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Abstract

We present updated encircled energy (EE) curves for a subset of UVIS filters. These are
derived from a reanalysis of the drizzled Point Spread Function (PSF) data underlying the
current EE calibration together with new measurements from deep observations of the PSF
wings. Improved centroiding and analysis techniques applied to the drizzled PSFs produce
more accurate EE values at small radii (r ≤ 10 pixels), bringing the results into closer
agreement with a large archival PSF study (Huynh et al. 2025). At large radii, we leverage
deep observations of the PSF wings in six filters and compare the fraction of light between
2′′ and 6′′ with predictions from an optical model of the PSF (Hartig 2009). For filters with
pivot wavelengths ≳ 4000 Å, the model agrees with the empirical data, but over-estimates
the EE for UV filters by ∼ 0.5% at 2′′. The revised EE solutions affect the UVIS
zeropoints, which are derived from aperture photometry in a 0.4′′ (10 pixel) radius and
corrected to 6′′ using EE tables (Calamida et al. 2022). Overall, the impact is small; the
EE at 0.4′′ is larger by ≳ 0.5% (0.005 mag) for several filters (F218W, F225W, F275W,
F775W, F814W, F845M), especially for UVIS2. In contrast, the EE value is generally
smaller at 0.4′′ for long-pass filters (F200LP, F350LP, F850LP), with F850LP differing by
∼ 2% (0.02 mag). Updated EE tables will be delivered together with a revised set of UVIS
inverse sensitivity tables and zeropoints later in 2026. In the interim, we provide EE tables
for commonly used filters in Appendix A.

Copyright© 2026 The Association of Universities for Research in Astronomy, Inc. All Rights Reserved.



Instrument Science Report WFC3 2026-02

1 Introduction

Encircled energy (EE) describes the fraction of a point source’s total flux enclosed within
a circular aperture of radius r. EE measurements are essential to the WFC3 photometric
calibration, where aperture photometry of HST flux standards is computed using an 0.4′′

(10-pixel) radius aperture and then corrected using the EE tables to compute the total
flux (in electrons per second) in an ‘infinite aperture’. Comparing with the known flux for
each star, an inverse sensitivity value may be computed for each filter, representing the flux
density of a source (erg cm-2 s-1 Å-1) that produces a response of one electron per second in
the bandpass (see the WFC3 Data Handbook Section 9.1 for more details).

1.1 EE History

Following the alignment of WFC3 to the OTA (Optical Telescope Assembly), a series of
observations were obtained to demonstrate the optical performance for the UVIS channel as
a function of wavelength, as described by its point-spread function (PSF), i.e., the spatial
distribution of the flux in an image of a point source. This was used to produce an opti-
cal model of the PSF, incorporating knowledge of the pupil geometry, residual aberration,
mid-frequency wavefront error of the OTA, detector charge diffusion effects, and first-order
geometric distortion (Marinelli et al. 2025, WFC3 Instrument Handbook).

The optical model was adjusted using in-flight exposures in two filters, F275W and F625W,
and represents the mean EE over the field of view (averaged over five positions). EE tables
provided the ratio of the enclosed flux (in electrons per second) at different aperture radii
and the flux at infinity, defined at a radius of 6 arcseconds (6′′ ≈ 150 pixels) for both
WFC3 channels (UVIS and IR). Tabular values were provided for a grid of aperture radii
from 0.1′′ to 2.0′′, and the first UVIS photometric zeropoints (Kalirai et al. 2009) used the
model EE values to correct for the fraction of light between 10 pixels (0.4′′) and 6.0′′. The
model provides a grid of EE values between 2, 000Å and 10, 000Å in 1, 000Å increments. EE
corrections were therefore linearly interpolated to the pivot wavelength for each filter.

In 2016, repeated observations of CALSPEC1 spectrophotometric standards in the corner
subarrays of UVIS1 (C512A) and UVIS2 (C512C) were used to derive EE curves for all 42
UVIS filters at aperture radii from 0.04′′ - 6′′ (1 - 150 pixels). For most UVIS filters, the
drizzled PSFs provided reliable measurements out to an aperture radius of r ≈ 35 pixels
(1.4′′) (Deustua et al. 2016). The EE curves were therefore normalized and spliced to the
optical model EE by linearly interpolating between the 1.0′′ and 1.5′′ apertures provided in
the table.

In 2020, updated EE curves were computed for a subset of filters using drizzled PSFs derived
by stacking a much larger set of monitoring observations obtained between 2009 and 2019,
with an explicit correction for filter-dependent sensitivity losses on each CCD. The resulting
PSFs had improved signal-to-noise compared to the 2016 PSFs, so the EE curves were no

1 CALSPEC contains composite stellar spectra that are flux standards for HST photometric calibration.
https://www.stsci.edu/hst/instrumentation/reference-data-for-calibration-and-tools/astronomical-
catalogs/calspec
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longer spliced to the optical model EE, but normalized directly to the observed 
ux at 600

(Calamida et al. 2022; Medina et al. 2022).

1.2 Motivation for Revisiting the EE

A recent study of archival PSFs (Huynh et al. 2025) used focus-diverse empirical PSFs by
Anderson (2018) in �ve UVIS �lters to derive aperture corrections as a function of detector
position and focus level. The authors used isolated stars in archival UVIS images to measure
aperture corrections between 5 and 10 pixels and compare with the results derived from
EE tables. For three �lters (F336W, F438W, and F606W), based on 2016 EE curves, the
aperture correction values are generally consistent with the EE tables for both UVIS1 and
UVIS2. For the two �lters based on 2020 EE curves (F275W and F814W), large discrepancies
of � 0:02 � 0:03 mag in the UVIS2 aperture correction results were found, larger than the
� 0:01 mag variation across all focus levels at a given detector position. This motivated
a re-examination of the 2020 empirical PSFs used to derive the EE tables to attempt to
reproduce the previous solutions.

2 Methodology

In this report, we re-compute the EE for a subset of WFC3/UVIS �lters using the drizzled
PSFs by Medina et al. (2022) and the 2016 drizzled PSFs by Deustua et al. (2016), both
of which are used for the current UVIS photometric calibration by Calamida et al. (2022).
Using updated methodology, we reanalyze the drizzled PSFs, referred to as \short-stacks",
since they were created from stacking many short exposures. Additonally, we leverage new
\deep PSF" calibration observations to measure the fraction of light in the PSF at large
aperture radii.

The updated methodology is made up of a few key steps. First, we calculate a re�ned
centroid for each star in the short-stack images by �tting a 2-D Gaussian pro�le to the data
within a small cutout box around the initial centroid, ensuring sub-pixel accuracy. Using this
improved centroid position, we compute the curve of growth with the Photutils photometry
package (Bradley et al. 2016). Count rates are measured in circular apertures with radii from
1 to 150 pixels (600). The sky background is estimated for each image using the 3�-clipped
mean within an annulus spanning 156{165 pixels, for consistency with the annulus used to
derive the UVIS zeropoints (Calamida et al. 2022).

To determine which �lters have adequate signal in the short-stack images, we visually ex-
amine the azimuthal average curves, treating the radius at which they become noisy as an
indicator of insu�cient signal to reliably measure the EE out to 600. We compare the EE
from short-stack PSFs with the EE from deep PSFs, which have higher signal-to-noise at
large radii (but are saturated in the core) and with the optical model PSF.
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3 Data

In this study, we leverage two separate types of drizzled PSFs (\short-stack" and \deep
PSFs") to achieve high-�delity measurements of the EE within di�erent radii. The short-
stack PSFs allow precise measurements of the EE at small radii, where the deep PSF images
are saturated. The deep PSFs, on the other hand, provide much better signal-to-noise at
large radii (beyond 200), where the short-stack PSF signal is limited. For each of these, we
compare the EE as a function of radius with the results from an optical model of the UVIS
PSF (Hartig 2009).

Figure 1: PSFs for F275W from short stack DRCs (left) and from deep PSFs (right). White
circles indicate aperture radii of 200and 600.

3.1 Short-Stack PSFs

We recompute EE solutions using the drizzle-combined images of the CALSPEC standard
stars GRW+70, GD153, and P330E used in the current UVIS photometric calibration by
(Calamida et al. 2022). These \short-stack" PSFs were created from calibrated FLC images
obtained between 2009 and 2019. The science data arrays of individual exposures were
rescaled to correct for changes in the observed count rates due to time-dependent sensitivity
losses. Images were aligned in detector coordinates and combined with AstroDrizzle to
produce high signal-to-noise PSFs out to a radius of 200. Table 1 summarizes the short-stack
observations used in this analysis.
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Filter Amp
Pivot

�A
Short Stack

Target
N

Time
(sec)

Epoch

F218W A 2228 GD153 8 57.6 2016
C 6 74.4

F225W A 2372 GD153 2 111.6 2016
C 1 59.0

F275W A 2710 GRW+70 229 1012.2 2020
C 185 938.5

F336W A 3354 GRW+70 139 416.3 2020
C 115 374.1

F200LP A 4972 P330E 12 8.9 2020
C 6 5.0

F350LP A 5874 GD153 28 27.5 2020
C 6 6.0

F475W* A 4773 G191 22 13.1 2016
C 7 5.1

F555W* A 5308 G191 22 13.1 2016
C 7 5.1

F606W* A 5889 P330E 14 23.0 2016
C 12 21.0

F625W* A 6243 GD153 9 24 2016
C 6 30

F775W A 7651 GD153 7 60.0 2020
C 8 108.0

F814W A 8039 GRW+70 117 1497.2 2020
C 134 736.0

F845M A 8439 P330E 6 67.2 2016
C 6 67.2

F850LP A 9176 GRW+70 36 1184.0 2020
C 36 1184.0

Table 1: Short stack drizzled PSFs for a subset of UVIS �lters. Columns provide the target,
number of images, combined exposure time, and epoch. A few VIS �lters were tested for
validation (see asterix), but require no updates.
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Note that 2016 short-stack PSFs are DRZ images (like DRC, but derived from FLT images
with no pixel-based CTE-correction), but the CTE impact on the 2016 short-stack DRZ
images in the detector subarray corners is negligible compared to the total 
ux of the CAL-
SPEC standards. Given the absence of 2020 DRCs, their 2020 EE values were derived by
scaling the 2016 results down by � 1%, the same factor as F275W (in the case of the UV
�lters), or by adopting the F814W EE correction (for all redder �lters). This was based on an
assumption of how applying time-dependent sensitivity corrections to the short-stack PSFs
would a�ect the EE for similar wavelength �lters. Given that we are redelivering corrected
versions of the F275W and F814W EE curves, we revisit the 2016 DRZ images for UV and
red �lters, using the same methodology for �lters with 2020 DRC images.

Figure 1 compares the F275W short stack PSF of GRW+70 (N=185 frames, 939 seconds)
and the deep PSF (N=2 frames, 800 seconds). For each PSF, Astrodrizzle was used to correct
for distortion, match the sky background, 
ag bad pixels, and combine the individual input
frames.

3.2 Deep PSFs

At the beginning of WFC3's lifetime aboard the Hubble Space Telescope (HST), deep cal-
ibration images in two UVIS �lters were acquired in program 11438 to characterize the
fraction of light in the wings of the PSF at large radii. These were used to create a model
of the UVIS EE across apertures and wavelengths (Hartig 2009). Bracketed short and long
exposures in two �lters, F275W and F625W, allowed for measurement of the PSF wings out
to radius of � 6 00(150 pixels) via the azimuthally-averaged fractional count rate per pixel
and serve as a baseline for the optical model. These images provide excellent S/N at large
radii, which we leverage in this analysis.

Filter Amp Pivot Target N Time (sec) Proposal

F225W C 2372 GRW+70 2 1120 17271

F275W ABCDM 2710 GD153 2 800 11438

F336W C 3354 GRW+70 2 1000 17271

F555W C 5308 GRW+70 2 500 17271

F625W ABCDM 6243 GD153 2 800 11438

F814W C 8039 GRW+70 4 1500 17271

Table 2: Observations used to create the \deep PSFs" for 6 UVIS �lters. Columns list the
target, number of images, combined exposure time, and proposal ID used to estimates the
EE at large radii. Program 11438 observed two �lters at 5 positions each, near the center
of each amp (A, B, C, D) and near the middle (M) of the FoV. Program 17271 placed the
target in same amp C position as in program 11438 to observe PSFs in additional �lters.
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