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Abstract

We use high-resolution UV-to-optical imaging from the Hubble Space Telescope (HST) to construct spatially
resolved spectral energy distributions (SEDs) for seven nearby (z < 0.07) hard (14–195 keV) X-ray-selected
broad-line active galactic nuclei (AGN) with Lbol = 1043.26–1045.34 erg s−1. The high spatial resolution of HST,
which physically resolves structures on the scale of ∼50 pc at z = 0.05, enables the separation of AGN and host-
galaxy emission through morphological decomposition with GALFIT, yielding improved measurements of AGN
properties compared to those obtained with lower-resolution Swift UV/Optical Telescope (UVOT) data. AGN
UV magnitudes derived from HST imaging (e.g., F225W) can differ by more than a magnitude from those from
Swift/UVOT UVM2 due to extended nuclear emission. Additionally, the inclusion of high-resolution data at
longer wavelengths (e.g., F814W) can significantly affect the resulting SED fit. Comparing fits of accretion disk
and extinction models using HST and Swift/UVOT data, we find significant differences in the resulting
parameters, with average differences of 2.0 eV in the maximum disk temperature and 2.2 mag in the AGN host-
galaxy extinction. These differences ultimately lead to significant changes in bolometric luminosities and X-ray
bolometric corrections, with the HST-based fits yielding average increases of ∼0.57 dex and ∼0.66 dex,
respectively. This demonstrates host-galaxy contamination in unresolved UV–optical data can strongly bias SED-
based estimates of disk temperatures, extinction, bolometric luminosities, and X-ray bolometric corrections in
AGN. Large-area, high-resolution imaging surveys from Euclid and the Nancy Grace Roman Space Telescope
will extend these techniques to much larger AGN samples, enabling uniform, high-precision SED measurements
in the near-IR.

Unified Astronomy Thesaurus concepts: AGN host galaxies (2017); Spectral energy distribution (2129); HST
photometry (756); X-ray active galactic nuclei (2035); Active galactic nuclei (16)

1. Introduction

Active galactic nuclei (AGN) produce intense multiwave-
length emission (X-ray to radio) through various physical
processes. The accretion disk directly produces UV-to-optical
emission, while X-rays are produced via inverse Compton

scattering of UV photons in the X-ray corona. Near-IR (NIR)
to far-IR emission is generated via the reprocessing of shorter-
wavelength emission by dust at varying distances from the
supermassive black hole (SMBH; see H. Netzer 2015;
R. C. Hickox & D. M. Alexander 2018 for reviews). These
multiwavelength observables are dependent on the level of
obscuration surrounding the central engine, which may be
driven by the SMBH accretion properties (C. Ricci et al.
2017a), or by dust located relatively near the accretion disk
(∼10–100 pc; M. Kishimoto et al. 2011; S. F. Hönig 2019;
A. Alonso-Herrero et al. 2021) or at larger distances from the
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galactic nucleus within the host galaxy (A. D. Goulding et al.
2012; R. Gilli et al. 2022; B. Vijarnwannaluk et al. 2024).

While detailed broadband spectral energy distributions
(SEDs) can provide unique insights into these emission
processes, and thus into the intrinsic properties of the physical
mechanisms driving them, accurately disentangling the AGN
emission from that of the host galaxy can be exceedingly
challenging. Host-galaxy contamination is particularly impor-
tant in low-luminosity AGN and/or heavily obscured AGN,
where the UV–optical emission from stars can dominate over
that of the AGN (e.g., L. C. Ho 2008; B. D. Simmons et al.
2011; A. Peca et al. 2021).

SED-fitting software, such as CIGALE (M. Boquien et al.
2019; G. Yang et al. 2022), AGNfitter (G. Calistro Rivera
et al. 2016), AGNFITTER-RX (L. N. Martínez-Ramírez et al.
2024), and SED3FIT (S. Berta et al. 2013), models the
combined emission and disentangles the emission from the
AGN and host-galaxy components through statistical means or
by utilizing the AGN X-ray emission (G. Yang et al. 2020).
However, with the use of high-resolution imaging data and
tools such as GALFIT (C. Y. Peng et al. 2002), the host-galaxy
light can be effectively removed from the SED before
any fitting is conducted (e.g., R. V. Vasudevan &
A. C. Fabian 2009; Z. Shang et al. 2011).

The BAT AGN Spectroscopic Survey (BASS; M. Koss
et al. 2017)21 contains 858 nearby hard X-ray-selected AGN,
detected using the 14–195 keV band of the Burst Alert
Telescope (BAT) on board NASA’s Neil Gehrels Swift
Observatory (N. Gehrels et al. 2004). The BASS sample was
selected from the 70 month catalog (W. H. Baumgartner et al.
2013); see also the 105 month (K. Oh et al. 2018) and 157
month catalogs (A. Y. Lien et al. 2025). The Swift-BAT
survey selects the nearest and brightest hard X-ray-selected
AGN in the sky, with its all-sky coverage up to Compton-thick
(NH = 1024 cm2) obscuration levels (M. J. Koss et al. 2016).

Most of the sources observed by BAT in the hard X-ray
band have also been observed in the soft X-ray (0.5–10 keV)
band with the X-ray Telescope (XRT; D. N. Burrows et al.
2005; J. E. Hill et al. 2005) and with the UV/Optical
Telescope (UVOT; P. W. A. Roming et al. 2005; T. S. Poole
et al. 2008; A. A. Breeveld et al. 2010) on Swift. The second
data release (DR2) of BASS also compiled a complete optical
spectroscopic analysis of all AGN in the 70 month catalog
(W. H. Baumgartner et al. 2013), providing an unprecedented
collection of multiwavelength data with black hole masses
measured for 96% of the sample (M. J. Koss et al. 2022c).
Detailed BASS studies have been conducted in the X-ray
(C. Ricci et al. 2017b; T. T. Ananna et al. 2022), NIR
(M. J. Koss et al. 2018), mid-IR (MIR; K. Ichikawa et al.
2017, 2019; T. T. Shimizu et al. 2017), millimeter (M. J. Koss
et al. 2021), and radio (K. L. Smith et al. 2016; T. Kawamuro
et al. 2023; M. Magno et al. 2025), providing measurements of
both broad and narrow emission lines (K. Oh et al. 2022),
velocity dispersions (M. J. Koss et al. 2022a), and NIR spectral
properties (J. Gillette et al. 2026).

Recently, K. K. Gupta et al. (2024, hereafter G24) high-
lighted the power of isolating the AGN emission from that of
the host galaxy using GALFIT, fitting Swift/UVOT data with
a point source and Sérsic model for a sample of 236 nearby
AGN from BASS. The resulting fits yielded the emission from

the point-source component for each Swift/UVOT filter
(V, B, U, UVW1, UVM2, and UVW2) for each source. Using
these data, along with Swift/XRT observations taken simulta-
neously to minimize variability effects, G24 were able to fit the
AGN SED using a variety of phenomenological models,
ultimately deriving AGN characteristics such as the disk
temperatures and bolometric corrections (κλ) for a sample an
order of magnitude larger than previously analyzed in
this way.
In this work, we expand on the findings presented in G24

and highlight the advantages of using higher-resolution data
from the Hubble Space Telescope (HST) to more accurately
remove any extended emission in the bulge of the host galaxy
that may remain unresolved in the Swift/UVOT data. We
compare directly to the results in G24 for seven nearby
(z < 0.07) hard X-ray-selected AGN, chosen to have the best
combination of HST observations currently available for this
analysis (see Section 2).
This paper is organized as follows. In Section 2, we describe

the photometric data used in this work and the sample selection.
Section 3 presents the data analysis, including the process
of determining point-source magnitudes using GALFIT for
each source and the fitting of the resulting SED AGN disk
models. Finally, in Section 4, we compare the SED fits with
the results derived from the Swift/UVOT data in G24. We
assume a cosmological model with H0 = 70 km s−1Mpc−1,
ΩM = 0.3, and ΩΛ = 0.7 throughout.

2. Data and Sample

More than 506 BAT AGN have optical HST imaging
available through a completed 5 yr gap program with the HST
Advanced Camera for Surveys (ACS) Wide Field Channel
(WFC) in the i band, covering the entire sample at z < 0.1
(M. Kim et al. 2021), in addition to an ongoing gap program
with g-band observations of 356 AGN and Wide Field Camera
3 (WFC3)/UVIS F225W data from a recent HST SNAP
program. In this work, we use data from three SNAP
programs: UV 225W (#16241; PI: Koss), 435W (#17310;
PI: Koss), and F814W (#15444; PI: Barth). While the Swift/
UVOT point-spread functions (PSFs) range from 2″ to 3″
(∼0.4–4 kpc for 0.01 < z < 0.05), comparable to the typical
sizes of bulge components in large galaxies, the PSFs of the
HST data range between 0.075 and 0.08 (∼ 20–80 pc for
0.01 < z < 0.05). The higher resolution of the HST data
enables more accurate identification of AGN emission relative
to the rest of the host-galaxy bulge, which can be confused in
lower-resolution Swift/UVOT data. The improvement in
resolution between the HST and Swift/UVOT data is shown in
Figure 1. Extended features can be very clearly identified in
the two right columns of Figure 1 (NGC7603 and UGC524).
These features are within the central 2 kpc of the image and are
not resolved in the Swift/UVOT images.
To compare the results of this analysis with those reported

in G24, we use the same Swift/UVOT data as in their study.
We gather the Swift/UVOT data, along with the corresp-
onding Swift/XRT data, from the HEASARC archive.22 We
selected appropriate data based on the matching observation
IDs listed in G24, which were originally selected to provide
the best possible estimates of the UV/optical fluxes at the time
of that study. While more recent observations are available for

21 https://www.bass-survey.com/ 22 https://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/w3browse.pl
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some sources, we chose to utilize the same dataset to enable a
more direct comparison with their original work. The potential
effects of variability on the analysis are discussed in
Section 3.3.

We obtained X-ray data from the Swift/XRT instrument
using the UK Swift Science Data Centre online data portal.23

The downloaded data included cleaned and calibrated event
files, automatically extracted source and background spectra,
Ancillary Response Files (ARFs), and Response Matrix Files
(RMFs), all generated using standard pipeline settings. These
spectra are based on default source and background extraction
regions optimized for point sources, and are suitable for
spectral fitting with XSPEC (K. A. Arnaud 1996). All data
correspond to observations taken in photon-counting mode.

We highlight seven BASS AGN in this work to examine
how higher-resolution HST data affect the derived AGN
properties and to identify which properties are most sensitive
to differences in resolution and variability. The sample was
selected by identifying all BASS sources that meet the
following requirements: one short (5–20 s) and one long
(>500 s) exposure in the same three HST bands, WFC3 UVIS
F225W, ACS/WFC F435W, and ACS/WFC F814W (with
central wavelengths of 2371.15 Å, 4329.85 Å, and 8045.53 Å,
respectively); a Swift/XRT observation within 4 months of the
WFC3 UVIS F225W observation; and inclusion in the G24
analysis. The properties of the seven sources are listed in
Table 1 and are taken from the BASS DR2 catalog (M. J. Koss

et al. 2022c). These sources span a wide range of black hole
masses (MBH), Eddington ratios (λEdd = Lbol/LEdd), and
redshifts (0.01 < z < 0.065), as shown in Table 1. The HST
data presented in this article were obtained from the Mikulski
Archive for Space Telescopes at the Space Telescope Science
Institute. The specific observations analyzed are available at
doi:10.17909/yxsq-td83.

3. Analysis

3.1. Large-aperture Photometry

Large-aperture photometry was first performed on each
source using both Swift/UVOT and HST data in the UVM2
and F225W filters, respectively, in order to assess data quality
and identify any obvious signs of variability between the
Swift/UVOT and HST observations in the UV. The large-
aperture photometry of the Swift/UVOT data was carried out
following the steps outlined in the Swift/UVOT data-analysis
guide,24 using region files for the source and background
defined in SAOImageDS9. These region files, along with the
image data, were input into the uvotsource command from
the Swift calibration database, which returns the flux density
and magnitude within a 5″ radius aperture defined for each
image. For the HST data, we followed the procedure outlined
in the WFC3 data handbook,25 using the drizzled (DRZ)

NGC7603UGC524IC29212MASS1746NGC985Mrk1044UGC3478 VIIZw142

Figure 1. Cutout images of the Swift/UVOT data in the UVM2 band (top) and the HST UVIS data in the F225W band (bottom) for each source in the sample. These
two filters have approximately the same central wavelength (2246.43 Å and 2357.65 Å, respectively), and the scale of each image is identical. The increased
resolving power of the HST data reveals extended features that are not visible in the Swift/UVOT data. The difference in the UV magnitude of the central point
source, as measured from the Swift and HST data, increases from left to right and is listed in Table 2.

Table 1
Sample Properties

BAT ID Counterpart Name z Mlog BH Llog 2 10 keV Llog bol log Edd Spectral Type
(1) (2) (3) (4) (5) (6) (7) (8)

1189 NGC7603 0.023 8.59 43.62 45.34 −1.95 Sy1
335 UGC3478 0.012 6.06 42.29 43.26 −0.84 Sy1.5
34 UGC524 0.036 7.62 42.71 44.44 −1.49 Sy1.5
134 NGC985 0.043 8.11 43.76 44.98 −1.32 Sy1.5
925 VIIZw142 0.063 7.43 43.15 44.61 −1.07 Sy1.5
130 Mrk1044 0.016 6.45 42.23 44.04 −0.58 Sy1
549 IC 2921 0.043 7.70 42.82 44.29 −1.058 Sy1.5

Note. Column (1): Swift/BAT ID (W. H. Baumgartner et al. 2013). Column (2): counterpart galaxy name. Column (3): spectroscopic redshift (M. J. Koss et al.
2022b). Column (4): SMBH mass in solar masses (J. E. Mejía-Restrepo et al. 2022; M. J. Koss et al. 2022b). Column (5): logarithm of the 2–10 keV X-ray
luminosity (erg s–1; C. Ricci et al. 2017b). Column (6): logarithm of the AGN bolometric luminosity from G24 (erg s−1). Column (7): logarithm of the Eddington
ratio. Column (8): optical spectral type (K. Oh et al. 2022).

23 https://www.swift.ac.uk/swift_portal/

24 https://www.Swift.ac.uk/analysis/uvot/mag.php
25 https://HST-docs.stsci.edu/wfc3dhb/chapter-9-wfc3-data-analysis/9-1-
photometry
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images from the HST data-reduction pipeline. To enable a
direct comparison, we adopted a 5″ aperture for both the
Swift/UVOT and HST data, which necessarily includes some
or all of the bulge of the host galaxy in addition to the AGN
point-source emission. These values are reported in the “Large
Aperture” photometry columns of Table 2 for the Swift/
UVOT UVM2 and HST F225W filters.

Comparing the magnitudes measured within this large
aperture allows for a direct comparison between the HST data
analyzed in this work and the Swift/UVOT data analyzed
in G24, without differences in the morphological decomposi-
tion (such as PSF selection) affecting the photometric
measurements. When using the same large aperture size,
similar levels of contamination from the host-galaxy bulge
should be present in each measurement, thus providing a
clearer comparison of data quality and providing a check for
the presence of variability. Differences in the measurements of
the large-aperture photometry should be less sensitive to the
increased resolution between the two datasets than measure-
ments that rely on the morphological decomposition discussed
in the following section.

3.2. Morphological Decomposition

As previously noted, large-aperture photometry of AGN
generally leads to significant levels of contamination from the
host galaxy, even for highly luminous and unobscured sources.
As shown in Figure 1, the 5″ aperture photometry performed in
the previous section includes structures that are likely
associated with nuclear star formation in the host galaxy,
covering physical scales of ∼0.2–1 kpc at these redshifts.
While the level of host-galaxy contamination is difficult to
assess in the Swift/UVOT images, extended emission can be
clearly identified in each aperture in the higher-resolution HST
imaging data.

To obtain more accurate measurements of the AGN flux
with as little host-galaxy contamination as possible, we
followed the methods outlined by G24. We employed GALFIT
(C. Y. Peng et al. 2002) to fit the two-dimensional surface-
brightness profiles of the sources and decompose them into
AGN and galaxy light. GALFIT is an image-analysis tool that
models galaxy light profiles using radial distributions such as
PSF, Sérsic, and Gaussian functions to fit the data and separate
the components of the sources, including the AGN point
source, disk, and bulge. It fits the specified functions to the

two-dimensional imaging data and provides best-fit results
based on least-squares statistics.
The primary component of the fits performed in this analysis

is the PSF function. This requires a PSF image for each fit. For
the ACS/WFC3 F435W and F814W filters, we created PSF
images for each source using the astropy photutils
EPSFBuilder (L. Bradley et al. 2025). This method averages
bright stars in the source image to create an effective PSF. The
stars were selected by visual inspection, with three to five
stars chosen per image. Once cutouts were generated for
each selected star, a PSF image was created using the
epsf_builder function.
The WFC3 UVIS F225W images rarely contained a

sufficient number of bright stars to construct a suitable PSF
using this method. Therefore, an empirical PSF model was
utilized for this filter. The PSFs were acquired from the WFC3
instrument page at the Space Telescope Science Institute.26

They are presented as a grid of 56 fiducial PSFs representing
the spatial variation of the PSF across the detector. For each
image in this work, the PSF closest to the source on the
detector was used in the GALFIT routine. While this approach
may be less ideal than constructing a PSF using stars in the
science image, since the model PSFs do not show any potential
temporal variations that may be present in the PSF, it is the
recommended method by the Space Telescope Science
Institute when suitable stars are not available.
Each source had both a short and long exposure in each

filter. The short exposure times ranged from 5 to 20 s, and the
long exposure times ranged from 670 to 1040 s, depending on
the filter and source. Fits were performed on both the long and
short exposures for each image to assess consistency and
estimate the uncertainty in the resulting PSF magnitude.
Several of the long-exposure images, particularly those taken
in F814W, were saturated at the center of the galaxy. For each
of these images, the saturated pixels were masked and replaced
with scaled pixels from the short-exposure image after
properly aligning the two exposures. The results of the short-
exposure fits are used for the remainder of the analysis, as they
typically yield better fit statistics (reduced χ2) and residuals,
and are less likely to be affected by saturation. However, the
results of the long and short exposures are compared directly
to ensure that the derived point-source magnitudes are

Table 2
Large-aperture Photometry and GALFIT Point-source Magnitudes

BAT ID Counterpart Large Aperture PSF Magnitudes

UVM2 F225W UVM2 B V F225W F435W F814W F225W – UVM2
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

1189 NGC7603 13.90 15.05 14.44 14.50 13.96 15.50 14.27 13.89 1.06
335 UGC3478 18.93 18.69 19.33 16.94 16.19 19.76 16.72 15.59 0.43
34 UGC524 18.03 18.05 18.36 16.79 16.25 19.66 18.87 18.04 1.30
134 NGC985 15.17 14.98 15.22 15.27 14.87 15.27 15.04 15.00 0.05
925 VIIZw142 17.10 16.85 17.22 16.94 16.44 17.90 16.53 16.99 0.68
130 Mrk1044 15.17 14.98 15.28 15.27 15.43 15.97 15.06 15.09 0.69
549 IC 2921 17.10 16.85 22.15 17.15 16.44 21.82 18.97 16.69 −0.33

Note. Column (1): Swift/BAT ID. Column (2): host-galaxy counterpart name. Column (3): AB magnitude from 5″ aperture photometry of UVOT UVM2. Column
(4): AB magnitude from 5″ aperture photometry of HST/UVIS2 F225W. Columns (5)–(7): GALFIT point-source AB magnitudes for UVM2, B, and V from G24.
Columns (8)–(10): GALFIT point-source AB magnitudes for HST F225W, F435W, and F814W. Column (11): the difference between the point-source magnitudes
in the F225W and UVM2 filters.

26 https://www.stsci.edu/hst/instrumentation/wfc3/data-analysis/psf
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consistent within errors. If inconsistencies are found, the fits
are reexamined and repeated, making alterations to the PSFs or
fitting parameters as needed until consistent results are
achieved.

Each fit includes three components: a PSF model to
determine the point-source magnitude of the AGN, a Sérsic
profile to model the extended bulge, and a background model.
As the errors reported in GALFIT only account for statistical
uncertainties in the flux and are therefore frequently under-
estimated (C. Y. Peng et al. 2002), we adopt an iterative fitting
approach to determine more accurate uncertainties. This is
discussed in more detail in Appendix B.3. The final best-fit
PSF magnitudes are presented in Table 2. All magnitudes
reported in this table and throughout the paper are AB
magnitudes.

3.3. Active Galactic Nuclei Variability

AGN are known to vary across a wide range of wavelengths,
with timescales that depend on the distance from the SMBH
where the emitting material is located. Higher-energy photons,
such as X-rays from the hot corona, vary on timescales of days
to weeks, whereas MIR emissions from warm dust vary over
months to years (L. F. Sartori et al. 2018, 2019). These
timescales depend on many contributing AGN properties and
can differ from one source to another. Variability in the UV is
primarily driven by instabilities in the accretion disk, changes
in the accretion rate, and changes in the neutral hydrogen
column density (NH; e.g., M.-H. Ulrich et al. 1997; J. Dexter &
E. Agol 2011; J. J. Ruan et al. 2014). Therefore, it is necessary
to examine whether any differences in the point-source
magnitudes measured with GALFIT using HST and Swift/
UVOT data are due to the source’s intrinsic variability rather
than to the improved resolution of the HST data. On timescales
of days to weeks, AGN variability in the UV is typically on the
order of 0.05–0.2 mag, increasing to 1 mag for timescales of
months to years in extreme cases (C. Ricci & B. Trakhtenbrot
2023). Large magnitude changes are usually associated with
dramatic state changes or “changing-look” AGN, which are
less common than the lower-magnitude variability expected
from the sources in this sample (e.g., S. M. LaMassa et al.
2015; M. J. Temple et al. 2023). NGC7603 has been identified
as a changing-look AGN in A. Jana et al. (2025), though no
major state changes took place over the time period of these
observations; it remained a Type 1 AGN, as determined by
long-term monitoring of the source.

As there can be anywhere from 2 to 15 months between the
Swift/UVOT and HST observations, it is necessary to
determine whether any differences seen in the point-source
magnitudes between the two datasets are due to the increased
resolution of the HST data, excluding extended features, or if
they are simply due to intrinsic variability over time.

Figure 2 shows a comparison of the differences in
magnitudes derived from Swift/UVOT and HST data,
obtained using both large-aperture photometry and GALFIT
PSF fitting. For all but one source, the GALFIT point-source
magnitude measured from HST data is smaller than that
measured from Swift/UVOT data. This is not the case for the
difference in magnitude measured from large-aperture photo-
metry, which tends to be brighter when measured with HST
data and generally shows smaller differences than those seen
in the point-source magnitudes. The exception to this is
IC 2921, the faintest source in the UV (Swift/UVOT UVM2

magnitude of 22.15), which appears brighter by ∼0.3 mag in
both GALFIT point-source and large-aperture photometry
using HST data. This suggests that differences in magnitude
here may be driven by intrinsic variability rather than by the
resolution of extended features in the HST data (which do not
appear to be present in Figure 1).
The source with the second-largest offset in UV magnitude,

both in the point-source measurement and in the large-aperture
photometry, is NGC 7603, which has a measured point-source
magnitude in the HST F225W data that is 1.06 magnitudes
fainter. However, for this source, no UVM2 data were
available for the fits in G24. Therefore, for comparison, we
estimated the UVM2 magnitude based on the SED of the best-
fit disk model found in G24. While the lack of a direct UVM2
measurement could account for some of the differences
between the derived point-source magnitude and the predicted
UVM2 magnitude, a large discrepancy between the two is also
expected because NGC7603 shows significant extended
features in the UV imaging, which are not resolved in new
UVM2 imaging, leading to contamination in the lower-
resolution data. However, as previously mentioned,
NGC7603 has shown high variability in the past, which may
contribute to some of the differences seen here as well.
We checked for potential offsets in the point-source

magnitudes caused by variability through an additional test
using the Python program GalSim (B. Rowe et al. 2014).
GalSim allows high-resolution images to be used to simulate
how they would appear at lower resolution due to telescope or
instrument effects, or to simulate the source at higher redshift.
We used HST/WFC3 UVIS data to simulate how the F225W
images would appear when observed with Swift/UVOT
UVM2, which has approximately the same central wave-
lengths (2357.65 Å and 2246.43 Å, respectively). This simula-
tion was performed by convolving a simulated Swift/UVOT
UVM2 PSF with the HST F225W image and adjusting the
pixel scale appropriately. Determining the point-source
magnitude of this simulated image, following the same
procedure as described in Section 3.2, effectively removes
any potential variability, creating a new UVOT observation
simultaneous with the HST data. The difference between the
point-source magnitude of this simulated image and that
obtained from the original HST data is shown in Figure 2.
There is good agreement between the measured point-source

Figure 2. Magnitude differences from three different photometric measure-
ments for each source. Blue squares: difference in the large-aperture
photometry of UVM2 and F225W; orange circles: difference in the GALFIT
point-source magnitude of UVM2 and F225W; green triangles: difference in
the GALFIT point-source magnitude of the F225W data and the GalSim-
simulated UVM2 data. NGC7603 compares the F225W filter with UVOT/
UVW1 instead of UVOT/UVM2, as no UVM2 data were available for this
source in K. K. Gupta et al. (2024). For all but one source, the difference in the
point-source magnitude between HST and Swift/UVOT data is larger than
that in the large-aperture photometry.
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NGC7603

UGC3478

UGC524 NGC985

VIIZw142 Mrk1044

IC2921

Figure 3. The optical/UV SEDs and Swift/XRT data fit with the XSPEC models as described in Section 3.4. Black data points and the red line show the HST data
and fit, while gray data points and the orange line show the Swift/UVOT data and fits from G24. The models fit to the HST data include a photoionization absorption
component that was not included in G24. This component affects the emission in the EUV, which is unconstrained in both datasets (shown in in gray).
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4.2. Host-galaxy Dust Extinction

One component (ZDUST) of the UV–optical SED model
accounts for the intrinsic dust extinction of the source’s
emission due to the host galaxy, quantified by the parameter
E(B − V ). The resulting host-galaxy dust extinction for each fit
is listed in Table 3, and a comparison of the best-fit extinction
with that found in G24 using the Swift/UVOT data is shown
in Figure 7. For clarity, the extinction is expressed
in magnitudes (AV) in Figure 7 rather than E(B − V ). This

Table 3
Results of XSPEC Fitting Comparing HST and Swift/UVOT

BAT ID Counterpart Name kTmax E(B–V ) log LUV log L2–10keV log LBol κ2–10keV αox

HST/ΔG24 HST/ΔG24 HST/ΔG24 HST/ΔG24 HST/ΔG24 HST/ΔG24 HST/ΔG24
(1) (2) (3) (4) (5) (6) (7) (8) (9)

1189 NGC7603 1.31/−4.6 0.28/0.03 45.47/0.18 43.56/−0.07 45.49/0.15 85.87/33.89 −1.50/0.02
335 UGC3478 9.98/8.9 0.59/0.48 43.95/1.08 42.30/0.01 43.99/0.73 49.29/40.92 −1.22/−0.10
34 UGC524 1.92/−1.8 0.26/−0.04 44.20/−0.20 42.80/0.09 44.26/−0.18 28.36/−25.21 −1.30/0.27
134 NGC985 2.43/−1.8 0.20/0.18 45.40/0.63 43.67/−0.08 45.43/0.45 57.67/41.12 −1.45/−0.13
9252 VIIZw142 5.81/1.9 0.34/0.29 45.56/1.05 43.33/0.18 45.57/0.96 172.7/145.1 −1.50/−0.08
130 Mrk1044 10.0/5.5 0.20/0.17 44.74/0.86 42.82/0.39 44.79/0.75 92.62/57.28 −1.23/0.25
549 IC 2921 3.87/3.3 0.86/0.67 45.39/1.35 42.87/0.05 45.40/1.11 336.2/307.7 −1.81/−0.67

Note. Column (1): Swift-BAT ID. Column (2): counterpart name. Column (3): maximum disk temperature of the best-fit model (eV) using HST. Column (4): dust
extinction from the best-fit model (mag). Column (5): logarithm of the UV luminosity (erg s−1). Column (6): logarithm of the X-ray luminosity (erg s−1). Column
(7): logarithm of the bolometric luminosity (Lbol = LX − ray + Luvo). Column (8): X-ray bolometric correction κ2−10keV = Lbol/L2−10keV. Column (9): αOX

determined from L2keV and L2500. The second value in each column is the difference between the best-fit value found in this work and that found in G24 using the
Swift/UVOT data.

Figure 4. Ratio of the bolometric luminosity derived from the best-fit SEDs in
this work using HST data in the UV–optical to the bolometric luminosity
from G24 using Swift/UVOT data.

Figure 5. Top: ratio of the flux of the UV/optical disk flux (1 × 10−7–0.1
keV) derived from the best-fit SEDs in this work using HST data to the best
UV/optical flux from G24 as a function of the difference in bolometric
luminosities. Bottom: same as the top, but comparing the 2–10 keV flux
derived in this work to that from G24.

Figure 6. Difference in maximum disk temperature derived from the best-fit
SEDs in this work using HST UV–optical data, compared to the maximum
disk temperature from G24 using Swift/UVOT data, shown as a function of
the ratio of bolometric luminosities between the two datasets.

Figure 7. Difference in the extinction magnitude derived from the best-fit
SEDs in this work using HST UV–optical data, compared to the extinction
magnitude from G24 using Swift/UVOT data, shown as a function of the ratio
of bolometric luminosities between the two datasets.
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conversion was performed by assuming extinction properties
similar to those of the SMC, as in G. T. Richards et al. (2003)
and P. F. Hopkins et al. (2004).

Unlike the maximum disk temperature, the extinction
magnitude derived from the HST data is larger than that
found with the Swift/UVOT data for all but one source, with a
maximum difference of 5.6 mag for IC 2921. It is interesting to
note that, for the SEDs shown in Figure 3, NGC7603 exhibits
one of the largest differences in UV emission between the HST
and Swift/UVOT data (as also seen in Figure 2), but only
shows a small change in the host-galaxy extinction
(∼0.3 mag). This highlights that the HST F225W wavelength
does not probe the UV region where the greatest change in
emission due to dust extinction occurs, emphasizing the need
for further EUV data to properly measure the extent of UV
extinction. It is also evident that the two sources with the
largest change in bolometric luminosity show the largest
increase in extinction. This underscores the importance of
contributions to the bolometric luminosity from the EUV, as
well as the NIR, where significant differences in the slope of
the SED are apparent due to the constraints added by the
inclusion of the HST F814W data point.

4.3. X-Ray to Bolometric Correction

Finally, we examine how the change from Swift/UVOT to
higher-resolution HST data affects the bolometric correction
(κλ). As in G24, we calculate the X-ray bolometric correction
as the ratio of the bolometric luminosity (Lbol = LX + Luvo) to
the intrinsic X-ray luminosity (κ2−10keV = Lbol/L2−10keV).

Figure 8 shows the change in the bolometric correction from
the 2–10 keV X-ray band as a function of the value derived in
this work. As expected, the extent of this change matches what
is seen in Figure 4, spanning ∼−0.3 to 1.0 dex. While the
exact X-ray luminosity may vary slightly due to the intrinsic
variability of the source and small differences in the fits (as
shown in Figure 5), both this work and G24 use Swift/XRT
data, and the intrinsic X-ray luminosities do not differ
significantly between the two fits. Therefore, nearly all of
the change in bolometric luminosity, and consequently in the
X-ray bolometric correction, is driven by differences in the
UV/optical luminosity between the fits using Swift/UVOT
and HST data. For two sources in our sample, we find
bolometric corrections of κ2–10keV > 100. While such values
are not unreasonable for sources with bolometric luminosities
of log Lbol ≈ 45.5, as can be seen from the bolometric
correction relations in works such as F. Duras et al. (2020),
these sources exhibit the largest deviations in both bolometric

correction and total bolometric luminosity compared to G24.
This emphasizes the inherent uncertainty in measuring
bolometric luminosities from limited datasets, as well as the
impact of model free parameters and degeneracies on the
resulting best-fit SED. To better determine AGN properties,
high-resolution imaging data, such as those from HST used in
this work, are required to effectively disentangle AGN and
host-galaxy emission. Additionally, more complete SEDs
extending into the EUV will provide vital constraints on the
extent of the disk emission, helping to break the degeneracies
between the model normalization and the maximum disk
temperature.

5. Conclusions

In this work, we present an analysis of the resolved
UV–optical SEDs for seven hard X-ray-selected AGN from
the BASS survey, utilizing high-resolution HST data. We
demonstrate the power of this dataset to more effectively
disentangle AGN emission from that of the host galaxy than is
possible with lower-resolution data, such as Swift/UVOT.
Each UV–optical SED was fit with both an accretion disk
model (DISKPN) and an extinction model (ZDUST) in
XSPEC, following the methodology used in previous studies
with Swift/UVOT data (K. K. Gupta et al. 2024).
We directly compared the HST-fitting results with those

reported for G24 and found notable differences in the best-fit
models. The two free parameters in our models that can be
directly compared to G24 are the maximum disk temperature
(kTmax) and the dust extinction of the AGN in the host galaxy
(E(B − V )). We found that the maximum disk temperature has
an average difference of 0.002 keV (maximum of 0.009 keV),
while the host-galaxy extinction shows an average difference
of AV = 2.2 (maximum of 5.7). These differences in the best-
fit models have significant impacts on additional derived
properties, such as the AGN bolometric luminosity
(Lbol = LX + Luvo), which has an average difference of 0.57
dex (maximum of 1.2 dex), leading to an average change in the
X-ray-to-bolometric correction of 0.5 dex.
While these stark differences highlight the necessity of

accurately disentangling AGN emission from that of the host
galaxy when modeling an AGN’s intrinsic properties, they also
underscore the general difficulties in modeling AGN SEDs
across different datasets and assumptions. As discussed in
Section 3, the UV–optical SEDs constructed in this work have
only three data points, which limits the available number of
parameters that can be left free in the model. In contrast, G24
fit the disk model to 4–6 data points per source, allowing the
normalization to be treated as a free parameter alongside the
disk temperature and host-galaxy extinction. In this work, we
fix the normalization using black hole mass measurements and
adopt assumptions for properties such as the inclination angle
and the color-to-effective temperature ratio. While we use
realistic and reasonable values for these assumptions, fixing
the normalization represents a key difference in the fitting
techniques between G24 and this work. The significant
differences found between the derived properties, particularly
the maximum disk temperature, are likely a combination of
differences in AGN magnitudes and fitting techniques, as G24
highlighted, due to strong degeneracies between the normal-
ization and disk temperature. It is also important to note that
the model fit to the UV data in this work includes an additional
component to account for photoionization absorption, which

Figure 8. Difference in bolometric correction (HST – UVOT) from the best-fit
SEDs of the two datasets (HST analyzed in this work and Swift/UVOT
analyzed in G24), shown as a function of the bolometric correction derived
from the HST data.
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was not included in G24. While it was found that the best-fit
parameters do not change significantly without this model,
since it primarily changes the shape of the SED in a region
without observations (0.01–0.1 keV), these types of changes to
the fitting process may also drive some of the observed
differences. Additional high-resolution EUV data would help
break these degeneracies and better constrain disk models in
the 0.01–0.1 keV range, where no observations currently exist
in either this work or G24.

Going forward, degeneracies in AGN SED modeling results
should be carefully considered, and steps should be taken to
ensure that the derived AGN properties are reported as
accurately as possible. This includes using the best available
data to isolate AGN emission and remove any extended
features in the host galaxy’s bulge, as well as simultaneously
modeling X-ray and UV/optical emission to reduce the
limitations imposed by fixed model parameters based on the
available data.
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Appendix A
Swift Data

Table A1 provides observational information for the Swift
data used throughout this work, including the Swift/XRT data
used in the fits with the HST data, as well as the Swift/UVOT
data from G24 shown in Figure 3.

Table A1
Swift Observations

BAT ID Counterpart Name Swift/XRT Swift/UVOT
(1) (2) (3) (4)

1189 NGC7603 49538059 35365002
335 UGC3478 80373001 80373001
34 UGC524 80867001 80867001
134 NGC985 89293001 36530005
925 VII Zw 142 81213002 81213003
130 Mrk1044 35760032 35760002
549 IC 2921 80057001 80057001

Note. Column (1): Swift/BAT ID (W. H. Baumgartner et al. 2013). Column
(2): counterpart galaxy name. Column (3): observation ID of the Swift/XRT
data used in the fits shown in Figure 3. Column (4): observation ID of the
Swift/UVOT data used in G24 and shown in Figure 3.
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Appendix B
GALFIT Quality Checks

Here, we describe the image decomposition fitting proce-
dure performed with GALFIT in more detail, including a
discussion of the quality of the PSFs used in the fits, the fit
residuals, and how the errors of the resulting point-source
magnitudes are estimated.

B.1. Point-spread Function

As discussed in Section 3.2, GALFIT requires a reliable
PSF to determine accurate point-source magnitudes for each
fit. We verified the quality of the PSFs used in the GALFIT
analysis by comparing them to isolated, unsaturated stars in the
same HST detector and filter configuration. Each empirical or
synthetic PSF was fit with a two-dimensional Gaussian
function to characterize its full width at half-maximum
(FWHM) and to confirm consistency with the expected
instrumental resolution. Figure B1 shows examples of these
fits for the model PSF used for WFC3 UVIS F225W and the
PSFs created from field stars for the ACS/WFC F435W and
F814W filters. Each panel displays the radial intensity profile
of the PSF, the best-fitting Gaussian model, and the
corresponding residuals. The fitted Gaussian widths agree
with the expected HST PSF FWHM values for these filters
(∼0.07–0.09), after accounting for the pixel scale and
oversampling factors applied to the PSF models. The absence
of significant asymmetries indicates that the PSFs are well
centered and properly sampled.

B.2. GALFIT Residuals

Here, we discuss the quality of the resulting fits from the
two-dimensional surface-brightness modeling performed with

GALFIT. In Figure B2, we show the observed image, the best-
fitting model, and the residual image in three filters to illustrate
the quality of the fits for each source. Each panel in Figure B2
displays, from left to right, the original HST image (“Data”),
the GALFIT model (“Model”), and the residual (“Data –
Model”) after subtraction. All images are shown on the same
spatial and intensity scales to facilitate visual comparison. The
residuals highlight the effectiveness of the fits and any
remaining nonaxisymmetric or unresolved structures. In
general, the GALFIT models reproduce the central point
source well, while the extended host morphology, which was
not the focus of this analysis, tends to exhibit larger residual
structures.

B.3. Estimating Photometric Errors

Accurate photometric uncertainties for point sources fit with
GALFIT (C. Y. Peng et al. 2002) are often underestimated,
especially in the presence of non-Gaussian noise, PSF
mismatch, or correlated pixel noise introduced by drizzling.
To obtain more realistic magnitude uncertainties for the AGN
component, we generated multiple noise realizations of the
best-fit model image and refit each realization with GALFIT.
The scatter in the recovered magnitudes provides an empirical
estimate of the photometric uncertainty that can be propagated
into subsequent SED-fitting analyses.
The procedure uses the best-fit GALFIT model image as a

noise-free baseline and adds synthetic noise derived from the
statistical properties of the observed HST drizzled image. This
produces a set of synthetic images that emulate the expected
pixel-to-pixel noise characteristics of the data while preserving
the model structure of the fitted galaxy and AGN.
Each realization is refit independently using the same

GALFIT configuration, and the resulting parameter distributions

Figure B1. Example radial profiles of the model PSF used for the F225W fits (top left) and the empirical PSFs used for the F435W (top right) and F814W (bottom
left) fits.
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are used to estimate statistical uncertainties. This approach is
conceptually similar to Markov Chain Monte Carlo (MCMC)
sampling of the posterior distribution but is implemented
through image-level noise perturbations. Figure B3 shows the
results of this MCMC-GALFIT analysis.

Appendix C
UV Light Curves

As an additional check on the role that variability may play
in driving differences in the measured point-source magnitudes
between the Swift/UVOT and HST data, we construct light
curves in the Swift/UVOT UVM2 filter for all seven AGN
using the available Swift monitoring data. The magnitudes are

measured following the steps outlined in the Swift/UVOT
data-analysis guide, using region files for the source and
background defined in SAO-DS 9. The UVM2 images were
input into the uvotsource command from the Swift
calibration database with the two region files. This is the
same methodology outlined in Section 3.1 to measure the
magnitudes used in the comparison of the large-aperture
photometry.
Figure C1 shows the amplitude of each light curve

(measured magnitude minus the mean magnitude of the entire
light curve), along with the difference in the point-source
magnitude measured from the HST F225W data and that
measured from the Swift/UVOT UVM2 data in G24. It can be
seen that, for all but one source, the light-curve amplitude is
smaller than the difference in point-source magnitudes,
indicating that the systematic difference between the Swift/
UVOT and HST point-source magnitudes presented in
Section 3 is not driven by this intrinsic variability, but is
instead consistent with differences in spatial resolution and
host-galaxy contamination. The source that shows variability
larger than the difference in AGN point-source magnitude is
also the source with the smallest difference in the measured
point-source magnitude, NGC985. For this source, it cannot be
ruled out that the difference in the measured point-source
magnitude (0.05 mag) may be driven by variability rather than
by the improved image resolution between the two datasets.

Figure B3. Results of the MCMC-GALFIT analysis used to constrain the
photometric uncertainties of the best-fit point-source magnitudes for all three
filters of UGC3478 (left: F225W; middle: F435W; right: F814W). This shows
the point-source magnitudes from 500 realizations.

Figure C1. Swift/UVOT UVM2 light curves for the all seven BASS AGN in
the sample. The light curves are constructed using large-aperture photometry
with a 5″ aperture. The difference in point-source magnitude between the HST
F255W and Swift/UVOT UVM2 data is shown as the yellow star. For all but
two sources, NGC985 and VIIZw142, the difference in measured point-source
magnitude is larger than the amplitude of the light curves.

Figure B2. Results of the fits from the GALFIT analysis. Each source is
grouped individually with a 3 × 3 grid showing the data, model, and residual
(from left to right) for each filter. Each row shows a different filter, with
F225W on the top, F435W in the middle, and F814W on the bottom. The
sources are organized as follows: NGC7603 (upper left), UGC3478 (upper
right), UGC524 (second left), Mrk1044 (second right), NGC985 (third left),
VIIZw142 (third right), and IC 2921 (bottom left).
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