2606.17271v1 [astro-ph.GA] 15 Jun 2026

arxXiv

VERSION JUNE 17, 2026
Preprint typeset using X TEX style openjournal v. 09/06/15

BLACK HOLE STARS ACROSS THE UNIVERSE:
IDENTIFYING CENTRAL ENGINE DOMINATED LITTLE RED DOTS AT 2z~ 1.5—-9.5
ANDREA WEIBELY*, ROHAN P. NADUZ%* T PascaL A. OescuH'*®, ANNA DE GRAAFF®7# RAPHAEL E. HVIDING',

ZHAORAN L1u%, JORRYT MATTHEE®, CHRISTINA C. WiLLIAMS?'? GABRIEL BRAMMER®®, ALBA COVELO Paz', JENNY E.
GREENE'!, CHRISTIAN KRAGH JESPERSEN'!, ZHIYUAN JI'®, MICHAEL V. MaSEDA'?, Davip J. SETTON'!, WENDY Q. SUN?,

ALBERTO TORRALBA®, CALLUM WITTEN!, AND MENGYUAN X1a0!

I Department of Astronomy, University of Geneva, Chemin Pegasi 51, 1290 Versoix, Switzerland
2 MIT Kavli Institute for Astrophysics and Space Research, 70 Vassar Street, Cambridge, MA 02139, USA
3 Institute for Astronomy, University of Hawai’i, 2680 Woodlawn Drive, Honolulu, HI 96822, USA
4 Cosmic Dawn Center (DAWN), Copenhagen, Denmark
5 Niels Bohr Institute, University of Copenhagen, Jagtvej 128, Kgbenhavn N, DK-2200, Denmark
6 Center for Astrophysics, Harvard & Smithsonian, 60 Garden St, Cambridge, MA 02138, USA
7 Max-Planck-Institut fiir Astronomie, Kénigstuhl 17, D-69117 Heidelberg, Germany
8 Institute of Science and Technology Austria (ISTA), Am Campus 1, A-3400 Klosterneuburg, Austria

9 NSF NOIRLab, 950 N. Cherry Ave., Tucson, AZ 85719, USA
10 Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA
11 Department of Astrophysical Sciences, Princeton University, 4 Ivy Lane, Princeton, NJ 08544, USA and
12 Department of Astronomy, University of Wisconsin-Madison, Madison, WI 53706, USA

Version June 17, 2026

ABSTRACT

Photometric selections of Little Red Dots (LRDs) largely rely on identifying their “V-shaped” spec-
tral energy distribution (SED). Recent work suggests this V-shape stems from a combination of a
central engine — also referred to as a Black Hole Star (BH*) — and a star-forming host galaxy. We
present a new and highly complementary photometric selection that is based on incorporating BH*
templates in the eazy redshift fitting code. Selecting compact sources where a BH* template con-
tributes > 80% to the best fitting SED in the rest-optical, we compile a sample of 241 BH*-dominated
candidates from ~ 1000 arcmin? of legacy and pure parallel JWST imaging. Our selection does not
require a blue UV-component, and it successfully identifies objects that resemble the paradigmatic
sources “MoM-BH*-1” and “The Cliff”. We find that BH*-dominated sources exist across a wide
range of redshifts (z ~ 1.7 — 9.3) and optical luminosities (log(Lsioo/ergs™!) ~ 42 — 44.5), and we
measure a median Balmer break strength of ~ 3, with some breaks reaching values > 10. We estimate
bolometric luminosities in the range log(Lyei/ergs™!) ~ 42 — 45, which, assuming accretion at the
Eddington-limit, would translate to black hole masses of Mgy ~ 10* — 10" Mg, spanning the interme-
diate mass black hole to the quasar regime. The number density of BH*-dominated candidates peaks
at z ~ 5 —6 (~ 107°Mpc ™) and it declines by an order of magnitude down to z ~ 2. Tentatively,
comparing to V-shaped LRD samples suggests that the fraction of BH*-dominated sources among the
broader LRD population does not decrease towards lower redshift. Crucially, our work demonstrates
that BH*-dominated sources are not merely an early-Universe phenomenon but rather persist at least

until cosmic noon.?

1. INTRODUCTION

Every massive galaxy in the local Universe hosts a su-
permassive black hole (SMBH; Kormendy & Ho 2013). It
is well established that feedback from SMBHs has a sig-
nificant impact on galaxy evolution throughout the his-
tory of the Universe (e.g., Weinberger et al. 2018), in par-
ticular through regulating star formation and quenching
(e.g., De Lucia et al. 2025). However, the formation and
growth of SMBHs in the early Universe is still poorly un-
derstood (e.g., Volonteri et al. 2021). Thanks to its pow-
erful near-infrared (NIR) capabilities, the James Webb
Space Telescope (JWST) is revealing the early phases of
SMBH evolution. Using grism data from the FRESCO
(Oesch et al. 2023) and EIGER (Kashino et al. 2023)
surveys, Matthee et al. (2024) identified a surprisingly
large number of broad-line Ha emitters at redshifts of
z ~ 4 — 6, which they interpreted as being powered by
active galactic nuclei (AGN). Motivated by the finding
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that the broad-line emitters showed red NIRCam col-
ors and point-like morphologies they named them Lit-
tle Red Dots (LRDs). LRDs have since become one of
the most hotly debated discoveries of JWST. Apart from
their broadened Balmer lines, they show various features
that are not typically associated with AGN: weak X-ray
(Ananna et al. 2024; Yue et al. 2024) and radio emission
(Latif et al. 2025); a flattening or turnover in the NIR
spectral energy distribution (SED), as probed by MIRI
(e.g., Pérez-Gonzélez et al. 2024; Williams et al. 2024)
as well as weak far-infrared (FIR) emission (e.g., Xiao
et al. 2025; Setton et al. 2025a), inconsistent with ex-
pectations from an AGN dust torus; a lack of variability
(e.g., Kokubo & Harikane 2025; Liu et al. 2026b); Balmer
absorption on top of the line emission (e.g., Matthee
et al. 2026); high Balmer decrements (e.g., Nikopou-
los et al. 2025; Torralba et al. 2026b; Sun et al. 2026);
strong Balmer breaks (e.g., Wang et al. 2024; Naidu et al.
2025; de Graaff et al. 2025a); and “V-shaped” SEDs (e.g.,
Pérez-Gonzalez et al. 2024; Kocevski et al. 2025) that in-
flect around the Balmer limit (Ho,, Setton et al. 2025b).

The difficulty of modeling the full SED of LRDs with
standard AGN models (e.g., Ma et al. 2025b) has led to
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the proposal of a wide variety of alternative scenarios. A
broader class of models interprets LRDs as a central ion-
izing source (typically an accreting black hole) that is en-
shrouded by a dense gas envelope or cocoon (e.g., Naidu
et al. 2025; Kido et al. 2025; Rusakov et al. 2026; Umeda
et al. 2025; Liu et al. 2026a). Re-processing of the light
in this gas envelope may account for both the Balmer
break (Inayoshi & Maiolino 2025; Naidu et al. 2025; Ji
et al. 2025), as well as the broadening of the Balmer
lines (e.g., Chang et al. 2026; Naidu et al. 2025; Sneppen
et al. 2026). This scenario bears similarities with so-
called quasi-stars (Begelman et al. 2008), as explored in
e.g., Begelman & Dexter (2026); Santarelli et al. (2026).
Other models and scenarios include super-Eddington ac-
cretion (e.g., Lupi et al. 2024; Liu et al. 2025; Secunda
et al. 2026; Madau 2026; Madau & Maiolino 2026a),
self-interacting dark matter (Grant Roberts et al. 2025;
Jiang et al. 2026), primordial black holes (Huang et al.
2024; Zhang et al. 2025, 2026), direct collapse black holes
(Pacucci et al. 2026), supermassive stars (Nandal & Loeb
2026), and globular clusters in formation (Chisholm et al.
2026). Alternatively, Madau & Maiolino (2026b) propose
a unification scheme in which LRDs are the counterparts
of blue AGN (see also Brazzini et al. 2026), viewed from
a high-inclination angle, and with a specific gas and dust
geometry. Most of these scenarios share the character-
istic that LRDs are a combination of a compact, non-
stellar engine and a surrounding host galaxy.

Photometric selections of LRDs largely focus on iden-
tifying point sources with V-shaped SEDs, either based
on NIRCam-colors (e.g., Labbe et al. 2025; Greene et al.
2024; Kokorev et al. 2024; Pérez-Gonzalez et al. 2024;
Rinaldi et al. 2026), or by fitting power-laws to the rest-
optical and the rest-UV (e.g., Kocevski et al. 2025). Us-
ing a spectroscopic sample of LRDs from RUBIES (de
Graaff et al. 2025¢), Hviding et al. (2025) showed that the
vast majority of rest-optical point sources with V-shaped
SEDs do show broad Balmer lines, suggesting that these
three properties are linked, and that photometric LRD-
selections successfully identify broad-line AGN. However,
these selections crucially rely on significant detections in
the rest-frame UV to measure a blue color or slope. Fur-
thermore, there is nothing inherently physical about a
V-shape. Billand et al. (2026) recently defined an “LRD-
ness” that quantifies how compact and how strongly V-
shaped the SED of a given source is. They found a con-
tinuum of “LRDness” across the galaxy population, with
no distinct locus for LRDs.

Two recently discovered objects may contribute a key
piece to the puzzle of understanding LRDs: “The Cliff”
at Zspec = 3.55 (de Graaff et al. 2025a), and the “MoM-
BH*-1”7 at zgpec = 7.76 (Naidu et al. 2025). They show
red rest-optical SEDs that can be well-approximated by
a blackbody with a temperature of ~ 5000K, broad
Balmer lines, extremely strong Balmer breaks (~ 7 —8),
and very little UV-emission. Naidu et al. (2025) com-
bined the spectrum of the MoM-BH*-1 with that of a
star-forming galaxy at the same redshift to show that
this reproduces the typical V-shaped SED of LRDs, in-
spiring a picture where sources similar to The Cliff or
the MoM-BH*-1 lie at the heart of every LRD. This sce-
nario has been further explored by, e.g., de Graaff et al.
(2025b), Barro et al. (2026), and Sun et al. (2026), show-
ing that the diversity of LRDs can be explained as a di-

versity of host galaxies and central engines, and their rel-
ative contribution to the total SED (see also Pan et al.
2026; Mérida et al. 2026; Cloonan et al. 2026). How-
ever, this insight has yet to be incorporated in photo-
metric LRD selections. Specifically, objects like The Cliff
or the MoM-BH*-1 do not show a strong V-shape and
are missing from current photometric samples because
of their faintness in the rest-frame UV (Hviding et al.
2025). Identifying such objects is crucial because they
let us probe the physics of the central engine without
being impeded by the host galaxy. Following the ter-
minology established in Naidu et al. (2025), de Graaff
et al. (2025b), and Sun et al. (2026), we refer to the
LRD engine as a black hole star (BH*) noting that the
analysis in this paper is independent of the physics of
the engine, as long as the decomposition of LRDs into
an engine that resembles sources like The Cliff and the
MoM-BH*-1, and a host galaxy is valid.

In this work, we present a new way of photometri-
cally selecting LRDs as a composite of a BH* and a host
galaxy. This method is naturally more sensitive to BH*-
dominated sources, and does not require detections in the
rest-UV. The goal of this selection method is to enlarge
our sample of BH*-dominated sources akin to objects
like The Cliff and the MoM-BH*-1. As such, it is com-
plementary to existing photometric LRD samples, and
does not itself deliver a complete sample of LRDs. It
is essential to photometrically identify BH*-dominated
sources as prime candidates for spectroscopic follow-up.
Furthermore, understanding the redshift evolution in the
number density of both BH*-dominated sources and V-
shaped LRDs may inform us about how the formation
and evolution of the LRD engines and their hosts are
connected, and whether the engines are increasingly out-
shone by their host galaxies at later cosmic times.

The paper is structured as follows: In Section 2, we
present the imaging data and photometric catalogs that
form the basis of the subsequent analysis. We outline
our sample selection in detail in Section 3, followed by a
spectroscopic validation of the sample, and a comparison
to V-shape selections in the literature. Section 4 pro-
vides an overview of the sample, highlighting the variety
of identified sources, as well as outstanding candidates.
We turn to sample properties in Section 5 where we
investigate optical and bolometric luminosities, Balmer
break strengths, as well as the number density evolution
of BH*-dominated candidates. We discuss our findings,
along with limitations and caveats of the sample selection
in Section 6, and end with a summary and conclusions
in Section 7.

Whenever relevant, we assume a ACDM cosmology
with parameters from the Planck Collaboration et al.
(2020) and we specify magnitudes in the AB-system (Oke
& Gunn 1983).

2. IMAGING AND CATALOGS

This paper is based on the imaging data and photo-
metric catalog presented in Weibel et al. (2026). Below,
we briefly describe the data and catalog production, and
refer the reader to Weibel et al. (2026) and references
therein for further details.



BH*s Across the Universe 3

2.1. Imaging

We retrieve imaging mosaics across legacy fields from
the DAWN JWST Archive (DJA),! using version 7.0 or
higher. The reduction of these mosaics starts from level
2 calibrated data products from the Mikulski Archive
for Space Telescopes (MAST) using the software package
grizli (Brammer 2018) as described in e.g., Valentino
et al. (2023). Specifically, these legacy fields are the EGS,
UDS, and COSMOS fields, the GOODS fields (North and
South), and the Abell-2744 cluster field. A complete list
of all JWST programs that contribute imaging data to
these mosaics is provided in Section 2.1 of Weibel et al.
(2026). JWST imaging is complemented with HST/ACS
and HST/WFC3 imaging where available, most impor-
tantly from CANDELS (Grogin et al. 2011; Koekemoer
et al. 2011). Beyond the legacy data from the DJA,
we include pure parallel imaging from PANORAMIC
(GO-2514, PIs Williams & Oesch, Williams et al. 2025),
using the first data release.? PANORAMIC adds ~
250 arcmin? of NIRCam imaging along 28 independent
lines of sight, as well as additional depth and area to
various legacy fields, so that we obtain a total area of
~ 1000 arcmin? in six or more NIRCam filters. To re-
move the brightest cluster galaxies from the Abell-2744
science mosaics before catalog construction, we subtract
a running median filter with a box-size of 101 x 101 pixels
(4.04"x 4.04"”; see Naidu et al. 2024).

2.2. Photometry

We create a photometric master catalog that contains
sources from all the fields mentioned above following the
methods outlined in Weibel et al. (2024) for the legacy
fields, and Williams et al. (2025) for PANORAMIC. In
short, we run SourceExtractor in dual-mode using an
inverse-variance weighted stack of the F277W, F356W,
and F444W images as the detection image. We then
measure fluxes through circular apertures (r = 0.16")
on convolved versions of each available JWST and HST
band, so as to match the PSF resolution in F444W. We
scale these fluxes to total based on the Kron correction
in the detection image, and an additional correction to
account for flux beyond the Kron aperture based on the
F444W PSF. The full master catalog contains 1,380,654
sources and forms the basis of the subsequent sample
selection.

3. SAMPLE SELECTION AND VALIDATION

In the following, we outline the selection of a robust
sample of BH*-dominated sources from our photometric
catalogs, and validate the sample with publicly available
spectra.

3.1. Pre-Selection

We start by pre-selecting compact sources from
our photometric catalogs as c(F444W) < 1.7, where
C(F444W) = fF444W(T = 0.2//)/fp444w(’f' = 0.1//) is the
ratio of the fluxes measured through circular apertures
with radii of 0.2” and 0.1” in the F444W image. This
broadly removes sources that are extended, following the

! https://dawn-cph.github.io/dja/imaging/v7/
2 https://panoramic-jwst.github.io/

definition of compactness for LRDs originally proposed
in Labbe et al. (2025). Since compactness can only be
robustly measured for sufficiently bright sources, we com-
plement this with a magnitude cut as mag(F444W) < 27
(see, e.g., Hviding et al. 2025). We further require (1)
SNR(F444W) > 10, (2) at least two additional filters
with SNR > 3, and (3) data in at least the six NIR-
Cam filters F115W, F150W, F200W, F277W, F356W,
and F444W, concurrent with the minimal PANORAMIC
setup (see Williams et al. 2025). This ensures a ro-
bust detection at the red end of the NIRCam wave-
length range, and continuous photometric coverage from
1 — 5pum. These cuts reduce the initial master catalog
to 11,529 sources. We cross-match this reduced cata-
log with objects in the GAIA DR3 (Gaia Collaboration
et al. 2016, 2023) that have a proper motion measured at
SNR > 3, as well as a SNR > 3 photometric detection in
the G-band, and that are neither flagged as a galaxy, nor
as a QSO in the GAIA catalog. This yields 113 matches
with secure bright stars which we remove from our cata-
log, leaving us with 11,416 compact objects.

3.2. BH* Templates

The key idea of our sample selection is to incorporate
BH* templates in the eazy redshift fitting code (Bram-
mer et al. 2008), and to identify objects whose best-
fitting SED is dominated by those templates.

We start from the blue_sfhz template set (sfhz here-
after)® which contains 13 templates generated with the
Flexible Stellar Population Synthesis (FSPS) code (Con-
roy et al. 2009; Conroy & Gunn 2010) with a broad range
of redshift-dependent properties, and an additional tem-
plate with extremely strong emission lines, based on a
JWST /NIRSpec spectrum of a z = 8.5 galaxy (Carnall
et al. 2023). We then complement this template set with
one empirical BH* template at a time, re-running eazy
for six different BH* templates that are described in the
following.

Sun et al. (2026) decomposed LRD spectra into a host
galaxy and a BH* component by subtracting the spec-
tra of star-forming galaxies at the same redshift from
LRD spectra, after matching them in [O111] luminosity.
This assumes that the [O111] doublet originates from HII
regions associated with star formation, and is backed
up by the fact that the [O11] line widths are usually
much narrower than the Balmer lines (see Sun et al.
2026 for details). They then stacked both the host galax-
ies and the BH*s to investigate their average properties.
Here, we use three BH*-stacks that were created by bin-
ning the individual BH* components in luminosity as
log(L5500/ergs_1) < 43.2, 43.2 < 1og(L5500/ergs_1) <
44.2 and log(Lss00/ergs™!) > 44.2. Interestingly, these
stacks also show different effective temperatures, as de-
rived by parameterizing their continuum shape with a
blackbody, such that there is a positive correlation be-

tween luminosity and temperature (T.g = 35057 %%,

4409712, and 5122732 K for the three luminosity bins
respectively; see also de Graaff et al. 2025b). We ex-

tend the three stacks that cover Aot < 1 pm to longer
wavelengths assuming a single blackbody of the respec-

3 https://github.com/gbrammer/eazy-photoz/tree/master/

templates/sfhz


https://dawn-cph.github.io/dja/imaging/v7/
https://panoramic-jwst.github.io/
https://github.com/gbrammer/eazy-photoz/tree/master/templates/sfhz
https://github.com/gbrammer/eazy-photoz/tree/master/templates/sfhz

4 Weibel, Naidu et al.

tive temperature to obtain our first three templates that
represent average BH* properties across a range of tem-
peratures and luminosities.

Next, we include templates based on two paradigmatic
BH*s, the MoM-BH*-1 (Naidu et al. 2025) and The Cliff
(de Graaff et al. 2025a). Due to the high redshift of
the MoM-BH*-1 (zgpec = 7.76), the NIRSpec PRISM
spectrum only covers Aest < 0.6 um. We therefore use
the best-fitting CLOUDY (Ferland et al. 2017) model from
Naidu et al. (2025) for this source. Briefly, this model is
selected to match the steep Balmer break, Balmer emis-
sion lines, and the overall SED shape from the UV to
the NIR, providing a self-consistent template across the
rest-wavelengths of interest for our search.

For The CIliff, we retrieve the public spectrum from
the DJA which covers Apest < 1.15um. To extend the
template to longer wavelengths, we fit a blackbody to
the spectrum at Apeqt > 4000A. Masking the Ha as well
as the [O111] and Hf emission lines, we find a best-fitting
Teg = 4635 K and we stitch the spectrum and the best-
fitting blackbody together at A.os¢ = 1.15 um to create
our fifth template.

Finally, we wish to include a template that represents
the most extreme BH*s at the hot end of the tempera-
ture distribution. To this end, we add another empiri-
cal template that is based on a source tagged GN-9771,
initially published as part of the NIRCam/grism sam-
ple in Matthee et al. (2024), and followed up with NIR-
Spec/IFU spectroscopy as presented in Torralba et al.
(2026Db). It is one of the most luminous LRDs known to
date at zspec = 5.5 and its spectrum closely resembles
that of A2744-45924 (Labbe et al. 2024) at zgpec = 4.47,
another extremely luminous LRD (Ly ~ 10*%ergs™1).
Specifically, GN-9771 is characterized by strong Balmer
emission lines, a forest of optical [Fen] lines, and a
sharp Balmer break. We use the host-subtracted spec-
trum of GN-9771 from Sun et al. (2026) which - com-
pared to the other templates constructed so far - displays
the brightest UV-emission with strong FelI lines as well
as HentA3203 A, MguA2799 A, and C1jA1909 A, and a

downturn at Awest < 2000 A. This template thus accounts
for the possibility that some UV-emission originates from
the BH* as recently discussed in e.g., Ando et al. (2026).
Indeed, the Sun et al. (2026) BH* templates allow for
~ 0—50% contribution in the UV from the central engine,
with the brightest sources showing the highest UV frac-
tion (see their Fig. 12). Similar to the procedure applied
to the spectrum of The Cliff, we fit a single blackbody
to the continuum at 0.4 pm < Apest < 0.82 pm, masking
prominent emission lines. We obtain a temperature of
Teg = 5410 K, and use this fit to extend the template to
Arest > 1 pm. We discuss the inclusion of an additional
template representing the cold end of the temperature
distribution in Section 6.1.1.

Extending our template spectra using single black-
bodies may not accurately represent the true contin-
uum shape of BH*-dominated sources. For example, the
source A2744-45924, with a similar spectrum to GN-9771
that we use as a template, shows a significant excess in
MIRI relative to the expectation of a pure blackbody con-
tinuum (Setton et al. 2025a). However, this only affects
our sample selection at the low redshift end because at
z 2 4, the NIRCam data used in this work do not probe

the extrapolated part of the templates. Further, the rest-
optical continuum shapes of LRDs have been shown to
be well described by blackbody continuum at least out to
~ 1pum (de Graaff et al. 2025b; Umeda et al. 2025). To
avoid any impact of the noisy far UV part of our empir-
ical templates on the selection, we further set all fluxes
t0 0 at Apest < 0.16 pm. We show our BH* templates in
Figure 1.

3.3. Template Fitting with eazy

We run eazy six times on the pre-selected catalog, com-
plementing the sfhz template set with a different BH*
template each time. We do not include multiple BH*
templates simultaneously to avoid potentially unrealistic
combinations of different BH* templates and to limit the
number of degrees of freedom in each fit. We allow the
redshift to vary freely in the range z € (0.01,20) and ap-
ply a noise floor at 5% of the flux in each filter to allow
for additional flexibility. One concern in selecting BH*s
from photometry is contamination by Milky Way stars,
and in particular brown dwarfs (BDs), which can show
strong breaks in their spectra and are known to contami-
nate photometric LRD samples (e.g., Greene et al. 2024).
We use the internal eazy function fit_phoenix_stars
to fit our candidates against a large grid of stellar tem-
plates that is composed of (1) the grid of PHOENIX
templates available directly through eazy, (2) a grid of
low-temperature, low-metallicity BDs from Meisner et al.
(2021), (3) a set of 22 empirical BD templates based
on NIRSpec fixed-slit PRISM spectra from GO-2302 (PI
Cushing, Beiler et al. 2024), and (4) the Sonora Elf Owl
grid (Mukherjee et al. 2024) consisting of 43,251 tem-
plates spanning a wide range of BD and giant exoplanet
properties.

3.4. Selection Cuts

To obtain our sample of BH*-dominated candidates,
we apply the following selection cuts to each of the six
eazy runs corresponding to the six different BH* tem-
plates:

e The integrated BH* template contribution to the
best-fitting (lowest x?) eazy-SED is > 80%
between Aest,min = 0.4pum and Arest, max =
min(lpm,5um/(1 + 2)), i.e., red-wards of the
Balmer break, and out to either 1 um rest-frame
(the range covered by all our empirical templates),
or to the maximum rest-frame wavelength that is
covered by NIRCam at the best-fitting redshift, if
this is < 1pm.

e 15 < Zphot, eazy < 9.5

e The source is nominally better fit with the
sfhz+BH* template set, than with the large grid
of stellar templates, Ax?(stars) > 0, as well as than
with the sfhz template set only: Ax?(sfhz) > 0.

o Xgazy/Nﬁlters < 5 where Ngjters 18 the number of
available NIRCam and HST filters for each object.

For sources that satisfy all these criteria in more than
one eazy run (i.e., with more than one of our BH* tem-
plates), we choose the fit with the lowest x2. Of the final
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—— GN-9771 (Matthee+24, Torralba+26)

BH*-stack, Tog = 5122 K (Sun+26)
MoM-BH* (CLOUDY, Naidu+25)

The Cliff (de Graaff+25)
BH*-stack, T.s = 4409 K (Sun+26)
BH*-stack, T.r = 3505 K (Sun+26)
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F1G. 1.— BH* templates used to select BH*-dominated candidates with eazy, normalized to the median in the range 0.7 pm < Arest <
0.8 um. The extrapolated part of the templates is shown as a dotted line respectively. This illustrates that our templates cover a broad
range of continuum shapes, with the SED peaking at longer wavelengths for lower blackbody temperatures. As a consequence, the Balmer
break is stronger and sharper for the hotter sources where there is more continuum to absorb at ~ 0.4 um.

sample, 44.8, 22.2, 12.3, 5.6, and 0.4% of all sources are
selected with 2, 3, 4, 5, and all six templates.

The first and most important cut requires that the
best-fitting SED from eazy is dominated by a BH* tem-
plate. We discuss the implications of choosing a some-
what arbitrary cut of a template contribution of > 80%
in Section 6.2. This cut alone yields a sample of 1,434
objects. We then remove sources fit at z < 1.5 and at
z > 9.5. At the low redshift end, the distinction be-
tween robust BH*-dominated candidates and Milky Way
stars becomes increasingly difficult, and we lack deep and
uniform photometric coverage blue-wards of the Balmer
break. On the other hand, at z ~ 9.5, the NIRCam-
coverage is limited to Apest < 0.48 um, meaning that we
lose sufficient access to the rest-optical continuum at even
higher redshifts. The redshift cuts reduce the sample size
to 297 objects. The third cut makes sure that the BH*
candidates are better fit with our sfhz+BH* template
set than with the large stellar grid described above, as
well as than with the sfhz template set only. For five
sources, eazy does not find any fit with the sfhz tem-
plates and returns an arbitrary value of x?(sfhz) = —1.
However, it does find a decent fit with a BH* template, so
while these would nominally fail our Ayx?(sfhz) cut, we
consider them to be promising candidates and include
them in our sample. The Ax?-based cuts are comple-
mented by the fourth cut which requires that the best
fit with a BH* template has a reasonably low x?/Ngiers
to remove cases where either fit is bad. The third and
fourth cuts combined remove 45 objects, so that we are

left with 252. We visually inspect imaging cutouts and
SED-fits, and remove eight sources that we identify as
spurious detections or hot pixels, or whose photometry
is affected by data quality issues, diffraction spikes, or
a bright foreground source. We further remove a source
in the Abell-2744 field that corresponds to a secondary
lensed image of the triply imaged LRD A2744-QSO1
(Furtak et al. 2023a), and only keep the brightest to
avoid double-counting the source, leaving us with 243
candidates. We identify two of those as contaminants in
Section 4.3, yielding our final sample size of 241 BH*-
dominated candidates shown from Section 5.

Finally, we correct all fluxes in the Abell-2744 cluster
field for lensing magnification using the UNCOVER DR4
magnification catalog which is based on the lens model-
ing from Furtak et al. (2023b), building on photometric
redshifts from Weaver et al. (2024) and Suess et al. (2024)
and updated with spectroscopic redshifts in Price et al.
(2025).

Figure 2 shows an example of a galaxy in the EGS
field with imaging from CEERS that is selected in the
eazy run with The Cliff template which produces a good
fit at zpnot = 3.53. The best-fitting SED without The
Cliff template (sfhz only) is that of a quiescent galaxy
(QG) at zphot = 4.29, and it does not match the flux in
the F277W filter which is likely boosted by Ha emission.
This illustrates that Ha emission is an important dis-
tinguishing feature between BH*-dominated sources and
contaminants such as stars or QGs, since LRDs show
typical Ha equivalent widths of ~ 300 — 1500 A (see de
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Graaff et al. 2025b). However, depending on the redshift
of the source, and the photometric filter coverage, differ-
ent solutions still remain degenerate. Further, the QG so-
lution for EGS-73885 does not reproduce the strength of
the Balmer break as probed by deep imaging in F150W,
and the detected rest-UV flux at Agps < 1lpm. To quan-
tify how significantly the fit with the BH* template is
favored, we compute the Bayesian information criterion
(BIC) as BIC = klog(Nfiters) — 210g(Lmax) where k is
the number of degrees of freedom of the fit, Ngjters 18
the number of available photometric filters, and L,ax
is the maximum likelihood, or equivalently the mini-

mum 2 of the fit, Lyax o< e Xmin/2. We can then ap-
proximate the Bayes factor as B(sfhz) ~ e 2BIC/2 —

(AX*(sthz)+log(Nrer)) /2 A high Bayes factor suggests
strong evidence in favor of the fit with the BH* template
(e.g., B > 100 is a common threshold for decisive evi-
dence following Kass & Raftery 1995). In principle, the
BIC is a good approximation only for well-constrained
models (i.e., for Ngjgers > k), which is not true in our
case. Further, a high Ax? (and thus a low BIC and
high Bayes factor) does not guarantee that the under-
lying model — in our case a combination of galaxy tem-
plates and a BH* template — is correct. Because we do
not claim to have access to the “true” model for each
spectrum, the exact values of the resulting Bayes factors
should be interpreted cautiously. Nevertheless, this for-
malism takes into account that different sources are cov-
ered by different numbers of photometric filters, rang-
ing from Ngjgers = 6 for most PANORAMIC pointings
to Naiters = 23 in some parts of the Abell-2744 cluster
field, and is therefore better suited than only comparing
X2, values. For EGS-73885 shown in Figure 2, we find
B(sfhz) = 1.38 x 10°. This example illustrates how our
sample selection successfully identifies promising BH*-
dominated candidates. We note that EGS-73885 has not
been observed by any (public or proprietary) spectro-
scopic program to date (see Section 3.5). The example
also shows a potential degeneracy between QG and BH*
solutions in cases where the Ha-excess is less prominent
or not well probed by the available photometry. We dis-
cuss this further in Section 4.3.

3.5. Spectroscopic Validation

To validate our sample, we leverage the large and grow-
ing archive of spectroscopic data from JWST. We start
by cross-matching our sample with all public spectra
available on the DJA as of April 29, 2026, finding 55
spectra with grade 3 redshifts (i.e., robust redshifts as
determined by visual inspection). Of those, 51 have at
least one robust redshift from a PRISM spectrum, the
other four sources have robust redshifts from G235M and
G395M medium resolution grating spectra (two each). A
full list of programs contributing public spectra used in
this work is provided in Appendix A. We additionally
include six PRISM spectra with grade 3 redshifts from
two recently observed programs, GO-7511 (PI Covelo-
Paz, four spectra), and GO-8915 (PI Weibel, two spec-
tra), increasing the total number of sources with robust
spectroscopic redshifts to 61, i.e., ~ 25% of the sample.

This spectroscopic sub-sample includes various well-
known LRDs. Besides The Cliff and the MoM-BH*-1
which are selected by design (i.e., because they are used

F115W  F150W  F200W  F277W  F356W  F444W  RGB

best-fitting SED (sthz),
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F1G. 2.— Example of a BH*-dominated candidate selected with
the template based on The Cliff (de Graaff et al. 2025a). The
stamps show 2.04” x 2.04""imaging cutouts in JWST filters, as well
as an RGB image which is composed of the F444W (red), F200W
(green) and F115W (blue) filters. With the sfhz+Cliff template
set, the photometry of EGS-73885 is fit at zphot = 3.53, with the fit
being dominated by The Cliff template whose contribution to the
total SED is shown in red. Contributions of sfhz templates to the
best-fitting SED are displayed in gray. The best-fitting SED with
the sfhz template set only (purple line) corresponds to a QG at
Zphot = 4.29 but does not reproduce the flux in F277W, the strong
Balmer break, and the detected rest-UV flux at Aops < 1pum, as
can be seen from the model photometry (crosses). This results in
a Bayes factor B(sfhz) = 1.38 x 10% suggesting strong evidence in
favor of the BH*-dominated solution.

ot

as templates), we select A2744-45924 (Labbe et al. 2024),
A2744-QSO1 (Furtak et al. 2023a), UNCOVER-20466
(Kokorev et al. 2023), CAPERS-LRD-z9 (Taylor et al.
2025), and RUBIES-BLAGN-1 (Wang et al. 2025).

To estimate the possible contamination rate of our pho-
tometric sample, we focus on the sub-set of 57 sources
with grade 3 PRISM spectra, as a more in-depth analysis
of the medium resolution spectra is beyond the scope of
this work. First, we identify one source as a BD and
return to this contaminant in Section 4.3. Then, we
cross-match with the spectroscopic LRD-sample from de
Graaff et al. (2025b), and find 34 matches. Their selec-
tion method builds on Hviding et al. (2025) where LRDs
are defined through a combination of a (spectroscopic)
V-shape, compactness, and the detection of broad lines.
The latter requires a medium grating spectrum with a
sufficiently high SNR. However, de Graaff et al. (2025Db)
show that sources that satisfy the V-shape and compact-
ness criteria turn out to have broad lines in 98% of the
cases when such data are available. Thus, we consider
candidates that are part of their sample to be robust
LRDs (additionally selected here to have a dominant
BH*-component). To further investigate the remaining
22 sources with PRISM spectra, we apply the V-shape
classification from Hviding et al. (2025). The details of
this analysis are described in Appendix B. Here, we di-
rectly move to estimating contamination rates. In do-
ing so, we exclude the MoM-BH*-1 and The CIliff, be-
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cause they were used as templates in the sample selec-
tion. Only considering sources with confirmed V-shapes
as per Hviding et al. (2025) to be robust LRDs, we find a
very conservative upper limit on the contamination rate
of 14/55 (25.5%). However, except for the confirmed BD
contaminant, we cannot rule out a V-shaped SED for any
of these candidates due to insufficient SNR in the mea-
sured slopes (see Appendix B). If we additionally con-
sider sources that show breaks or turnovers around H,
along with strong Ha-emission and/or tentative broad-
ened lines to be confirmed LRDs, the potential contam-
ination rate decreases to 7/55 (12.7%). In addition to
the BD contaminant, we only identify one likely con-
taminant (UDS-27591, showing a blue UV-slope and a
tentatively blue optical slope, along with strong narrow
emission lines, see Appendix B), resulting in a lower limit
on the contamination rate of 2/55 (3.6%).

In Figure 3, we show a gallery of 16 PRISM spec-
tra of sources selected as BH*-dominated candidates in
this work. This includes known sources from the liter-
ature which are labeled accordingly, as well as spectra
presented here for the first time, which are highlighted
with red frames. GDN-59854 and GDN-59983 from GO-
7511 (PI Covelo-Paz) are new BH*-dominated sources
at Zspec > 6.5 (see Witten et al. in preparation). The
spectra of The Cliff and the MoM-BH*-1 are plotted in
purple to mark them as templates used for the sample
selection (Section 3.2). The gallery highlights that the se-
lection presented here successfully identifies sources that
resemble these paradigmatic BH*s across a wide range
of redshifts. Importantly, many of the objects shown
in Figure 3 are not picked up by prevalent photometric
LRD searches. We cross-match the 16 sources with the
public catalogs from Kokorev et al. (2024) and Kocevski
et al. (2025), noting that both works do not include the
GOODS-N field, and Kokorev et al. (2024) also do not
include the Abell-2744 cluster field. We find that Koko-
rev et al. (2024) only select three of the 12 sources in
overlapping fields, and Kocevski et al. (2025) select five
out of 13; the only object selected by both is GDS-16213.
Most notably, both selections miss The Cliff as already
discussed in Hviding et al. (2025). Kokorev et al. (2024)
also miss the MoM-BH*-1 (Naidu et al. 2025) as well as
the RUBIES-BLAGN-1 (Wang et al. 2025), while Ko-
cevski et al. (2025) do not include A2744-45924 (Labbe
et al. 2024) and our GDS-57503. We further discuss how
our sample compares to photometric LRD samples in the
literature in Section 3.7.

Next, we cross-match our sample in the Abell-2744
cluster field with the DR1 catalog from the All the Little
Things (ALT) survey (GO-3516, PIs Naidu & Matthee,
Naidu et al. 2024). We find three matches, two of which
already have a NIRSpec-based spectroscopic redshift.
The ALT catalog thus adds one grism redshift to our
spectroscopic sample. Interestingly, the corresponding
source at Zgrism = 2.49 (ID 49263, see Section 4.1) was
highlighted in Figure 19 of the ALT survey paper (Naidu
et al. 2024) to show a broadened Pa-v line as well as Hel
in absorption close to the systemic redshift. The authors
therefore hypothesized that it may be a lower redshift
version of an LRD.

We further cross-match our sample in the GOODS-N
and GOODS-S fields with the public Ha-emitter cata-
log from Covelo-Paz et al. (2025) that is based on the

FRESCO survey (Oesch et al. 2023), finding two matches
with additional spectroscopic redshifts that are consis-
tent with our zpnhos estimates. One of these sources is
a confirmed broad line Ha emitter from Matthee et al.
(2023, their GOODS-N-13733), the other is too low SNR
to determine whether the Ha line in the grism spectrum
is broadened.

Another of our BH*-dominated candidates has been
observed as a backup target of program 116.294D (PI
Matthee) with VLT /X-Shooter, and it was then followed-
up by the DDT program ID 116.2AQ0 (PI Matthee).
These observations confirmed its redshift of zspec = 1.73
through the detection of broad Ha and HS lines. The
source with ID 1115 is highlighted again in Section 4.1;
it has been named PAN-BH*-1 and is discussed in detail
in Torralba et al. (2026a).

Overall, 65 of our 243 initial candidates (including the
contaminants discussed in Section 4.3) have robust spec-
troscopic redshifts, corresponding to 26.7% of the sam-
ple. We plot them against our photometric redshifts in
Figure 4. The comparison shows remarkably good agree-
ment between zphot and zspec With no significant system-
atic offset. Defining the photometric redshift deviation as
A = |Zphot — Zspec|/ (L + Zspec ), We find a median deviation
of Anea = 0.017 and a scatter of oxmap = 0.021. We
then measure the outlier fraction, 7oytiiers, as the number
of sources satisfying A > 0.1, and find 7oytliers = 1.5 %.
We compare these numbers to Hviding et al. (2025) who
derived photometric redshifts for their sample of spec-
troscopic LRDs using eazy with the blue_sfhz tem-
plate set and found much larger values of Ap,oq = 0.045,
onMAD = 0.127 and 7outliers = 0.44. They identified pho-
tometric redshift failures, represented by the high outlier
fraction, as a major reason for incompleteness of photo-
metric LRD samples. This comparison shows that the
inclusion of BH* templates vastly improves photometric
redshift estimates for (BH*-dominated) LRDs, confirm-
ing the suitability of our templates and the correspond-
ing composite BHx* 4 host galaxy fits. We note that the
four sources at zpnhot ~ 5 — 6 and zZgpec ~ 7 — 8 corre-
spond to confusion between Ha and [O111]/HS boosting
the F444W filter, as is reflected by the error bars on zphot
in three cases. The remaining outlier at zspec = 0 is the
BD which we discuss in Section 4.3.

We finally use the DJA to identify sources for which
NIRSpec spectra have been taken but where extractions
are not available, usually because the data are still pro-
prietary, and we find 13 such sources. This means that
169 (69.5%) of our BH*-dominated candidates do not yet
have any NIRSpec spectroscopy.

3.6. Selection Completeness

As is illustrated in Figure 3, the selection presented
here is sensitive to BH*-dominated LRDs, i.e., LRDs
with relatively weak UV-emission, due to our require-
ment of a sub-dominant (< 20%) host galaxy contribu-
tion in the rest-optical. This causes us to miss a sub-
stantial fraction of the total LRD population, in particu-
lar strongly V-shaped, UV-blue LRDs, meaning that the
sample compiled here is an incomplete subset of the to-
tal LRD population. We explore this by comparing to
various photometric LRD selection methods in the next
Section. Here, we wish to roughly quantify the incom-
pleteness of our sample due to photometric noise, taking
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F1G. 3.— Example PRISM spectra of sources selected in this work, ordered by redshift. Spectra of well-known LRDs/BH*s (single object

papers) are labeled accordingly, and spectra presented for the first time here are highlighted with red frames.

This illustrates that our

selection successfully identifies objects that resemble the paradigmatic sources The Cliff (de Graaff et al. 2025a) and the MoM-BH*-1
(Naidu et al. 2025) over a wide redshift range. These two sources are plotted in purple to indicate that they were used as templates in the
sample selection. Most of the objects shown here are not picked up by prevalent photometric LRD selection methods.
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F1G. 4.— Photometric redshifts from eazy against spectroscopic
redshifts for 65 of our BH*-dominated candidates that have robust
redshifts from NIRSpec spectra (61), public grism catalogs (3),
and the source named PAN-BH*-1 (Torralba et al. 2026a) with a
Zspec = 1.73 from VLT /X-Shooter.

into account the varying imaging depth across the differ-
ent fields used in this work.

For simplicity, we only calculate the incompleteness
caused by our requirement of SNR(F444W) > 10, and
mag(F444W) < 27. This part of the selection is
crucial because the F444W filter probes different rest-
frame wavelengths as a function of redshift, introduc-
ing redshift-dependent completeness at, e.g., fixed opti-
cal luminosity. While the eazy-based requirement of a
> 80% BH* template contribution introduces substan-
tial incompleteness relative to the full LRD population,
it is less sensitive to photometric noise, in particular
given the stringent SNR-cut in F444W. We therefore
start from the six BH* templates presented in Section
3.2 and scale each template to different values of red-
shift and monochromatic luminosity at 5100A (Lsigo).
We compute synthetic photometric fluxes in F444W and
then loop through the different fields in the master cat-
alog to add noise to the photometric fluxes according to
the respective median depth. We create 1000 realiza-
tions of the photometry in F444W for each BH* tem-
plate, redshift, luminosity, and field, and then apply the
F444W-based pre-selection cuts. The fraction of the 1000
realizations that passes these cuts provides a rough es-
timate of the photometric completeness as a function of
redshift, L5100, imaging depth, and for the different BH*
templates. We return to these estimates in Section 5.1.

3.7. Comparison to “Classic” V-Shape Selections

In the following, we compare our sample selection to
photometric LRD selections from the literature. Build-
ing on the color selection cuts from Labbe et al. (2025),
Greene et al. (2024) defined two complementary selec-
tions named red! and red2, and combined them with a
compactness cut to select LRDs at lower and higher red-
shifts, corresponding to z < 6 and z 2 6 (Kokorev et al.
2024). Specifically, their color cuts are

red] = F115W — F150W < 0.8 A
F200W — F277TW > 0.7 A
F200W — F356W > 1.0
and
red2 = F150W — F200W < 0.8 A
F277TW — F356W > 0.7 A
F277TW — F444W > 1.0

1)
with all quantities in AB-magnitudes. This selects
for a V-shaped SED, requiring a red color at the red
end of the NIRCam-coverage (rest-optical), and a mod-
erately blue color at the blue end (rest-UV). Koko-
rev et al. (2024) modified the red2 cut to be some-
what less stringent, requiring F277W — F356W > 0.6
and F277TW — F444W > 0.7. Simplifying the se-
lection, Pérez-Gonzalez et al. (2024) only required
F27TW — F444W > 1, combined with a slightly more
stringent cut at the blue end, F150W — F200W < 0.5.
Barro et al. (2024) and Akins et al. (2025) instead
opted for a selection more targeted at extremely red
sources, without imposing cuts on the rest-UV, as
F27TW — F444W > 1.5. Slightly changing the approach,
Kocevski et al. (2025) defined a V-shape based on Sopt
and Byy, the slopes obtained from fitting a power
law to the photometry red-wards and blue-wards of
He. More recently, Rinaldi et al. (2026) defined
more relaxed color cuts as F277W — F444W > 0.5 and
F150W — F200W < 1 with the goal of obtaining a more
complete sample of LRDs. Some color-based selec-
tions add further cuts to remove BDs by requiring, e.g.,
F115W — F200W > —0.5 (Greene et al. 2024).

To directly compare our template-based selection to
a color-based V-shape selection, we apply the selection
from Kokorev et al. (2024) to our photometric catalog.
For consistency, we adopt the same SNR and magni-
tude cuts as used in this work (SNR(F444W) > 10 and
mag(F444W) < 27), similar but not identical to the cuts
applied in Kokorev et al. (2024, SNR(F444W) > 14 and
mag(F444W) < 27.7). Conveniently, their compactness
cut is identical to the cut used in this work. We then ap-
ply their color selection including the BD removal cut
from Greene et al. (2024). We require 30 detections
in all bands needed to measure colors, or replace non-
detections (< 30) by 20 upper limits where appropri-
ate to constrain the respective colors, consistent with
Kokorev et al. (2024). We visually inspect all selected
sources and remove spurious detections to obtain a sam-
ple of 545 V-shaped LRDs. In Figure 5, we show an
Euler diagram illustrating the overlap between this color-
based V-shape selection and our template-based search
for BH*-dominated sources, showing that the two selec-
tions are highly complementary. Only 20.4% of the V-
shaped LRDs are also selected as BH*-dominated can-
didates. Conversely, only 45.9% of our BH*-dominated
candidates are picked up by the color-based V-shape se-
lection. The main reason for this is that many BH*-
dominated candidates are faint in the rest-UV, making
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it impossible to constrain the blue part of the V-shape.
We illustrate this in the bottom of Figure 5 where we
plot the SNR in F150W against redshift for our sample
of BH*-dominated candidates, and the V-shaped LRD
sample. The vast majority of our BH*-dominated can-
didates that are missed by the V-shape selection lie at
SNR(F150W) < 3 (dashed line). The importance of rest-
UV SNR-cuts for the selection of UV-faint LRDs has al-
ready been discussed in Hviding et al. (2025).

Irrespective of the SNR in F150W, most of our sam-
ple galaxies do show red colors in F277W — F444W.
Specifically, 71.1% of our sample galaxies satisfy
F277TW — F444W > 1. TFor sources with zpnoy > 3, 4,
and 5 this fraction increases to 77.1, 89.1, and 100%.
Many of the lower redshift candidates that are missed by
a F27TW — F444W-based selection (red2 in the Kokorev
et al. 2024 selection, see Equation 1) instead show a red
color in F200W — F356W (red?). E.g., 85.5% of all our
sample galaxies satisfy F200W — F356W > 1, though
even this color selection fails at z < 2.5 (see the exam-
ples in Section 4.1).

Towards the low redshift end of our sample (2 < 3), the
SNR in the F150W filter generally increases as it starts
probing rest-optical wavelengths. While the red! selec-
tion relies on a detection in F115W instead of F150W,
we note that ~ 90% of the sources undetected in F150W
are also undetected in F115W. We note that there is
no overlap between BH*-dominated candidates and V-
shaped LRDs at z < 3, and there are no V-shaped LRDs
at z < 2, reflecting that color-based selections are in-
herently redshift-dependent, while our template-based
search is, in principle, redshift-independent.

For further comparison, we apply various other color
cuts from the literature to our sample. The selections
from Greene et al. (2024), Pérez-Gonzalez et al. (2024),
and Rinaldi et al. (2026) recover 47.1%, 34.7%, and
42.6% of our candidates, similar to the 45.9% inferred for
the Kokorev et al. (2024) selection above. Interestingly,
the stringent single color cut from Akins et al. (2025)
selects 58.7 % of our sample because it does not rely on
rest-UV fluxes. By design, it is however biased towards
the reddest, most extreme, and typically high redshift
sources (z 2 5). We compare these findings to Hviding
et al. (2025) who inferred the completeness of the Ko-
cevski et al. (2025), Kokorev et al. (2024) and the single-
color F277W — F444W > 1.5 (e.g., Akins et al. 2025)
samples based on their spectroscopic sample of RUBIES
LRDs, and found values of 61.8%, 50.0%, and 35.29%.
This means that the selection based on Byv and Bopt
achieves the highest completeness for LRDs in general,
and also picks up close to half of our BH*-dominated
candidates. A single color cut such as used in Akins
et al. (2025) is relatively successful at selecting the most
extreme LRDs, including BH*-dominated sources, but is
highly incomplete for the general population of LRDs.
Typical color-based selections pick up roughly half of
the population of LRDs, and an even smaller fraction
of BH*-dominated objects. We emphasize that none of
the photometric selection methods discussed above picks
up any of our BH*-dominated candidates at zpnot < 2.5
where the NIRCam wide filters at Aops = 2um probe the
declining part of the rest-frame optical to NIR SED (see
Section 4.1).

The findings of this Section illustrate that the sample
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illustrating the new parameter space probed in this work: low SNR
in the rest-UV (as probed by F150W for z 2 3) and the lowest red-
shifts (z < 2.5). Sources picked up by both selections are plotted
as squares.

presented here is a subset of the LRD population that
consists of objects with a dominant BH* contribution
and that are relatively faint in the rest-UV, due to the
faint, sub-dominant host galaxy. As such, our sample
is highly complementary to previous photometric selec-
tions, and sensitive to a different part of the LRD pa-
rameter space.

4. SAMPLE OVERVIEW

To provide a first overview of our photometric sample,
we show six BH*-dominated candidates that do not have
public spectra on the DJA in Figure 6. We choose one
source selected by each of the six BH* templates, and a
wide range of photometric redshifts (z ~ 3 —9). Lower
redshift candidates are discussed separately in Section
4.1. The displayed candidates illustrate the varying fil-
ter coverage across fields ranging from six NIRCam wide
filters in PANORAMIC to a wealth of HST and NIR-
Cam wide and medium bands in legacy fields such as the
GDS. We emphasize that BH*-dominated candidates at
different redshifts can be successfully selected from pure
parallel imaging in six NIRCam filters. The candidates
in Figure 6 further show different levels of rest-frame UV
flux that can be reconciled with a > 80% contribution of
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the BH* template in the rest-optical. Subsequently, we
discuss the lowest and highest redshift candidates in our
sample in more detail.

4.1. Low Redshift BH*s (z < 2.5)

BH*-dominated sources at low redshift are particu-
larly valuable for various reasons: First, their apparent
brightness is relatively high at a fixed intrinsic luminos-
ity, enabling high-resolution and high-SNR JWST spec-
troscopy in relatively short integration times. For the
brightest objects at z ~ 1.5—2.5, even spectroscopy from
the ground becomes viable (see Torralba et al. 2026a).
Second, at lower redshift, JWST/NIRSpec has access to
different spectral features such as Paschen lines, Hel at
1.08um, and even potential water absorption features at
~ 1.4pm (e.g., Wang et al. 2026) which may provide cru-
cial insights into the physical conditions that prevail in
BH*-dominated sources. Third, the rapid decline in the
number density of LRDs at z < 4 is poorly understood
(e.g., Ma et al. 2026) and it may in part be related to
selection effects inherent to photometric color selections
that are mitigated by the selection strategy applied here.

In Figure 7, we present our four most promising z < 2.5
BH*-dominated candidates. Sorted by increasing red-
shift, COS-WEST-154491 at zphot = 1.67 in the top left
shows a continuum shape that is remarkably similar to
the BH* stack at Tog = 4409 K (Sun et al. 2026), includ-
ing its extension to longer wavelengths as a pure black-
body. PANO-J024000M0142-1115 is the source tagged
PAN-BH*-1 in Torralba et al. (2026a) with a spectro-
scopic redshift of zgpee = 1.73 from VLT /X-Shooter.
UDS-134217 in the bottom left has a G235M spectrum
from GO-3567 (PI Valentino), confirming its photometric
redshift as zgpec = 2.1 through various prominent emis-
sion lines, in particular broadened Paf and Pary as well as
Hel at 1.08 pm in both emission and absorption. Finally,
A2744-49263 in the bottom right has a NIRCam/grism
spectrum from the ALT survey (zgrism = 2.49), as dis-
cussed in Section 3.5. In our photometric sample, the
source is fit with The Cliff template which yields zphot =
2.55, close to the spectroscopic redshift. We refer to this
source as the ALT-BH* hereafter.

4.2. High Redshift BH*s (z > 7)

Next, we turn to the other end of the redshift distri-
bution, and highlight four of our highest redshift (z > 7)
BH*-dominated candidates in Figure 8. None of these
sources has a public spectrum on the DJA. GDS-52764
at zphot = 7.10 shown in the top left has deep HST
and JWST photometry, including medium bands that
constrain the Balmer break/turnover as well as the rest-
frame UV. UDS-39621 in the top right has sparser wave-
length coverage and shallower imaging from PRIMER,
but is significantly brighter than GDS-52764, and fit at
a slightly higher redshift (zphot = 7.46). UDS-169425
in the bottom left is again fainter at zpnos = 8.27 and
thus the least robust of the displayed candidates. Fi-
nally, PANO-J033224M2756-5088 in the bottom right is
selected from PANORAMIC pure parallel imaging ad-
jacent to legacy imaging in the GOODS-S field. At
Zphot = 9.16 it is nominally the source with the highest
bolometric luminosity in the entire sample as we discuss
in Section 5.3.

4.3. Contaminants

In Section 3.5, we estimate a contamination rate of
3.6 — 25.5% for our photometric sample based on the
subset of our candidates with grade 3 PRISM spectra.
The only unambiguously identified contaminant is shown
in Figure 9. It is a candidate BH*-dominated source
at zphot = 9.24, selected with the template based on a
CLOUDY model of the MoM-BH*-1 (Naidu et al. 2025).
It shows a huge break in the photometry of a factor > 5
between F444W and F356W, and even of > 20 between
F444W and F277W, the strongest break measured in our
entire sample. The source was observed by MoM (GO-
5224, PIs Oesch & Naidu), and the PRISM spectrum
reveals that it is a cold BD, with a steeply rising con-
tinuum that peaks at ~ 4.1 um (see Hainline et al. in
preparation).

Importantly, this type of contaminant only affects the
high redshift end of the sample, where the supposed
Balmer break of the BH* shifts to the red end of the NIR-
Cam wavelength coverage, so that only one or two filters
(F444W and F410M) are substantially boosted with re-
spect to the other filters. As opposed to the BH* SED,
the BD spectrum drops again rapidly at Agps = 4.1 pum,
meaning that it can be easily distinguished with suffi-
ciently deep MIRI data.

The photometry of COS-WEST-39450, MoM-BD-1
hereafter, resembles that of the object tagged Capotauro
in Gandolfi et al. (2026). The latter is roughly 3x fainter
in F444W which may explain why it is not detected in
any filters blue-wards of F410M. Gandolfi et al. (2026)
discuss various physical origins of the source, including
the possibility that it is a z ~ 30 galaxy, a BH*, as well
as a BD. In the latter case, a temperature of < 400K is
required to produce a sufficiently strong break between
F444W and F356W, as well as to not produce emission
at shorter wavelengths that would be detected by JWST.
MoM-BD-1 illustrates that such sources indeed exist and
produce NIRCam photometry that is largely degenerate
with BH* solutions at z 2 7. This is reflected in the mea-
sured small Ay?(stars) = 1.3 between the sfhz+BH*
templates and the large grid of stellar templates (Section
3.3), resulting in a Bayes factor B(stars) = 0.6, suggest-
ing no evidence in favor of the BH*-dominated solution
(Kass & Raftery 1995). We note that our sample selec-
tion cut based on Ax?(stars) (Section 3.4) likely removes
most stellar contaminants from our sample, so that we
are left with this extreme and potentially rare type of
BD that is not entirely captured by our stellar templates.
Future work may include this source as another stellar
template to further refine searches for BH*-dominated
sources at high redshift.

We further identify a source, COS-WEST-29852, that
is fit at zphot = 5.61 with the BH* template based on
GN-9771. If true, its magnitude of mag(F444W) = 19.81
would make it more than an order of magnitude brighter
than any other BH*-dominated candidate at similar red-
shifts. We show imaging cutouts, the measured photom-
etry, as well as the best-fitting SED of this source in
Appendix C. The photometry does not show distinctive
features such as a break or filters boosted by emission
lines, but suggests a smoothly declining red SED over
the wavelength range probed by NIRCam. A more de-
tailed investigation of COS-WEST-29852 is beyond the
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F1G. 6.— Overview of the sample selection. We show one BH*-dominated candidate selected by each of the six BH* templates used in
this work (Section 3.2). The displayed candidates span a wide range in redshift (z ~ 3 — 9), and they highlight various levels of rest-frame
UV emission, as well as different photometric constraints depending on redshift and wavelength coverage. The RGB stamp shown for each
source is constructed from F444W (red), F277TW (green) and F115W (blue). Gray lines show the contribution of different eazy templates
to the best-fitting SED (brown line). The contribution of the respective BH* template that dominates the fit is shown in red.
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source with a NIRSpec/G235M spectrum from GO-3567 (PI Valentino), confirming its redshift as zspec = 2.1 through broadened Paschen-
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highlighted in the ALT survey paper (Naidu et al. 2024, thus we name it “ALT-BH*”) with a broad Pasy line as well as Hel in absorption
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F1G. 8.— Most promising BH*-dominated candidates at high redshift (z > 7), in analogy to Figure 6. Top left: Candidate at zpnot = 7.10
with deep photometry from JWST and HST in the GOODS-S field. Top right: Slightly higher redshift (zpnot = 7.46), brighter candidate
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adjacent to legacy imaging in the GOODS-S field.

scope of this work, although we argue that it is unlikely
to be a BH*-dominated source at Zphot = D.61. As noted
in Section 3.4, we therefore remove this source, as well
as the MoM-BD-1 from our sample, reducing our total
sample size to 241.

For many of our BH*-dominated candidates, in partic-
ular at the low redshift end (z < 3.5), the best fitting
SED with the sfhz galaxy templates is that of a QG.
We show and discuss a corresponding example in Figure
2 where the fit with the BH* template is clearly pre-
ferred due to a strong Balmer break and Ha emission
boosting a photometric filter. Some objects in our sam-
ple indeed have Balmer breaks that are too strong to be
reproduced by a stellar population (see the discussion re-
garding The Cliff in de Graaff et al. (2025a), and Figure
10), but not all BH*-dominated candidates have strong
Balmer breaks. The SEDs of the colder sources peak
at longer wavelengths and their SEDs decline towards
the rest-UV. At the Balmer limit there is thus not much
continuum to break (see Figure 1). Further, in some

cases, the limited depth of the photometric bands blue-
wards of the Balmer break does not allow us to probe
its full strength. On the other hand, the detection of an
Ha-excess relative to the continuum depends on the red-
shift of the source, and the available photometric filters,
causing the photometry of some candidates to be more
degenerate with QG solutions, even if many photometric
bands are available. For example, our source GDS-57503,
spectroscopically confirmed to be a BH*-dominated LRD
through GO-8060 (PI Egami) as shown in Figure 3, has
been confidently modeled to be a QG based on 22 pho-
tometric bands including 7 NIRcam and 8 MIRI filters
in Williams et al. (2024). Crucially, any degeneracy be-
tween BH*-dominated and QG solutions is captured by
the Bayes factor B(sfhz) which we use to define sample
tiers in the following.

4.4. Gold and Silver Sample

We use the Bayes factors B(sfhz) and B(stars) to de-
fine a gold sample of BH*-dominated candidates that
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F1G. 9.— BH*-dominated candidate at zphot = 9.24, spectroscop-
ically identified as a cold BD through the MoM program. We refer
to this source as the MoM-BD-1 hereafter. The best-fitting eazy
SED and the photometry are displayed in analogy to Figure 6. The
PRISM spectrum from MoM is shown in green. The Bayes factor
B(stars) = 0.61 indicates no evidencde in favor of the fit with the
BH* template, reflecting the degeneracy between solutions when
only NIRCam photometry is considered.

we consider the most robust because the fit with the
BH* template is clearly favored over fits with standard
galaxy templates as well as over fits with stellar tem-
plates. Specifically, we require B(sfhz) > 100 and
B(stars) > 100, following Bayes factor thresholds for
decisive evidence as provided in Kass & Raftery (1995).
We consider the five sources for which eazy does not find
any fit with the sfhz templates (see Section 3.4) to have
high Bayes factors. This yields a sample of 127 BH*-
dominated sources that we refer to as the gold sample
hereafter; the remaining 114 sources are referred to as
the silver sample. We show the photometry, best-fitting
SEDs from eazy, as well as RGB cutouts of all our gold
sample candidates in Appendix D.

5. SAMPLE PROPERTIES

We now turn to exploring sample properties of both our
gold and silver samples of BH*-dominated candidates.
We start with purely empirical quantities, specifically
L5100 and the Balmer break strength, before moving on
to estimating bolometric luminosities.

5.1. Optical Luminosity and Balmer break strength

We use the best-fitting eazy SED to infer the
monochromatic luminosity L5109, as well as the Balmer
break strength, where the latter is given by the ra-
tio between the median fluxes in the ranges Ajst €
[4060, 4140] A and Aes; € [3560, 3640] A, measured in f,,.
We plot Lsig0 against redshift (photometric or spectro-
scopic where available) and the derived Balmer break
strength in Figure 10. Uncertainties in zphot are com-
puted by excluding any probability density at z > 10
because solutions at z > 10 largely correspond to un-
physical combinations of galaxy and BH* templates.

We use uncertainties in rest-frame fluxes from eazy to
compute uncertainties for L5199 and the Balmer break
strength.

The Figure highlights that we identify BH*-dominated
sources across the entire redshift range we select for
(1.5 < 2 < 9.5), and over almost three orders of magni-
tude in Lg199. Our sample is mostly concentrated around
intermediate redshifts of z ~ 3 — 7, and luminosities
of L5100 ~ 10*3 — 10* ergs™! with the fraction of ob-
jects belonging to the silver sample slightly increasing
towards the upper right (bright, high redshift) as well as
the lower left (faint, low redshift) parts of the z-Ls100
diagram. The lower right edge of the distribution re-
flects a selection effect where we only detect intrinsically
brighter objects at higher redshifts. This is illustrated
by the 50% completeness limit at the median imaging
depth in F444W across all fields, computed according
to Section 3.6 for the BH* template based on The CIiff.
There are only a handful of candidates at Lsjgo < 1042,
only two of which are part of the gold sample, and we re-
turn to these candidates in Section 5.3. At the other end
of the distribution, we identify relatively few objects at
Ls100 = 10**, with the source A2744-45924 (Labbe et al.
2024) standing out as the most optically luminous source.
Our BH*-dominated candidates also show a broad range
of Balmer break strengths, with most sources showing
strong breaks. Specifically, 95% of all candidates show
Balmer breaks > 1.85, and the median break strength
is 3.05, close to the strongest breaks observed in high
redshift QGs (~ 3.1; de Graaff et al. 2025a). A few
objects show some of the strongest Balmer breaks ob-
served in the Universe to date (e.g., 21 objects have
break strengths > 6). We highlight various spectro-
scopically confirmed objects that are part of our sam-
ple: PAN-BH*-1 (Torralba et al. 2026a), the ALT-BH*
(Naidu et al. 2024), RUBIES-BLAGN-1 (Wang et al.
2025), The Cliftf (de Graaff et al. 2025a), A2744-45924
(Labbe et al. 2024), A2744-QSO1 (Furtak et al. 2023a),
the MoM-BH*-1 (Naidu et al. 2025), UNCOVER-20466
(Kokorev et al. 2023), and CAPERS-LRD-z9 (Taylor
et al. 2025). All these sources lie at high optical lumi-
nosities relative to the sample at their respective redshift,
except for A2744-QSO1 which is strongly lensed (Fur-
tak et al. 2023a), illustrating that well-known literature
sources tend to probe an extreme part of the parameter
space. We finally note a weak correlation between Ls1¢q
and Balmer break strength, consistent with the findings
of de Graaff et al. (2025b).

5.2. Bolometric Luminosities

We calculate bolometric luminosities (Lpo;) of all our
BH*-candidates by integrating over the BH* template
contribution to the best-fitting eazy SED. For sources
with spectroscopic redshifts, we instead use the best-
fitting SED at z = zspec. The resulting Ly is meant to
quantify the total energy output of the BH* itself, and to
not include any host galaxy contribution. We note that,
by construction, the eazy fits are dominated by the BH*
template in the rest-frame optical. The templates then
fall off rapidly towards longer wavelengths due to their
blackbody extensions (Section 3.2). Based on rest-frame
FIR constraints on two of the most luminous LRDs, Set-
ton et al. (2025a) showed that the IR-luminosity of LRDs
is very limited. Greene et al. (2026) specifically studied
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sample selection based on The Cliff template at the median depth across all fields, illustrating that the lower right edge of the distribution
in the z-Ls100 diagram reflects a selection effect. These EIOtS show that we 1dent1fy BH*-dominated candidates across a wide range of
redshifts (z ~ 1.5—9.5) and luminosities L5100 ~ 1042 — ergs—!, with the bulk of the sample being concentrated around z ~ 3—7 and
L5100 ~ 10%3 — 10** ergs—!. The sample displays a broad range of Balmer break strengths of ~ 1.9 — 8.7 (5th and 95th percentiles) with

a high median of 3.05, and some of the strongest Balmer breaks measured in the Universe to date. There is a weak apparent correlation

between Balmer break strength and Lsi90, consistent with the trend seen for LRDs in de Graaff et al. (2025b).
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F1G. 11.— Bolometric luminosities derived by integrating the

BH* template contribution to the best-fitting SED, plotted against
redshifts (zphot, replaced by zspec where available). Filled markers
indicate sources with spectroscopic redshifts and various objects
known from the literature are highlighted as stars, and labeled
accordingly (Torralba et al. 2026a; Naidu et al. 2024; Wang et al.
2025; de Graaff et al. 2025a; Labbe et al. 2024; Naidu et al. 2025;
Furtak et al. 2023a; Taylor et al. 2025; Kokorev et al. 2023). The
secondary y-axis specifies black hole masses derived from Ly, using
Equation 2, and assuming Agqq = 1. This again highlights the
broad range of redshifts and luminosities spanned by our sample,
as well as the rapid decline in the number of candidates towards the
highest (Lo > 10%45 ergs™!) and lowest (Lo < 10432 ergs™1)
luminosities.

implications for Ly, estimates and found that more than
half of Ly is emitted in the rest-frame optical, justifying
the approach followed here. Figure 11 shows the derived

bolometric luminosities plotted against our photometric
redshifts from eazy.
Ly is directly related to the black hole mass as

Mgy =~ 0.81 x 10° Mg Agqy (

where Agqq is the Eddington ratio (see, e.g., Umeda
et al. 2025). Assuming Agqq = 1, l.e., accretion at
the Eddington limit, then yields a black hole mass that,
in principle, constitutes a lower limit. However, recent
studies proposed that LRDs may accrete at or even above
the Eddington limit (e.g., Lambrides et al. 2026; Liu et al.
2025; Madau & Maiolino 2026a), suggesting Agqq = 1
may be a reasonable assumption, or even over-estimate
the true black hole masses. We assume Agqq = 1, noting
that the resulting Mpy represents a rough reference and
has to be interpreted cautiously which is why we only
show Mpy as a secondary y-axis on the right of Figure
11.

In rough analogy to the results for L5109, we detect
BH*-dominated candidates over three orders of magni-
tude in L. The full sample, and especially the gold
sample, is mostly concentrated around intermediate to
high luminosities (L, ~ 10* ergs™!), while the num-
ber of candidates declines rapidly towards higher (Lo =
10*% ergs™1) and lower (Lpo < 10%3-5 ergs—1) luminosi-
ties. The implied black hole masses (for Agqq = 1) span
Mgy ~ 10* — 10" Mg,.

5.3. Intrinsically Brightest and Faintest BH*s
Candidates

The objects at the extremes of the luminosity distribu-
tion are of particular interest because they may inform us
about the physics driving the engines of the LRDs. On
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the one hand, the intrinsically brightest sources may host
the most massive black holes and/or have the highest ac-
cretion rates and they are the easiest and most obvious
targets for spectroscopic follow-up. On the other hand,
intrinsically faint LRDs remain relatively unexplored, as
the best-studied objects so far are also among the bright-
est (see Figure 10). Further, if confirmed, our faintest
candidates would imply that BH*-dominated sources ex-
ist over three orders of magnitude in Lsigo (and Lpo),
and may push us into the intermediate mass black hole
regime (e.g., Greene et al. 2020).

In Figure 10, the source A2744-45924 (Labbe et al.
2024) stands out as the most optically luminous source.
In terms of Ly, it is slightly less extreme because it is
fit with the BH* template corresponding to the hottest
stack (T = 5122 K; Sun et al. 2026) which peaks around

Arest = 5000 A and falls off rapidly towards longer wave-
lengths. Interestingly, we measure even higher L} for
three candidates at zpnot > 7, with the highest luminos-
ity (log(Lpoi/ergs™!) = 45.1) measured for the source
PANO-J033224M2756-5088 which is shown in the bot-
tom right of Figure 8. However, its high redshift of
Zphot = 9.16 implies that only the F444W filter probes
wavelengths red-wards of the Balmer break, and it is

limited to Apest < 4850 A at the red end. Nominally,
the best-fitting BH* template is the coldest stack (T' =
3505 K; Sun et al. 2026), which peaks at Apest ~ 0.8um,
meaning that most of the bolometric luminosity is emit-
ted in a wavelength range that is not directly constrained
by NIRCam. Further, a cold temperature for the most
luminous source is in contrast to the trend that more
luminous LRDs are associated with higher temperatures
(i.e., shorter peak wavelengths, de Graaff et al. 2025D).
Indeed, the fits with other BH* templates are almost
equally good, pointing to a degeneracy between tem-
plates at high redshift, and suggesting that the true
Lpo may be lower. To test this, we infer Ly, again
from the best-fitting eazy SED with the hottest stack
(T = 5122K) and find log(Lye/ergs™!) = 44.6 which
still places the source among the most luminous in the
sample, but below, e.g., A2744-45924. We further elab-
orate on the degeneracy between BH* templates at high
redshift in Section 6.1.2 and subsequently focus on Ls1qg
as a more directly constrained quantity.

Despite the larger area (~ 0.3 degz) searched here com-
pared to previous JWST-based searches, A2744-45924
remains the most optically luminous source in our sam-
ple. This is in line with the sharp cutoff found at the
bright end of the optical luminosity function (LF) in
Ma et al. (2025a), although we lack sufficient area to
put tighter constraints on the LF (see Section 5.4). In
Figure 12, we show the second and fourth most opti-
cally luminous BH*-dominated candidates (apart from
A2744-49524 and the third most luminous source, UDS-
39621 shown in Figure 8), as well as the two faintest
sources that are part of the gold sample. The most lu-
minous sources are outstanding BH*-dominated candi-
dates that warrant spectroscopic follow-up, in particular
because they appear to be rare.

Moving to the intrinsically faintest sources, COS-
WEST-11734 in the bottom left is well fit with the
hottest BH*-stack (T" = 5122K), though it lacks suf-
ficiently deep rest-UV constraints to fully probe the

Balmer break. On the other hand, EGS-7039 in the bot-
tom right shows a stronger break of ~ 3 based on the
photometry (using a 20 upper limit on the flux) and a
good fit with the GN-9771 template, including its ex-
tension to longer wavelengths as a pure blackbody. We
note that these are the only two sources in the gold
sample with log(Lsioo/ergs™!) < 42.5. All other faint
candidates show B(sfhz) < 100, i.e., the photometry
is more degenerate with galaxy template fits. They are
further preferentially found at low redshift where they
appear brighter, but where we often lack strong con-
straints blue-wards of the Balmer break as is illustrated
by COS-WEST-11734. We also note that even if we con-
sider the full sample, we only find nine candidates at
log(Lsip0/ergs™t) < 42.5, and only three silver candi-
dates at log(Lsio0/ergs™!) < 42, in line with the find-
ings of de Graaff et al. (2025b) who discussed a possible
physical origin of the lack of LRDs at low luminosities
but could not rule out a spectroscopic selection effect.
The 50% completeness limit shown in Figure 10 suggests
that the faint cut-off observed here is indeed a selection
effect, and that current photometric data sets are insuffi-
cient to robustly detect fainter BH*-dominated sources,
if they exist.

5.4. Number Densities

The mere fact that BH*-dominated sources exist over
such a wide range of redshifts, and at least down to
z = 1.73 (Torralba et al. 2026a) implies that they are
not merely an early Universe phenomenon requiring pri-
mordial conditions or primordial chemistry (e.g., Dayal
& Maiolino 2026). Note that lower redshift LRDs such as
J1025+1402 (“The Egg”; Lin et al. 2026) would likely not
qualify as BH*-dominated due to a stronger host galaxy
contribution.

To provide a rough estimate of the number density
evolution of BH*-dominated sources as a function of red-
shift, we build on the completeness calculation described
in Section 3.6. Calculating 80% completeness limits in
terms of Ls19p at the median F444W imaging depth in
analogy to the 50% completeness limits shown in Fig-
ure 10, we find that our sample is > 80% complete for
log(Lsipo/ergs™t) > 43.5 at z < 7.5 for all six BH*
templates. We thus define six redshift bins centered at
z=2,3,4,5, 6, and 7 with a width of Az = 1. In
each bin, we count the number of BH*-dominated candi-
dates with optical luminosity log(Lsioo/ergs™!) > 43.5
in fields whose F444W depth is sufficient to detect a
BH*-dominated source at the minimum optical luminos-
ity and at the central redshift of the bin. We calculate
the survey area across the sufficiently deep fields from
the number of un-flagged pixels in all six NIRCam wide
filters (F115W, F150W, F200W, F277W, F356W, and
F444W) that are required in the sample selection (Sec-
tion 3), and convert this to a co-moving volume in each
redshift bin by which we divide the respective number
count. The resulting number densities are shown for both
the full sample and the gold sample in Figure 13. We
compare to number densities inferred through a ground-
based search at z < 4 from Ma et al. (2026). These
are derived for sources below a treshold in the absolute
magnitude at 5500A Ms500 < —20.5, which corresponds
to log(Lss00/ergs™!) = 43.57, close to our threshold of
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F1G. 12.— BH*-dominated candidates at the highest (top panels) and lowest (bottom panels) optical luminosities. The former constitute
some of the most outstanding candidates and are ideal targets for spectroscopic follow-up. The latter probe a relatively unexplored part of
the LRD parameter space given most well studied objects are among the intrinsically brightest. However, we can only detect the faintest
sources at the lowest redshifts where we often lack strong constraints blue-wards of the Balmer break. Top left: 2,0 = 5.52 candidate
in the COSMOS field and the second most luminous source in the sample. Top right: Fourth most luminous candidate at zpnot = 6.04,
identified in the UDS field. Bottom left: Intrinsically faintest candidate in the gold sample at zppo; = 1.67 showing a good fit with the
BH*-stack at Tog = 5122 K, but lacking tight constraints blue-wards of the Balmer break. Bottom right: Slightly brighter candidate at a
similar redshift (zphot = 1.60) in the EGS field with tighter constraints on the Balmer break from NIRCam/F090W and HST imaging.

log(Ls100/ergs™t) > 43.5. Ma et al. (2026) also provide
equivalent number density estimates at higher redshifts
based on the luminosity functions from Kokorev et al.
(2024) which we include in the comparison. Finally, we
plot the log-normal relation from Inayoshi (2025) which is
inferred from the LRD-sample of Kocevski et al. (2025).

Our measurements suggest that the number density of
BH*-dominated sources peaks at z ~ 5 — 6 and declines
by about an order of magnitude from z ~ 6 to z ~ 2.
We also identify a weak decline from z ~ 6 to z ~ 7
which is, however, not significant within uncertainties.
At even higher redshifts, the number of candidates in
our sample drops rapidly, though this is affected by a
selection effect where we only detect the most luminous
sources at the highest redshifts. Those appear to be rare
at all redshifts as can be seen in Figure 10. Moreover, the
limited coverage of the rest-frame optical by NIRCam at

those high redshifts, makes it harder to robustly identify
BH*-dominated sources using the method outlined here,
which may further decrease our number densities. We
argue that larger samples, and/or the inclusion of longer
wavelength data, in particular from MIRI is required to
shed further light on the number density evolution at
z227.

Intriguingly, our number density estimates for the full
(gold) sample are a factor of 2.5 to 4.5 (5 to 8) lower than
those based on the LRD-samples from Kokorev et al.
(2024) and Kocevski et al. (2025) at z ~ 5 — 8. Moving
to lower redshifts, our number densities are only factors
of 2.3 (3.5) and 1.7 (2.2) below those from Ma et al.
(2026) at z ~ 2 and z ~ 3, and lie slightly above the
log-normal curve from Inayoshi (2025), albeit with large
uncertainties. Taken at face value, and assuming that
BH*-dominated LRDs are a subset of the full LRD pop-
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FiG. 13.— Rough number density of our BH*-dominated can-
didates as a function of redshift for both the full and the gold
sample. These are derived from dividing the number of sources in
redshift bins centered at z = 2, 3, 4, 5, 6, and 7 by the respective
co-moving volume. The error bars represent Poisson uncertain-
ties, and the markers for the gold sample are displaced by 0.2 on
the x-axis for better visual separation. For comparison, we show
number densities at z < 4 from Ma et al. (2026), as well as their
numbers provided for the sample from Kokorev et al. (2024), and
the log-normal relation from Inayoshi (2025) based on the sample
from Kocevski et al. (2025).

ulation, this indicates that while the total LRD num-
ber density declines towards lower redshift, the fraction
of BH*-dominated sources among them increases. How-
ever, there are a few important caveats to consider.

As we have discussed in Section 3.7, photometric V-
shape selections tend to miss objects with a dominant
BH*-component because they are too faint in the rest-
UV to measure a blue UV-color. Specifically, applying
the selection criteria from Kokorev et al. (2024) to our
photometric catalog in Section 3.7 yields a sample of
545 LRDs, compared to our 241 BH*-dominated can-
didates. Moreover, the V-shaped LRD sample only con-
tains about half of our sources (see Figure 5). Simi-
larly, Ma et al. (2026) selected LRDs at z ~ 2 — 4 defin-
ing a V-shape criterion in the r, z, J, and K bands
which likely also misses BH*-dominated sources. Differ-
ent number densities in Figure 13 therefore trace par-
tially disjoint samples, complicating their interpretation.
Nevertheless, our detection of robust BH*-dominated
sources around z ~ 2, including some with spectroscopic
confirmation (see Figure 7) suggests that the number
density of such objects remains surprisingly high around
cosmic noon, relative to expectations from LRD number
densities. While this may point to a significant incom-
pleteness in existing photometric samples of (V-shaped)
LRDs at z ~ 2 — 3, Ma et al. (2026) also point out that
their sample likely contains a significant fraction of con-
taminants, and they argue their number densities should
be considered as upper limits. We further note that our
extension of the BH* templates to longer wavelengths
assuming single blackbodies more strongly affects the se-
lection at low redshift where NIRCam probes rest-frame

wavelengths in the extended part of the templates. While
we do find candidates whose SED shape closely follows
the extended template (e.g., COS-WEST-154491 in the
top left of Figure 7), this may not be true for all BH*-
dominated sources, and could thus be a source of in-
completeness of our low redshift sample. In summary,
this points to a surprising abundance of BH*-dominated
sources around cosmic noon which remains to be con-
firmed through spectroscopic follow-up and larger sam-
ples in the future.

6. DISCUSSION

In the preceding sections, we have developed a novel
method of selecting BH*s from photometric data based
on template fitting with eazy. Using six different em-
pirical BH* templates covering a wide range of intrinsic
luminosities and blackbody temperatures, we compiled
a sample of 241 BH*-dominated candidates. We showed
that our robust candidates range from z ~ 1.7 to z ~ 9.3
and span more than two orders of magnitude in opti-
cal luminosity (log(Lsioo/ergs™t) ~ 42 — 44.5). Subse-
quently, we discuss some caveats and limitations of our
sample selection, along with possible future avenues for
improvement. We end the discussion by exploring the
potential of this new selection method to compile sam-
ples of LRDs more broadly.

6.1. Caveats and Limitations
6.1.1. Intrinsic Variation in BH* Spectra

The completeness of our sample selection hinges upon
the extent to which our BH* templates cover the intrinsic
variation in BH* spectra. To this day, only few spectro-
scopically confirmed BH*-dominated objects are known
in the literature (e.g., de Graaff et al. 2025a; Naidu et al.
2025; Torralba et al. 2026a). In principle, future spec-
tra may reveal new features and add diversity to the
library of observed BH*s that is not yet captured by
our templates. On the other hand, if the larger popu-
lation of LRDs can be reliably decomposed into a host
galaxy and a BH* (e.g., Barro et al. 2026), then the host-
subtracted spectra and stacks from Sun et al. (2026) used
in this work provide a solid baseline for the identification
of BH*-dominated objects over a wide range of intrinsic
properties.

Nevertheless, current samples of LRDs, both spectro-
scopic and photometric, may still be missing extreme
and rare sources. Focusing on the extremes in black-
body temperature, the hottest sources are represented by
our template based on GN-9771 (Torralba et al. 2026b).
While hot sources are characterized by strong Balmer
lines and Balmer breaks (de Graaff et al. 2025b) that
make them easy to identify in principle, they may also
show significant UV-emission that is intrinsic to the BH*
component (Labbe et al. 2024; Torralba et al. 2026b;
Ando et al. 2026). If true, this complicates their selection
from photometry because they are more degenerate with
LRDs that show a significant host galaxy contribution.

We explore the cold end of the temperature distribu-
tion by adding a host-subtracted version of the source
UNCOVER-20698 (de Graaff et al. 2025b; Wang et al.
2026) to our template set. It is highlighted as one of the
coldest sources (Teg ~ 2300 K) in the sample of de Graaff
et al. (2025b, their Fig. 5), and was shown to display a
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potential water absorption feature at Apesy ~ 1.4pum, in-
dicative of a cold atmosphere (< 3000K) in Wang et al.
(2026). First, this template only adds a small number
of candidates to the sample which may indicate that ex-
tremely cold sources (T' < 3000K) are rare. However,
the template picks up a confirmed QG at zgpec = 3.25
as a BH*-dominated candidate, illustrating that the de-
generacy between BH* and QG solutions is particularly
pronounced for cold sources (see also Section 4.3). At the
same time, we do not select the source UNCOVER-20698
itself from our photometric catalog due to degeneracies
with galaxy templates, also related to its host galaxy.
Further, with this extremely cold template, some spec-
troscopically confirmed sources are fit at the wrong red-
shift, e.g., the ALT-BH* at zgpec = 2.59 (bottom right
panel in Figure 7) is fit at zpno; = 1.68, indicating further
degeneracy with other BH* templates and making it ex-
tremely difficult to identify (potentially rare) cold BH*s
from photometric data alone. Additional medium band
and MIRI imaging may help to put tighter constraints on
the emission line strength (colder sources tend to show
weaker Ha emission, de Graaff et al. 2025b), as well as
the continuum shape of such objects. Nevertheless, spec-
troscopy will be indispensable to unambiguously identify
and characterize cold BH*-dominated sources, as well as
potentially new and unexplored types of LRDs or BH*s.

6.1.2. Limitations at High Redshift

At the highest redshifts, our sample selection is increas-
ingly limited by the rest-frame optical coverage of the
available NIRCam filters. In particular, at z = 9, only
F444W (and the medium bands probing similar wave-
lengths) trace the light red-wards of the Balmer break.
This leads to a degeneracy with at least a certain type
of BDs as exemplified by the MoM-BD-1 (Section 4.3).
Such BDs may, however, be rare and most stellar con-
taminants are likely captured by our large grid of stellar
templates. In general, the rest-optical continuum shape
of the highest redshift candidates is poorly constrained
by NIRCam imaging causing degeneracies between dif-
ferent BH* templates. Thus, it is nearly impossible to
constrain the peak wavelength of the optical continuum
and the blackbody temperature. As discussed in Section
5.3, this introduces substantial uncertainty in the bolo-
metric luminosity of the highest redshift candidates, and
may specifically cause us to overestimate Ly for some
of them. We also note that we select the highest red-
shift spectroscopically confirmed LRD, CAPERS-LRD-
z9 (Taylor et al. 2025) at zgpec = 9.27, showing that our
selection successfully identifies LRDs at such high red-
shift.

In the high redshift regime, MIRI data will be ex-
tremely useful. First, Figure 9 shows how the spec-
trum of the MoM-BD-1 declines much more sharply at
Aobs > 4 pm than the BH* template, so that the two can
be easily distinguished based on MIRI fluxes. Besides
removing this remaining type of contaminant, MIRI can
probe Ha at z 2 7, and it provides valuable constraints
on the rest-optical continuum shape of BH*-dominated
candidates. A major limitation of MIRI is the depth that
can be achieved, though many of our BH*-dominated
candidates are sufficiently bright to be detected in exist-
ing or upcoming MIRI surveys.

6.1.3. Limitations at Low Redshift

At the lower end of the redshift distribution, our sam-
ple selection is mainly limited by the availability of suf-
ficiently deep imaging at rest-frame wavelengths blue-
wards of the Balmer break. At z < 2.5, this regime is
mainly probed by HST/ACS and the NIRCam SW filters
FO70W and FO90W which are not uniformly available
across the fields studied here, and are often significantly
shallower than the NIRCam/LW imaging. Without suf-
ficient constraints below the Balmer break, i.e., with-
out actually constraining the full Balmer break strength,
the photometry becomes degenerate with QGs or even
sources showing relatively weak stellar Balmer breaks,
such as “mini”-quenched or “napping” galaxies (e.g.,
Looser et al. 2024; Covelo-Paz et al. 2026). However,
the few robust sources we identify at z < 2.5 (specifi-
cally the four sources highlighted in Figure 7) are par-
ticularly valuable as they allow us to probe redder rest-
frame wavelengths with NIRSpec, and to explore lines
such as Paf, Pay and Hel at 1.08um (see the spectrum
of UDS-134217 in the top left panel of Figure 7), or even
molecular absorption features (Wang et al. 2026).

6.2. A New Way of Selecting LRDs

In Section 3.7, we discussed how the selection method
applied here is highly complementary to photometric
LRD selections in the literature that are based on col-
ors between NIRCam filters and/or a V-shaped SED.
Specifically, we do not require any detection in the rest-
frame UV which is often very faint for the sources pre-
sented here. Our requirement of a BH* template con-
tribution of > 80% at Ajest > 4000 A leaves some room
for UV flux from a host galaxy which is why we recover
some “classic” V-shaped LRDs. However, with increas-
ing host emission in the rest-UV, the contribution of the
host galaxy also increases in the rest-optical (depending
on the age of the stellar population and its dust content),
so that the BH* contribution quickly drops to < 80%.

In principle, we could use the search method presented
here to select LRDs more broadly by lowering our thresh-
old below 80%. As a simple test, we compare to the spec-
troscopic LRD sample of de Graaff et al. (2025b). Con-
sidering only overlapping fields, and sources that pass
our pre-selection cuts (in particular SNR(F444W) > 10
and mag(F444W) < 27), we find that our sample con-
tains 34/84 of their sources, corresponding to 40.5%. If
we decrease our template contribution threshold to 75%
and 50%, these numbers increase to 44/84 (52.4%) and
70/84 (83.3%), while the total sample size increases by a
factor of 1.4 and 3.1. This indicates that while it is pos-
sible to recover most LRDs with the method presented
here, this likely comes at the cost of a significantly higher
contamination fraction. The extra BH* template adds a
degree of freedom to the eazy fits, so that the fits to some
galaxies can be nominally improved with a limited con-
tribution of a BH* template which is not physically mo-
tivated but simply reflects degeneracies with other tem-
plates. Our choice of a relatively high threshold of 80%
is motivated by our objective of finding the most ex-
treme, BH*-dominated sources, resembling the paradig-
matic sources The Cliff and the MoM-BH*-1. In other
words, we wish to identify BH*-dominated sources with a
small host galaxy contribution. With a threshold of 80%,
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we achieve a high completeness for such sources with a
limited contamination fraction. At the same time, we are
increasingly incomplete for sources with a stronger host
galaxy contribution, thus missing a substantial fraction
of V-shaped LRDs as explored in detail in Section 3.7.

7. SUMMARY AND CONCLUSIONS

In this paper, we present a new selection method for
LRDs that focuses on sources whose SED is dominated
by the central engine, the BH*. This is motivated by
the two first spectroscopically confirmed BH*s, The Cliff
and the MoM-BH*-1, which are characterized by an op-
tical continuum that resembles a blackbody at a temper-
ature of T, ~ 5000 K, a strong Balmer break, and very
weak UV emission. Our method is based on incorpo-
rating six different BH* templates in the eazy redshift-
fitting code to then identify objects whose best-fitting
SED is dominated by these templates. We construct
empirical templates that cover the range of spectro-
scopically observed BH* properties, in particular a wide
range of intrinsic luminosities and temperatures, based
on individual sources and BH* stacks from Sun et al.
(2026). Applying the method to a photometric catalog

across 1000 arcmin? of legacy and pure parallel NIRCam-
imaging in six or more filters, we identify 241 BH*-
dominated candidates. Cross-matching with publicly
available spectroscopic data, we find that ~ 27% of our
candidates have spectroscopic redshifts, largely confirm-
ing our SED-modeling and photometric redshifts. The
vast majority of the available spectra with sufficiently
high SNR show V-shaped SEDs, blackbody shaped con-
tinua, strong Balmer breaks and relatively weak rest-UV
emission, indeed resembling objects like The Cliff and
the MoM-BH*-1. Among all the spectra, we only iden-
tify one secure contaminant, a BD, and one likely con-
taminant with strong emission lines boosting the NIR-
Cam/LW photometry. To mitigate the possible impact
of such contaminants, we calculate Bayes factors between
our fits with galaxy and a BH* template, and pure galaxy
fits, as well as fits with stellar templates. We use these
Bayes factors to define a gold sample of 127 particularly
robust BH*-candidates showing Bayes factors > 100.
Our results can be summarized as follows:

e BH*-dominated sources exist across the Universe,
and at least over the range z = 1.7—9.3, indicating
they are not merely an early-Universe phenomenon
but persist to cosmic noon.

e Comparing our sample to photometric V-shape se-
lections in the literature, we show that our selection
is highly complementary, and identifies objects that
are missing from existing photometric samples, in
particular because they are too faint in the rest-UV
to measure a blue UV-color. Conversely, and by de-
sign, our sample misses strongly V-shaped LRDs
with significant host galaxy contributions.

o We identify four promising candidates at z < 2.5,
three of which have been confirmed spectroscop-
ically through NIRCam/grism, NIRSpec/G235M
and ground based VLT/X-Shooter spectroscopy,
but lack continuous spectroscopic coverage in the
rest-frame optical. These sources provide unique

opportunities to study the engines of the LRDs
in great detail owing to their apparent brightness
(21.9—23.6 mag at ~ 2 um), and by enabling NIR~
Spec spectroscopy out to Apest ~ 1.8 pm.

e We measure optical luminosities spanning at least
two orders of magnitude, log(Lsioo/ergs™!) ~
42.5 — 44.5, with candidates as faint as Lsigg ~
1042 ergs™! at z < 2.

e The Balmer break strengths of our candidates are
centered around a median of ~ 3, close to the max-
imum possible stellar Balmer breaks, and with a
long tail out to break strengths > 10, the strongest
Balmer breaks measured in the Universe to date.

e We estimate bolometric luminosities by integrat-
ing over the BH* template contribution to the
best-fitting SED, and find that our sample cov-
ers log(Lpol/ergs™!) ~ 42 — 45. Converting the
bolometric luminosities to black hole masses as-
suming accretion at the Eddington limit, we find
Mgy ~ 10° — 107 Mg, with the faintest candi-
dates approaching ~ 10*Mg, suggesting that BH*-
dominated sources range from the intermediate
mass black hole to the quasar regime.

e We compute approximate number densities of
BH*-dominated sources at Lsjgg > 10%3° ergs™!
and find that they peak at z ~ 5 — 6 (~

1075 Mpcf?’dex_l), and decline towards higher and
lower redshifts. While the weak decline towards
higher redshift is not significant, not least due to
possible selection effects, we measure a drop in the
number density by an order of magnitude from
z~6toz~2.

e Our number densities at z ~ 5 — 7 are a factor
of 2.5 — 8 below LRD number densities based on
photometric V-shape selections in the literature,
but they are only a factor of 1.7 — 3.5 below es-
timates based on V-shapes identified from ground-
based imaging at z ~ 2 — 3. Despite some caveats
regarding the comparison of these partly comple-
mentary samples, this suggests that the fraction of
BH*-dominated sources among the total LRD pop-
ulation does not decline towards lower redshifts, or
that lower redshift samples of LRDs are still highly
incomplete.

The sample presented here provides ideal targets for
spectroscopic follow-up, enabling unique insights into
the physics driving the SEDs of LRDs through a di-
rect view into their engines that outshines the host
galaxy in the rest-frame optical. Further, it highlights
the power of identifying such sources through template-
based searches. The robustness of our sample selection
is limited by the photometric wavelength-coverage and
depth of the available NIRCam-imaging, by the extent
to which our templates capture intrinsic variations in
the spectra of LRD engines, and by how accurately they
trace the continuum shapes, especially at Apest = 1 pm.
Future studies including MIRI data as well as addi-
tional medium-band imaging as is for example obtained
through the cycle 4 program MINERVA (GO-7814, PI
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Muzzin, Muzzin et al. 2025) will likely help improve the
sample selection, and shed further light on the rest-frame
optical to NIR properties of BH*-dominated objects and
LRDs more generally, as well as their number density
evolution. NIRSpec spectra of a larger sample of BH*-
dominated sources will be crucial to better understand
the diversity in their continuum shapes, and the physi-
cal mechanisms behind their peculiar and still enigmatic
appearance.
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PRISM spectra and one G395M spectrum are from RU-
BIES (GO-4233, PIs de Graaff & Brammer, de Graaff
et al. 2025¢); CAPERS (GO-6368, PI Dickinson, e.g.,
Donnan et al. 2025) and Mirage or Miracle (MoM, GO-
5224, PIs Oesch & Naidu) each contribute seven PRISM
spectra; another six are from UNCOVER (GO-2561, PI
Labbé, Bezanson et al. 2024); JADES (e.g., Eisenstein
et al. 2026) through GTO-1180, GTO-1181 (PI Eisen-
stein), and GTO-1287 (PI Isaak), and GO-5545 (PI Bar-
rufet) each contribute three; another two PRISM spec-
tra are from GO-8060 (PI Egami); finally, one spectrum
is associated with each of the programs GO-2565 (PI
Glazebrook, Nanayakkara et al. 2025), GO-4106 (PI Nel-
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son), GO-5997 (PI Looser), and DIVER (GO-8018, PI
Lin). The remaining three medium grating spectra (one
in G395M and two in G235M) are from GO-3567 (PI
Valentino, Ito et al. 2025).

B. SPECTROSCOPIC V-SHAPE
CLASSIFICATION

To provide an estimate of the contamination rate of
our photometric selection, we apply the spectroscopic V-
shape classification from Hviding et al. (2025) to the sub-
set of 57 sources with grade 3 PRISM spectra. One spec-
trum is immediately identified as a BD (Section 4.3), and
removed from the sample, another 34 sources are part of
the spectroscopic LRD sample of de Graaff et al. (2025b)
and considered robust LRDs. Therefore, we only apply
the V-shape classification to the remaining 22 spectra.

Specifically, we fit a power-law, fy = a - )\fest, to both
the photometry and the spectrum on either side of H,.
The V-shape is then defined following Section 3.2.2 of
Hviding et al. (2025) as (1) fuv < —0.2 at the 20 level,
and ayy > 0 from either spectroscopy or photometry,
(2) Bopt(Spec.) > 0 at the 20 level and aqpt(Spec.) > 0,
and (3) Bops — fuv > 0.5 with Syy from spectroscopy if
it satisfies (1) or from photometry otherwise. According
to this definition, 9/22 sources display V-shaped con-
tinua. However, for none of the other 13 sources can a
V-shaped SED be confidently ruled out. Most sources
do show fyy < —0.2 and Bope > 0 but lack the SNR
to confirm these slopes at the > 20 level. For example,
the source GDN-59854 which is shown in Figure 3 shows
a clear red optical slope (Bops = 1.39 £ 0.09), a ten-
tatively broadened He line and a clear break/turnover
around the Balmer limit. However, the SNR in both the
photometry and the spectrum is insufficient to confirm a
blue UV-slope for this source (e.g., fuy = —0.21 £ 0.54
from the spectrum). Further, the spectrum of the source
COS-EAST-85239 is affected by the chip gap and only
covers Apest = 0.7pm, which means that neither slope can
be measured. However, this spectrum shows tentatively
broadened Paschen lines, and the photometry clearly fa-
vors a BH*-dominated interpretation. We only find one
likely contaminant, UDS-27591, whose spectrum shows
blue UV- and optical slopes (fuy = —3.72 £ 0.60 and
Bopt = —2.99+2.04), albeit with large uncertainties. The
spectrum shows strong lines that boost the NIRCam /LW
photometry which has likely caused eazy to wrongly pre-
fer a fit with a BH* template. Resulting estimates of the
contamination rate of our sample are provided in Section
3.5.

C. LIKELY CONTAMINANT IN THE COSMOS
FIELD

Upon visual inspection of all our BH*-dominated can-
didates, we identify COS-WEST-29852 as an extremely
bright source that is fit with the BH* template based on
GN-9771 (Torralba et al. 2026b) at zphot = 5.61. We
show imaging cutouts, the measured photometry, and
the best-fitting eazy SED of the source in Figure 14. If
at zphot = 5.61, the implied optical luminosity of COS-
WEST-29852 would be more than an order of magni-
tude higher than that of any other candidate in our sam-
ple (log(Ls100/ergs™!) = 45.68). While the fit with the
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Fic. 14.— BH*-dominated candidate identified from a fit with
the template based on GN-9771 at zphot = 5.61. Its brightness
would imply an optical luminosity that is more than an order of
magnitude higher than that of any other source in our sample. We
argue that it is likely a contaminant and do not further investigate
it here.

A
o

BH* template is nominally robust (Bayes factors > 100),
the photometry shows no distinctive features such as a
(Lyman or Balmer) break, or individual filters boosted
by emission lines. Instead, it suggests a smoothly de-
clining red SED which happens to be consistent with
the GN-9771 template at the best-fitting redshift. The
imaging cutouts further shows a dominant point source
component in the NIRCam /LW filters, and a clearly ex-
tended morphology in the SW bands, suggesting it could
be an obscured AGN or quasar (see, e.g., Fei et al. 2026)
whose host galaxy dominates the light at < 2um. Fur-
ther investigation of COS-WEST-29852 at (R.A., Dec.)
= (150.0646281, 2.1909212) is beyond the scope of this
work, but we argue that it is likely a peculiar contami-
nant, and not a BH*-dominated source at zpnot = 5.61,
and therefore remove it from our sample.

D. GALLERY OF ALL CANDIDATES IN THE
GOLD SAMPLE

In Figures 15 to 27, we show the photometry, best-
fitting eazy SEDs, and an RGB imaging stamp for each
BH*-dominated candidate that is part of our gold sample
(see Section 4.4). The gold candidates are sorted in red-
shift, and we specify their photometric and - if available
- spectroscopic redshift in the title of each panel respec-
tively. The contribution of the respective BH* template
to the best-fitting SED, as well as the contributions of
sfhz templates are shown in each panel.

This paper was built using the Open Journal of As-
trophysics IMTEX template. The OJA is a journal which
provides fast and easy peer review for new papers in the
astro-ph section of the arXiv, making the reviewing pro-
cess simpler for authors and referees alike. Learn more
at http://astro.theoj.org.
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Fi1a. 15.— Gallery of BH*-dominated candidates that are part of our gold sample (B(sfhz) > 100 and B(stars) > 100), in analogy to
Figure 6. The RGB stamp shown for each source is constructed from F444W (red), F277TW (green) and F115W (blue). Gray lines show
the contribution of different eazy templates to the best-fitting SED (brown line). The contribution of the respective BH* template that
dominates the fit is shown in red.
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F1c. 16.— Same as Figure 15 (continued).
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Fic. 17.— Same as Figure 15 (continued).
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Fic. 20.— Same as Figure 15 (continued).
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