SPACE TELESCOPE
ST&I | SCIENCE INSTITUTE
Instrument Science Report WFC3 2025-05

Improved UVIS Aperture Corrections derived
from Focus Diverse PSEF Maps

K. Huynh, V. Bajaj, J. Mack, A. Calamida

August 18, 2025

ABSTRACT

In crowded fields, small-aperture photometry can reduce contamination errors from neigh-
boring sources compared to larger aperture photometry. However, the UVIS encircled energy
(EE) wvaries with detector position and focus variations on orbital timescales for aperture
radii less than 10 pizels (~0!4). Using a set of focus-diverse empirical PSFs by Anderson
(2018), we compute 2D spatial maps of the aperture correction between 5—10 pizels and find
a mazimum change of ~0.01 mag over all focus levels for a given detector position. The
upper-left and lower-right corners of the UVIS detector are more focus-sensitive than the
rest of the field of view, where the mean correction is systematically ~0.01 mag higher in
Amp A for bluer filters (F275W, F336W, F438W) and ~0.01 mag higher in Amp D for
redder filters (F606W, F814W) at all focus levels. We test the new aperture correction maps
i globular clusters, and we find reduced scatter, better agreement between the two CCDs,
and a small shift in the absolute photometry when compared to a single (constant) aperture
correction per image. These improvements are specific to photometry with apertures < 10
pixels in radius; results from larger apertures are not affected. Using published EE tables can
introduce systematic uncertainties in absolute photometry due to its tendency to vary with
detector position and focus level, with larger errors for smaller apertures. Users requiring
photometric accuracy better than ~1% for small apertures can use isolated stars in the in-
dividual FLT/FLC frames (or PSF cutouts at a similar detector position and focus level) to
compute encircled energy corrections and accurately account for the amount of flux at radi
larger than their photometric apertures.
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1 Introduction

The shape and size of an observed point spread function (PSF) changes on short timescales
due to “breathing” effects, i.e. changes in the focal length caused by variations in the tele-
scope’s thermal environment such as going in and out of the Earth’s shadow and changes
in orientation relative to the Sun (Dressel 2012). PSF's also change shape over the Field of
View (FoV) of the Wide Field Camera 3 Ultraviolet and Visible (WFC3/UVIS) channel due
to the differences in material across the detector and changes in the geometry of the optics
with location in the focal plane (Anderson 2018). The WFC3/UVIS zeropoints are measured
using 10 pixel aperture photometry, where variations in the PSF (and the encircled energy)
from temporal and spatial variations are negligible (~0.1%).

However, when performing photometry in crowded stellar fields, a 10 pixel radius aperture
can introduce contamination errors from neighboring sources when the wings of their PSF's
overlap. While smaller apertures can mitigate these systematic errors (Dauphin et al. 2021),
they are more sensitive to temporal and spatial variations, particularly for UVIS apertures
with radii less than eight pixels where substantial flux lies at larger radii (Sabbi and Bellini
2013). Changes in the detector thickness and the tilt of the camera with respect to the focal
plane are the major causes of variation of the full-width at half maxima (FWHM) of stars
across the UVIS FoV.

1.1 Focus-Diverse PSFs and “Phylograms”

Anderson (2018) constructed focus-diverse PSF models from UVIS images of moderately-
dense stellar fields for the five most-frequently used WFC3/UVIS filters: F275W, F336W,
F438W, F606W, and F814W. Empirical measurements of the PSF asymmetry were com-
puted for each exposure, and the PSF models were then grouped together based on their
similarity. This leads to a natural ordering of the PSFs in a single curve shown in a two-
dimensional (2D) grid, or a “phylogram” plot, for each filter as shown in Figure 1.

Each empirical focus level, or “phylo” level, represents the PSF asymmetry, describing
how sharp a PSF is due to the breathing of HST, with one side of the focus having an
elongation in the 45° direction and a 135° elongation in the other. The phylo ranges are
arbitrary, and the number of phylo zones and the shape of the phylogram varies per filter,
with PSFs measured in redder filters being less sensitive to breathing. In all filters, the
nominal phylo level where the PSF is the sharpest is located between phylo levels of 5-7
(Anderson 2018). Using the hstlpass software (Anderson 2022), in conjunction with these
focus-diverse PSF models, one could determine the phylo level of an individual exposure.

Encircled energy (EE) refers to the fraction of flux contained within some radius relative
to the theoretical total that reaches to infinite radius due to the PSF. To account for temporal
and spatial variations in the EE, we develop a new method to compute 2D aperture correction
maps that quantify variations in the PSF over the UVIS FoV. These maps are separated
by the empirical focus level of PSFs measured in their respective filter and can be used to
correct aperture photometry from a radius of 5-10 pixels to accurately account for the flux
at larger radii.
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Figure 1: Adapted from Anderson (2018), phylogram plots for F275W, F336W, F438W,
F606W, and F814W, along with the phylo (focus) zones identified for each filter. The azxes
for all filters are arbitrary. The shape of the phylogram and the number of zones varies per
filter. In all filters, the nominal phylo level (at best focus where the PSF is the sharpest) is
located between levels 5-7.

In this report, we present the aperture correction maps for five filters with focus-diverse
PSFs (F275W, F336W, F438W, F606 W, and F814W) and the methodology in creating them.
These maps provide corrections for flux scattered to larger radii in the wings of the PSF's as a
function of different focus levels, enabling accurate small-aperture photometry regardless of
telescope breathing. We test improvements in aperture photometry at a radius of 5 pixels in
two globular clusters with differing source densities: 1.) an uncrowded region 6 arcmin west
of the core of NGC-104 (hereafter, 47 Tucanae) and 2.) the crowded core of the globular
cluster Omega Centauri. We compare our results with the aperture correction maps to two
standard methods: 1.) a constant aperture correction computed per image from the sigma-
clipped mean of stars between a radius of 5-10 pixels, and 2.) aperture corrections derived
from the published UVIS EE tables by Calamida et al. (2021).

2 Methodology

We create 2D aperture correction maps at each phylo level for the five filters with focus-
diverse PSFs (F275W, F336W, F438W, F606W, and F814W). Our methodology is summa-
rized as follows:

1. All UVIS external science images (FLC) in the five designated wide-band filters are
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collected from the Mikulski Archive for Space Telescopes (MAST).

2. Using thehstlpass software (Anderson 2022), point-like sources in the images are de-
tected and measured via PSF tting, using the focus-diverse PSF models. The detector
(X,Y) positions, uxes, and quality of ts for all measured sources are recorded. Only
images containing between 20{1500 sources are kept to mitigate sparse and intensely
crowded eld errors. Additionally, the phylo level is outputted by hstlpass based on
measured PSFs in the exposure and is recorded for each image.

3. Sources with ahstlpass quality of t value 0 < q < 0:2 are kept, leaving only well-
measured sources.

4. The remaining sources are then remeasured using standatibtutils aperture pho-
tometry. The photometric aperture radius was set to 5 pixels, with a sky value calcu-
lated via a 3- clipped mean measured in an annulus from 15{20 pixels, and subtracted
from the photometric aperture. This was then repeated with a 10 pixel photometric
aperture and the same sky parameters. The aperture correction for each star is calcu-
lated asmagspix  Madhopix -

5. We sort all sources by their Iter and integer phylo value assigned to them based on their
respective exposure. For each phylo group, we then calculate binned 2D statistics using
every star's detector (X,Y) position coordinates and aperture correction as follows: We
rst group stars by their position on the detector into 512 512 pixel bins covering the
entire eld. We then calculate the 2.5- sigma-clipped median aperture correction
from the grouped star aperture corrections computed in the previous step for every
bin. Each 512 512 pixel bin correspond to a single box in a 8 grid. This produces
a 2D map for the given lter, which provides an aperture correction at any coordinate
for each phylo group. This step is then repeated for the four other lters, for a total
of ve maps, one for each lter.

6. For any position bins within the maps that has an aperture correction 2-di erent
than the bins adjacent to it, We apply a Gaussian smoothing with a kernel de ned
by a standard deviation of 1 box width (i.e., 1 =1 box = 512 pixels). Additional
smoothing is done to the Amp D corners of F275W and F438W maps to smooth over
signi cant variations, which are noise introduced by the smaller number of sources
observed near that corner of the CCD.

When using these aperture correction maps, matching the exposure with the correct
phylo number will allow the 5 pixel aperture photometry to be corrected for the temporal
variation caused by breathing. The large sample of PSFs at di erent parts of the detector
allow for su cient spatial resolution across the detector to correct for the spatial variation.

3 Results

Figure 2 shows the focus and spatially dependent aperture correction map in units of
magnitudes for phylo levels 1{10 in F438W. The maps cover the entire size of the FoV binned
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down to a 8 8 grid. Additionally, Figure 3 shows the aperture correction (in magnitudes)
versus phylo levels for 512512 pixel cutouts at the ampli er corners of the detector (A,
B, C, and D). Also shown are the mean aperture correction for a 1024024 cutout at the
center of the FoV, the mean aperture correction over the entire FoV, and dashed lines for
the 5{10 pixel aperture correction using the published UVIS EE tables for both chips.

Figures 4 and 5 shows the 2D aperture correction maps for blue (F275W, F336W, and
F438) and red (F606W, and F814W) lters, respectively. Additionally, Figure 6 shows the
aperture correction versus phylo levels for all ve Iters. Figure 6 is organized by wavelength,
with bluer Iters (F275W, F336W, F438W) and redder lters (F606W and F814W) together.
There are only 9 phylo groups for F336W and F606W, hence the absence of a spatial map
for phylo 10 in those lters.

Figure 2: 2D spatial maps of the UVIS F438W aperture correction from 5{10 pixels (in
magnitudes) derived from PSFs at di erent phylo (focus) levels. The aperture correction is
greatest in the upper-left corner, where Amp A is located. The corrections are the smallest
and the most at across the detector at nominal phylo levels (5{7).
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Figure 3: F438W aperture correction (r = 5{10 pixels) versus phylo level for di erent regions

of the UVIS detector. Colored triangles show a 51512 pixel cutout at the corner of ampli-
ers A, B, C, and D, corresponding to subarray apertures 'C512SUB'. Black triangles show
the mean at the center of the UVIS FoV in a 10241024 pixel cutout, while black circles
show the mean over the entire FoV. Dashed lines are plotted for reference only, to compare
with the aperture corrections from the published EE tables for UVIS1, Amp A at 0.085 mag
(blue) and for UVIS2, Amp C at 0.070 mag (green). For F438W, the aperture correction
for UVIS1 (UVIS2) is approximately equal to the mean of the blue (green) triangles over all
phylo levels.
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Figure 4: 2D spatial maps of the UVIS aperture correction from 5{10 pixels (in magnitudes)
derived from focus-diverse PSF models at di erent phylo levels for bluer lters: F275W,
F336W, and F438W. F336W was divided into only 9 focus groups, so phylo 10 map is blank

for this lter.
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Figure 5: Same as Figure 4, except for redder Iters: F606W and F814W. F606W was
divided into only 9 focus groups, so phylo 10 map is blank for this lter.
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Figure 6: Aperture correction (r = 5{10 pixels) versus phylo level for di erent regions of the
UVIS detector (see Figure 3) for ve lters: F275W, F336W, F438W, F606W, and F814W.
Scatter plots are organized by color with bluer lters (F275W, F336W, and F438W) on the
left and redder lters (F606W and F814W) on the right. Dashed lines are plotted to compare
with aperture corrections calculated using the EE tables for UVIS1 (blue) and UVIS2 (green).
Aperture corrections are smaller at nominal phylo levels5{7 where the telescope is in focus.
This is seen in all Iters in every region of the detector. The aperture correction in the Amp
A corner (blue triangles) is 0.01 magnitudes higher than the rest of the FoV for most phylo
levels in bluer Iters. Conversely, the aperture correction in the Amp D corner (red triangles)
is 0.01 magnitudes higher in redder lters for most phylo levels.

For all Iters, we nd that the amplitude of the aperture corrections is smaller at nominal
phylo levels (5{7) where the PSF is the sharpest. Grouping the lIters together by color, we
notice similarities between the aperture corrections for di erent regions of the UVIS detector.

In bluer lters, the Amp A corner is consistently higher than the rest of the FoV by 0.01
mag for most phylo levels. Similarly, in redder lters, the Amp D corner is 0.01 mag higher
than the rest of the FoV for most phylo levels. This is consistent with the results from Sabbi
and Bellini (2013), who shows that the observed PSFs are less well-focused near the A and
D ampli ers due to the tilt of the UVIS detector with the respect to the focal plane.

10
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There are also some distinct behavior in specic Iters. In F275W, the Amp D corner
exhibits a high aperture correction for phylo levels 9 and 10, even after smoothing out those
speci c corners. This may likely be due to small number of statistics, as only 5% of all stars
used to make the F275W maps have a phylo level between 9{10. This may also be attributed
to the behavior of PSF sources at levels 9{10, where the PSFs are extremely out of focus
and increases the scatter of the measured aperture corrections. Furthermore, at low phylo
levels in F606W, the Amp D corner has a higher aperture correction with respect to the rest
of the FoV, while the aperture correction in the Amp A corner is uniform with the detector.
However, as we increase to higher phylo levels, we nd that the correction for Amp D returns
to uniform with the rest of the detector, and Amp A increases in magnitude, reversing the
behavior between the two cross amps that is exhibited at lower phylo levels. The spatially
variable aperture corrections are also consistent with the aperture corrections measured using
the UVIS EE tables for every Iter except F275W and F814W, where the UVIS2 encircled
energy aperture correction is substantially higher than every ampli er corner.

4  Aperture Correction Validation in 47 Tucanae's Un-
crowded Field

We revisit two early WFC3 calibration (CAL) programs that observed an uncrowded
region 6 arcmin west of the core of the galactic globular cluster 47 Tucanae. These consist
of 350 seconds exposures with large dithers across the UVIS FoV. They are useful for testing
the new aperture correction maps, as dithered exposures allow us to quantify any residual
variations in the brightness of individual stars at di erent positions on the detector.

CAL program 11452 was designed to measure the UVIS at eld uniformity across the
detector in nine pointings in a large 3 3 box pattern, with dither steps over 25% of
the FoV (Sabbi 2009). While this program observed using six Iters, we test only the
F438W, F606W, and F814W Iters and defer analysis of the UV lIters to future work. CAL
program 12379 revisited 47 Tucanae to investigate the e ects of eld crowding on the UVIS
Charge Transfer E ciency (CTE) (Kuhn 2024). From this program, we use pairs of F606W
exposures dithered by 50% of the FoV to test the new aperture corrections. Table 1 in
the Appendix lists the roothame, lIter, proposal ID, and hstlpass phylo values for all 47
Tucanae exposures. Figure 7 shows a sample F606W exposure from CAL program 12379.

11
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Figure 7: Sample 350 second F606W exposuigy0lkwq showing an uncrowded region
in 47 Tucanae, 6' west of the cluster core. Dithered exposures were acquired in program
11452 with nine pointings in a large 33 box pattern, shifting by 25% of the UVIS FoV.
Additional exposures were acquired in program 12379 and consist of 2 dither positions o set
in the Y-direction by 50% of the UVIS FoV. The colorbar is in units of electrons.

We compare our phylo aperture correction maps against a constant (sigma-clipped mean)
aperture correction derived per image, and the chip-dependent aperture corrections derived
using the EE tables. A constant aperture correction per image accounts for temporal e ects
due to focus changes, however it does not account for spatial variations, which can be a

12
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larger e ect.

The UVIS EE tables were derived from images of isolated CALSPEC stars measured
out to large radii (e.g. 6D or 151 pixels) and were used to derive the UVIS photometric
calibration (Calamida et al. 2021). The EE tables provide a constant correction for each
CCD chip in all 42 UVIS lIters and were derived by combining many exposures with a wide
range of focus levels. EE values were measured in the corners of Amps A and C, where
the zeropoints are computed for each UVIS CCD in order to minimize losses from CTE. As
shown in Figure 6, the EE in the ampli er corners can be signi cantly di erent from the EE
in the center of the detector for small apertures. UVIS EE tables can be downloaded on the
WFC3 webpage here, however please see the recommendations in Section 7.

We notice that aperture corrections derived from the EE tables are slightly larger than
the phylo-based maps in Figure 6, and we attribute some of this di erence to the di erent sky
annulus used for each method. While the EE tables measure the sky in an annulus between
160 and 200 pixels, the aperture correction maps are derived from shorter exposures and
therefore utilize a smaller sky annulus between 15 and 20 pixels. This results in aperture
corrections which are slightly smaller than predicted from the EE tables due to subtracting
a small fraction of the PSF wings. To estimate the e ect of the di erent sky annulus, we
recalculate the UVIS EE using a smaller sky annulus from 15-20 pixels, and we nd that this
lowers the predicted aperture correction by 0.01 mag in the F814W lter, for example.

In Figure 8, and Figures 20 and 21 in the Appendix, we compare the aperture corrections
from di erent methods for two 47 Tucanae images per Iter: one at nominal phylo and the
other at an extreme phylo for three UVIS lters: F438W, F606W, and F814W, respectively.

In all cases, the constant aperture correction is consistent with the average phylo aperture
correction for that image. Thus, in uncrowded elds, we verify that the constant aperture
correction can be accurately measured and is similar to the phylo-based corrections. In
contrast, the aperture corrections computed using EE tables are overestimated in most cases.
When applied to the observed photometry, these corrections can systematically bias the
results, introducing errors in absolute photometry.

13
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Figure 8: F438W aperture correction (r = 5{10 pixels) versus the X-position of stars for
two exposures in the uncrowded region of 47 Tucanae: one at nominal phylo = 5.8 (top) and
another at an extreme phylo = 7.8 (bottom). The phylo-based aperture corrections for each
star (orange) are consistent with the constant aperture correction (blue) and con rms that the
constant aperture correction can be reliably measured in an uncrowded eld. For reference,
aperture corrections derived from the encircled energy tables are overplotted in green, where
the dashed line for UVIS2 (Amp C) is generally consistent with the rest of the UVIS FoV
and the dot-dashed line for UVIS1 (Amp A) is 0.01 mag higher.
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4.1 Color-Magnitude Diagrams from Di erent Aperture Correc-
tion Methods

Color-magnitude diagrams (CMDs) derived from multiple exposures in the same lIter
with similar exposure times will inherit a shift in the observed photometric measurements
per star due to the spatial and temporal e ects. After correcting for these e ects using our
2D aperture correction maps, the dispersion in the color-magnitude diagrams from exposures
of di ering phylo levels should decrease, compared to the CMDs derived using a constant
aperture correction per exposure.

Figure 9 shows CMDs derived from V- and I-band (F606W and F814W) photometryina5
pixel aperture, corrected to 10 pixels using a constant aperture correction per image versus
our phylo-based aperture correction. Each panel shows two dierent V-band exposures:
ibnh1lbmgat nominal phylo = 5.0 and ibnh14x7q at extreme phylo = 2.8. For the I-
band photometry, we compute the mean magnitudes of matched stars measured from all 47
Tucanae images in the F814W dataset in order to minimize the number of free parameters.

We plot the median-binned statistic across a main-sequence cutout containing bright and
unsaturated stars. When using the constant aperture correction, we nd a mean shift of 0.016
magnitudes in the V-band magnitudes between the extreme and nominal phylo exposures
for stars located among a main-sequence cutout. Conversely, the V-band magnitude di ers
by only 0.002 magnitudes across the same region when using the phylo aperture correction
maps. This veri es that the new corrections improve the photometric repeatability between
exposures acquired at di erent phylo (focus) levels.

15
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Figure 9: 47 Tucanae color-magnitude diagrams derived from WFC3/UVIS V- and I-band
(F606W and F814W) photometry in a 5 pixel aperture, corrected to 10 pixels using a con-
stant (sigma-clipped mean) aperture correction per image (left) versus phylo-based aperture
corrections (right). We use two V-band exposures, one at nominal phylo = 5.ith11bmq

in blue) and another at extreme phylo = 2.8ilpnh14x7q, in red). In order to minimize the
number of free parameters, the I-band magnitudes represent the mean magnitude of matched
stars measured from all F814W images. Bottom plots are zoomed-in cutouts of the cluster
main-sequence. The median V-band di erence between the blue and red points is 0.016 mag-
nitudes across the entire main-sequence cutout when using a constant aperture correction per
image for exposures of di ering phylos. Conversely, the median V-band di erence is reduced
to 0.002 magnitudes when using the phylo-based aperture corrections.

16
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4.2 Magnitude Residuals for Stars Dithered over the FoV

Ideally, measurements of the same non-variable star taken at di erent parts of the de-
tector should give the same observed photometry, assuming a perfect at eld correction.
In practice, the tilt of the UVIS detector in the focal plane may a ect the measurement
at di erent parts of the detector, leaving a residual when comparing photometry in small
apertures. Our new aperture correction maps seek to reduce the magnitude residual of a
given star, so that the residual of measurements across the detector is near zero.

To assess this improvement, we select bright, unsaturated stars in 47 Tucanae observed at
di erent positions across the detector and computed the average magnitude per UVIS chip.
We then took that average magnitude, subtracted each individual magnitude measurement,
and plotted the photometric residuals as a function of the star's X-coordinate, in six di erent
Y-coordinate bins spanning the entire UVIS FoV. Figures 10, 11 and 12 show the magnitude
residual versus star position for Iters F438W, F606W and F814W, using a constant aperture
correction versus our phylo aperture correction. Medians in 20 X-coordinate bins across the
detector are over plotted in order to better visualize the magnitude residual di erences.

The residual o set between the phylo and constant aperture corrections for F438W are
relatively uniform throughout the FoV, except in the Amp A (top left) corner where the phylo
aperture correction reduces the magnitude residual by0.01 mag compared to a constant
correction. In F606W, the entire FOV have similar magnitude residuals between the two
corrections, with a very small o set on the right edge of the UVIS1 detector, where the
phylo aperture correction improves the magnitude residuals slightly. For F814W, we nd a
similar residual decrease of 0.01 mag, but in the Amp D corner (bottom right) instead of
the Amp A corner for F438W.

The improvement in the magnitude residuals agrees with the behavior of our spatially
variable aperture correction maps. As mentioned in the Results, bluer lIters like F438W
have a 0.01 magnitude higher aperture correction in the Amp A corner at most focus levels,
while redder lIters like F814W have a 0.01 magnitude higher aperture correction in the
Amp D corner.

17
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Figure 10: F438W magnitude residuals (mean magnitude - individual magnitude of each star)
versus X-position for stars in 47 Tucanae measured in six regions of the detector separated by
Y-position. The fainter points show the individual magnitude residuals. Solid points show the
median residual usingn = 20 bins to better visualize di erences in photometry when using
phylo-based corrections (orange) and constant aperture corrections (blue). For reference, a
dashed green line is drawn where the dierence is 0. The phylo-based corrections improve
the spatial residuals, especially in the corner of Amp A (upper-left), where the improvement
is 0.01 magnitude compared to a constant aperture correction.
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Figure 11: Same as Figure 10, but for F606W. The magnitude residuals between the two aper-
ture correction methods are similar across the entire FoV, apart from a small o set in Amp

D (lower-right), where the phylo-based aperture correction slightly improves the magnitude
residual.
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Figure 12: Same as Figure 10, but for F814W. The phylo-based aperture corrections improve
the spatial residuals, especially in the corner of Amp D (lower-right), where the improvement
is 0.01 magnitudes compared to a constant aperture correction.
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5 Aperture Correction Validation in Omega Centauri's
Crowded Stellar Field

A constant aperture correction per image agrees well with the phylo-based aperture cor-
rection in uncrowded areas, however they are much more di cult to estimate when observing
a crowded region due to contamination from background stars in the aperture annuli. We
continue to validate the photometric improvements from our phylo-based aperture correc-
tions by performing 5 pixel aperture photometry around sources in the crowded core of
Omega Centauri across several dithered exposures in F438W, F606W, and F814W. We com-
pare the results using the phylo-based aperture correction versus a 5{10 pixel sigma-clipped
mean constant aperture correction estimated per image.

Omega Centauri exposures are taken from CAL programs 11911 and 12339, which were
used to develop the in- ight corrections to the UVIS at elds across the ten most commonly
used lters, including F438W, F606W, and F814W (Mack et al. 2013). Similar to 47 Tucanae
observations from CAL proposal 11452, exposures were taken using nine pointings in a large
3 3 box pattern, with dither steps of 25% of the FoV in the X and Y direction. We only
select stars that have no brighter neighbors within 5 pixels to further constrain possible
contamination e ects. Table 2 in the Appendix presents the rootname, Iter, proposal ID,
and phylo value measured in all Omega Centauri exposures used in the validation of our
aperture correction. A sample F606W exposure of Omega Centauri is shown in Figure 13.

21



Instrument Science Report WFC3 2025-05

Figure 13: Sample 40 second F606W exposube302ivq showing the crowded core of Omega

Centauri. Dithered exposures of this eld were acquired in program 11911 with 9 pointings
in a large 3 3 box pattern, with dither steps shifting by 25% of UVIS FoV. The crowding

e ects are much more apparent compared to the observed eld in 47 Tucanae. The colorbar
is in units of electrons.

Figure 14 shows histograms of the aperture corrections in magnitudes measured for each
individual star for two F438W images of the same phylo value = 7.4 for the crowded core
of Omega Centauri and the uncrowded region of 47 Tucanae. The sigma-clipped constant
aperture correction applied to the images are also displayed in the histogram for UVIS1
and UVIS2. The individual aperture corrections measured for stars in the crowded core of

22
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Omega Centauri are signi cantly more scattered compared to that of 47 Tucanae, which
systematically shifts the sigma-clipped mean aperture correction applied to the image to
be higher than estimated. This is due to the contamination e ects of background sources
in the apertures, demonstrating the di culties of measuring an accurate constant aperture

correction per image in a crowded eld versus a non-crowded one.

Figure 14: Histograms showing the aperture correction for individual stars for two exposures
at the same phylo level, comparing the crowded core of Omega Centaitmd308xuq ) and the
uncrowded region of 47 TucanaeidbyOllgq ). The constant aperture correction, computed
from the -clipped mean of all stars, is overplotted. The scatter in the core of Omega Centauri
is much higher than in 47 Tucanae, systematically shifting the computed aperture correction
to a higher value. This illustrates the e ects of contamination in crowded elds, where it can
be more di cult to accurately measure aperture corrections from individual exposures.

In Figure 15 and Figures 22 and 23 in the Appendix, we compare the 5{10 pixel constant,
phylo-based, and EE aperture correction for two Omega Centauri images: one at nominal
and another at an extreme phylo value for lters F438W, F606W, and F814W. Unlike the
uncrowded region of 47 Tucanae shown in Figures 8, 20, and 21, the constant aperture
correction estimated for every image is consistently overestimated compared to the phylo-
based corrections, adding ux from contaminated stars to the measured photometry of the
target star and systematically biasing the results.
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Figure 15: F438W aperture correction (r = 5{10 pixels) versus X-position for two exposures

in the crowded core of Omega Centauri: one at nominal phylo = 5.4 (top) and another at
an extreme phylo value = 2.4 (bottom). For reference, aperture corrections derived from the
encircled energy tables are overplotted in green. In both cases, the constant aperture correc-
tion (blue) is systematically larger than the phylo-based corrections (orange), highlighting the
di cultly in accurately measuring the EE in crowded elds.

Figure 16 shows a CMD derived from stars across all Omega Centauri exposures com-
puted using B- and I- band (F438W and F814W) aperture photometry, corrected using two
di erent methods: a constant (sigma-clipped mean) aperture correction per image and the
new phylo-based aperture correction map. The CMD derived using the new aperture cor-
rections exhibits a large shift in the mean B-band magnitude of 0.024 mag and a negligible
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shift of 0.003 in the B{l color. This causes stars to appear fainter and slightly redder when
using a constant aperture correction.

Figure 16: Omega Centauri color-magnitude diagram derived from WFC3/UVIS B- and I-
band (F438W and F814W) photometry in a 5 pixel aperture, corrected to 10 pixels using a
constant (sigma-clipped mean) aperture correction per image (blue) versus our phylo-based
aperture correction (orange). For both methods, the photometry is corrected from 10 pixels
to in nite aperture using the EE tables. Colored points represent the mean magnitude of
stars in a given lter for all Omega Centauri exposures from proposals 11911 and 12339.
We measure a large shift of 0.024 magnitudes in the mean B-band magnitude between the
two di erent methods and a negligible shift of 0.003 mag in the B-I color.

5.1 Improvements in the Photometric Scatter

The phylo-based aperture correction also improves the scatter in the observed photometry
and reduces the uncertainties in mean value of individual stars acquired in multiple dithered
exposures. In Figures 17, 18, and 19, we plot the standard deviation versus the mean
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