W  2003.294 349.91861  5.65500 -72.07056  Figure 6 9648
j8ux08beq flt.fits F606W  2004.786  152.89540  5.65500 -72.07056  Figure 7 10043

j94fa5cfq fit.fits F606W 2005269 337.16309  5.65500 -72.07056  Figure 8 10368
j91901htq flt.fits F606W  2006.269  338.03870 5.65937 -72.06500  Figure 9 10730
jeeS0lerq flc.fits F814W  2013.978  228.23261 5.66042 -72.06778 13596
jbvaOlntq flc.fits F814W  2012.006  232.8504  5.66042 -72.06778  Figure 10 12734
jbms02fkq fle.fits F814W  2011.303 35290439 5.66042 -72.06778  Figure 11 12389
jb6v03hwq flc.fits F814W  2010.294 35420499 5.66104 -72.06781  Figure 12 11677
jb6v0lduq flc.fits F814W  2010.203 316.01550 5.66104 -72.06781  Figure 13 11677
j8c042syq flt.fits F814W 2002.383  19.33754  5.65500 -72.07056 9018
j8hwl6mjq flt.fits F814W  2003.078  263.3598  5.66042 -72.06778  Figure 14 9656
j94rd2f4q flt.fits F814W  2005.858 177.9695  5.66042 -72.06778  Figure 15 10375
j9kkc2bng flt.fits F814W  2005.992  232.69240 5.65937 -72.06500  Figure 16 10771
j8cOalabq flt.fits F435W 2002.433 19.33914  5.65500 -72.07056 9018
j8c0a2coq flt.fits F435W  2002.433 19.36276  5.65500 -72.07056  Figure 17 9018
j9irwlrbq flt.fits F435W  2005.983 233.18851 5.66042 -72.06778  Figure 18 10737
j9i1903w5q flt.fits F435W  2006.756  159.85980 5.65937 -72.06500  Figure 19 10730
jee503bqq_flc.fits F435W  2014.603  95.40282  5.66042 -72.06778 13596
jbva03jiq_flc.fits  F435W  2012.631 103.64700 5.66042 -72.06778  Figure 20 12734
jbms03o0sq_fle.fits F435W  2011.597  95.36593  5.66042 -72.06778  Figure 21 12389
jbbfw3ehq flc.fits F435W  2010.650 107.09310 5.66042 -72.06778  Figure 22 11887
ja%bwlxgq fle.fits F435W  2009.608  99.46951 5.66042 -72.06778  Figure 23 11397
je5001s7q_flc.fits F502N  2012.919 201.71140 5.66042 -72.06778 13159
ja9%bwlxo6q fle.fits F502N  2009.608  99.46951 5.66042 -72.06778  Figure 24 11397
j9irw2vmgq_flc.fits F502N  2006.261  338.17340  5.66042 -72.06778  Figure 25 10737
jeeS0lenq_flc.fits F550M  2013.978  228.23261 5.66042 -72.06778 13596
jbmsO1lyq fle.fits F550M  2010.972 226.09190 5.66042 -72.06778  Figure 26 12389
ja%bwlx2q fle.fits F550M  2009.608  99.46951 5.66042 -72.06778  Figure 27 11397
jeeS01e5q_flc.fits F555W  2013.978  228.23261 5.66042 -72.06778 13596
jbva0lmsq flc.fits F555W  2012.006 232.85040 5.66042 -72.06778  Figure 28 12734
ja9%bwlxbq fle.fits F555W  2009.608  99.46951 5.66042 -72.06778  Figure 29 11397
j8hw28wvq flc.fits F555W  2003.767 156.72830 5.66042 -72.06778  Figure 30 9656
jeeS0lepq_flc.fits F660N  2013.978 228.23261 5.66042 -72.06778 13596
jc5001teq fle.fits F660N 2012919  201.7114  5.66042 -72.06778  Figure 31 13159
jbmsO1mdq_flc.fits F660N 2010972  226.0919  5.66042 -72.06778  Figure 32 12389
jbbfw3dzq flc.fits F660N  2010.650  107.0931 5.66042 -72.06778  Figure 33 11887
j8hr12dng flc.fits F660N  2003.603  89.38725  5.66279 -72.06639  Figure 34 9663

Table 1 Information on the 47Tuc datasets used for testing. Each section of the table is a separate set of
tests with the reference image in bold and the aligned images listed below. The figure number refers to the
residual plot figure number available in the appendix.

4



Instrument Science Report ACS 2015-02

Image Filter Date PA_V3 RA Dec Figure #  Field ProplD
dupke_drc_sci.fits F814W 2009.908  3.58985 3.5833  -30.3433 HFF 11689
f814w_xytdd drc.fits F814W 2014.475 3.58778 3.5875 -30.3967 Figure35 HFF 13495
joit06e2q_flc.fits  F606W 2006.614 34.47208 80.49021 -69.49836 LMC 10753
j9it01hkq flc.fits ~ F606W 2006.403 319.18381 80.49021 -69.49836 Figure36 LMC 10753

Table 2 Same as Table 1 except this the Field column of this table contains information for other datasets
used for testing of the new reference files.

4. Testing Procedure

In order to correctly use the reference files, we must ensure that we have the
correct version of the DrizzlePac software. The DrizzlePac version used for testing in this
document is: 2.0.0.dev37065, however any version beyond 2.0 should work. To correctly
update the distortion solution the primary header of each image must be altered to point
to the correct reference files. This means the IDCTAB, D2IMFILE, and NPOLFILE
keywords need to be changed to point to their respective files. This can be done in Python
with the following commands:

--> import drizzlepac
--> drizzlepac. _version _  # make sure to use double underscore
¢2.0.0.dev37065’

--> from astropy.io import fits

--> fits.setval(image_filename, 'IDCTAB, value = "/location/of/IDCfile/IDCFILE fits')

--> fits.setval(image filename, NPOLFILE', value = /location/of/NPOLfile/NPOLFILE.fits")
--> fits.setval(image filename, 'D2IMFILE', value='"/location/of/D2IMfile/D2IMFILE.fits')

After that, we must apply the new distortion solution to the WCS and populate the
header with the correct distortion information. The Python commands to accomplish this
are:

--> from stwcs import updatewcs

-->updatewcs.updatewcs('image filename')

It is also possible to update the WCS from within TweakReg or AstroDrizzle by
setting the ‘UpdateWCS = True’. However, users are cautioned that this will overwrite all
WCS alignment information in the header in favor of a new WCS solution, so it is safer
to use the standalone updatewcs as shown here.

After these steps are finished, we can run TweakReg normally. Most of the
TweakReg parameters used for testing were left at their default values, except for:
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e Refimage and Input were changed to be the reference image and input
image specified in Table 1.

e Imagefind and refimagefind threshold’s were set to 500 to limit the source
finding algorithm to bright sources.

e searchrad was changed to 250 pixels to ensure the software would be able
to align all frames as early ACS images used the old guide star catalog that
contained astrometric errors over 2”.

5. Results

As shown in the appendix of this report, the updated distortion correction and
TDD can significantly improve the residuals of astrometric alignment of a random
selection of data due to an updated geometric distortion correction. This improvement is
at least no worse than the old solution and up to 0.15 pixels at the edge of the detector.
While not every case has been improved to this level for F435W, F606W and F814W, it
is still an improvement in most as seen in Figure 2. While the updated IDCTAB and
NPOLFILEs only contain solutions for filters F435W, F606W and F814W, there are still
improvements in other filters due to the improved implementation and better test data set.
The results for F502N, F550M, F555W, and F660N (some of the other popular ACS
filters) can be seen in Figure 23.

The updated distortion reference files can also correctly rectify chip offsets seen
with the old distortion reference files as seen in Figure 31, Figure 32, Figure 33, Figure 34 and
Figure 36. It is recommended that any user who requires an extremely accurate distortion
correction for their science obtain the new reference files and apply them to their data.
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Figure 1 — Shows the alignment of Frontier Fields Alignment test seen in Figure 35. There is significant
shift and time difference between these 2 images.
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Figure 2 Residuals of astrometric alignment of jc6101hjq_flc.fits aligned to jce502hoq _flc.fits. The left
plot is using the original distortion correction, the plot on the right is using the updated distortion
correction. The red line is a straight line at 0 and the yellow line is a fit of the residuals. These images were
observed in F606W on 2012.917 and 2014.261 with roll angles 213.927 and 337.1814.
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Figure 3 Same as Figure 2 except jbms03o0lq_flc.fits aligned to jee502hoq_flc.fits. These images were
observed in F606W on 2011.597 and 2014.261 with roll angles 95.36593 and 337.1814.
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Figure 4 Same as Figure 2 except jbn503rbq_flc.fits aligned to jce502hoq_flc.fits. These images were
observed in F606W on 2010.931 and 2014.261 with roll angles 213.95351 and 337.1814.
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Figure 5 Same as Figure 2 except jbbf01hxq flc.fits aligned to jce502hoq_flc.fits. These images were
observed in F606W on 2009.722 and 2014.261 with roll angles 140.39169 and 337.1814.
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Figure 6 Same as Figure 2 except j8hm01ylq flt.fits aligned to j8c061vnq flt.fits. These images were
both observed in F606 W on 2003.294 and 2002.386 with roll angles 349.91861 and 19.33735.

j8ux08beq_fit_catalog_fit. match

jBux08beq_fit_catalog_fit. match 04 04
04 04
02 _
& 0.0 5 <
= a
)
-0.2
-0.4 04} -04 . -04f 4
3600 S 7000 000 ~1000 0 500 2050 3000 -1000 0 1000 2000  -1000 0 1000 2000 3000
Xrms: 0.073 #Sources: 2012 yrms: 0,091 Xrms: 0.075 #Sources: 2016 Yrms: 0.091
04 04 04 04

DY (pix)

DY (pix)

0.4

-0.4 ] -oaf -0.4
-1000 0 1000 2000 -1000 0 1000 2000 3000 -1000 0 1000 2000 -1000 0 1000
X (pix) Y (pix) X (pix) Y (pix)

Figure 7 Same as Figure 2 except j8ux08beq_flt.fits aligned to j8c061vnq_flt.fits. These images were both
observed in F606W on 2004.786 and 2002.386 with roll angles 152.8954 and 19.33735.
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Figure 8 Same as Figure 2 except j94fa5cfq_flt.fits aligned to j8c061vnq_flt.fits. These images were both
observed in F6O6W on 2005.269 and 2002.386 with roll angles 337.16309 and 19.33735.
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Figure 9 Same as Figure 2 except j91901htq_flt.fits aligned to j8c061vnq_flt.fits. These images were both
observed in F6O6W on 2006.269 and 2002.386 with roll angles 338.03870 and 19.33735.
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Figure 10 Same as Figure 2 except jbva0Olntq flc.fits aligned to jeeS0lerq_flc.fits. These images were
both observed in F814W on 2012.006 and 2013.978 with roll angles 232.8504 and 228.23261.
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Figure 11 Same as Figure 2 except jbms02fkq_flc.fits aligned to jece50lerq_flc.fits. These images were
both observed in F814W on 2011.303 and 2013.978 with roll angles 352.90439 and 228.23261.
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Figure 12 Same as Figure 2 except jb6v03hwq_flc.fits aligned to jce501erq flc.fits. These images were
both observed in F814W on 2010.294 and 2013.978 with roll angles 354.20499 and 228.23261.
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Figure 13 Same as Figure 2 except jb6v01duq_flc.fits aligned to jece501erq_flc.fits. These images were
both observed in F814W on 2010.203 and 2013.978 with roll angles 316.0155 and 228.23261.
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Figure 14 Same as Figure 2 except j8hwl6mjq flt.fits aligned to j8c042syq _flt.fits. These images were
both observed in F814W on 2003.078 and 2002.383 with roll angles 263.3598 and 19.33754.
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Figure 15 Same as Figure 2 except j94rd2f4q_flt.fits aligned to j8c042syq_flt.fits. These images were both
observed in F814W on 2005.858 and 2002.383 with roll angles 177.9695 and 19.33754.
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Figure 16 Same as Figure 2 except j9kkc2bnq_flt.fits aligned to j8c042syq flt.fits. These images were
both observed in F814W on 2005.992 and 2002.383 with roll angles 232.6924 and 19.33754.
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Figure 17 Same as Figure 2 except j8c0a2coq flt.fits aligned to j8cOalabq _flt.fits. These images were
both observed in F435W on 2002.433 and 2002.433 with roll angles 19.36276 and 19.33914.
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Figure 18 Same as Figure 2 except j9irwlrbq_flt.fits aligned to j8cOalabq_flt.fits. These images were both
observed in F435W on 2005.983 and 2002.433 with roll angles 233.18851 and 19.33914.
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Figure 19 Same as Figure 2 except j91903w5q_flt.fits aligned to j8cOalabq_flt.fits. These images were
both observed in F435W on 2006.756 and 2002.433 with roll angles 159.8598 and 19.33914.
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Figure 20 Same as Figure 2 except jbva03jiq_flc.fits aligned to jce503bqq_fle.fits. These images were
both observed in F435W on 2012.631 and 2014.603 with roll angles 103.6470 and 95.40282.
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Figure 21 Same as Figure 2 except jbms030sq_flc.fits aligned to jce503bqq_flc.fits. These images were
both observed in F435W on 2011.597 and 2014.603 with roll angles 95.36593 and 95.40282.
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Figure 22 Same as Figure 2 except jbbfw3ehq flc.fits aligned to jce503bqq_fle.fits. These images were
both observed in F435W on 2010.650 and 2014.603 with roll angles 107.09310 and 95.40282.
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Figure 23 Same as Figure 2 except ja9bwlxgq flc.fits aligned to jce503bqq_flc.fits. These images were
both observed in F435W on 2009.608 and 2014.603 with roll angles 99.46951 and 95.40282.
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Figure 24 Same as Figure 2 except ja9bw1x6q_flc.fits aligned to jc5001s7q_flc.fits. These images were
both observed in F502N on 2009.608 and 2012.919 with roll angles 99.46951 and 201.71140.
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Figure 25 Same as Figure 2 except j9irw2vmq_flc.fits aligned to jc5001s7q_flc.fits. These images were
both observed in F502N on 2006.261 and 2012.919 with roll angles 338.17340 and 201.71140.
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Figure 26 Same as Figure 2 except jbms011lyq_flc.fits aligned to jce501enq_flc.fits. These images were
both observed in F550M on 2010.972 and 2013.978 with roll angles 226.09190 and 228.23261.
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Figure 27 Same as Figure 2 except ja9bwlx2q_flc.fits aligned to jce501enq_flc.fits. These images were
both observed in F550M on 2009.608 and 2013.978 with roll angles 99.46951 and 228.23261.
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Figure 28 Same as Figure 2 except jbvaOlmsq_flc.fits aligned to jee501enq flc.fits. These images were
both observed in FS55W on 2012.006 and 2013.978 with roll angles 323.85040 and 228.23261.
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Figure 29 Same as Figure 2 except ja9bwlxbq_flc.fits aligned to jeeS0lenq_flc.fits. These images were
both observed in F555W on 2009.608 and 2013.978 with roll angles 99.46951 and 228.23261.
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Figure 30 Same as Figure 2 except j8hw28wvq_flc.fits aligned to jce501enq_flc.fits. These images were
both observed in F555W on 2003.767 and 2013.978 with roll angles 156.72830 and 228.23261.

jc5001teq_fic_catalog_fit.match jc5001teq_fic_catalog_fit.match
04 g 04 04

DX (pix)
DX (pix)

-0.4 ' i -0.4 v -0.4 -0.4
~1000 0 1000 2000 -1000 0 1000 2000 3000 ~2000 -1000 o 1000 2000  -1000 o 1000 2000 3000
Xrms: 0.133 #Sources: 1503 Yrms: 0.096 Xrms: 0.047 #Sources: 1485 Yrms: 0.050
04 04 0.4 04

DY (pix)
DY (pix)

-0.4 -04 -04 -0.4
~1000 0 1000 2000 ~-1000 0 1000 2000 3000 ~2000 ~1000 o 1000 2000 ~1000 0 1000 2000 3000
X (pix) ¥ (pix) X (pix) ¥ (pix)

Figure 31 Same as Figure 2 except jc5001teq_flc.fits aligned to jce501epq_flc.fits. These images were
both observed in F660N on 2012.919 and 2013.978 with roll angles 201.7114 and 228.23261.
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Figure 32 Same as Figure 2 except jbms01m4q_flc.fits aligned to jee5S01epq_flc.fits. These images were
both observed in F660N on 2010.972 and 2013.978 with roll angles 226.0919 and 228.23261.

jbbfw3dzq_fic_catalog_fit.match jbbfw3dzq_fic_catalog_fit. match
04 04 04 04

DX (pix)
DX (pix)

X s -0.4 -0.4
-1000 0 1000 2000 -1000 0 1000 2000 3000 ~2000 -1000 o 1000 2000 -1000 J 1000 2000 3000
Xrms: 0.138 #Sources: 1642 Yrms: 0.114 Xrms: 0.058 #Sources: 1595 Yrms: 0.062
04 04 0.4 04

DY (pix)
DY (pix)

-04 -04 -0.4 -04
1000 ) 1000 2000  -1000 ) 1000 2000 3000 ~2000  -1000 0 1000 2000  -1000 0 1000 2000 3000
X (pix) ¥ (pix) X (pix) ¥ (pix)

Figure 33 Same as Figure 2 except jbbfw3dzq flc.fits aligned to jce501epq_flc.fits. These images were
both observed in F660N on 2010.650 and 2013.978 with roll angles 107.0931 and 228.23261.
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Figure 34 Same as Figure 2 except j8hr12dnq flc.fits aligned to jee501epq _flc.fits. These images were
both observed in F660N on 2003.603 and 2013.978 with roll angles 89.38725 and 228.23261.
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Figure 35 Same as Figure 2 except aligning drizzled images from the Hubble Frontier Fields cluster Abell
2744 (prop 13495) and older data by R. Dupke (prop ID: 11689 ). These image stacks were both observed
in F814W on 2009.908 and 2014.475 with roll angles 3.58775 and 3.58985. Even though these images
have few sources, skew is still present using the old solution.
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Figure 36 Same as Figure 2 except j9it01hkq_flc.fits aligned to j9it06e2q_flc.fits and this is the LMC
field. These images were both observed in F606W on 2006.403 and 2006.614 with roll angles 319.18381
and 34.47208.
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