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ABSTRACT

Spectroscopic observations from JWST have uncovered a plethora of active galactic nuclei (AGN)
at z 24 with black hole (BH) mass (Mpn) to stellar mass (M,) ratios significantly above the local
relation when using standard virial mass scaling relations. However, M, estimates of AGN may be
inaccurate due to limitations in spectral energy distribution (SED) fitting codes, exemplified by a lack
of physically-motivated AGN line emission models. Here, we fit NIRSpec/PRISM spectra of 39 galaxies
at z~3.5-7 selected as broad-line AGN from the CEERS and RUBIES surveys. Applying kinematic
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decompositions from NIRSpec/G395M spectra, we fit their continuum and narrow-component line
fluxes using the BEAGLE-AGN SED fitting tool. While limitations of BEAGLE-AGN make it difficult to
model little red dots (LRDs), we find that M, estimates of non-LRDs are, surprisingly, only modestly
impacted by the inclusion or not of AGN narrow-line region (NLR) and continuum emission model
components. We further find that non-LRD AGN at z <3.5 are consistent with the local Mgy /M.,
relation while those at z 2 4.5 display elevated ratios. While we cannot rule out observational biases
or systematic uncertainties as partial causes, this transition over just ~ 500 Myr is driven entirely by
changes in M, rather than an evolving Mgy distribution. These findings are consistent with models
in which rapid BH growth results in elevated Mpy/M, ratios at early times, with a swift late-time
assembly of host galaxies returning sources to the local relation at z < 4.

Keywords: Active galactic nuclei (16) — AGN host galaxies (2017) — Galaxy evolution (594) —

High-redshift galaxies (734) — Supermassive black holes (1663)

1. INTRODUCTION

Many high-redshift active galactic nuclei (AGN) have
central black holes (BHs) with uncomfortably high
masses (Mpy) from standard single epoch virial scaling
relations. Growing BHs to log(Mpu/Mg) ~ 7-9 within
a Gyr of the Big Bang presents a serious challenge for
models of BH seeding and growth. This was first rec-
ognized following ground-based studies of z > 6 quasars
(e.g. K. Inayoshi et al. 2020; L. Y. A. Yung et al. 2021;
F. Pacucci & A. Loeb 2022; X. Fan et al. 2023) and has
been further exacerbated by observations from JWST
(J. P. Gardner et al. 2006; J. Rigby et al. 2023; J. P.
Gardner et al. 2023), which has uncovered an abun-
dant population of low-to-intermediate luminosity AGN
at 224 (Lpo ~1013-10% ergs™?; e.g. D. D. Kocevski
et al. 2023; Y. Harikane et al. 2023; A. D. Goulding
et al. 2023; O. E. Kovacs et al. 2024; R. Maiolino et al.
2024a; 1. Juodzbalis et al. 2026). One major outstand-
ing question is whether these early BHs have masses
which are high only in absolute terms or also relative
to the stellar masses (M,) of their host galaxies when
compared to AGN in the local universe, which follow a
well-characterized relation with log(Mpu/M,)~ -3 (J.
Kormendy & L. C. Ho 2013; A. E. Reines & M. Volonteri
2015; J. E. Greene et al. 2020). AGN out to z ~ 3 appear
to have values of Mpy/M, consistent with the local re-
lation (H. Suh et al. 2020; G. Mountrichas 2023; Y. Sun
et al. 2025b; T. S. Tanaka et al. 2025). However, ob-
served AGN at z 2 4 appear to host “overmassive” BHs
on a population level, with values of Mpy/M, signifi-
cantly elevated (= 1dex) compared to the local relation
(F. Pacucci et al. 2023; B. L. Jones et al. 2025) and ex-
treme sources having published Mpy /M, ratios that ap-
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proach or even exceed unity (e.g. V. Kokorev et al. 2023;
I. Juodzbalis et al. 2025; L. Napolitano et al. 2025).

Some theoretical models reproduce this trend by
growing SMBHs from so-called “heavy” BH seeds
(log[Mpu/Mg] ~4-5; e.g. P. Natarajan et al. 2024; J.
Jeon et al. 2025b; F. Pacucci et al. 2025; A. K. Bhowmick
et al. 2026) instead of from remnants of population III
stars (“light” seeds, log|Mpn/Mg] ~ 2-3; e.g. P. Madau
& M. J. Rees 2001; V. Bromm & R. B. Larson 2004;
A. K. Bhowmick et al. 2024a; D. H. Mehta et al. 2026).
Other models invoke widespread super-Eddington accre-
tion, which would allow early SMBHs to rapidly grow to
their observed masses and might explain enigmatic prop-
erties of high-redshift AGN such as X-ray weakness (e.g.
P. Madau & F. Haardt 2024; F. Pacucci & R. Narayan
2024; E. Lambrides et al. 2024; A. King 2025). Either
factor could have caused SMBH growth to outpace host
galaxy assembly, yielding elevated Mpp /M, ratios (e.g.
A. K. Bhowmick et al. 2024b; H. Hu et al. 2025; J. Jeon
et al. 2025a; L. R. Prole et al. 2026). Gas inflows driven
by major mergers or accretion from the IGM may have
fueled rapid BH growth (e.g. P. R. Capelo et al. 2015; E.
Pezzulli et al. 2017; A. Trinca et al. 2023; S. Chon et al.
2026), with AGN feedback potentially suppressing star
formation (e.g. R. Weinberger et al. 2017; R. Kannan
et al. 2017; F. Pacucci & A. Loeb 2024). Then, at late
times, a slowdown in BH growth and reduction of AGN
feedback would have allowed for a swift assembly of host
galaxies (e.g. V. Kokorev et al. 2024a; J.-B. Billand et al.
2026), returning sources to the local relation.

An alternate possibility is that the intrinsic high-
redshift Mpy/M, relation is consistent with the local
relation, but the observed Mpy /M, relation appears ele-
vated due to selection effects. Current observations may
only be sensitive to sources along the upper envelope of
the intrinsic Mgy /M, relation (J. Li et al. 2025b; J. D.
Silverman et al. 2025; Y. Sun et al. 2025a; M. Brooks
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et al. 2026; S. Geris et al. 2026, cf. F. Pacucci et al.
2023). As demonstrated by J. Li et al. (2025b), it is
the combined effects of uncertainties in Mgy and M,
and observational biases towards detecting the most lu-
minous AGN that may cause sources drawn from an in-
trinsically “normal” Mgy /M, distribution to appear el-
evated in Mpy/M,. Thus, understanding observational
uncertainties in both Mgy and M, is vital.

Estimates of Mgy derived via bolometric luminosity
extrapolations may be unreliable due to the uncertain
shapes of the spectral energy distributions (SEDs) of
high-redshift AGN and their wide range of Eddington
ratios (e.g. E. Lambrides et al. 2024; G. C. K. Leung
et al. 2025; J. E. Greene et al. 2026). On the other
hand, Mpp estimates from single-epoch (SE) virial scal-
ing relations applied to measurements of broad Balmer
emission lines (J. E. Greene & L. C. Ho 2005; A. E.
Reines et al. 2013) require that the locally-established
relationship between the size of the broad line region
(BLR) of an AGN and its luminosity (the R—L relation;
e.g. S. Kaspi et al. 2005; M. C. Bentz et al. 2013) holds
and that broad line widths represent motion in virial or-
bits. These assumptions may not be well-motivated for
high-redshift AGN due to deviations from the R-L re-
lation under super-Eddington accretion conditions (e.g.
P. Du et al. 2018; S.-S. Li et al. 2021; R. Abuter et al.
2024) and potential non-virial line broadening (e.g. S.-J.
Chang et al. 2026; V. Kokorev et al. 2025; V. Rusakov
et al. 2026; M. Brazzini et al. 2026).

While uncertainties in Mgy are well known, it is less
clear how well M, has been measured for high-redshift
AGN. M, is most commonly estimated using SED fit-
ting codes, which are widely used to determine the basic
physical properties of galaxies (e.g. C. Conroy 2013; C.
Pacifici et al. 2023; K. G. Iyer et al. 2025). However,
applying these codes to AGN has been challenging for
multiple reasons. First, AGN can produce strong con-
tinuum emission which can equal or strongly outshine
stellar light from the host galaxy. Modeling this con-
tinuum is highly non-trivial, though some SED fitting
codes are beginning to implement such models (e.g. M.
Boquien et al. 2019; L. N. Martinez-Ramirez et al. 2024;
J. Buchner et al. 2024; C. C. Lovell et al. 2025) and at-
tempts have been made to apply these to high-redshift
AGN (e.g. J. Florez et al. 2020; R. Maiolino et al. 2024b;
G. C. K. Leung et al. 2025; K. Ronayne et al. 2025; I.
Juodzbalis et al. 2026). It has been particularly chal-
lenging to use SED fitting codes to model little red dots
(LRDs; e.g. J. Matthee et al. 2024; J. E. Greene et al.
2024; V. Kokorev et al. 2024b; D. D. Kocevski et al.
2025; H. B. Akins et al. 2025a) due to the uncertain
nature of their continuum emission. Explanations for
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their rest-optical continuum range from central engines
with light reprocessed through extremely dense gas (e.g.
K. Inayoshi & R. Maiolino 2025; X. Ji et al. 2025; R. P.
Naidu et al. 2025; A. de Graaff et al. 2025a) to supermas-
sive stars (e.g. L. Zwick et al. 2025; D. Nandal & A. Loeb
2026; J. Chisholm et al. 2026). Their rest-UV emission
may arise from stellar emission (e.g. C.-H. Chen et al.
2025; X. Chen et al. 2026; M.-Y. Zhuang et al. 2026)
or an accreting BH (e.g. J. E. Greene et al. 2024; Z. Li
et al. 2025; F. Pacucci et al. 2026).

While these results of modeling AGN continuum emis-
sion are promising, interpreting the emission lines of
AGN has remained a significant challenge. Strong emis-
sion lines may contain light from the host galaxy, the
BLR, and the narrow line region (NLR; e.g. J. Scholtz
et al. 2025; G. Mazzolari et al. 2025; K. Davis et al.
2026). Since most SED fitting codes do not model
the BLR or NLR, previous works mask emission lines
when performing SED fitting of AGN (or marginalize
over them using analytic profiles, e.g. B. Wang et al.
2024). Works analyzing low-z quasars (z S 1) achieve
high-quality AGN and host galaxy decomposition by fit-
ting spectra (including emission lines) using linear com-
binations of quasar and galaxy templates (e.g. D. E.
Vanden Berk et al. 2006; H. Guo et al. 2018; D. Ili¢
et al. 2023; W. Ren et al. 2024). However, this technique
has generally not been fruitful for modeling high-redshift
AGN (especially LRDs), whose emission line and host
galaxy properties appear quite different from their low-z
counterparts (e.g. Y. Ma et al. 2025; R. Maiolino et al.
2025; A. J. Taylor et al. 2025a).

Here, we utilize a version of the BayEsian Analysis of
GaLaxy sEds (BEAGLE; J. Chevallard & S. Charlot 2016)
SED fitting code which includes NLR and AGN con-
tinuum emission models (BEAGLE-AGN; A. Vidal-Garcia
et al. 2024; M. S. Silcock et al. 2025; O. A. Chavez Ortiz
et al. 2025). We use this code to fit continuum emis-
sion and narrow-component emission line fluxes of 39
galaxies (including 16 LRDs) at 2z~ 3.5-7 which have
NIRSpec/PRISM+G395M spectra and are selected as
broad-line (BL) AGN, with an aim to estimate more
reliable M, values. We test the effectiveness of these
new AGN emission models in reproducing the observed
SEDs of our sample and examine the effects of their in-
clusion or not on M, estimates. Finally, we use these
new M, values to examine the evolution of the observed
Mgn /M, relation over cosmic time.

This paper is organized as follows. We introduce our
data sources and parent sample in Section 2. In Section
3, we describe our sample selection and fitting method-
ology. Section 4 presents our main results, and we in-
terpret these and discuss relevant limitations in Sec-
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tion 5. Lastly, we summarize our work in Section 6.
Throughout this work, we use a ACDM cosmology with
Hy=70kms ' Mpc™', ©,,=0.3, and Q,=0.7. All
magnitudes are reported in the AB system (J. B. Oke
& J. E. Gunn 1983).

2. DATA

In this work, we analyze 39 of the 62 B AGN selected
by A. J. Taylor et al. (2025b, see Section 3.1 for details
on sample selection) via the detection of broad Ha emis-
sion in JWST /NIRSpec G395M spectroscopy from the
Cosmic Evolution Early Release Science (CEERS) sur-
vey (ERS#1345, PI: Finkelstein; S. L. Finkelstein et al.
2025) and the Red Unknowns: Bright Infrared Extra-
galactic Survey (RUBIES, Cycle 2 GO#4233, PIs: de
Graaf and Brammer; A. de Graaff et al. 2025b). We
utilize this sample as it spans a wide range in Mpy
and redshift (Figure 1) and represents the largest pub-
lished sample of JWST-detected BL. AGN in this red-
shift range which currently do not have published spec-
troscopic M, measurements.

2.1. Photometry

To account for slit losses and obtain accurate M, es-
timates from fitting, our spectra must be rescaled to
match photometric measurements. Thus, accurate pho-
tometry is essential for our science goals.

We use JWST /NIRCam imaging and measured pho-
tometry from CEERS in the Extended Groth Strip
(EGS; M. Davis et al. 2007) field (hereafter the
CEERS field) and from the Public Release IMaging
for Extragalactic Research (PRIMER) survey (Cycle 1
GO#1837, PI: Dunlop; Dunlop et al. in prep.) in the
Ultra-deep Survey (UDS) field.

In the CEERS field, we use reduced v1.0 imaging
from the CEERS team (M. B. Bagley et al. 2023; S. L.
Finkelstein et al. 2025) and FO90W imaging over a sim-
ilar footprint from an additional JWST program (Cycle
1 GO+#2234, PI: Banados). We reduce the PRIMER
imaging in the UDS field following a similar procedure
as outlined in M. B. Bagley et al. (2023).

Both fields have photometric coverage in the NIR-
Cam F090W, F115W, F150W, F200W, F277W, F356 W,
F410M, and F444W filters. = We additionally use
HST/ACS F606W and F814W coverage over both fields
from the Cosmic Assembly Near-infrared Deep Extra-
galactic Legacy Survey (CANDELS; A. M. Koekemoer
et al. 2011; N. A. Grogin et al. 2011). In both fields,
we leverage the UNICORN catalog (Finkelstein et al.
in prep.), which contains uniformly processed NIRCam
and HST photometric measurements over major JWST
legacy fields. The methodology used to produce the

UNICORN catalog is essentially the same as the pro-
cedure described in S. L. Finkelstein et al. (2024), in-
cluding additional updates as described in A. J. Taylor
et al. (2025b), with a focus on accurate colors, total flux
estimates, and flux uncertainties.

2.2. Spectroscopy

We are interested in performing spectro-photometric
modeling to obtain M, estimates, so we focus on the ex-
isting PRISM spectroscopy covering these sources. For
detailed descriptions of the G395M data reduction pro-
cedures and initial sample selection, we refer the reader
to A. J. Taylor et al. (2025b).

We use PRISM spectroscopy from CEERS (P. Arra-
bal Haro et al. 2023) and RUBIES (A. de Graaff et al.
2025b). The CEERS program obtained spectra using
the JWST /NIRSpec PRISM/CLEAR disperser/filter
combination over six pointings. The RUBIES program
obtained PRISM/CLEAR spectra across six pointings
in the CEERS field and 12 pointings in the UDS field.

Our data reduction procedure largely follows default
steps from the JWST Data Calibration Pipeline, with
some modifications to the artifact-rejection procedure.
1D spectra are optimally extracted from 2D spectra
following the methodology of K. Horne (1986). The
pipeline flux error spectra are scaled up by a conser-
vative factor of 1.7x in order to match empirical er-
ror arrays measured from the standard deviation of the
science flux spectrum. Finally, flux spectra and error
arrays are rescaled to match the photometry. In this
rescaling, we simulate photometric measurements for
each source using JWST filter transmission curves and
the observed PRISM spectrum. We then fit a third-
order Chebyshev polynomial to the ratios of the mea-
sured NIRCam photometry to the PRISM-derived pho-
tometry. The PRISM spectrum is finally multiplied by
the resulting fitted curve to produce a photometrically
calibrated spectrum. We repeat this process for each
spectrum individually and use the resulting calibrated
spectra for the remainder of this work. In principle, a
photometric aperture and a spectroscopic slit aperture
may sample somewhat different mixes of stars and NLR
emission, which could cause emission lines to be over-
or under-weighted in the final spectrum. We discuss the
implications of this in Section 5.2.

3. METHODS
3.1. Sample Selection

In this work, we analyze 39 out of a total of 62 BL
AGN from the CEERS and RUBIES surveys selected
using G395M spectroscopy in A. J. Taylor et al. (2025b),
with sample selection described as follows. We first



adopt their entire sample as our parent sample. Since
we perform SED fitting on the PRISM spectra of these
sources, we start by limiting our sample to the sub-
set of their published sources which have PRISM spec-
tra without significant contamination or data quality
issues. We also discard any sources without NIRCam
coverage, as our spectral flux calibration relies on pho-
tometric measurements. Next, we require the PRISM
spectrum of each source to cover both the Ha and HS
emission lines and the rest-frame UV continuum down
to at least 1500 A, as these are the minimum set of fea-
tures which allow us to probe the relative contributions
of stellar and AGN light in the spectrum (see Section
5.2). We exclude two remaining sources, RUBIES-UDS-
154183 and RUBIES-UDS-155916, from our analysis for
the following reasons. RUBIES-UDS-154183 (also re-
ferred to as “The Cliff”) is an LRD with an extremely
strong Balmer break that is well-fitted only by models
(e.g. D. Kido et al. 2025) which invoke the effects of
dense gas around a central engine (A. de Graaff et al.
2025a). BEAGLE-AGN does not currently include such
models, so we are unable to reproduce the rest-optical
emission of this source and we thus exclude it from our
final sample. RUBIES-UDS-155916 is a quiescent galaxy
(Y. Zhang et al. 2026) with strong absorption in Balmer
series lines (as seen in its PRISM spectrum); due to
this, its measured narrow Ha flux is completely degen-
erate with a fitted absorption component (even in the
G395M spectrum). Since our SED fitting relies on ac-
curate narrow-line fluxes (as we describe in Section 3.3),
we also exclude this source from our final analysis. Af-
ter these selections, we are left with a sample of 39 BL
AGN which are analyzed in the remainder of this work.
A. J. Taylor et al. (2025b) define LRDs as sources
which are compact in NIRCam imaging and satisfy the
continuum slope cuts of D. D. Kocevski et al. (2025).
Here, we directly adopt their LRD classifications, find-
ing that 17 of our sources are LRDs and 23 are non-
LRD AGN (though our final results do not significantly
change if we instead use the looser criteria of G. Barro
et al. 2024). We also utilize Mgy estimates from A. J.
Taylor et al. (2025b), which are derived from the full
width at half maximum (FWHM) and line luminosity
of the broad component of Ha using the SE virial mass
recipe of A. E. Reines et al. (2013). As shown in Fig-
ure 1, our sample spans a wide range in both Mpy and
redshift and comprises a representative selection of BL
AGN compared to those published in previous works.

3.2. Broad Line Decomposition

BEACGLE-AGN leverages emission line fluxes from vari-
ous atomic species to constrain the relative importance

Cosmic Age [Gyr]
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Figure 1. Black hole mass vs. spectroscopic redshift for
JWST-detected BL AGN. Sources published in A. J. Taylor
et al. (2025b) are shown as red symbols, with filled markers
indicating the subset analyzed in this work and empty mark-
ers representing those excluded from our analysis. Other
JWST-detected BL AGN published in previous works (listed
in Appendix C) are shown in gray. LRDs are plotted as
stars, while non-LRD BL AGN are indicated with circles.
Our sample constitutes a relatively representative subset of
the overall high-redshift AGN sample.

of stellar-driven and NLR emission (e.g., via diagnostic
line ratios). Models for stellar, NLR, and AGN accretion
disk continuum emission can be included, but BEAGLE-
AGN does not currently support BLR emission model-
ing. As such, the broad components of Balmer emission
lines in these spectra must be excluded. Thus, before
the SED fitting, we decompose Balmer emission lines
into broad and narrow components and include only
the latter in the fitting. The majority of the emission
lines in our sample are at best marginally resolved at
the PRISM resolution. Thus, we leverage the results of
A. J. Taylor et al. (2025b), who performed a decompo-
sition of the Ha+[N11] line complex using G395M spec-
tra. We adopt their ratios of broad Ha, narrow Ha and
[N11] AX6550, 6585 fluxes in each source. In order to mit-
igate any differences in spectral flux calibration between
the PRISM and G395M spectra, we apply these ratios
to the total integrated flux of the Ha+[N 11] profile from
the PRISM rather than using the fluxes as directly mea-
sured in the G395M spectra.

To determine the total Ha+[N11] flux in each PRISM
spectrum, we utilize the EMCEE Python package (D.
Foreman-Mackey et al. 2019). We model Ha as a sum
of two Gaussian profiles, with the intrinsic FWHM (cor-
rected for instrumental broadening) of the narrow line
restricted to <700kms~! and that of the broad line to
>700kms~! (though the exact velocity cutoff is found to
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have minimal impact on the total Ha flux). We also in-
clude single Gaussian profiles to fit each narrow emission
line of the [N11] AA6550, 6585 doublet (with an internal
flux ratio fixed to the theoretical value of 1:2.94; P. J.
Storey & C. J. Zeippen 2000) and each component of
the [S1I] AAG6718, 6733 doublet, with the FWHMs tied to
the narrow He line. A linear function is used to model
the continuum. We fix the wavelength of each line but
allow the redshift of the total profile to vary. Finally,
we apply line flux ratios from the G395M spectrum to
the total PRISM Ha profile flux to determine the flux
in each component, keeping only the narrow-component
fluxes for the BEAGLE-AGN fitting (Section 3.3).

We next explore whether any source has significant
broad HB emission that must be subtracted. We per-
form two fits to the HG+[O 111] complex in each PRISM
spectrum: one with only a single Gaussian component
to model Hf3, and a second with both a broad and a nar-
row component. In both fits, we also include a Gaussian
component for each line of the [O 111] AA4960, 5008 dou-
blet (with their flux ratio set to the theoretical value
of 1:2.98; P. J. Storey & C. J. Zeippen 2000). As be-
fore, we fix the wavelength of all lines but leave the
redshift of the total profile as a free parameter. We
do not include a broad component when fitting [O 111]
(which can result from outflows or gas kinematics),
as A. J. Taylor et al. (2025b) only find evidence for
broad [O111] flux in the G395M spectrum of a single
source: RUBIES-EGS-50052. All parameters are mea-
sured completely independently from the Ha emission.
We compute the Bayesian information criterion (BIC;
G. Schwarz 1978) for each fit. To select sources with
significant broad H3, we enforce the commonly-used cri-
terion of BIC1 component ~ BIC2 component > 6 (R. E. Kass
& A. E. Raftery 1995) and further require broad com-
ponent S/N > 5. Only two sources, RUBIES-EGS-49140
and RUBIES-EGS-42046, satisfy these criteria. The Hj
decomposition for the first of these is shown in Figure
2. For these two sources, we use our PRISM spectra de-
composition to measure the narrow-component HS flux.
For all remaining sources (which are not found to have
significant broad Hf), we use the total HS flux from the
single-Gaussian fit as the narrow-component HS flux.
In principle, broad HS emission in these sources may
be indistinguishable from the narrow component at the
low PRISM resolution, biasing our inferred narrow H/j
fluxes high. However, previous results have shown that
broad HS is extremely weak in high—z JWST-detected
AGN, aside from a small handful of sources in which is
is extremely bright and broad (likely resolvable in our
PRISM spectra); excluding these few detections, broad
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Figure 2. Best-fit one and two-component models of the
HpB+[O111] region of a source with significant broad HS. The
top panel shows the total single-component fit in orange and
the total two-component fit in red, with corresponding resid-
uals in the bottom panel. Only two sources in our sample
have significant broad Hg, in qualitative agreement with the
findings of M. Brooks et al. (2025).

Hp remains undetected in stacks of tens of G395M spec-
tra (M. Brooks et al. 2025).

3.3. Fitting with BEAGLE-AGN

During each step of a BEAGLE-AGN fit, a high-
resolution model spectrum is convolved with the PRISM
line spread function, downsampled to the wavelength
grid of the observed spectrum, and compared with
the observed data. To ensure we do not include
broad Balmer line emission in the fitting, we mask the
Ha+[N 11] complex and HB+-[O 111] region in each source,
choosing a uniform window which excludes these lines
for all sources. We then use the “spectral indices” fea-
ture of BEAGLE-AGN, which allows us to simultaneously
fit the continuum emission from the PRISM spectrum
and the narrow-component emission line fluxes. In ad-
dition to the line fluxes from the Ha+[N 11] complex and
HpB+[O 1] region, we also fit each pixel in the PRISM
spectrum outside of the masked regions.

We leverage the ability of BEAGLE-AGN to simultane-
ously fit observed SEDs with several independent model
components. For a detailed description of the most up-
to-date modeling procedure in BEAGLE-AGN, we refer
the reader to A. Vidal-Garcia et al. (2024). Here, we
briefly describe each model component, their relevant
fitted parameters, and our choice of priors for all fitted
quantities (listed in Table 1).

We begin by describing the model for stellar and asso-
ciated nebular emission from H1I regions. Simple stellar
population grids are generated using the G. Bruzual &



S. Charlot (2003) code, specifically the updated version
described in A. Vidal-Garcia et al. (2017). We assume a
fixed G. Chabrier (2003) initial mass function (IMF).
Nebular emission is incorporated using the photoion-
ization models of J. Gutkin et al. (2016). To model
dust attenuation, we apply the two-component model
of S. Charlot & S. M. Fall (2000), which includes dust
in the birth clouds of newly formed stars and through-
out the diffuse interstellar medium (ISM). In our mod-
els, we select a delayed-exponential star formation his-
tory (SFH), which offers both reasonable flexibility and
model complexity, in addition to an independently-fitted
current burst parameterized by a star formation rate
(SFR) averaged over the past 10 Myr. We select well-
tested priors on SFH and other stellar parameters (in-
cluding metallicity, ionization parameter, dust attenua-
tion, etc., described in Table 1) which have been suc-
cessfully demonstrated in previously published works,
including those studying AGN (e.g. L. Sandles et al.
2022; E. Curtis-Lake et al. 2023; M. S. Silcock et al.
2025; O. A. Chavez Ortiz et al. 2025).

Importantly, in addition to modeling nebular emis-
sion from H1I regions, BEAGLE-AGN includes the ability
to model nebular emission from the AGN NLR. Models
of the NLR are constructed using the grids of A. Fel-
tre et al. (2016) with updates from M. Mignoli et al.
(2019). These are produced by applying the CLOUDY
code (G. J. Ferland et al. 2017) to model the trans-
fer of an AGN accretion disk spectrum (constructed as
a broken power-law distinguishing the UV-optical and
ionizing continua) through NLR gas. In our models, the
NLR nebular emission is attenuated by the same dust
component in the diffuse ISM as is applied to stellar
emission (but the dust present in stellar birth clouds is
not applied). The NLR grids are parameterized in terms
of metallicity, ionization parameter, dust-to-metal mass
ratio, gas covering fraction, and accretion disk luminos-
ity (as a proxy for normalization). We list our choices
for the prior conditions on each of these parameters in
Table 1. Importantly, A. Vidal-Garcia et al. (2024) find
that leaving all of these as free parameters introduces
significant degeneracies and results in biased parame-
ter retrieval. Following their guidance, we fix several of
these quantities to the recommended values to minimize
bias in inference results (see Section 5.2 for discussion
of model assumptions). For instance, a blanket covering
fraction of 10% is assumed, and the slope of the ioniz-
ing continuum from the AGN accretion disk incident on
the NLR is set to anpr =—1.7. This ionizing contin-
uum slope is not the same as the UV-optical continuum
slope directly observed in sources presenting an unob-
scured view of the accretion disk (Type I AGN). Instead,
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it describes the extreme UV and X-ray emission of the
AGN, which is typically steeper (softer) than would be
inferred from a simple extrapolation of the UV-optical
continuum (M. Gierlitiski & C. Done 2004).

As such, BEAGLE-AGN allows for an additional inde-
pendent component to be included which models UV-
optical continuum emission from the AGN accretion disk
(as done in e.g. R. Maiolino et al. 2024b; 1. Juodzbalis
et al. 2026). The AGN continuum model is described by
an analytic power-law fx = fi500(\/1500A)%nt  where
fis00 is the flux at 1500A and aeone is the UV-optical
power-law continuum slope, with freely varying attenu-
ation (independent of that of the host galaxy) modeled
by an SMC dust law (Y. C. Pei 1992). To determine the
effects of varying acont, we test two distinct canonical
AGN power-law continuum models which have differing
values of the UV-optical slope. In one set of models, we
use Qeont = —1.54, observationally derived from a large
sample of SDSS quasars (D. E. Vanden Berk et al. 2001).
In a second set of models, we set acony = —2.33, a the-
oretically derived value of the UV-optical slope of an
AGN accretion disk (N. I. Shakura & R. A. Sunyaev
1973) which we select to span a large range in cont
between the two values (following R. Maiolino et al.
2024b; 1. Juodzbalis et al. 2026). In Section 5.2, we
explore impacts of AGN continuum modeling choices by
exploring differences in fitting results between these two
models and find that fits are minimally impacted by the
choice of aons. Thus, we report results only for the
more empirically-motivated value of qcont = —1.54.

In total, we perform three BEAGLE-AGN fits to each

source, varying which model components are enabled to
test their significance. We define these fits as follows:
i) Stellar-only — The model includes only stellar emission
and nebular emission from H1I regions.
i1) Stellar+NLR — The model includes stellar emission,
nebular emission from H 1I regions, and nebular emission
from the AGN NLR.
iii) Stellar+NLR+AGN-continuum — The model in-
cludes stellar emission, nebular emission from both H 11
regions and the AGN NLR, and an AGN continuum
model with an intrinsic power-law slope of —1.54.

For each source, we determine which of these three
models best describes the observed SED using a likeli-
hood comparison. BEAGLE performs sampling using
MULTINEST (F. Feroz et al. 2009), which computes the
marginal likelihood (also referred to as global evidence,
Z) of each model evaluation. We define the fiducial
model for each source as the one which has the highest
value of Z. We accordingly compute the Bayes factor
(BF12 = Z1/7Z5) between each of the three AGN models
and the stellar-only model. Using the BF offers several



Table 1. A table of allowed components in a BEAGLE-AGN fit, fitted or fixed parameters used to define each component,
descriptions of each parameter, and our selected priors.

Component Parameter Description Prior

Stars log(M./Mg) Total mass in stars Uniform € [5,12]
log(Z./Zs) Stellar metallicity Uniform € [—2.2,0.24]
log(7sFr /yr) e-folding timescale of delayed-exponential SFH Uniform € [6,12]
log(tmax/yT) Time since onset of star formation (max age of stars)  Uniform € [7,10.8]
log(SFR/Mg yr~!) SFR over 10 Myr independent burst Uniform € [—4,4]
mup/Me Upper mass cutoff of the G. Chabrier (2003) IMF Fixed to 100

H11 regions log(ZgaISI/Z@) H1I region gas metallicity Fixed to Z.
log U H 11 region ionization parameter Uniform € [—4, —1]
&a H 11 region dust-to-metal mass ratio Fixed to 0.3
v Effective V-band optical depth to stars Exponential € [0, 6]
I Fraction of 7 from dust in the diffuse ISM Fixed to 0.4
ngn/cmf‘q’ Hydrogen density in H1I regions Fixed to 100

AGN NLR log(Z8ER /7)) NLR gas metallicity Uniform € [—2.2,0.24]
log UNER NLR ionization parameter Uniform € [—4, —1]
YR NLR dust-to-metal mass ratio Fixed to 0.3
7V, NLR Effective V-band optical depth to the NLR Fixed to 7v
log(Lacc) AGN accretion disk luminosity Uniform € [43, 48]
Cy Covering fraction of AGN by NLR gas Fixed to 0.1
QNLR Power-law slope of ionizing radiation incident on NLR ~ Fixed to —1.7
ny™® /em ™3 Hydrogen density in the NLR Fixed to 1000

AGN continuum log(facn) Fraction of 1500A continuum from AGN emission Uniform € [—3,4]
Qlcont Power-law slope of AGN UV-optical continuum Fixed to —1.54
TV, cont Effective V-band optical depth to the AGN continuum Exponential € [0, 6]

advantages over reduced metrics such as the BIC. On a
fundamental level, comparing two models using the BF
leverages the full posterior distributions, while a sim-
ple BIC test on the highest-likelihood sample from each
discards the information gained from the Bayesian sam-
pling approach. Moreover, the BF can not only produce
evidence against a given model, but it can yield evidence
in support of the null hypothesis. In our case, this key
quality allows us to determine in a strict statistical sense
whether any of the fitted models are strongly preferred
or whether no significant difference is measured between
them. Like the BIC, the BF penalizes overfitting by nor-
malizing relative to the searched prior volume.

3.4. Control Sample for Comparison

Adding additional components to our models (the
NLR emission and AGN continuum) might improve fits
for two qualitatively different reasons. One reason is
that the spectra of BL AGN differ from inactive galax-
ies in physically driven ways. If the stellar-only model
is unable to provide an acceptable fit to an AGN spec-
trum, then adding these components (which model the

true physical origin of the emission) should allow our
model to better reproduce the data. On the other hand,
adding free parameters to a model might allow it to
better match the data in an unphysical way (i.e., over-
fitting; G. Magris C. et al. 2015; J. Woo et al. 2024;
C. K. Jespersen et al. 2026). While many of the compo-
nents fitted by BEAGLE-AGN are modeled in a physically
self-consistent way, capturing the entire complexity of
galaxy physics is impossible. Our BF comparison nat-
urally accounts for overfitting via prior-volume normal-
ization. However, we decided to further investigate the
effects of overfitting by repeating our procedure on a
sample of “control” galaxies (defined as sources with no
detected broad emission lines). If the stellar-only mod-
els of BEAGLE-AGN are adequate to describe the spectra
of control galaxies but are unable to model BL. AGN
spectra acceptably, then we have good evidence that a
preference for AGN models among our BL AGN sample
is physically meaningful and not a result of overfitting.

To select a control sample, we begin with all sources
which have CEERS PRISM spectroscopy and remove



known BL AGN. We bin these in observed F277W mag-
nitude and redshift, with Amporrw =1 and Az=0.5.
We randomly sample one source from each populated
bin, visually inspecting the resulting spectra and remov-
ing sources with contamination or other data quality is-
sues. To match our BL AGN sample, we also remove
sources whose PRISM spectra do not cover Ha, HpS,
and the rest-UV continuum down to 1500 A. We con-
tinue resampling until one object is selected from each
bin. This procedure yields a set of 23 control galax-
ies (with no detected broad lines) that span a similar
redshift and magnitude range as our BL AGN sample.
We measure the line fluxes of these sources in an equiv-
alent manner as for our BL AGN (Section 3.2). For
sources which lack G395M spectral coverage, we are un-
able to disentangle contributions from each emission line
in the Ha+[N 11] line complex. In these cases, we assume
line ratios equal to the median for sources with G395M
spectroscopy. The results obtained from this compar-
ison sample are presented in Section 4.1. In principle,
our selection criteria could allow some NL AGN to be in-
cluded in the control sample; we discuss this and related
implications in Section 5.3.

4. RESULTS

In this section, we present the results of BEAGLE-AGN
fits to our sample. We begin by examining the results
from each of the three model types, describing which are
found to provide the best fits, and comparing the statis-
tical preference for AGN models in the BLL AGN sample
to that of the control sample. We next examine M, es-
timates among non-LRDs and for LRDs, and we finally
use these results to investigate the redshift-dependence
of the observed Mpn/M, relation. Fitted parameter
values and uncertainties from the best-fit model for each
source are tabulated in Appendix A.

4.1. Comparison of Models

The Stellar+NLR+AGN-continuum models are most
preferred for 36 out of 39 of our BL AGN. The Stel-
lar+NLR model is preferred for the three remaining
sources. Unsurprisingly, these results suggest a strong
preference for AGN emission in the best-fit SED mod-
els of our sample of BL AGN. Example fits to several
BL AGN in our sample using the stellar+NLR+AGN-
continuum model are shown in Figure 3.

Interestingly, we find that the stellar+NLR+AGN-
continuum models are selected as the best fit for 13 out
of our 23 control galaxies, and the stellar+NLR models
provide the best fit for an additional five control galax-
ies. The stellar-only models are only selected as the
best fit for five control galaxies. We discuss potential
explanations for this in Section 5.3.
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Regardless of the cause of this trend, we derive an
important result: for our comparison sample, the stel-
lar+NLR and stellar+NLR+AGN-continuum models
are preferred over the stellar-only models by a me-
dian log(BF)~5. On the other hand, for our main
BL AGN sample, the stellar+NLR model is preferred
by a median log(BF) ~ 50 and the stellar+NLR+AGN-
continuum models by a median log(BF)~ 100 (Figure
4). These findings demonstrate that, although mod-
els with AGN emission are slightly preferred for many
galaxies in the control sample, the significance of this
statistical preference is far greater for the BL AGN sam-
ple. This provides strong evidence that our use of NLR
and AGN continuum emission to model BL AGN spec-
tra is appropriate and physically motivated, and their
preference is unlikely to be due to overfitting. More-
over, even when AGN emission is invoked in the best-fit
models for control galaxies, it is generally sub-dominant
compared to the stellar emission, a trend that is nearly
reversed among the BLL AGN sample. For example, ex-
amining the stellar+NLR+AGN-continuum models, we
find that the fraction of optical continuum luminosity
at 5500 A from the AGN component is at least 30% in
only three out of 23 control galaxies (~ 13%), while this
threshold is exceeded in 27 out of the 39 sources in the
BL AGN sample (~69%; Figure 5).

4.2. M, Estimates

Now that we have compared the goodness of our model
fits, we next examine their derived host stellar masses.
For some sources, the M, estimates derived from each of
the three models are roughly consistent, while for others
there are significant discrepancies. We first investigate
the drivers of differences in M, estimates between mod-
els in non-LRDs, and thereafter examine the LRD pop-
ulation. A visual comparison of M, estimates between
the fiducial model for each source and the alternative
fits is shown in Figure 6.

4.2.1. M. Estimates of Non-LRDs

We first restrict the analysis to the 23 BL AGN that
are not LRDs. The differences in M, estimates be-
tween the stellar-only and stellar+NLR runs are less
than 1dex for all non-LRDs, and the majority dif-
fer by 0.5dex or less. One might naively expect that
including emission from an AGN would result in a
lower M, estimate. Instead, we observe that 19 out
of 23 (280%) of our stellar+NLR models yield a M,
value that is greater than the corresponding stellar-only
model. There are a few potential causes of this behav-
ior, but the most significant factor appears to be that
the stellar+NLR fits infer significantly more dust at-
tenuation than the corresponding stellar-only models,
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Figure 3. Top: An example BEAGLE-AGN fit to a BL AGN from our sample, RUBIES-EGS-17146. The observed spectrum is
shown in black, with masked portions indicated by shaded regions. The best-fit model (red) includes emission from stars and
H1 regions (blue) and an AGN component consisting of NLR emission (purple) and a dust-attenuated power-law continuum
(magenta). Our best fit reproduces the continuum emission and observed emission lines well, with a significantly better goodness
of fit than stellar-only and stellar+NLR models as measured by a BF comparison. Bottom: A variety of BEAGLE-AGN fits to our
sample. Our modeling suggests that many of these sources are composites, exhibiting both significant stellar-driven and AGN
emission. The top two rows show non-LRD AGN sources, while the bottom row displays LRDs. Overall, these results suggest
that our modeling is flexible enough to reproduce a wide variety of high-redshift AGN spectra.
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Figure 4. Top: Comparison of BF measurements be-
tween the stellar+NLR model and stellar-only model for
the BL AGN sample and the control sample. Bot-
tom: Comparison of BF measurements between the stel-
lar+NLR+AGN-continuum model and stellar-only model
for the BL. AGN sample and the control sample. In both
cases, the BF distributions demonstrate that the statistical
preference for the AGN models is significantly stronger for
the BL AGN sample than for the control sample.

with a median Ay ~1dex higher. This appears to be
primarily driven by the presence of NLR emission, as
the AGN accretion disk luminosity in the stellar+NLR
models is found to strongly correlate with Ay (as well as
with the difference in Ay between the stellar+NLR and
stellar-only models). This can be understood in the fol-
lowing way: the NLR emission models have intrinsically
bright UV and optical emission lines. However, while
the best-fit stellar+NLR models of our sources gener-
ally invoke AGN NLR emission as a dominant contribu-
tion to the observed bright rest-optical emission lines,
JWST-observed high-redshift AGN, including those in
our sample, display relatively weak high-ionization UV
emission lines (e.g. E. Lambrides et al. 2024; B. Wang
et al. 2025; G. Zucchi et al. 2026). Dust is thus applied to
reconcile differences in observed emission line strengths
between the UV and optical regimes. Since we fix the
attenuation experienced by the NLR emission to that
from stars (see Section 5.2), the greater extinction in
the stellar+NLR model means that more intrinsic stel-
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Figure 5. Histograms showing the distribution of the frac-
tion of continuum luminosity from AGN emission in the
best-fit stellar+NLR+AGN-continuum models in our BL
AGN sample, broken up into LRDs (red shaded bars) and
non-LRD AGN (blue shaded bars). Top: Continuum lumi-
nosity at 1500 A. The AGN emission is generally subdom-
inant in the rest-UV, though a moderate fraction of LRDs
have a dominant AGN contribution. Bottom: Continuum lu-
minosity at 5500 A. Among the majority of both LRDs and
non-LRD BL AGN, the rest-optical AGN continuum emis-
sion is at least significant, and in many objects it is dominant.

lar emission is required to explain the continuum, which
increases the inferred M, values.

We next examine M, estimates from the
stellar+NLR+AGN-continuum models, which are
selected as the fiducial model for 20 out of 23 (285%)
non-LRDs. These models mostly prefer a modestly
dust-attenuated (Ay ~1-3) AGN continuum, which
generally provides a significant contribution across
the entire spectrum but tends to be particularly
dominant in the rest-optical (Figure 5). This leaves
stellar emission mostly responsible for the rest-UV
emission, though with a modest or even dominant
rest-optical contribution in some cases. For the 20
non-LRDs in which the stellar+NLR+AGN-continuum
fit is selected as the fiducial model, 14 (70%) have
M, estimates lower than those from the corresponding
stellar-only model (and stellar-only M, estimates for
three additional sources are within 0.3dex). This
figure is even more striking when comparing to the
stellar+ NLR models; M, estimates in sources with
the AGN continuum run as the fiducial model are
lower than 18 out of the 20 (90%) M. estimates from
the corresponding stellar+NLR fits (the other two
sources have M, estimates within 0.2dex). Overall, it
appears that the lower stellar masses derived in the
stellar+NLR+A GN-continuum models compared to the
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Figure 6. A visual representation of the M, estimates for fiducial models (full opacity) and other fits (semi-transparent) for
each source in our sample, categorized by non-LRD AGN vs. LRDs and sorted in order of increasing M, of the fiducial model.
For all but three non-LRD AGN, the stellar+NLR+AGN-continuum model provides the best fit. For LRDs, given uncertainties
in the nature of the rest-optical emission, we instead measure an upper limit on M. by performing a stellar-only fit to only
the rest-UV spectrum (assuming this originates from a host galaxy, with contributions from AGN or other light making this an
upper limit; see Section 4.2.2) and define this as the fiducial model. The differences in M, estimates between the three models
for non-LRDs are modest, with a dispersion of ~0.75 dex. However, the model that includes an AGN continuum does generally
yield a lower estimate of M, than the others. The inset in the left panel shows a histogram of the fiducial M, value compared to
the value derived from the stellar-only fit to each non-LRD, visually demonstrating this fact. On the other hand, M, estimates
in LRDs strongly differ between runs which include the AGN continuum and those that do not, which may reflect the inability
of publicly-available SED codes to model their underlying physical conditions.

stellar-only models are primarily caused by the AGN components (as described in Section 1). Previous efforts
continuum displacing stellar emission, as we observe have failed to describe the continuum shape of LRDs
a tight correlation between the fraction of the 5500 A with stars alone, even allowing extremely flexible SFHs
continuum luminosity from AGN emission and the and nearly-unphysical dust laws (e.g. Y. Ma et al. 2025).
difference in stellar mass between the stellar-only and We find a similar result — though we allow for multiple
the stellar+NLR+AGN-continuum models. As opposed populations of stars to be fitted simultaneously (albeit
to the stellar+NLR models, the stellar+NLR+AGN- with a somewhat limited parametric SFH prescription),
continuum models are only modestly more dusty than our stellar-only and stellar+NLR fits are unable to effec-
the corresponding stellar-only models, with a median tively reproduce the continuum shapes of these LRDs.

Ay ~0.36 dex higher. The differences in M, estimates Our stellar+NLR+AGN-continuum fits are more ef-
also do not appear to be driven by a change in the fective at modeling the observed LRD spectra. They
inferred SFH, as the mass-weighted ages of the stellar- are selected as the fiducial model by our Bayes factor
only and stellar+NLR+AGN-continuum models have a comparison test for all LRDs. In general, we observe
median difference within ~ 10%. Thus, it appears that that the best-fit models attribute most of the rest-optical
displacement of the stellar continuum by AGN emission emission to a modestly dust-attenuated (Ay ~ 1.5-2.5)
is primarily responsible for the decreased M, values AGN continuum. For sources with a strong Balmer
found in the stellar+NLR+AGN-continuum models. break feature, the model prefers to include a substan-

tial evolved stellar population (with stellar age above

4.2.2. M, Estimat LRD
stimates of 3 ~ 100 Myr). In all cases, the rest-UV is reproduced well

For the LRDs in our sample, the fits which include by a relatively dust-free (Ay <1) young stellar popula-
an AGN continuum component (modeled by a dust- tion. Though this physical picture superficially matches
attenuated power-law) result in a significantly improved two-component interpretations of LRD spectra (e.g. A.
best-fit model compared to those which attribute the de Graaff et al. 2025¢; W. Q. Sun et al. 2026; J. F. W.
entire continuum to stellar and HII region emission. Baggen et al. 2026), many of our fits remain unsatis-
This result is in agreement with evidence for emission factory. Specifically, BEAGLE-AGN is generally unable to

in LRDs being composed of multiple physically distinct



match the Balmer break feature in sources which dis-
play it, even when including a significant evolved stel-
lar population. This is relatively unsurprising, given
that the shape of the break in LRDs is smoother than a
prototypical stellar Balmer break, and they can also be
far stronger (e.g. X. Ji et al. 2025; R. P. Naidu et al.
2025; A. de Graaff et al. 2025a; A. J. Taylor et al.
2025a). The break feature in LRDs is commonly mod-
eled as AGN continuum emission reprocessed through
extremely dense (ng > 10% cm™3) gas (e.g. K. Inayoshi &
R. Maiolino 2025) or as blackbody emission from a ther-
malized “atmosphere” (e.g. D. Kido et al. 2025). Cur-
rent implementations of public SED fitting codes are not
generally capable of reproducing such conditions. Pre-
vious efforts to model these scenarios by modifying ex-
isting SED fitting codes have been successfully deployed
(e.g. A. J. Taylor et al. 2025a), but these highly-tailored
approaches have not been thoroughly tested or validated
for use on broader samples. Although such analysis is
outside the scope of this work, we highlight it as an im-
portant area for future investigation. In general, our
results provide further evidence that, even with sophis-
ticated and flexible modeling techniques, severe caution
is warranted in interpreting the M, estimates of LRDs.
Given these major uncertainties in understanding
LRD SEDs (and their underlying physical nature), we
do not select any of the M, values from our primary
models as their fiducial measurement. As mentioned
previously, high-redshift AGN observed by JWST (es-
pecially LRDs) have highly constrained non-detections
of high-ionization lines typically associated with AGN
(e.g. E. Lambrides et al. 2024; B. Wang et al. 2025; G.
Zucchi et al. 2026), which is consistent with a stellar
origin for the rest-UV. Thus, we measure an upper limit
on M, by performing a BEAGLE-AGN stellar-only fit con-
strained to only the spectrum blueward of the Balmer
limit at 3645 A. If some fraction of the UV continuum
emission is actually non-stellar, then our M, estimates
(which assume a purely stellar origin) will be too high.
Thus, we consider these measurements to be upper lim-
its. These upper limit M, measurements are compared
to the derived values from our other runs in Figure 6.

4.3. The high-redshift Mgy /M, Relation

We next compare the M, value of each source (from
its fiducial model) with Mgy estimates from A. J. Taylor
et al. (2025b). JWST-detected BL AGN from our sam-
ple and from the literature are plotted on the Mgy /M,
relation in Figure 7. Taking the Mpp estimates at
face value, a substantial fraction of AGN in our sam-
ple appear to host BHs with masses ~ 1-2dex higher
than expected from the local relation given their stel-
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lar masses. Sources appear to generally lie along two
loci in the space of Mgy vs. M,, with one cluster
near the local relation and another at an elevated ra-
tio of Mppu/M,. ~0.05-0.1. The set of non-LRDs with
overmassive BHs are heavily skewed towards the high-
redshift end of our sample, whereas low-z non-LRDs
nearly all exist near the local relation. In contrast,
LRDs nearly all have BHs which are overmassive by
= 1dex, regardless of redshift. One significant outlier is
RUBIES-EGS-28812, which A. J. Taylor et al. (2025b)
report as a non-LRD at a relatively low redshift of
z=4.22, but which has an estimated Mpp/M, value
in excess of unity. However, this source is selected as
an LRD using the slightly looser criteria of G. Barro
et al. (2024), and displays a rest-optical continuum that
is well-described by a modified blackbody spectrum. If
this source is indeed an LRD, this would negate the
significance of its high Mgy /M, ratio at such a low red-
shift. Overall, these results are consistent with findings
from the existing literature (e.g. F. Pacucci et al. 2023;
B. L. Jones et al. 2025; I. Juodzbalis et al. 2026); this
is somewhat unsurprising, given that our M, measure-
ments are roughly consistent with those from previous
studies, but the expanded sample size afforded by our
analysis helps clarify this.

To better quantify the observed trends, we show the
Mgy /M, ratio of our sources and JWST-observed AGN
from the literature (see Appendix C) as a function of
redshift in Figure 8, separated into LRDs and non-LRD
AGN. To quantify any evolution in the median value of
Mgu/M, as a function of redshift, we pool our sam-
ple with a comprehensive sample of published JWST-
observed AGN and derive a smooth binned median using
the “pseudo-binning” technique (e.g. S. L. Finkelstein
et al. 2022). This process approximates the results of
a bootstrapped binned median, but marginalizes over
choices of bin width and position. For each point in a
finely spaced grid of redshift values (dz=0.01), we ran-
domly draw N =1000 sample bin widths ranging from
Az=0.1-1. The median value of Mpy/M, for points
that fall in each sample bin is computed, and aggregated
together these form a distribution of median Mgy /M,
values at each point in redshift. Finally, the 50th per-
centile of this distribution is used to build a smooth
curve representing the bootstrapped median across the
redshift range, with the 16th and 84th percentile values
constituting the 1 o confidence interval of this quantity.
We add Poisson errors for each bin and the measurement
uncertainties of the sources in each bin in quadrature
with this confidence interval to form a 1o error, and we
finally apply Gaussian smoothing with standard devia-
tion o, =0.01 for plotting purposes. The bootstrapped
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Figure 7. The Mgu/M, relation for AGN observed by JWST. Sources analyzed in this work are shown using square markers
(non-LRDs) or stars (LRDs), while objects reported in previous studies (Appendix C) within the redshift range of our sample
(3.5 <2< 7) are drawn as smaller circles. Sources are color-coded by spectroscopic redshift. There appears to be an approxi-
mately bimodal distribution of Mg /M, values, with low-z sources clustered near the local relation (orange; J. E. Greene et al.
2020) and high-redshift sources displaying elevated Mgu /M, ratios in line with the empirical high-redshift best-fit (magenta,
z~4-T; F. Pacucci et al. 2023). This redshift dependence is explored further in Figure 8.

median curves along with the 1 o error regions are shown
as the solid lines and shaded regions in Figure 8.

We emphasize that the plotted dispersion is not our
claimed uncertainty in the My /M, relation. Instead,
this measurement quantifies our ability to estimate the
median of the observed distribution.

Some qualitative trends can immediately be observed.
Among non-LRD AGN, we find an evolution in observed
Mpy /M, as a function of redshift. Specifically, observed
Mpy /M, ratios generally appear elevated and relatively
flat at z = 4.5, but rapidly evolve towards a value con-
sistent with the local relation by z ~3.5. On the other
hand, the Mpy/M, relation for LRDs appears to be
nearly flat as a function of redshift. While we can di-
rectly observe these trends in the observed Mgpy /M.,
relation, we discuss implications for the intrinsic high-
redshift Mpy /M, relation in Section 5.1.

5. DISCUSSION
5.1. FEwvolution of the Mgy /M, Relation

In Section 4.3, we describe the implications of our
newly-derived M, estimates on the observed Mpy /M,
relation, noting that it appears flat at z2>4.5 with a
rapid transition to the local relation between z ~ 3.5—
4.5. However, due to incompleteness, observational bi-
ases, and systematic errors, it is not straightforward to
infer the intrinsic high-redshift Mgy /M, relation from
the observed one. For instance, the effect known as the
“Lauer bias” (T. R. Lauer et al. 2007) means that AGN-
selected samples with intrinsic scatter in Mpy /M, will
tend to select overmassive BHs, especially at M, values
in steep portions of the galaxy stellar mass function,
as there are more low-mass galaxies which can be up-
scattered in Mgy /M, than high-mass galaxies which are
available to be down-scattered. Moreover, estimating
the selection function of our sample (especially pooled
together with the total literature sample) is highly non-
trivial. One major challenge lies in estimating the bias
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Figure 8. The Mpu /M. ratio plotted against spectroscopic redshift for our sample (squares for non-LRDs and stars for LRDs)
and literature B, AGN (circles, Appendix C), divided into non-LRD AGN and LRDs. Regions consistent with sources following
the local relation (pale orange shading; J. E. Greene et al. 2020) and high-redshift relation (pink shading; F. Pacucci et al.
2023) are also shown. A smoothed continuous median for each set of data derived from “pseudo-binning” is overplotted (see
Section 4.3 for details). The Mpu /M. ratio of non-LRD AGN appears to evolve from an value elevated by ~ 1dex at z > 4.5 to
one consistent with the local relation at z < 3.5 (a period of ~ 500 Myr). Due to the complexity in characterizing observational
completeness across this heterogeneous sample, a full exploration of systematics is outside the scope of this work. As such, while
we cannot entirely rule out selection effects as the cause of this apparent evolution, the short timescale of this transition means
that any systematic effects must vary rapidly as a function of redshift. In contrast, the Mpu/M. relation of LRDs appears
to remain remarkably flat across time, which may reflect limitations in our ability to estimate their Mgy (if their emission is
indeed driven by accreting BHs) and/or M, given their uncertain physical nature.

introduced by the choice of NIRSpec micro-shutter as-
sembly (MSA) mask positions. Masks are designed to
maximize the number of high-priority targets on slits,
which might introduce selection effects. For instance, if
AGN hosting overmassive BHs appear redder and more
luminous, then they may be up-weighted in mask selec-
tion. MSA positions are influenced by all targets (not
just AGN) across a NIRSpec pointing, making account-
ing for this factor extremely challenging.

A. J. Taylor et al. (2025b) estimate the completeness
of their sample by accounting for two factors: “line de-
tection” incompleteness, which describes when true BL
AGN with spectroscopic observations are not selected
as such, and “observational incompleteness”, which re-
sults from candidate AGN in the MSA area not being as-
signed open shutters (and thus failing to be spectroscop-
ically observed). Unfortunately, extending this measure
of completeness to vary as a function of Mpy/M, is
far more complicated, and likely requires a full forward-
modeling approach taking account of both physical fac-
tors such as the Eddington ratio distribution function
and observational biases and potential systematic errors
(similar to e.g. F. Pacucci et al. 2023; J. Li et al. 2025b;

J. D. Silverman et al. 2025). As such, we defer a full
quantitative investigation of the redshift evolution in the
intrinsic Mpu /M., relation to a future paper.

Here, we make note of two relevant findings. The first
is that we find modest, but significant, differences in
M, estimates between various models. For instance,
among non-LRDs, the distribution of the differences in
M, estimates between the stellar-only models and the
stellar+NLR+AGN-continuum models has a standard
deviation of ~0.75dex (see inset in the left panel of
Figure 6). Any errors caused by incorrect model as-
sumptions will also be combined with uncertainties in
M, estimation between various SED fitting codes (e.g.
C. Pacifici et al. 2023), something that has been explic-
itly examined in M, measurements of JWST-detected
AGN (I. Juodzbalis et al. 2026). Further discrepancies
can be introduced by other methodological differences
such as fitting of photometry instead of spectroscopy or
by the use of AGN-host galaxy spatial decomposition.
Clearly, there may be major systematic uncertainties
in M, measurements. As demonstrated in J. Li et al.
(2025b), an uncertainty in log(M,) of ~0.45 dex is suffi-
cient to cause a population of high-redshift AGN drawn
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from a “normal” Mpy /M, distribution to appear to dis-
play elevated Mpy /M, ratios after selection effects and
mass measurement uncertainties are applied.

However, we now focus on a second finding: the rapid
evolution in the observed Mpu/M, relation between
z~3.5-4.5. It is unclear what combination of system-
atic and observational uncertainties would drive such a
sharp change, when AGN hosting relatively “undermas-
sive” BHs can and have been observed at these redshifts
(e.g. J. Li et al. 2025a; Y. Sun et al. 2025b; J. Zhang
et al. 2026). Moreover, we find that the evolution in the
observed Mpy /M, relation is entirely driven by changes
in M, of AGN, as shown in Figure 9, while the estimated
Mgy distribution across the redshift range of z ~ 3.5-4.5
is flat. One might expect that a BH of a given mass and
accretion rate embedded in a fainter galaxy may be eas-
ier to detect at high-z, as it will outshine its host more
strongly and is more likely to be selected as an AGN
via photometric colors and compactness. However, it is
unclear why a selection effect like this would result in
such a discontinuous shift in the observed M, distribu-
tion of AGN from z ~ 3.5-4.5, while flattening out to
higher redshifts. Moreover, if the evolution in the ob-
served Mgy /M, relation is indeed caused by selection
effects, this would imply that the scatter in the intrinsic
high-redshift Mpp/M, relation is much larger than is
observed in the local universe, with currently observed
AGN tracing the upper envelope of the underlying distri-
bution (e.g. Y. Sun et al. 2025a; J. Li et al. 2025b; J. D.
Silverman et al. 2025). If the normalization of the high-
redshift Mpy/M, relation is consistent with the local
relation, this would imply the presence of a substantial
unobserved population of BHs; however, it has been ar-
gued (e.g. C. A. Guia & F. Pacucci 2024; B. L. Jones
et al. 2025; D. Roberts et al. 2026) that this may be in
some tension with the fact that current JWST-observed
AGN already appear to constitute a substantial fraction
of high-redshift galaxies and that the high-redshift BH
mass function (BHMF; e.g. J. Matthee et al. 2024; A. J.
Taylor et al. 2025b; Q. Fei et al. 2025) from high-redshift
AGN is consistent with the BHMF extrapolated from
observations of quasars detected in ground-based obser-
vations (e.g. W. He et al. 2024).

On the other hand, if this trend corresponds to a real
change in the intrinsic Mgy /M, relation, there are some
interesting theoretical precedents for a significant tran-
sition within this redshift range. For instance, A. Trinca
et al. (2024) examine the Mpyu/M, relation of AGN
in the Cosmic Archaeology Tool semi-analytical model
and find elevated ratios (similar to those seen in JWST
AGN) caused by repeated bursts of super-Eddington ac-
cretion driven by major merger events. In the simula-
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Figure 9. M, as a function of redshift for non-LRD AGN.
Sources analyzed in this work are shown using square mark-
ers, while objects reported in previous studies (Appendix C)
are drawn as circles. A smooth binned median generated us-
ing the pseudo-binning technique (see Section 4.3 for details)
is overplotted in solid blue. The faded blue curve shows an in-
verted and re-normalized version of the smoothed Mg /M.
curve for non-LRDs from Figure 8 for comparison. Though
galaxies with log(M,/Mp) < 8 are observed up to z ~ 6, there
is a rapid change in the median M, value of AGN between
z~3.5-4.5. Across this same redshift range, the distribu-
tion of inferred Mpu of AGN is relatively flat, meaning that
this evolution in measured M, drives the evolution in the
observed Mpu/M. relation.

tion, the decrease in merger frequency by z~4 causes
SMBH growth to cease and enables a rapid buildup of
the host galaxy, returning systems to the local relation
within ~500Myr. F. Pacucci & A. Loeb (2024) find
similar results but attribute the rapid evolution to sec-
ular processes, including AGN feedback. Qualitatively
similar behavior is also observed in theoretical models
which track the formation and growth of heavy BH seeds
(e.g. M. T. Scoggins et al. 2023; A. K. Bhowmick et al.
2024b; J. Jeon et al. 2026). The fact that the evolution
in the observed Mgy /M, relation is entirely driven by a
change in measured M, is thus intriguing, and may re-
flect a rapid assembly of AGN host galaxies. Nonethe-
less, as we are unable to account for all observational
biases and systematic uncertainties in this work, we are
unable to exclude the possibility that at least part of
this observed evolution may be due to selection effects.

5.2. Limitations in BEAGLE-AGN Modeling

The greatest differences in M, estimates are between
the stellar+NLR models and the stellar+NLR+AGN-
continuum models. Since we analyze BL AGN, which



(at least among non-LRDs) likely present a relatively
unobscured view of the central engine, this is somewhat
expected. However, it is important to note that our
AGN continuum model is relatively simplistic, consist-
ing of an analytical power-law attenuated by dust. We
briefly explore the impacts of AGN continuum model
choices by investigating differences in parameter esti-
mates between models with acony = —1.54 and a sec-
ond set of models which are identical except that we
set Qeont = —2.33. We find that, among non-LRDs, the
distribution of differences in M, estimates between runs
with these two power-law slopes has a median ~ 0dex
with standard deviation ~0.15dex. We thus conclude
that our M, estimates are relatively insensitive to our
choice of acont- Future investigations will be required
to assess the detailed impact of AGN continuum model
priors on the robustness of retrieved galaxy properties,
but such analysis is outside the scope of this work.

As described in Section 3.3, the UV-optical slope of
the AGN continuum (acont) is, in general, not the same
as the slope of the incident ionizing radiation field on
the NLR (anpr). To choose a value of axpr, we look
to the results of A. Vidal-Garcia et al. (2024), who fit
a comprehensive set of synthetic N AGN spectra with
BEAGLE-AGN to test the reliability of fitting and the ro-
bustness of retrieved parameters of the NLR and host
galaxy. These findings show that allowing anpr to vary
introduces a degeneracy with the AGN accretion disk
luminosity L., resulting in the latter being overesti-
mated. As A. Vidal-Garcfa et al. (2024) obtain the best
results fixing anLgr =—1.7, we choose the same prior.
Nonetheless, different choices of anypr may yield some-
what different results. Similarly, while the AGN cover-
ing fraction Cy is fixed to 10% in the available models,
and this quantity is almost certainly degenerate with
quantities such as the total accretion disk luminosity,
modifying this value may somewhat impact our results.
However, one somewhat reassuring fact is that the im-
pact of including NLR emission in the modeling impacts
derived M, estimates only modestly, and its effects are
less pronounced than the inclusion of AGN continuum
emission (see Section 4.2).

In these models, emission from the NLR is attenuated
by the diffuse dust component in the ISM (matching
the attenuation applied to emission from stars with age
>10Myr). In principle, however, the NLR could expe-
rience additional attenuation if dust conditions near the
AGN differ from the broader ISM of the host galaxy (e.g.
C. Z. P. Heard & C. M. Gaskell 2016; K.-X. Lu et al.
2019; M. Brooks et al. 2025). To examine this effect,
M. S. Silcock et al. (2025) test the addition of an inde-
pendent attenuation factor for the NLR, 7v nrr. This
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factor is found to be highly unconstrained and the re-
trieved parameter estimates do not differ significantly
(statistically) from the case in which the NLR attenua-
tion is fixed to the stellar attenuation. As a result, we
choose not to fit this parameter in our models.

In the above analysis, we assume that our spectra con-
tain sufficient information for BEAGLE-AGN to robustly
disentangle emission originating in the NLR from that
of the host galaxy. In a line-only modeling analysis fit-
ting optical line fluxes, A. Vidal-Garcia et al. (2024) find
that NLR emission can be robustly detected in sources
with S/N(HS) ~ 10, a criterion met by over half of the
sources in our sample (with all but a small fraction
displaying at least SNR(HpS) >5). However, these au-
thors also demonstrate that a higher SNR may be re-
quired for unbiased parameter retrieval, especially for
systems where emission lines are dominated by H1I re-
gions. Since we analyze known BL AGN, where the
broad lines are generally quite strong compared to the
narrow emission, it seems likely that most of these sys-
tems have narrow line emission dominated by the NLR,
rather than by H1I regions. As a point of comparison,
M. A. Malkan et al. (2026) analyze a large sample of
low-z AGN and found that ~90% of narrow line emis-
sion in Type 1 Seyferts (BL AGN) arises from the NLR.
Regardless, this caveat suggests that the best-fit values
of quantities such as metallicities and ionization param-
eters of the host galaxy and NLR region should be used
with caution. However, we observe no strong trend in
the M, estimates between different models (or their dif-
ferences) as a function of SNR(HS).

An additional related limitation is that integrated
photometry and spectroscopy extracted from an individ-
ual NIRSpec MSA shutter may sample slightly different
mixes of the galaxy ISM and NLR emission, especially in
spatially extended sources. The optimally extracted 1D
spectra may thus not reflect the entire emission from the
host galaxy, potentially in a wavelength-dependent way.
Narrow-band imaging or integral field unit spectroscopy
of these AGN would allow us to measure the spatial ex-
tent of line emission and determine how significant this
effect is likely to be. As these data currently do not exist
for our sample, we are unable to correct for this effect.
However, many of our sources are unresolved in NIR-
Cam imaging, and results do not appear to significantly
differ between compact and extended sources.

In this work, we use a parametric delayed-exponential
SFH with an IMF cutoff of 100 M. Both of these fac-
tors may impact our derived stellar masses. While a
more flexible non-parametric SFH may yield different
M, estimates, modeling several independently param-
eterized SFH bins would require fitting a significantly
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larger number of parameters which would almost cer-
tainly impact the convergence of our fits and potentially
bias retrieved parameter estimates. On the other hand,
increasing the IMF cutoff to e.g. 300 M may decrease
some derived M, values, as the highest mass stars would
likely decrease the mass to light ratio of the overall stel-
lar population, but a prior exploration of varying the
IMF cutoff in BEAGLE-AGN found minimal impacts com-
pared to the effects of including AGN models (O. A.
Chavez Ortiz et al. 2025).

5.3. Why are Control Galazies Better Fitted by Models
With AGN Emission?

In Section 4.1, we show that 18 out of 23 galaxies in
the control sample are better fit by models with AGN
emission than stellar-only models. The significance of
the statistical preference for AGN models among control
sample galaxies is much weaker than the corresponding
statistical preference among our BL AGN sample (as
measured by a comparison of BF distributions, Figure
4). Nonetheless, this may suggest potential limitations
inherent in our stellar-only models. Here, we discuss fac-
tors which may explain the preference for AGN models
over stellar-only models for these sources.

One possible explanation is that the ISM conditions
of high-redshift galaxies appear distinct from their low-
z counterparts (which often anchor the priors used in
SED fitting; e.g. J. Chevallard & S. Charlot 2016; J.
Leja et al. 2017; A. C. Carnall et al. 2018). For in-
stance, high-redshift chemical abundances may depart
from Solar values (e.g. M. W. Topping et al. 2024; T. Y .-
Y. Hsiao et al. 2025; D. A. Berg et al. 2025; J. Scholtz
et al. 2026). Moreover, the ISM at high-redshift may be
characterized by substantially higher electron densities
than in most low-z galaxies (e.g. Y. Isobe et al. 2023,

Abdurro’uf et al. 2024; M. W. Topping et al. 2025),
which could strongly impact diagnostic emission line ra-
tios (e.g. M. J. Hayes et al. 2025; Z. Martinez et al. 2025;
T. Y.-Y. Hsiao et al. 2026). An additional challenge is
that the H1I regions of high-redshift sources may not be
accurately modeled with single-zone ionized regions; in
reality, the ISM of galaxies (especially at high-z) can be
highly stratified, with multiple ionization zones leading
to more complex nebular emission. (e.g. G. R. Zeimann
et al. 2015; D. A. Berg et al. 2021; A. Marconi et al.
2024; A. E. Shapley et al. 2025). In our fits, we as-
sume a solar carbon abundance with (C/O)g =0.44, a
nitrogen abundance anchored to the solar value (though
rescaled based on metallicity-sensitive secondary nitro-
gen production mechanisms; J. Gutkin et al. 2016), and
an ISM H1I region hydrogen density ni!=100 cm™3.
Moreover, BEAGLE-AGN characterizes emission from H 11

regions with a single metallicity and ionization parame-
ter. Sources in our control sample may thus be better fit
by models with AGN emission because these modeling
choices may not accurately reflect the ISM conditions of
high-redshift galaxies. Using extended nebular emission
grids, one can explore the impacts of varying chemical
abundances (e.g. O. A. Chavez Ortiz et al. 2025) and
H 1 region density using BEAGLE-AGN. However, since
only the strongest emission lines are significantly de-
tected in the available spectra for our control sample,
carrying out this procedure with the currently available
data would almost certainly introduce significant degen-
eracies in the fitting and bias the resulting parameter es-
timates. While such an exploration is outside the scope
of this analysis, future work should be carried out to bet-
ter understand the impacts of these modeling choices.
There is a second factor which may explain the pref-
erence for AGN models in a subset of the control sam-
ple. Our selection criteria exclude only objects with
detected broad lines; thus, a non-negligible fraction of
these sources may be NL AGN (J. Chisholm et al. 2024;
J. Scholtz et al. 2025; G. Mazzolari et al. 2025) and
thus naturally better fit by a model which includes AGN
emission. Removing NL. AGN from the control sample
would require applying cuts based on emission line fluxes
or diagnostic ratios. However, these are the same factors
implicitly used in the BEAGLE-AGN fitting to determine
the relative contributions of H 11 regions and NLR emis-
sion. Since these galaxies are used as a control sample,
it would be somewhat circular and potentially problem-
atic to remove any but the most unambiguous NL AGN.
As discussed above, the ISM conditions in high-redshift
galaxies are quite different than those at low-z, mean-
ing that diagnostic diagrams used to select AGN in the
local universe lose their constraining power at earlier
times (e.g. M. Hirschmann et al. 2023; A. J. Cameron
et al. 2023; A. R. Gupta et al. 2024; B. E. Backhaus
et al. 2025; N. J. Cleri et al. 2025). Some inactive galax-
ies, especially sources with extreme ISM conditions (e.g.
those in the upper envelope of the log UM distribution)
may thus be accidentally removed during a NL AGN cut
to the control sample. This would artificially inflate the
significance of results in our BL AGN sample.

6. CONCLUSIONS

In this work, we examine the evolution of the
Mgu /M, relation across cosmic time. Previous works
have identified many high-redshift AGN with Mgy /M,
ratios which appear elevated compared to local relations.
A major systematic uncertainty impacting these results
is the accuracy of M, measurements. Here, we test the
robustness of M, estimates derived from SED fitting by



studying a sample of 39 BL AGN from the CEERS and
RUBIES surveys with JWST /NIRSpec spectroscopic
data from both the PRISM and G395M dispersers.

We perform SED fitting directly on PRISM spec-
tra, with additional constraints from the G395M data.
We use the BEAGLE-AGN SED fitting code to self-
consistently model emission from both the host galaxy
and the NLR. This allows us to incorporate NLR emis-
sion in SED fitting at high-redshift in a large sample for
the first time. We find that including models of NLR
emission results in an improved best-fit model for all
sources. Moreover, including an AGN continuum com-
ponent modeled by an independently attenuated power-
law produces a further improved fit for 36 out of 39
sources. We note the following key results:

e Among non-LRD AGN, models which include NLR
emission produce better fits and yield increased M,
estimates compared to stellar-only models (median
M, ~0.24 dex higher with a dispersion of ~0.35 dex).
This is predominantly caused by changes in the in-
ferred dust attenuation applied to the stellar emission.

e For nearly all non-LRD AGN, the inclusion of an AGN
continuum model results in an improved fit, and M,
estimates are reduced (median M, ~0.33 dex lower
with a dispersion of ~0.75dex) primarily due to a
displacement of continuum emission which would oth-
erwise be reproduced by stars.

e Our tested models are unable to reproduce the strong
break features in some LRD spectra, a result in quali-
tative agreement with results from previous works fit-
ting them using public SED fitting codes. Instead, we
measure an upper limit on the stellar masses of our
LRDs by fitting only the rest-UV portions of their
spectra with a stellar-only model, and we find sub-
stantial differences compared to models which are fit-
ted to the full spectrum.

Finally, we use these results to examine the Mgy /M,
relation of high-redshift non-LRD AGN over cosmic
time. We find that the observed relation seems to
evolve rapidly, with AGN at z 2> 4.5 exhibiting elevated
Mpy /M, ratios and those at z < 3.5 lying near local re-
lations. Without a full accounting of all observational
biases and systematic uncertainties, we cannot rule out
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selection effects as the cause of at least part of this evo-
lution. However, this change in the observed relation
occurs over a period of just ~500Myr and is entirely
driven by a shift in the inferred M, estimates of AGN
rather than by an evolving Mpy distribution. If this
reflects a rapid evolution of the intrinsic Mpp/M, re-
lation, this would imply that BHs at early times grew
rapidly, outpacing the buildup of their hosts, with rapid
galaxy assembly occurring at later times to return them
to the local relation. This physical picture is consis-
tent with the predictions of some theoretical BH growth
models. However, further work will be required to de-
termine the true physical origin of this observed trend.
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APPENDIX

A. BL AGN SAMPLE INFORMATION TABLES

Table 2. B AGN sample information.

Source ID R.A. [deg] Decl. [deg] z LRD log(Msu/Mg) -+ log(Lacc) log(facN) 7V, cont)
CEERS-397 214.836197  52.882693 6.000 0 7.6070%3 oo 45781008 1 727004 (9044001
CEERS-746 214.809142 52.868484 5.623 7.29%018

RUBIES-EGS-920  215.052344 52.884268 3.616 6.3315:36 S 44157598 —0.597040 0.247045
RUBIES-UDS-5496  34.405872  -5.312951  3.655 6.9910-17 oo 44.62F9:0T 1.5510-06 4 667068
RUBIES-EGS-6411  215.109185  52.939770  4.880 6.497018 oo 43.9270-00

RUBIES-UDS-8895  34.363041  -5.306108  3.982 7.3715:08 oo 44.88%0:03 9911008 1 617005
RUBIES-UDS-10036  34.381671  -5.303742  3.806 6.7315:03

RUBIES-UDS-11721  34.411039  -5.300780  3.978 7.241010 coe 45117508 1697015 1.28T508
RUBIES-EGS-13872  215.132933  52.970705  5.262 6.741023 coe 4372700 0.957005  2.4410%3
RUBIES-UDS-16053  34.367104  -5.293524  3.952 6.717513 :
RUBIES-EGS-17146  214.949482  52.845415  5.000 6.6015:2 ce 44070 0671015 0.407058
RUBIES-UDS-18302  34.233628  -5.283850  3.698 7.01+5:3 . 43151920

RUBIES-EGS-19174  214.860840 52.784773  3.774 6.6215:29 e 44397008 1.21780% 1457008
RUBIES-UDS-19484  34.232426  -5.280654  4.656 6.6270 23

RUBIES-UDS-19521  34.383672  -5.287732  5.669 7.1815:22 o 44367532 0851013 3177052
RUBIES-UDS-21944  34.469218  -5.283563  3.526 6.9670 11 coo 44107597 1231008 1.277008
RUBIES-EGS-28812  214.924149  52.849050  4.223 7.3515:04 coe 4467790 1061902 0.8870:02

RUBIES-EGS-29489  215.022071  52.920786 4.543
RUBIES-UDS-29813  34.453355  -5.270717  5.440
RUBIES-UDS-31747  34.223757  -5.260245 4.130
RUBIES-EGS-37032 214.849388 52.811824  3.850
RUBIES-EGS-37124  214.990977 52.916524 5.682
RUBIES-EGS-42046  214.795368  52.788847  5.279
RUBIES-EGS-42232 214.886792 52.855381 4.954
RUBIES-UDS-46566  34.293543  -5.234588  3.538
RUBIES-UDS-47509  34.264602  -5.232586  5.673
RUBIES-EGS-49140 214.892248 52.877410 6.686
RUBIES-EGS-50052  214.823454  52.830277  5.240
RUBIES-EGS-50812  214.845487  52.848281 3.518

7.3910:05
7.3910:09
717002
7.29%013
7187017
8.3010:05
7.67T00%
6.6715:02 . 45671903 1651907 0.34700!
7.5410:07
8.2615 01
7.58+5:03 o 44637500 0.981004 27702

6.77+5-14 oo 44551905 04810-01 9 797040

S O = = O == OO O O O OO O = O O =O O o o -

NoOTE—Columns: (1) Source ID; (2) Right ascension; (3) Declination; (4) Redshift; (5) LRD flag; (6) log(Msu/Mp); (7)
log(M. /Mo); (8) log(Z./%s); (9) log(rser/yr); (10) log(tmax/vr); (11) log(SFR/Mo yr—); (12) log UMMy (13) #v; (14)
log(Zpe®/Zo); (15) log UNMR; (16) log(Lace); (17) log(fagn); (18) 7v,cont. Best-fit parameters listed for each source are
the median and 16/84th percentile values from the posterior distributions of the fiducial model. Since we define the stellar-
only fit to the rest-UV spectrum of each LRD as its fiducial model, AGN parameters are not reported for any LRDs. A
machine-readable version of this table can be accessed at https://zenodo.org/records/20419666.
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B. ADDITIONAL FIGURES
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Figure 10. Comparison of the best-fit stellar-only (top), stellar+NLR (middle), and stellar+NLR+AGN-continuum (bottom)
model spectra to the observed PRISM spectrum of an example B AGN in our sample. Inset plots show the M., posterior distri-
butions for each model, and text in bottom two panels reports the BF for the stellar+NLR and stellar+NLR+AGN-continuum
model, respectively, computed relative to the stellar-only model. Note that we only fit the narrow component of Ha, so the
best-fit spectrum may not visually match the observed Ha emission line even in a well-fitting model. The complete figure set
for all sources in our BL AGN sample is available at https://zenodo.org/records/20419666.
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Figure 11. Comparison of the best-fit stellar-only, stellar+NLR, and stellar+NLR+AGN-continuum model emission line fluxes
to the line fluxes measured from the observed PRISM spectrum (applying ratios from a G395M decomposition) for an example
BL AGN in our sample. The best-fit model fluxes (as measured by our BF comparison) are shown in full opacity, and results
from the remaining fits are indicated by partially transparent markers. The complete figure set for all sources in our BL AGN
sample is available at https://zenodo.org/records/20419666.
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Figure 12. “Corner” plot generated using the PYP-BEAGLE Python package showing posterior distributions for
fitted parameters and their co-variances in the stellar+NLR+AGN-continuum model fit to an example source (RU-

BIES-EGS-17146). The complete figure set for all sources in our BL AGN sample (and for each model type) is available
at https://zenodo.org/records/20419666.
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C. LITERATURE SAMPLE

We compiled a comprehensive sample of BL AGN from all papers that we are aware of which report Mgy and M,
estimates for spectroscopically-confirmed BL. AGN with JWST observations at 3 < z < 7.5. Re-deriving all measured
quantities is beyond the scope of this work, as sources in this sample are identified using a variety of JWST instruments
and configurations; as we mainly use this sample for qualitative analyses, we instead directly adopt the Mpy and M,
estimates (and LRD classifications) reported in each work. To identify duplicate entries (sources which are analyzed
in multiple papers), we perform a 1”7 internal cross-match within the full literature sample. Among each group of
duplicates, we select the measurement with the lowest error reported in M, for our final literature sample. To remove
any objects which are independently analyzed in this work, we finally perform a 1” cross-match to our BL AGN sample
and remove any matched sources.

Table 3. Source information for the literature BLL AGN sample.

Source ID R.A. Decl. z log(Mpu/Mg) log(M./Mg) LRD Reference
COS-6696 150.125824  2.389711  7.037 7.287030 8.49701% 1 (1)
RUBIES-37427  34.504940  -5.257980  6.958 7.4215:02 8.507530 0 (2)
JADES-167639  53.091880  -27.880700 5.555 7.7015:03 8.2810:04 0 (2)
CAPERS-52661 150.141800  2.193836  6.764 7.8115:02 9.2079:16 0 (2)
JADES-38147  189.270700 62.148420 5.878 7.8475:02 7907930 0 (2)

NoTeE—(1) H. B. Akins et al. 2025b; (2) F. Arevalo-Gonzalez et al. 2026; Additional sources from the following
publications are included: F. Arevalo-Gonzalez et al. (2026); A. C. Carnall et al. (2023); A. de Graaff et al.
(2025a); F. D’Eugenio et al. (2025); Q. Fei et al. (2025); Y. Harikane et al. (2023); B. L. Jones et al. (2025);
I. Juodzbalis et al. (2026); D. Kim & M. Im (2025); T. Kiyota et al. (2025); V. Kokorev et al. (2025); Z.-J. Li
et al. (2025); R. Li et al. (2026); J. Li et al. (2025a); R. Maiolino et al. (2024b); M. A. Marshall et al. (2025a,b);
E. Parlanti et al. (2024); J.-T. Schindler et al. (2025); M. A. Stone et al. (2023, 2024); H. Ubler et al. (2025,
2023, 2024); M. Yue et al. (2024); J. Zhang et al. (2026). A machine-readable version of this table can be
accessed at https://zenodo.org/records/20419666.
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