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Abstract

JWST’s “little red dots” (LRDs) are increasingly interpreted as active galactic nuclei (AGN) obscured by dense
thermalized gas rather than dust as evidenced by their X-ray weakness, blackbody-like continua, and Balmer line
profiles. Key questions are how LRDs connect to standard UV-luminous AGN, whether transitional phases exist, and
whether they are observable. We present the “X-ray dot” (XRD), a compact source at z = 3.28 observed by the
NIRSpec Wide Guaranteed Time Observation survey. The XRD exhibits LRD hallmarks: a blackbody-like
(Tegr =~ 6400 K) red continuum, a faint but blue rest-UV excess, falling mid-IR emission, and broad Balmer lines
(FWHM ~ 2700-3200 km s 1). Unlike LRDs, however, it is remarkably X-ray luminous (L,_ g xev = = 10*18 erg s7h
and has a continuum inflection that is blueward of the Balmer limit. We find that the red rest-optical and blue mid-IR
continuum cannot be reproduced by standard dust-attenuated AGN models without invoking extremely steep
extinction curves, nor can the weak mid-IR emission be reconciled with well-established X-ray—torus scaling relations.
We therefore consider an alternative scenario: the XRD may be an LRD in transition, where the gas envelope
dominates the optical continuum but optically thin sight lines allow X-rays to escape. The XRD may thus provide a
physical link between LRDs and standard AGN, offering direct evidence that LRDs are powered by supermassive
black holes and providing insight into their accretion properties.

Unified Astronomy Thesaurus concepts: Active galactic nuclei (16); X-ray quasars (1821); High-redshift
galaxies (734)

1. Introduction (e.g., M. Yue et al. 2024; T. T. Ananna et al. 2024), and lack

S » ) the strong mid-infrared detections expected from a hot dust
JWST’s "little red dots™ (LRDs; J. Matthee et al. 2024) " " " ¢ ‘Williams et al. 2024: C. M. Casey et al. 2024:
H. B. Akins et al. 2025; D. J. Setton et al. 2025). Furthermore,
many LRDs exhibit strong spectral breaks near the Balmer

V. Kokorev et al. 2024; D. D. KOCGVSki et al. 2025; limit, extreme Balmer decrements (>10), and high rates of
R. E. Hviding et al. 2025). Characterized by V-shaped rest- Balmer line absorbers (>30%; 1. JuodZbalis et al. 2024;

UV-optical spectral energy distributions (SEDs) and broad J. Matthee et al. 2024; D. J. Setton et al. 2025; B. Wang et al.

are a ubiquitous population of high-redshift (z = 4) compact
sources with unique spectrophotometric properties (e.g.,

Balmer emission lines, these objects were, at least in part, 2024; F. D’Eugenio et al. 2025; A. de Graaff et al. 2025b;
initially interpreted as dust-reddened active galactic nuclei A. Torralba et al. 2026) that are difficult to reconcile with dust
(AGN; e.g., J. Matthee et al. 2024). However, LRDs attenuation models.

are notably X-ray undetected, remaining faint even in stacks A new paradigm proposes that LRDs are AGN embedded in

dense, optically thick gas rather than dust. In this “black hole
star” scenario, the red continuum originates from an optically
thick gas envelope with similarities to a stellar atmosphere,
yielding a Balmer break via absorption from collisionally excited
hydrogen populating the n = 2 level (A. de Graaff et al. 2025c;
K. Inayoshi & R. Maiolino 2025; X. Ji et al. 2025; R. P. Naidu

Original content from this work may be used under the terms 1. 2025). M dditi 1d .
BY of the Creative Commons Attribution 4.0 licence. Any further et al. ). Moreover, additional dense gas signatures are seen

distribution of this work must maintain attribution to the author(s) and the title in Balmer line profiles, including line-of-sight absorbers (e.g.,
of the work, journal citation and DOL I. Juodzbalis et al. 2024; F. D’Eugenio et al. 2025) and extended
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wings that are sometimes consistent with electron-scattering
broadening (e.g., S.-J. Chang et al. 2026; V. Rusakov et al.
2026). These features need not arise from a single component,
but instead can reflect a multiphase medium with distinct
emitting, absorbing, and scattering regions. Such gas-rich
environments can naturally suppress X-ray emission via high
column densities, although super-Eddington accretion has also
been proposed to explain the X-ray weakness of LRDs through
intrinsically steeper X-ray spectra (e.g., A. Tortosa et al. 2023;
E. Lambrides et al. 2024; P. Madau & F. Haardt 2024).

If LRDs indeed represent a phase of rapid, gas-enshrouded
accretion, they may play a central role in the mass assembly of
supermassive black holes (SMBHs) and potentially reconcile
the discovery of massive SMBHs in the early Universe
(z Z 5;e.g., K. Inayoshi 2025). However, a key open question
remains: how are LRDs linked to the well-studied population
of X-ray and UV-luminous accreting SMBHs at later cosmic
times? While stacking analyses indicate that a large fraction of
LRDs are X-ray weak, it remains unclear whether this applies
to the entire population, particularly given their relative
faintness. Alternatively, the sharp decline in the number
density of LRDs around z ~ 3 (V. Kokorev et al. 2024;
D. D. Kocevski et al. 2025; Y. Ma et al. 2025b) may suggest a
transition in accretion mode or obscuration, raising the
question of whether an intermediate evolutionary phase should
be observable as LRDs evolve into the UV-luminous quasar
population.

In the black hole star scenario, the envelope should
eventually disperse as the SMBH accretion rate exceeds that
of the gas infall (D. Kido et al. 2025). One may therefore
expect a transitionary phase where the X-rays can escape as
sight lines to the accreting black hole begin to clear. Recently,
S. Fu et al. (2025) identified two LRD candidates at z ~ 2.9,
dubbed the “Forges,” that exhibit broad rest near-IR emission
lines and a photometric V shape alongside intense X-ray,
radio, and mid-IR emission, which they suggest mark a
transitionary LRD phase with elements of both UV-luminous
quasars and LRDs. We note that Forge II was independently
reported in Z.-J. Li et al. (2025) as cid_414. However, unlike
any LRD observed to date, these sources reported by S. Fu
et al. (2025) and Z.-J. Li et al. (2025) show strong evidence for
hot dust emission. Moreover, their bolometric luminosities
(~10%ergs™") are >1 dex higher than typical LRDs
(~10%—10% erg s "), raising the question of where precisely
these objects fit into LRD evolution.

In this Letter, we present 3DHST-AEGIS-12014, hereafter
the “X-ray dot” (XRD), a compact source at z = 3.28
with a blackbody-like red rest-optical continuum (Lpo ~
5 x 10% erg s_l), broad Balmer emission lines, and a falling
mid-IR continuum, all features typically associated with
LRDs. Notably, the XRD exhibits luminous, and potentially
variable, X-ray emission. In Section 2, we present the existing
CFHT /Hubble Space Telescope (HST)/Spitzer photometric
data, NIRSpec/PRISM spectroscopy obtained as a part
of the Wide Guaranteed Time Observation (GTO) survey
(M. V. Maseda et al. 2024), and Chandra X-ray observations
used in this work. We first consider the scenario that this
source is a dust-reddened AGN in Section 3, but we show that
standard dust prescriptions fail to explain the XRD’s proper-
ties. We therefore explore the possibility that the XRD is a
late-stage LRD and discuss the implied physical conditions of
the gas in Section 4. Finally, we present our summary and
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discussion in Section 5. We assume a flat ACDM cosmology
with Q,, = 0.3 and Hy = 70kms~' Mpc ™.

2. The X-Ray Dot
2.1. Photometry

The All-Wavelength Extended Groth Strip International
Survey (AEGIS; M. Davis et al. 2007) provides a wealth of
photometry from the X-ray through submillimeter across the
Extended Groth Strip (EGS). We obtain optical through mid-
IR photometry of the XRD spanning 0.6-24 ym (CFHT
WIRCam, HST ACS and WFC3, and Spitzer IRAC and MIPS)
from the public 3D-HST photometric catalogs (G. B. Brammer
et al. 2012; R. E. Skelton et al. 2014), plotted in Figure 1 and
presented in Table 1. In addition, we find no submillimeter
detection in the SCUBA-2 Cosmology Legacy Survey and
assume a flux of zero with an error of 1.2mJy based on the
average 1o depth in the EGS (J. E. Geach et al. 2017). We note
that upcoming NOEMA observations (PI: Hviding) of the
XRD will provide deeper submillimeter constraints, further
placing constraints on the cold dust energy budget.

The source is extremely compact, with an effective radius of
r, = 0.0322 £ 070042 in F160W from the A. Van Der Wel
et al. (2012) GALFIT catalog, where it is flagged as a good fit.
Given the F160W point-spread function (PSF) FWHM of
~0.18, this size is consistent with being unresolved and
corresponds to a physical size of r, < 250 pc. We note that
the source appears marginally resolved in the rest-UV ACS
imaging (Figure 1), although a detailed morphological analysis
would require high signal-to-noise ratio (S/N) rest-UV
NIRCam imaging. Extended rest-UV emission may be
consistent with similar emission seen in other LRDs that
may arise from a host galaxy (e.g., P. Rinaldi et al. 2025;
A. Torralba et al. 2026).

2.2. JWST NIRSpec Spectroscopy

The NIRSpec Wide GTO survey (M. V. Maseda et al. 2024)
is a 100hr Cycle 1 program providing shallow low-
(R ~ 100) and high-resolution (R ~ 2700) NIRSpec
microshutter assembly (MSA) spectroscopy across all five
CANDELS fields, with a target selection primarily based on
the 3D-HST catalogs. The XRD (3DHST-AEGIS-12014,
WIDE-EGS-8949) was targeted with the highest priority
(Priority Class 1) because of its high X-ray luminosity. The
obtained PRISM, G235H, and G395H spectra have total
exposure times of 40, 27, and 29 minutes, respectively. We use
the reduced NIRSpec MSA spectra from version 4.4 of the
public DAWN JWST Archive (DJA; G. Brammer & F. Vale-
ntino 2025), processed with msaexp (G. Brammer 2023)
following the methodology described in K. E. Heintz et al.
(2025) and A. de Graaff et al. (2025a). The 1D spectra were
extracted using optimal extraction (K. Horne 1986), with a
kernel used to correct for wavelength-dependent slit losses
based on the source position.

We show the PRISM spectrum of the XRD in Figure I
alongside a typical LRD with a strong Balmer break at similar
redshift from the RUBIES survey (RUBIES-UDS-144195;
A. de Graaff et al. 2025a). We also show the STScl composite
quasar template derived from D. E. Vanden Berk et al. (2001)
and E. Glikman et al. (2006) as both unobscured and obscured
by an SMC dust law (K. D. Gordon et al. 2003). Although the
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Figure 1. Overview of observations for the XRD. Top panels present the space-based imaging compiled from the 3D-HST survey from HST and Spitzer, the red,
green, and blue composite from HST, and the hard and soft X-ray cutouts from Chandra. HST/Spitzer panels show the 4” x 4” cutout in the band, magnitude, and S/
N, whereas the Chandra panels show 8” x 8" cutouts. The bottom panel compares the XRD photometry and scaled NIRSpec/PRISM spectrum (black) to an LRD

with a similar rest-optical continuum (RUBIES—UDS—144195; red) and to the STSc

I composite quasar spectrum derived from D. E. Vanden Berk et al. (2001) and

E. Glikman et al. (2006) shown unattenuated (blue) and extincted (purple; Ay = 1.37) by an SMC-like dust law (K. D. Gordon et al. 2003). Comparison spectra are

normalized to the XRD scaled spectrum at rest 5500 A

XRD shares similarities with both populations, such as the red
rest-optical continuum of LRDs, it also exhibits distinct
differences in its spectral shape and mid-IR properties, which
we discuss in detail in Section 3. Comparing the spectrum to
the photometry, we find that the PRISM spectrum is a factor of
0.75 fainter. This discrepancy may arise from a combination of
factors: (1) the HST-based astrometry may limit the pointing
accuracy and hence the applied slit-loss correction, (2) the slit-
loss correction itself may carry systematic uncertainties, and
(3) given that the source has weak evidence for X-ray
variability (Appendix A), we may expect some variability in
the rest-UV /optical over the ~decade time baseline between
the HST and JWST observations. We apply this correction
throughout this work where noted, but we emphasize that
NIRCam observations of this source will be critical to robustly
anchor the fluxes.

We perform emission-line fitting using unite (R. E. Hviding
2025), which fits the PRISM, G235H, and G395H spectra
simultaneously. This approach accounts for the wavelength
dependence and undersampling of the line-spread function
(LSF) across the different dispersers. We model all emission
lines with a narrow component sharing a common width. For
permitted transitions, we test additional broad components
using Gaussian, Lorentzian, and exponential profiles.

In short, we find clear evidence for broad (FWHM ~
2500-3200km s~ ', depending on the assumed line profile)
Balmer and Paschen lines (Figure 2). Notably, the
broad emission lines are significantly better fit by Lorentzian
or exponential profiles compared to a Gaussian profile
(see Figure2 and Appendix B), consistent with the non-
Gaussian line profiles observed in LRDs with high-quality
spectroscopy (e.g., I. Labbe et al. 2024; A. de Graaff et al. 2025c;
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Table 1
X-Ray Dot Measurements
Position
z=13.278
14"20™473498+53°02'32'83
Photometry

Band Flux Error

(udy) (dy)
HST ACS F606W 0.044 0.011
HST ACS F814W 0.064 0.017
HST WFC3 F125W 0.169 0.015
HST WFC3 F160W 0.430 0.018
CFHT WIRCam J —0.043 0.093
CFHT WIRCam H 0.35 0.12
CFHT WIRCam K| 1.22 0.15
Spitzer IRAC Ch. 1 2.885 0.064
Spitzer IRAC Ch. 2 3.477 0.070
Spitzer IRAC Ch. 3 4.62 0.72
Spitzer IRAC Ch. 4 3.62 0.70
Spitzer MIPS 24 um 44 5.1

X-Ray Analysis

Parameter Measurement Error
Exposure time (s) 7.729 x 10°
Aperture counts (counts) 205.0 14.2
Background counts (counts) 15.818 0.460
Net counts (counts) 189.182 14.325
Rate (0.5—7 keV) (counts s ') 246 x 1074 0.19 x 107*
fos—7 kev (ergs™! cm?) 27 x 1071 02 x 1071
Power-law Index (I") 1.8 0.2
Ny (XRD) (cm™?) 2.4 x 10* 2.0 x 10*?
Ly_10kev (Int.) (ergs") 1.51 x 10% 0.24 x 10%
Cash statistic (dof = 441) 3213

V. Rusakov et al. 2026; A. Torralba et al. 2026). Appendix B
further details the model used and also provides the recovered
fluxes, rest equivalent widths (EWs), and kinematics.

2.3. X-Ray Data

XDEEP2 (A. D. Goulding et al. 2012) provides Chandra
ACIS data from which this source’s spectrum was extracted.
We stack the multiepoch data and perform a basic spectral
fitting in XSPEC (K. A. Arnaud 1996) using an attenuated
power-law model accounting for foreground Milky Way
absorption. The X-ray spectral analysis reveals a rather typical
AGN X-ray spectrum: an intrinsic rest-frame 2-10keV
luminosity of ~10*ergs™' with a typical intrinsic power-
law slope of I' = 1.8 and moderate attenuation Ny ~
10*cm 2. This places the source near the conventional
boundary between unobscured (type 1) and obscured (type 2)
X-ray AGN (R. C. Hickox & D. M. Alexander 2018). This
high luminosity, combined with moderate evidence for X-ray
variability (see Appendix A), unambiguously identifies the
source as an AGN (W. N. Brandt & D. M. Alexander 2015).
We compare the X-ray scaling relationships of the XRD to
other AGN and LRD populations in Figure 3, which we
discuss in detail in Section 3. Results from the XSPEC X-ray
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Figure 2. Zoom-in on the Ha emission line in the PRISM (top) and G235H
(bottom) spectra. The observed data are shown in black, with 1o uncertainties
in gray. We overplot the best-fit unite models using a Gaussian narrow plus
different broad-line profiles: Gaussian (red), exponential (orange), and
Lorentzian (yellow). The fit strongly prefers exponential and Lorentzian
profiles, suggesting extended wings.

analysis are provided in Table 1, whereas additional details of
the X-ray data and analysis are provided in Appendix A.

3. A Dust-reddened AGN?

The XRD has unambiguous signatures of SMBH accretion,
exh1b1t1ng both a high X-ray lumlnos1ty (Lo_10kev ~
10* ergs "y and broad Balmer emission lines (FWHM ~
2700-3200 km s~ '). In further, albeit tentative, support of a
typical AGN origin, the rest-UV spectrum reveals emission
from C1V and C1i], detected at 2.30 and 6.20 significance
with measured EWs of 25 and 43 A, respectively (Table B1).
Such high-ionization lines are typically observed in AGN but
are rare in LRDs with a few notable exceptions (e.g.,
H. B. Akins et al. 2025; I. Labbe et al. 2024). Although C III]
emission can originate from star formation, significant C1V is
challenging to produce via stellar photoionization processes
alone (M. Hirschmann et al. 2019), potentially favoring an
AGN origin despite the modest significance of the detection.
We also search for Mg I, but the line falls at the minimum of
the PRISM’s wavelength-dependent resolution, precluding a
robust detection.

However, other features of the XRD appear remarkably
LRD-like and distinct from typical dust-obscured quasars
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Figure 3. Top: the rest-frame SED of the XRD (black) compared to RUBIES-BLAGN-1 (green; B. Wang et al. 2025) and Forge I and II (cid_414; red and blue,
respectively; S. Fu et al. 2025; Z.-J. Li et al. 2025). Bottom Left: L, v VS. Lysoo4 for the XRD, the Forges, and the X-ray upper limits for LRD nondetections from
M. Yue et al. (2024; gray triangles). The XRD and Forge sources lie well above the standard z ~ 0-3 AGN relation (M. Chira et al. 2026), indicating that they are
X-ray luminous for their UV emission. Applying a dust correction (Section 3.3) to the XRD, along with the corrections for the Forges in S. Fu et al. (2025), brings all
three sources closer to the relation. Bottom right: comparison of X-ray and Ha luminosity. The measured XRD properties follow the relation for z < 0.4 unobscured
AGN (C. Jin et al. 2012), but correcting the Hor luminosity for dust in the same manner as L,so9 A produces an Ho luminosity that is overluminous for its X-ray

emission.

(Figure 1). Specifically, the XRD has blue mid-IR colors
indicative of a falling continuum, which differs from obscured
quasars that typically show enhanced mid-IR emission from a
hot dust torus. Instead, the XRD shares the steep red rest-
optical continuum characteristic of LRDs, though its spectral
inflection point occurs blueward of the Balmer limit
(~2000 A), unlike typical LRDs (D. J. Setton et al. 2025;
A. de Graaff et al. 2025b).

Nevertheless, the X-ray luminosity stands in stark contrast
to its comparatively weak rest-UV emission, indicating that the
central AGN engine must be subject to significant obscuration.
In this section we aim to assess whether the XRD can be
explained as a dust-reddened AGN. We first place the XRD in
the context of empirical X-ray scaling relationships. We then
test whether a dust-reddened AGN model can reproduce the
broadband SED and the rest-optical spectrum, without
violating the X-ray observations, mid-IR constraints, or typical
dust laws for galaxies and AGN.

3.1. X-Ray Scaling Relationships

In the bottom half of Figure3, we compare the XRD’s
intrinsic (i.e., absorption-corrected) X-ray properties to
standard AGN scaling relationships. The XRD is significantly
more X-ray luminous than the upper limits for LRDs (M. Yue
et al. 2024), and its X-ray luminosity is therefore comparable
to that of the “Forges” objects (S. Fu et al. 2025) that were
recently proposed to be transitionary sources between
LRDs and quasars. Unlike the Forges, however, the XRD
lacks the mid-IR rise attributed to dust emission seen for those
sources.

All three sources lie above the standard Lx—Lyy relation
(M. Chira et al. 2026), indicating that they are remarkably
X-ray luminous given their observed UV emission. Applying a
dust correction based on spectral continuum fitting
(Section 3.3) to the UV luminosity would bring the source
onto this relation, but applying the same correction to the Ha
luminosity would move it below the Lx—Ly, relation for
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decomposed into their AGN (dashed) and stellar (dotted) components, along with the scaled residuals. The bottom panel compares the models, scaled and convolved
to the PRISM resolution, to the PRISM spectrum; note that the models are not fit to the spectral data. In order to explain the X-ray luminosity, both models require a
strong AGN component. However, to minimize discrepancy with the relatively weak mid-IR flux, CIGALE heavily obscures the AGN component, requiring an
evolved stellar population to dominate in the rest-optical, inconsistent with the spectrum. AGNFitter, on the other hand, is able to fit the rest-optical spectrum with an

AGN, but it substantially overpredicts in the mid-IR.

unobscured AGN (C. Jin et al. 2012), which it currently
follows. This tension implies either that the broad-line and
continuum regions are subject to different levels of obscuration
(i.e., the broad-line region is less obscured) or that these high-
redshift sources deviate from local scaling relationships, which
are themselves susceptible to selection effects and intrinsic
scatter.

It is also instructive to compare the XRD’s bolometric
output to its intrinsic X-ray luminosity: kx = Lyo/Lo—10 kev-
We integrate our submillimeter through X-ray observations
to estimate Ly =~ 5 x 10%ergs™', implying kx ~ 3.3.
Alternatively, we can infer L from the Ha luminosity using
empirical scalings: adopting a canonical J. E. Greene & L. C. Ho
(2005) calibration gives kx ~ 18, whereas adopting the LRD
motivated calibration from J. E. Greene et al. (2026) gives
kx =~ 2.1. The latter is much closer to the direct SED-based
estimate, and together these estimates suggest that the XRD is
X-ray bright for its bolometric output when compared to typical
AGN at similar luminosities (Figure 4: F. Duras et al. 2020), the

opposite of what is observed in some high-z samples, which are
typically X-ray weak (e.g., R. Maiolino et al. 2025).

3.2. SED Fitting

We use two SED fitting routines to test across AGN
model implementations: CIGALE (D. Burgarella et al. 2005;
S. Noll et al. 2009; M. Boquien et al. 2019; G. Yang et al.
2020) and AGNFitter (G. Calistro Rivera et al. 2016;
L. N. Martinez-Ramirez et al. 2024). Both models are fit
using only the photometry described in Section 2.1, as well as
the X-ray constraints on L, — 10keV and I' detailed in
Section 2.3. The full SED models are shown in Figure 4 and
are decomposed into their respective stellar and AGN
components. In addition, by convolving the model with the
wavelength-dependent LSF of the PRISM and multiplying the
models by the measured spectroscopic scale factor, we also
compare the predicted model SED to the NIRSpec spectrum,
although we stress that the spectrum was not used in the fitting
itself.
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We adopt this photometry-only approach to keep the SED
constraints focused on the broadband energy budget and the
implied X-ray-to-mid-IR scaling relations, rather than on
achieving an optimal fit to the densely sampled rest-optical
continuum in the PRISM data. Including the spectrum directly
in the likelihood would strongly up-weight the rest-optical
regime relative to the sparsely sampled mid-IR and X-ray
constraints, potentially driving the fit toward models that
reproduce the detailed continuum shape, although they fail to
satisfy the global SED properties. We therefore use the
spectrum as an external consistency check on the SED models
and perform dedicated spectral modeling in Section 3.3.

3.2.1. CIGALE

CIGALE is able to model the XRD photometry from the
X-ray through the submillimeter and is designed to account for
the energy balance for any dust-attenuated stellar components.
We use CIGALE with the 1. E. Lépez et al. (2024) X-ray
prescription, which implements the Lx—L;> ,m scaling rela-
tionship from P. Gandhi et al. (2009), alongside the SKIRTOR
(M. Stalevski et al. 2012, 2016) AGN models. Briefly, for the
galaxy component we use a delayed-7 star formation history,
the G. Bruzual & S. Charlot (2003) stellar population models,
the D. Calzetti et al. (2000) dust attenuation law, and the
THEMIS (A. P. Jones et al. 2017) dust emission prescription.
We provide the full details and results of our CIGALE SED
fitting in Appendix C and Table Cl1.

The best-fitting CIGALE model (Figure4) explains
the red rest-optical continuum as dominated by an older
stellar component (fyee ~ 1 Gyr; M, ~ 2.5 X 1010M@) that is
moderately dust attenuated (Ay ~ 0.5). However, to maintain the
P. Gandhi et al. (2009) scaling relationships between the X-ray
and mid-IR, the model heavily suppresses the AGN contribution
in the optical through mid-IR with a torus with a high covering
fraction (fopen == 55°—85°; fopen = 90° is unity covering fraction)
with a direct view through the torus (i & 50°-90°; i = 0° is face-
on). The resulting torus geometry effectively hides the hot dust
components at the inner torus radii, preventing the significant
mid-IR emission. Although this produces a good fit to the
photometry, the resulting stellar-dominated model is strongly in
tension with the PRISM spectrum owing to the lack of a 4000 A
break and emission lines.

3.2.2. AGNFitter

AGNeFitter is primarily designed for fitting the SED of AGN
and is well suited for measuring AGN properties and
determining the level of obscuration. It achieves this by
decomposing the SED into four physical components: an
accretion disk, a hot dust torus, a stellar population, and cold
dust in star-forming regions. We utilize the M. J. Temple et al.
(2021) accretion disk models, SKIRTOR torus models,
G. Bruzual & S. Charlot (2003) stellar population models,
and C. Schreiber et al. (2017) starburst models. The X-ray
emission is linked to the mid-IR (6 pm) luminosity using the
relation from D. Stern (2015).

As shown in Figure 4, AGNFitter is able to reproduce the
red optical continuum with a reddened AGN component. In
particular, the fit reproduces the PRISM spectroscopy quite
accurately, including the strength of most hydrogen emission
lines, without being fit directly to these data. However, the
model predicts a significant hot dust torus component in the
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mid-IR to maintain the X-ray-to-mid-IR relation. This
predicted mid-IR emission significantly exceeds the observed
Spitzer fluxes, with a 4.40 and 6.2¢0 discrepancy in IRAC
Channel 4 and MIPS 24um, respectively (combined 7.60),
indicating that the reddening mechanism in the XRD does not
produce the expected thermal reemission associated with a
wide grid of torus models. We provide the full details and
results of our AGNFitter SED fitting in Appendix C.

3.3. Spectral Continuum Fitting

The SED fitting analysis indicates that if the XRD is a dust-
reddened AGN, its dust properties fall outside of the parameter
range considered in standard SED fitting codes. We therefore
also follow the empirical approach of Y. Ma et al. (2025a), to
determine which extinction law would be needed in order to
explain the XRD as a reddened, intrinsically UV-luminous
AGN. We adopt the double power-law AGN continuum model
from M. J. Temple et al. (2021) as the intrinsic spectrum. This
intrinsic continuum is then attenuated using the flexible
attenuation law of S. Noll et al. (2009), which allows for a
variable slope and extinction. We also include an unattenuated
reflection component to account for the UV upturn in the
spectrum. We fit this model to the PRISM spectrum, masking
out the regions around strong emission lines (HG, [O 111], Ha,
and Paf).

The best-fit model, shown in Figure 5, provides a good
description of the rest-UV-optical continuum spectrum
(X,Z/ = 2.53). However, this fit requires a high extinction of
Ay ~ 1.8mag and an extremely steep extinction curve.
Following A. de Graaff et al. (2025c), we quantify the
steepness of the attenuation curve using the optical slope,
defined as the ratio of the attenuation at 3500 and 5500 A
(A3500/As500)- As shown in the right panel of Figure5, the
required optical slope for the XRD is substantially steeper than
standard laws for the Milky Way, LMC, SMC, and typical
galaxy populations (D. Calzetti et al. 2000; K. D. Gordon
et al. 2003). It is also significantly steeper than the average
extinction curves derived for AGN (e.g., R. Maiolino et al.
2001; B. Czerny et al. 2004; C. M. Gaskell et al. 2004), which
are typically shallower than the SMC law.

Such a combination of a steep optical slope and high
attenuation is physically difficult to explain with dust; that is,
systems with more extinction typically exhibit grayer attenua-
tion curves. Although AGN with extreme attenuation curves
are known, they are typically found in the rare iron low-
ionization broad absorption line quasar (FeLoBALQ) popula-
tion, which, unlike the XRD, exhibit broad UV absorption
lines, show high X-ray column densities, and still show mid-IR
excesses (K. M. Leighly et al. 2014; C. M. Krawczyk et al.
2015; K. M. Leighly et al. 2025). Therefore, the location of the
XRD in this parameter space of high Ay, and steep slope is
therefore highly unusual and potentially inconsistent with a
dust screen scenario.

The Balmer decrement (Hoa/H/) provides an independent
constraint on whether the red continuum can be explained by
dust extinction. For our statistically preferred broad-line
profile models (Lorentzian and exponential), the narrow-line
Balmer decrement is consistent with case B recombination
within the uncertainties (Table B1), suggesting little reddening
in the narrow-line region and/or host galaxy. In contrast,
the measured broad-line decrement (9.5 £ 0.5) is strongly
elevated, potentially indicative of heavy nuclear dust
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Figure 5. Following the approach of Y. Ma et al. (2025a), we attempt to model the PRISM spectrum of the LRD assuming that it is dominated by a dust-extincted,
intrinsically UV-luminous AGN. We attenuate the M. J. Temple et al. (2021) AGN—power-law continuum using a flexible S. Noll et al. (2009) attenuation law plus
an unattenuated reflection component. The left panel shows the best-fit attenuated AGN model (orange) decomposed into the intrinsic (blue), reflected (cyan), and
extincted (red) components. The right panel compares the derived extinction parameters to typical galaxy populations (J. Chevallard et al. 2013; S. Salim et al. 2018),
the LMC and Milky Way (K. D. Gordon et al. 2003), standard dust laws (D. Calzetti et al. 2000; K. D. Gordon et al. 2003), and averages from local AGN populations

(R. Maiolino et al. 2001; B. Czerny et al. 2004; C. M. Gaskell et al. 2004).

obscuration. However, estimating a dust extinction from this
value is not straightforward, as intrinsic broad-line Balmer
decrements are not expected to follow case B: local unobs-
cured AGN often show enhanced intrinsic broad-line decre-
ments up to 4.2 (X. Dong et al. 2008), with models predicting
values up to ~5 (K. T. Korista & M. R. Goad 2004), plausibly
due to high gas densities and optical depth effects. Thus, while
the intrinsic baseline is uncertain, the elevated broad-line
decrement remains formally consistent with a nuclear dust
obscuration scenario.

Nevertheless, these discrepancies, namely the extreme dust
properties required to explain the reddened rest-optical yet
weak mid-IR emission, mirror the arguments presented in
Y. Ma et al. (2025a) and A. de Graaff et al. (2025¢) against a
pure dust interpretation for LRDs.

4. Gas-dominated Reddening?

The high X-ray intrinsic luminosity of the XRD (L, 19 kev ~
10*ergs ') at face value implies a correspondingly high
intrinsic UV luminosity. As demonstrated in Section 3, typical
dust attenuation scenarios fail to reconcile this intrinsic emission
with the observed red rest-optical continuum without invoking
extreme dust properties. We therefore explore the alternative
scenario proposed for the LRD population: that the intrinsic UV
continuum is reddened by dense, optically thick gas (e.g., A. de
Graaff et al. 2025c¢; K. Inayoshi & R. Maiolino 2025; X. Ji et al.
2025; D. Kido et al. 2025; R. P. Naidu et al. 2025).

4.1. The XRD in Context of the LRD Population

Following A. de Graaff et al. (2025b), we decompose the
PRISM spectrum into a modified blackbody (f, x v "B, or
equlvalently fr x A7By) representing the thermahzed gas
emission and a power law to reproduce the UV (fy oc A %), This
simple model provides an excellent description of the XRD’s
spectral shape (T ~ 6400K; 5 ~ —1), capturing both the
steep red continuum and the UV upturn. However, the derived
Ogp = —1 indicates a continuum shape that is broader than a
single-temperature blackbody, which, although consistent with

typical LRDs, argues against the emission arising from a
single, purely thermal component.

We compare the XRD’s modified blackbody parameters and
emission-line EWs and luminosities with the sample of LRDs
and broad-line AGN from A. de Graaff et al. (2025b) and
R. E. Hviding et al. (2025) in Figure 6 (for reference, the
modified blackbody decomposition is shown in Figure 7).
Regardless of the assumed broad-line profile (Gaussian,
Lorentzian, or exponential), the XRD consistently falls within
the region traced by the LRD population (A. de Graaff et al.
2025Db).

Specifically, the XRD exhibits an extreme Balmer decre-
ment (Ha/HB ~ 10; Figure 6, top middle), comparable to that
seen in the LRD population (A. de Graaff et al. 2025b) and
consistent with originating from dense gas environments
(Z. Yan et al. 2025). It also has a very large Ha EW
(EWha ~ 550-620 A) and is unusually Ha luminous for its
absolute UV magnitude, lying even farther from the standard
AGN relation than the typical LRDs (Figure 6, right). More-
over, we detect strong OI1A8446 (Table B1l) emission that
follows the Ly,—Lop scaling relation in A. de Graaff et al.
(2025b), implying high-density, optically thick gas (Figure 6,
bottom middle). Finally, the XRD tracks LRD-specific trends
such as the correlation between Ha luminosity and blackbody
luminosity, further supporting its association with the gas-
enshrouded LRD class (Figure 6, bottom left).

4.2. A Late-stage LRD?

The fact that the UV—optical spectral properties of the XRD
closely resemble those of the LRD population raises major
questions regarding the physical conditions of the gas surround-
ing the central engine. Recent efforts to model LRDs (e.g., A. de
Graaff et al. 2025¢; X. Ji et al. 2025; H. Liu et al. 2025;
R. P. Naidu et al. 2025; A. J. Taylor et al. 2025) all invoke a
dense gas envelope that is Compton thick, forming a key
argument in explaining their observed X-ray weakness. More-
over, these models give rise to a dominant thermal component in
the rest-frame optical, well approximated by a ~5000K
blackbody (A. de Graaff et al. 2025b; H. Umeda et al. 2026),
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Figure 6. Comparison of the XRD to the population of LRDs (dark gray) and non-LRD broad-line objects (light gray) from A. de Graaff et al. (2025b) based on
emission-line and modified blackbody fitting. Colors correspond to the assumed line profile of the broad component: red for Gaussian, orange for exponential, and
yellow for Lorentzian. Top left: blackbody temperature vs. luminosity; top middle: Balmer decrement vs. Ha luminosity; top right: Ha luminosity vs. UV
magnitude; bottom left: Ho luminosity vs. blackbody luminosity; bottom middle: O I A8446 luminosity vs. Ha luminosity; bottom right: Ha EW vs. UV power-law
slope. The XRD generally lies in regions occupied by LRDs, apart from not non-LRD broad-line galaxies, and on the relations derived in A. de Graaff et al. (2025b).

while simultaneously producing strong Balmer breaks and high
intrinsic Balmer decrements.

The XRD differs from these models in three key respects: it
is X-ray luminous, its UV—optical SED is broader than a
single thermal component, and its continuum turnover occurs
blueward of the Balmer limit. Motivated by this, we explore
whether a dense envelope can still dominate the observed UV
—optical emission while permitting X-rays to escape. We
adopt a patchy, multiphase gas envelope with a subunity
covering fraction, which can be physically interpreted as a
dynamically unstable, transitional configuration. In this
picture, optically thick regions thermalize and shape the UV
—optical spectrum, whereas optically thin channels provide
direct sight lines to the compact X-ray source.

In such a transitional, anisotropically clearing geometry,
the relatively modest T ~ 5000-7000 K inferred for the
reprocessed continuum can be understood as an effective
photospheric temperature of the dominant reprocessing layer: a
Compton-thin line-of-sight column does not preclude sub-
stantial reprocessing at other angles or larger radii, and as the
envelope disperses, the photosphere may recede such that the
color temperature evolves only weakly. We note, however,
that recent work suggests that hotter (7o ~ 10* K) phases may
naturally arise once the envelope becomes unstable or

begins to disperse (e.g., D. Kido et al. 2025), highlighting that
dedicated radiative-hydrodynamic modeling will be needed to
predict the time-dependent temperature evolution. Although
idealized, such a short-lived phase could plausibly be observed
given the abundance of LRDs (~0.5arcmin % V. Kokorev
et al. 2024) and their small inferred lifetimes (~10Myr;
A. D. Santarelli et al. 2026; M. C. Begelman & J. Dexter 2026).

Although idealized, such a short-lived phase could plausibly
be observed given the abundance of LRDs (~0.5 arcmin *;
V. Kokorev et al. 2024) and their small inferred lifetimes
(~10Myr; A. D. Santarelli et al. 2026; M. C. Begelman &
J. Dexter 2026).

To explore the properties of such an envelope, we use the
theoretical spectral templates of H. Liu et al. (2026), which
update the models in H. Liu et al. (2025). Emission features of
the model spectra are mainly determined by the effective
temperature and the atmosphere density, the latter parameter-
ized by log(g). The spectral similarities between the XRD
and LRDs motivate us to start from a single template of
T = 5000K and log(g) = —2.0 that well describes the
optical-to—near-IR SED of LRDs such as UNCOVER-45924
(I. Labbe et al. 2024). However, this model fails to fit the XRD
continuum, producing an overly narrow and red SED. This
calls for an additional, bluer emission component, as already
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Figure 7. Modeling the XRD continuum as emission from a dense gas envelope. Top: following A. de Graaff et al. (2025b), we perform a phenomenological fit
decomposing the spectrum into a modified blackbody (magenta dashed), representing the thermalized gas emission, and a UV power law (pink dashed). This simple
model provides an excellent description of the continuum of the XRD. Bottom: a physical fit (blue) combining two T = 5000 K low-density gas atmosphere
models with different densities, log(g) = —3.5 (cyan dashed) and log(g) = —2.0 (purple dashed), that are attenuated by SMC dust (Ay ~ 0.6) plus a UV power law

(pink dashed). The residuals for both fits are shown in the upper subpanels.

suggested by the high T.; and Ogg ~ —1 in our modified
blackbody fit.

We then test whether a hotter component could provide the
required blue emission by adding templates with higher T at
comparable or higher log(g). However, these models introduce
a pronounced Balmer break that is not present in the NIRSpec/
PRISM spectrum. We instead vary the atmosphere density:
lower-log(g) templates naturally produce bluer continua
without invoking higher temperatures. In Figure 7 (bottom),
a combination of two T = 5000 K components at different
densities (log(g) = —3.5 and log(g) = —2.0) reproduces the
broad, blue rest-optical SED while maintaining a weak Balmer
break, after attenuation by moderate SMC-like dust (Ay ~ 0.6).
We invoke an unattenuated power law to produce the rest-UV
that could arise from the host galaxy, an AGN accretion disk,
or a combination of both.

We interpret this fit as evidence for a patchy, multiphase gas
envelope surrounding the black hole. In this picture, the blue
emission and suppressed Balmer break in the low-density

10

component (log(g) = —3.5) are a consequence of scattering-
dominated radiative transfer. We caution, however, that the
solution requires fine-tuning the density to avoid an inverse
Balmer break and still necessitates some dust attenuation.
Moreover, the H. Liu et al. (in preparation) framework
assumes an optically thick medium (7 > 1) and may therefore
not capture the true physical state of the XRD if it is
transitioning between optically thick and optically thin.
Nevertheless, this exercise highlights that the dense, optically
thick atmosphere conditions inferred for typical LRDs (where
the model assumptions are more likely to be valid) struggle to
reproduce the XRD SED, pointing to lower densities as a
potential path forward.

Finally, we note that S. Fu et al. (2025) recently proposed a
similar qualitative picture for the Forges, two X-ray-luminous,
compact red sources. However, the XRD differs from these
objects in important ways: we do not find evidence for hot dust
out to rest-frame 5 um (Figure 3), the optical luminosity is
comparable to that of typical LRDs, and the host galaxy is
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faint. Therefore, if truly reddened by gas rather than dust, the
XRD offers a crucially different scenario for the late-stage
phase of LRDs.

5. Summary and Discussion

The XRD presents a unique set of properties that challenge
standard classification. Although its high X-ray luminosity
Lo_10kev 2 10 erg s " and spectral shape (I' ~ 1.8) would
normally unambiguously identify it as a typical AGN, it shares
striking similarities with the LRD population. Specifically, it
exhibits a V-shaped spectral continuum with blackbody-like
emission, non-Gaussian broad lines with significant wings, and
weak mid-IR emission in conflict with the existence of a hot
dust torus. However, a key distinction in the UV —optical SED
remains: the spectral inflection point lies blueward of the
Balmer limit, rather than at or redward of the Balmer limit as is
typical of LRDs (A. de Graaff et al. 2025b).

We have systematically explored whether the properties of
the XRD can be explained by dust obscuration. However,
standard dust models fail to reproduce the observed SED
without invoking a combination of extremely steep attenuation
curves at high dust extinction that are inconsistent with those
observed in local galaxies or AGN. Dust-obscured AGN
models also require hot dust components that are incompatible
with the observed Spitzer photometry based on typical AGN
scaling relations. Although hot-dust-deficient quasars have
been observed in X-ray AGN surveys (H. Hao et al. 2010),
they are typically UV-luminous. The fact that the narrow-line
Balmer decrement is consistent with case B recombination
implies that the obscuration is primarily nuclear. This would
necessitate a nuclear dust component, which typically
produces strong hot dust emission, and is therefore in tension
with the absence of IR emission in a hot-dust-deficient quasar
interpretation. Although we cannot strictly rule out exotic dust
scenarios for this single source without further data, for these
reasons we do not prefer attributing the XRD’s properties to a
dust-obscured AGN.

Alternatively, we attempt to describe the continuum as arising
from a dense gas envelope, consistent with the black hole star
scenario proposed for LRDs. We find that such a gas-reddened
model can approximately reproduce the correct spectral shape,
but it requires fine-tuning the densities of at least two optically
thick components. This suggests that the XRD may reside in a
physical regime not well captured by current static atmosphere
models that assume high optical depths (7 > 1). The XRD may
therefore represent an object in transition, where the gas
envelope is multiphase and the optical depth is intermediate
between the optically thick limit of atmospheric models and the
optically thin limit of photoionization codes like
cloudy (C. M. Gunasekera et al. 2025). Nevertheless, it
remains a challenge to envision a configuration in which the
optical emission is still dominated by an optically thick
envelope while allowing optically thin sight lines to the
compact X-ray source, yet simultaneously preventing UV
emission from leaking out from the accretion disk. This tension
could be resolved by moving from spherical symmetry to
nonspherical or clumpy geometries that allow direct views of
the X-ray corona while maintaining high reprocessing of the
accretion disk emission. However, keeping the envelope at
T ~ 6000 K despite emerging Compton-thin sight lines may
also be difficult since the temperature of the envelope may be
expected to exceed ~10* K as it disperses (D. Kido et al. 2025).
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If the XRD is indeed an object in transition, it offers a unique
laboratory to study the nature of LRDs. Future observations will
be critical to test this hypothesis. JWST/MIRI spectroscopy and
imaging are therefore crucial to characterize the mid-IR dust
emission and to determine whether a hidden hot dust component
exists, whereas upcoming NOEMA observations (PI: Hviding)
will constrain the cold dust budget. Although tentative X-ray
variability supports the transitionary hypothesis, continued
X-ray monitoring is required to confirm this, whereas NIRCam
imaging would provide constraints on any long-term rest-optical
changes.

Crucially, if the rest-optical continua of LRDs are indeed
dominated by dense, optically thick gas envelopes and the
Balmer emission lines are broadened primarily by scattering
processes, as opposed to gravitational motions, then there
remain no direct pieces of observational evidence that the
luminosities of LRDs are powered by accretion onto an
SMBH. Confirming the XRD as a transitionary LRD would
provide smoking-gun evidence for SMBH accretion at the
center of at least some fraction, if not all, of this population.
Furthermore, the optically thin sight lines down into the
central engine of the XRD should exhibit more short-
timescale variability than the rest of the LRD population
and therefore offer critical constraints on the accretion
physics and even black hole masses of the entire LRD
population.
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Appendix A
X-Ray Modeling

We utilize the Chandra ACIS data from the DEEP2 survey
(A. D. Goulding et al. 2012). The source was observed
between dates 2005 March 24 and 2008 June 23 for a total of
29 individual observations. Photons were extracted following
the procedure outlined in A. D. Goulding et al. (2012) of the
astrometry-corrected merged Level 2 events file and from a
circular aperture with radius consistent with the 90% encircled
energy fraction of the combined PSF. The background region
was contemplated from an annulus with an inner radius of
1.3 x the PSF radius and an outer radius of 5x the PSF radius
excluding the presence of any nearby bright sources.
Necessary instrument response files were extracted and
combined from the individual ObsIDs.

The spectrum was extracted from the stacked multiepoch
observations to maximize the S/N. We performed spectral
fitting using XSPEC (K. A. Arnaud 1996) minimizing the
Cash statistic (W. Cash 1979) with a model consisting of an
absorbed power law with both Galactic and intrinsic absorp-
tion components: model = phabsx* (zphabs*zpow). The
Galactic absorption column density was fixed to the known
Namw = 9.25 X 10" cm 2. The fit results, summarized in
Table 1, indicate a typical AGN spectrum with a photon
index of I' &~ 1.8 and an intrinsic luminosity of L, _jgkev =
1.5 x 10*ergs ', The source shows moderate intrinsic
absorption with Ny ~ 24 x 10*2cm 2 Although the
individual measurements have significant uncertainties,
together they indicate weak evidence for variability, specifi-
cally the null hypothesis is rejected at the 90% (1.60)
level, potentially similar to the X-ray variability seen in S. Fu
et al. (2025).

Energy (Obs.) [keV]

“‘ ® XRD (Chandra) [ X;z, =1.93 = P(D|H;) = 0.1 (6 = 1.6) ]

5 ® XSPEC Model - B0
e J( 1 7
3780 ] =z
é:’ T C P25
% * ............................................ | =
ch Tg T I N -_2.0;%
S c0a o -

= =
- N 41.5 2
L ] Q
1 f 1 h]l, ST T L
0° 2006 2007 2008

Observation Date

Figure Al. X-ray properties of the XRD. Left: the Chandra ACIS-I X-ray spectrum (black) with the best-fit absorbed power-law model (red). The spectrum is
consistent with a typical AGN (L,_10 kev ~ 10* erg s 'and T ~ 1.8) with moderate absorption (Ny ~ 10?2 cm ™). Right: the long-term X-ray light curve in the
observed 0.5—7 keV band. The dashed line and gray region show the weighted mean and error on the weighted mean, respectively. The sources shows weak
evidence for variability, specifically the null hypothesis is rejected at the 90% (1.60) level.
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Appendix B
Emission-line Fitting

We perform a detailed emission-line analysis using the
unite (R. E. Hviding 2025) spectral fitting code. A key
feature of our analysis is the simultaneous fitting of the
PRISM, G235H, and G395H spectra. This approach allows us
to leverage the high S/N of the PRISM data to constrain the
continuum and broad-line wings while using the high-
resolution grating data to resolve narrow-line components
and kinematic substructure. The fitting procedure explicitly
accounts for the wavelength-dependent LSF of each disperser
and integrates each pixel to account for the critical under-
sampling of the NIRSpec LSF. We use the NIRSpec LSF
curves of an idealized point source obtained with
msafit (A. de Graaff et al. 2024).

We model the emission lines using a combination of narrow
and broad components. All lines are tied to a common redshift,

Hyviding et al.

and each set of narrow and broad lines shares a common
FWHM. For the permitted transitions (HS3, Ha, Pay, Pag, etc.),
we test three different line profiles to characterize the broad-
line region kinematics: a Gaussian profile, a Lorentzian profile,
and an exponential profile. As shown in Figure Bl and
Table B1, the non-Gaussian profiles provide a significantly
better fit, with the Lorentzian profile preferred at the 2.70 level
based on the relative widely applicable information criteria
(WAICs; S. Watanabe & M. Opper 2010), suggesting that the
lines show significant non-Gaussian wings. However, we note
that the significance of this preference depends on the exact
fitting prescription used, such as the choice of priors and the
relative independence of the broad- and narrow-component
kinematics. Follow-up grating spectroscopy at high S/N
would be necessary to differentiate between Lorentzian and
exponential wings and to constrain the true shape of the broad
components in the emission lines.
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Figure B1. Emission-line fits to the XRD, with unite leveraging all three dispersers simultaneously while accounting for wavelength dependence and
undersampling of the LSFs. All lines are fit with a narrow component with a common width. Permitted transitions are fit with an additional broad Gaussian (red),
Lorentzian (orange), or exponential (yellow) component. The top panels show the PRISM spectrum, whereas the bottom panels show the grating spectra. The
Lorentzian and exponential profiles are strongly preferred over the Gaussian model, with Lorentzian wings preferred over exponential wings (~30). We note,
however, that the statistical significance of this preference depends on the specific fitting assumptions, particularly regarding the kinematic coupling between

components.
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Table B1
Unite Emission-line Fitting Results

Hyviding et al.

Broad Lorentzian Broad Exponential

Broad Gaussian

WAIC 30616 30626 30812
Redshift 3.278110753939%3 3.2781147)300084 3.278121F5999552
Narrow FWHM (km s~} 425+17 430719 454*19
Broad FWHM (km s~ ') 3222+82 271213 50704189

Narrow-line Fluxes (10~2° erg s 'cm™?) and EWs (A)

Flux EwW Flux EWwW Flux EW
C1v A1549 280139 25013 290139 26713 280129 26113
C 1 A1909 412788 432+83 40678 42,6713 410788 43.1+5¢
He 11 M687 92+3¢ 3.6714 10173 3.9t13 108+37 42172
HpB 104+ 4073} 93738 3.6722 15273 5.9129
[O 1] A4960 727418 28.0810:% 725+1¢ 27.84+083 736113 2827405
[O 111] A5008 2165441 83.61%9 2160748 82.9713 219478 842419
[O 1] A6302 3330 1.343)38 87+34 34713 9541 3718
Ha 38708, 16.0749 215158 8.713% 992%%3 39.7+3%
He 1 \7067 16739 0.705%8 1573 0.62:04¢ 2073 0.86:%
0128446 3473 1.8712 3843¢ 1.9+143 5473 2712
PaC 2373 1297438 25732 1451 2738 15413
Pace 4872 2.8+ 52133 3.0412 64728 37418
Pas 19+2} 1205439 16429 Lo 273 L7413
He I A10830 28178 20.1734 249430 175438 39614 27.8128
Pay 3753¢ 2733 25+28 1.8729 29+37 2,143
O1A11287 43728 3.31%9 52124 4.0%13 5372 41739
Paj 70+28 7.5%103 71+ 7.6°1%7 123*487 1324138
Broad-line Fluxes (10720 erg 5! cm’z) and EWs (A)

HB 1490+110 57.61%3 12904139 49,7443 11704189 44.8%%4
Ha 1493073% 618.773§ 132107139 534.5%77 115304189 461.5%73
He 1 A7067 465+ 203438 448472 19.1132 386179 16.3139
01 \8446 426718 217449 292473 145438 239474 11.8%37
Pal 80758 45748 133 0.7+42 —22+78 —1.2*%9
Pae 163758 9.6132 87781 5.0+ 43773 25442
Paé 486152 30.7433 406+ 252143 37876 23.373%
He 1 10830 25007145 179719 2230712 1571388 19007149 133.2774
Pay 810+19 58.8+83 689198, 49.5%89 714488 510189
Paj 36707399 3963} 31207339 336148 2750738 20548

Appendix C
SED Fitting

This appendix provides additional details of the SED fitting
discussed in Section 3.2, including the configuration choices
for both CIGALE and AGNFitter. As emphasized in
Section 3.2, these fits are intentionally performed on the
broadband photometry and X-ray constraints.

C.1. CIGALE Configuration

We run CIGALE in pdf analysis mode with the
configuration summarized in Table C1. In brief, we adopt a
delayed-7 star formation history (sfhdelayed), G. Bruzual
& S. Charlot (2003) stellar population synthesis (bc03 with a
G. Chabrier 2003 initial mass function), a modified starburst
attenuation curve (dustatt modified starburst),
THEMIS dust emission (themis; A. P. Jones et al. 2017),
and SKIRTOR torus models (skirtor2016; M. Stalevski
et al. 2012, 2016). We incorporate X-ray constraints using the
I. E. Lopez et al. (2024) module (lopez24), which ties
Lr_ 10 kev to the mid-IR luminosity through an «;,, parameter

and generates an intrinsic AGN X-ray spectrum. Upper limits
are included using CIGALE’s upper-limit treatment (we use
the full option). Reported parameter values in Table Cl
correspond to the CIGALE Bayesian estimates.

C.2. AGNFitter Configuration

We fit the same photometric data with AGNFitter (G. Calistro
Rivera et al. 2016) using the radio-to-X-ray extension described
in L. N. Martinez-Ramirez et al. (2024). The model decomposes
the SED into four components: a stellar population, cold dust
associated with star formation, an accretion disk (“big blue
bump”), and a dusty torus. For the component templates we use
G. Bruzual & S. Charlot (2003) stellar populations, C. Schreiber
et al. (2017) star-forming dust templates, the accretion disk
models of M. J. Temple et al. (2021), and SKIRTOR torus
models. As narrow and broad emission lines are included with
the M. J. Temple et al. (2021) model, the accretion disk
extinction is also applied to the emission lines. The implied
AGN X-ray luminosity is linked to the mid-IR (6 um)
luminosity using the D. Stern (2015) relation, enabling a direct
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Table C1
CIGALE Configuration and Results

Hyviding et al.

Table C2
AGNeFitter Configuration and Results

Parameter Name Unit Grid/Option Measured Value

Parameter Name Unit Measured Value

Star Formation History: Delayed Star Formation

Galaxy: G. Bruzual & S. Charlot (2003)

Main e-fold time Myr 3000, 5000, 7000, 6000 + 2800
(Tmain) 9000, 11000

Main age (agemain) Myr 100, 500, 1000, 3000 1000.0 + 0.25

Burst fraction (fiurs) 0.0

Normalize e True e

Stellar mass (M,) M, (2.48 +0.12) x 10'°

Simple Stellar Population: G. Bruzual & S. Charlot (2003)

Initial mass function 1 (G. Chabrier 2003)
Metallicity VA 0.008, 0.02
Myr 10

0.00800 + 0.00021
Separation age

Dust Attenuation: Modified D. Calzetti et al. (2000)

E(B — V)iines mag 0.1,0.3,0.5, 0.7, 0.9 0.7
Extinction fac- 0.1, 0.44, 0.7 0.7
tor (fgg_vy)
UV bump nm 2175
wavelength
UV bump width nm 35.0
UV bump amplitude 0.0
Power-law slope —-04, 0.0 —-0.4

Dust Emission: THEMIS (A. P. Jones et al. 2017)

Hydrocarbon mass 0.02, 0.17, 0.24 0.02000 £ 0.00014

fraction (ghac)

Minimum radiation 0.1, 1.0, 10.0, 50.0 30 £+ 20
field Unin)

Power-law slope () 2.1,25,29 2.67 £ 0.24

Ilumination frac- 0.4

tion ()

AGN Structure: SKIRTOR (M. Stalevski et al. 2012, 2016)

Optical depth 3,7, 11 8.0 £ 3.0
(7—9,7um)

Radial gradient (p) 1.0

Polar gradient (g) 1.0

Opening angle deg 20, 40, 60, 80 70 + 14
(Qopen)

Radius ratio 10, 20, 30 180 £ 75
(Roul/Rin)

Clump mass fraction 0.97
(Mo)

Inclination (i) deg 10, 30, 50, 70, 90 73 + 20

Disk type 2 (I. E. Lopez

et al. 2024)

Disk tuning para- 0, 0.25, 0.5 0.24 + 0.21
meter ()

AGN fraction 0.1, 0.3, 0.5, 0.7, 0.9 0.1002 £ 0.0061

Polar E(B — V) mag 0.00

X-Ray: I. E. Lopez et al. (2024)

Photon index (I') 1.8

Cutoff energy (E.y) keV 300

airx deviation dex 0, 0.15, 0.3, 0.45, 0.6 0.017 £+ 0.050

Low-mass X-ray dex 0.0
binary deviation

High-mass X-ray dex 0.0

binary deviation

15

Metallicity z 0.775988
e-fold time (7) 40132
Age Myr 7204759
EB — Vg mag 0.1535%%
Stellar mass (M,) M, (14729 x 10°

Starburst: C. Schreiber et al. (2017)

31247,
0.027+3518

Dust temperature K
PAH fraction (fpan)

Big Blue Bump: M. J. Temple et al. (2021)

E(B — V)ggs mag 0.88570056

Torus: SKIRTOR (M. Stalevski et al. 2012, 2016)

Optical depth (r,) 10477633
Opening angle (oa) deg 12,6615
Inclination (7) deg 30143.'.28

comparison between the XRD’s observed L,—10keV and the
model-predicted value. Posterior summaries for key parameters
are given in Table C2.
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