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ABSTRACT

Aims. Heavily reddened quasars (HRQs) are luminous, dust-obscured broad-line quasars thought to trace a short-lived phase of intense
black hole growth and feedback. Previous studies have been limited by small sample sizes, which restricted robust statistical analyses
of their properties. We expand the census of the most luminous HRQs to enable population-level studies, aiming to connect their
spectral energy distributions (SEDs) to other luminous quasar populations and place them in the context of an evolutionary sequence

for massive galaxy and black hole formation.

Methods. We assembled multi-wavelength broadband photometry for the brightest (Kap < 18 mag) HRQ candidates and selected
active galactic nucleus (AGN) candidates with red near-IR colours of (J/ — K)ap >1.6. We employed SPHEREX spectrophotometry
to confirm the HRQs and determine redshifts. Detailed SED fitting allowed us to compare these HRQs to other luminous quasar
populations, including a control sample of hyper-luminous, unobscured unWISE-Gaia (Quaia) quasars, as well as luminous hot dust-

obscured galaxies (hot DOGs).

Results. We confirm 76 new HRQs with redshifts of 1.5 < zys < 3.9, dust-corrected optical continuum luminosities of
logm(/lLA(3OOOA)[erg s7!']) > 47.0, and line-of-sight extinctions of 0.4 < E(B — V) < 1.6 (Ay ~ 1 — 5 mag). This more than
doubles the number of confirmed HRQs at z, > 1.5 including the first 7 HRQs ever identified at z > 3. A UV excess consistent with
scattered quasar emission is detected in 76 per cent of SPHEREx HRQs. We conclusively demonstrate that HRQs are hot-dust poor
compared to blue quasars of similar luminosities and redshifts. We find that the 6um continuum luminosities of HRQs are system-
atically lower at fixed 3000A continuum luminosity relative to blue Quaia quasars, suggesting that HRQs are deficient in both hot
and warm dust components. This combination of depleted torus-scale dust reservoirs and higher luminosities compared to hot DOGs
and blue quasars supports a scenario in which HRQs represent a blow-out phase, when strong feedback has begun to clear the central

regions of obscuring material.

Key words. Galaxies: evolution, quasars: general, Galaxies: photometry

1. Introduction

Dust-obscured black hole accretion likely marks an impor-
tant stage in the co-evolution of galaxies and their central
supermassive black holes (Sanders et al.| [1988; |[Hopkins et al.
2005; |Hopkins et al.| 2008; D1 Matteo et al.| [2005). This red-
dened quasar phase is thought to be a direct result of major-
mergers, which peak in frequency at cosmic noon (Bluck et al.
2009; Man et al[[2012)) — a period defined by rapid black-hole
growth and star formation. In this paradigm, gas inflows fuel
powerful, initially dust-obscured active galactic nuclei (AGN)
while simultaneously inducing a starburst (Granato et al.|[2004;
Di Matteo et al.[|2005} [Hopkins & Elvis|2009). The presence of
this dust can render radiatively driven outflows more efficient
(e.g.|Costa et al.||2018; [Ishibashi et al.|2017; Ishibashi & Fabian
2022), meaning dusty or obscured quasar populations likely
trace periods of extreme quasar-driven feedback.

Evidence of dust-driven feedback in red quasar popula-
tions is observable across multiple wavelengths. Extreme out-

* Corresponding author: mstepney @cata.cl

flows in both the broad- and narrow-line regions have been
identified in extremely red quasars (ERQs; [Zakamska et al.
2016; [Hamann et al.| 2017 [Perrotta et al. [2019; |Gillette et al.
2024)), hot dust-obscured galaxies (hot DOGs; [Eisenhardt et al.
2012; Wu et al| 2012; [Jun et al| 2020; |[Finnerty et al.| 2020j
Vayner et al.| [2025) and heavily reddened quasars (HRQs;
Temple et al| 2019; [Stepney et al.| 2024), with kinetic powers
comparable to or exceeding those of unobscured systems at
similar luminosities. At radio wavelengths, compact emission
correlates with dust extinction and, together with steep spec-
tral slopes, favours an origin in wind-driven shocks within a
dusty obscuring medium (Fawcett et al.|[2023] [2025). Further-
more, high accretion rates, often reaching or exceeding their Ed-
dington limits (e.g. |Li et al.|[2024; |Stepney et al.|[2026), further
suggest that red quasars are caught during a brief phase of rapid
black hole growth that produces strong AGN feedback.

Numerous studies have also been devoted to understanding
the spectral energy distribution (SED) properties of red quasar
populations. For example, blue photometric colours at rest-UV
wavelengths, arising from an excess in the continuum emission
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relative to the dust-obscured AGN, have been detected in hot
DOGs (Assef et al.[2016} [2020)) and HRQs (e.g. Wethers et al.
2018}, |Stepney et al.|2026). While the origin of the UV excess
is unclear, the detection of broad emission lines and polarised
light in some hot DOGs (e.g. |Assef et al.| 2016} 2020, [2022]
2025;[L1 et al.|2024) suggests that scattered quasar emission con-
tributes significantly. In comparison, observations of the HRQ
ULASJ2315+0143 with the Very Large Telescope’s (VLT) X-
Shooter spectrograph reveal both broad emission lines and host
galaxy signatures, indicating that the UV-optical continuum may
also arise, at least in part, from active star-forming regions within
the quasar host galaxy (Stepney et al.|2024). Furthermore, red
quasars exhibit a wide diversity in dust properties. The SEDs of
hot DOGs seem to be dominated by hot and warm dust com-
ponents (e.g. Wu et al|[2012} [Tsai et al.| 2015} |Li et al.| 2023),
whereas the SEDs of HRQs are comparatively hot-dust-poor
(Stepney et al.|2026).

Concerted efforts have been made to link the multi-
wavelength SED properties of red quasars to their outflow and
accretion characteristics in the context of galaxy evolution (e.g.
Temple et al.| 2019; |Calistro Rivera et al.| 2021} |Stepney et al.
2024; |Stepney et al.|2026). However, the relatively modest sam-
ple sizes of the reddest and most heavily obscured quasars limit
our ability to robustly establish relationships between the dif-
ferent populations. For example, traditional UV and optical se-
lection techniques used to select quasars for wide-field spectro-
scopic follow-up as part of, for example, the Sloan Digital Sky
Survey (SDSS; [York et al.|2000) and the Dark Energy Spectro-
scopic Instrument (DESI; |Alexander et al.| 2023) programmes
generally do not detect quasars with line-of-sight dust extinc-
tions E(B — V) = 0.5 (Richards et al.|2003; Fawcett et al.[2020).
Hence, assembling large, spectroscopically confirmed samples
of the reddest quasars has remained a significant challenge.

Spectroscopic confirmation of luminous HRQs has previ-
ously been conducted through single-object near-IR spectro-
scopic follow-up of candidates selected from wide-field IR sur-
veys (Banerji et al.| 2012} 2013} 2015} Temple et al.|[2019). As
the most luminous and massive galaxies are rare and have low
sky-densities (Cole et al.[2001}; |Benson et al.|2003} [Huang et al.
2003; Somerville et al.| 2008; |Schaye et al.| 2015)), Iuminous
HRQ candidates are distributed across the entire sky, making
confirmation of statistical samples expensive due to large slew
times between targets. Fortunately, in the new era of wide-
field and all-sky near-IR spectroscopic and spectrophotomet-
ric surveys — for example Euclid (Euclid Collaboration et al.
2025alblc) and the Spectro-Photometer for the History of the
Universe, Epoch of Reionization, and Ices Explorer (SPHEREX ;
Dor¢ et al.|[2014) — it is now feasible to assemble large, spectro-
scopically confirmed samples of highly dust-obscured quasars.

We exploited the all-sky coverage of SPHEREXx to confirm
a new sample of hyper-luminous HRQs via spectrophotome-
try, enabling a comprehensive multi-wavelength SED analysis
of the largest HRQ population assembled to date. This study
demonstrates the potential of SPHEREX to conduct population
studies of obscured quasars and marks the beginning of an on-
going effort to characterise the luminous, obscured quasar pop-
ulation. The structure of the paper is as follows: In Section 2]
we describe the assembly of the multi-wavelength data used to
select HRQ candidates. Source confirmation and redshift esti-
mation are presented in Section [3} followed by a description
of the SED modelling in Section @ In Section [5} we intro-
duce the hyper-luminous blue quasar sample used for compar-
ison with the HRQs. We then examine the general properties of
the SPHEREX -confirmed HRQ sample in Section [6] including
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comparisons with other quasar populations at similar luminosi-
ties and redshifts. We summarise our conclusions in Section
We report vacuum wavelengths throughout and adopted a A cold
dark matter cosmology with iy = 0.71, Qy = 0.27, and Q, =
0.73 to calculate luminosities.

2. Heavily reddened quasars (HRQs)
2.1. Infrared selection

The selection of the original HRQ population is based on ob-
served optical, near- and mid-IR photometric colours and is
discussed at length in Banerji et al.| (2012} 2013, 2015) and
Temple et al.|(2019) - and summarised in |Stepney et al.| (2026)).
The primary selection of the HRQs is based on their red, ob-
served (J — K) colours. As the objective of this paper is to build a
more complete sample of HRQs at the highest quasar luminosi-
ties, we made a number of modifications to the original HRQ
selection criteria.

Firstly, we modified the original K-band magnitude limit
(Kap < 20.3) such that only the brightest (Kag < 18) sources
were selected. Second, given that > 80 per cent of the origi-
nal HRQ sample hosts a statistically significant rest-UV excess
with respect to their rest-optical emission (Stepney et al.|[2026] -
see also Wethers et al.|[2018]), we omitted the i-band magnitude
limit (iag > 20.5) and (i — K)ag > 2.5 colour selection used in
Banerji et al.| (2012) to select the original HRQ sample. Finally,
given also that the HRQ population is hot-dust-poor when com-
pared to luminous blue quasars of similar luminosities and red-
shifts (e.g. |Stepney et al.[2024} |Stepney et al.|2026), we relaxed
the mid-IR colour selection to be bluer and used the |Assef et al.
(2018)) R90 WISE AGN -catalogue, which corresponds to a 90
per cent reliability limit of all Wide-field Infrared Sky Explorer
(WISE) AGN. The result is a more complete sample of luminous
HRQ candidates, whose revised selection criteria are as follows;

- KAB <18

- (J-K)pg>1.6

— (W1 = W2)yega > 0.5

— kclass = —1 (point-source morphology in the K/Kg band)

To gain near-IR coverage across both the northern and south-
ern skies, we matched the R90 WISE AGN catalogue to the
United Kingdom Infrared Deep Sky Survey’s (UKIDSS) Large
Area Survey (LAS DR10; Lawrence et al.| 2007), the United
Kingdom Infrared Telescope’s Hemisphere Survey (UHS DR2;
Dye et al.| |2018), and the Visible and Infrared Survey Tele-
scope for Astronomy’s (VISTA) Hemisphere Survey (VHS DRS;
McMabhon et al.| 2013} 2021) using a matching radius of l’ﬂ
Given that HRQs have compact morphologies in the rest-optical
(by selection), we used 2” diameter aperture magnitudes from
UKIDSS-LAS, UHS, and VHS for our study, and profile fitting
magnitudes from WISE.

Applying the above selection criteria yields 413 HRQ can-
didates spanning =~ 20, 000 deg?. Nine sources are already spec-
troscopically confirmed HRQs from Banerji et al.[ (2012} 2015)
and are therefore removed. An additional source — ULASJ2148-
0011 — was previously identified in Banerji et al.| (2012), but
not spectroscopically confirmed via Gemini or VLT/SINFONI,
therefore, this source remains in our candidate list. The total
number of luminous HRQ candidates is therefore 404.

' Cone searches are conducted with v4.10-5 of the Tool for OPerations
on Catalogues And Tables (TOPCAT; |Taylor|2005) software.
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2.2. Multi-wavelength photometric data

A primary objective of this work is to build the full multi-
wavelength SEDs of the new HRQ sample. Hence, we as-
semble a catalogue of optical photometry, probing the rest-
frame UV SEDs, to complement our near- and mid-IR data.
We match all 404 luminous HRQ candidates to the second
data release of the DECam Local Volume Exploration Survey
(DELVE-DR?2; Drlica-Wagner et al. 2022ﬂ with a 1”” search ra-
dius via the NOIRIlab Astro Data Lab Service (Fitzpatrick et al.
2014; |Nikutta et al.| [2020; Juneau et al.| 2021) - resulting in
332 matches. To extend our coverage at northern latitudes, we
also match the sample to the SDSS Data Release 16 (DR16;
Ahumada et al.| [2020). This yields 215 matches, resulting in
rest-UV/optical coverage for 389 HRQ candidates via DELVE,
SDSS, UKIDSS-LAS, UHS, VHS, and WISE. Given that many
HRQs have extended morphologies in the rest-frame UV (e.g.
Wethers et al.[2018}Stepney et al[2024), we used MAG_AUTO
photometric extractions for both DELVE and SDSS. Since
UKIDSS-LAS, UHS, and VHS avoid the galactic plane, we do
not perform a Milky Way galactic-extinction correction to the
optical bands. While this may introduce an additional source of
uncertainty to the SED fitting, the error budget will still be domi-
nated by uncertainties in the photometric extraction (particularly
in fainter sources) as well as the relative simplicity of our SED
model.

3. Spectrophotometric confirmation with SPHEREx
3.1. SPHEREXx data acquisition

SPHERExis a National Aeronautics and Space Administra-
tion (NASA) Explorer satellite poised to complete the first all-
sky spectral survey at near-IR wavelengths (Dor¢ et al.[2014;
Bock et al.| 2026). SPHEREx observes in 102 dedicated spec-
tral channels whose wavelength coverage spans 0.75 — 5.0um,
with estimated 5o depths of ~ 19.5 — 19.9 AB magnitudes at
0.75 < A < 3.2um by the time of the survey’s completion,
and a 6” pixel scale (Doré et al.[|2014; Bock et al.|2026). While
SPHEREX has already been utilised for cosmological and in-
terstellar ice studies (e.g. Xia et al.|2025; Boersma et al.|[2026
Lisse et al.|2026), this work represents one of the first studies in
which SPHEREX has been used to identify dust-obscured broad-
line quasars, although the suitability of SPHEREX for this ap-
plication was first highlighted by |[Kim et al.| (2024). Recently
Davies et al.| (2026)) have also used SPHEREX to confirm 87 new
luminous quasars at 4.0 < zg, < 5.7 as well as lower-redshift
interlopers.

To acquire SPHEREX spectra for our 404 HRQ candidates,
we used the Infrared Science Archive (IRSA) Spectrophotom-
etry Tooﬂ which implements a multi-stage data processing
pipeline to perform photometric extractions, both photometric
and wavelength calibrations, and background subtractions of the
SPHEREX data in real time (Akeson et al.[2025). In all cases, we
used a 15 pixel aperture for background estimation and a point-
source morphology for the forced photometric extractiorﬂp

2 https://delve-survey.github.io

3 https://irsa.ipac.caltech.edu/applications/spherex/
tool-spectrophotometry

* The SPHEREX spectra used in this work were downloaded between
January and February 2026; however, the SPHEREX data are still accu-
mulating as of the publication date of this manuscript. Therefore, some
objects may not have been observed in all spectral channels. This could
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Fig. 1: Continuum-subtracted SPHEREX spectrum of the con-
firmed HRQ, WISEJ024029.10-055512.7 (in blue). To aid read-
ability, the original SPHEREX spectrum (red) and corresponding
29-pixel median-filtered pseudo-continuum (black) have been
shifted by +4 units in the y-direction. The positions of the broad
Balmer emission lines are marked in grey.

3.2. Estimating quasar redshifts with SPHEREx

While the SPHEREX Science Team will eventually build high-
level SPHEREx data products that include redshift estimates
(e.g. level 4 processing; [Akeson et al.| [2025), they are not
publicly available at present. Hence, we employed a cross-
correlation approach similar to [Hewett & Wild (2010) — and
subsequently |[Rankine et al.| (2020) and |Stepney et al.| (2023) —
to determine the redshifts of the HRQ candidates. Our approach
consists of two steps: (i) the definition of a smooth pseudo-
continuum from which continuum-subtracted SPHEREX spectra
can be defined and (ii) a cross correlation algorithm that uses a
resampled quasar template spectrum to estimate the redshift of
each source.

3.2.1. Defining the pseudo-continuum

Given that the shape of the quasar continuum can vary depend-
ing on the SED of the quasar, we defined the pseudo-continuum
empirically following Hewett & Wild| (2010). Specifically, the
quasar pseudo-continuum is defined by a median-filtered version
of the original SPHEREX spectrum, which is reflected at the blue
and red ends and stitched together to negate edge effects. We
find that the ideal filtering window for the SPHEREX spectra is
29 channels, beyond which there is no significant improvement
to the pseudo-continuum. An illustration of how our continuum
subtraction recipe operates in practice is presented in Fig. [T}

3.2.2. Cross-correlation analysis

Our cross-correlation analysis scheme is similar to that described
in section 4.2 of [ Hewett & Wild|(2010) with two key differences.
First, the template used for the cross-correlation scheme is gen-

result in a lower spectral resolution than reported in some objects, and
consequently, increased uncertainties in our redshift estimates.
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erated by QSOGEI\El, a Python package that implements an empir-
ically motivated parametric model to simulate quasar colours,
magnitudes and SEDs (Temple et al.| 2021b). To produce the
template spectrum, we generated a QSOGEN quasar model (with all
free parameters left at their default), which reproduces the spec-
trum of the average SDSS quasar. The reddening primarily af-
fects the shape of the quasar continuum, which is subtracted be-
fore the cross-correlation is conducted. We resampled this tem-
plate spectrum onto the SPHEREX spectral resolution, and sub-
tracted the continuum in the same manner as detailed in Sec-
tion [3.2.1] The cross-correlation between each template and an
individual HRQ spectrum is performed with the HRQ redshift
as a free parameter, with bad SPHEREX pixels masked before-
hand. Hence, cross-correlation coefficients are calculated across
redshift-space, with the redshift solutions varying in 0.01 incre-
ments - i.e. Azgs = 0.01.

To estimate redshift uncertainties, each SPHEREX spectrum
is perturbed by Gaussian noise consistent with the correspond-
ing noise array, and the mean and standard deviation after
100 iterations are used to determine our final results. To en-
sure that our uncertainty estimates are robust, we performed
a cross-correlation analysis on the SPHEREX spectra of nine
already confirmed HRQs. We find that the average differ-
ence in redshift between the SPHEREXx estimates and those
from higher-resolution ground-based spectroscopy is (Azgy) =
0.011, broadly consistent with the average Monte Carlo un-
certainties calculated for the remaining sample — for exam-
ple (Azgs) = 0.006. As the uncertainties associated with
the SPHEREX spectral channels are likely underestimated (e.g.
Davies et al.|[2026)), the slightly underestimated Monte Carlo er-
rors are expected.

The redshift solution that maximises the cross-correlation
coefficient for a given SPHEREx spectrum is assigned as the
systemic redshift provided that: (i) the cross-correlation coef-
ficient meets the threshold cc(zgs) > 0.5, and (ii) the red-
shift solution meets the threshold zgs > 1.5. The former con-
dition is determined empirically and is more conservative than
the cc(zgys) = 0.2 used in Hewett & Wild (2010) who relied
on the SDSS spectroscopic pipeline already minimising catas-
trophic redshift misidentifications. The z > 1.5 cut was im-
posed because the HRQ selection results in impure quasar sam-
ples at low redshifts (zss < 0.6) with many low-redshift HRQ
candidates being morphologically compact star-forming galax-
ies (e.g. SDSSJ210050.13-005752.5; Banerji et al.| [2015). Ad-
ditionally, at 0.6 < zgs < 1.5, contributions from the host
galaxy at ~ lum can bias the SED fitting at near-IR wave-
lengths (e.g. Stepney et al.[[2026). Hereafter, when we use the
term HRQs, we are referring to only the cosmic noon subsample
from |Stepney et al.|(2026) and this work.

There are 305 SPHEREXxobjects for which our cross-
correlation analysis yields coefficients that are too low to meet
criterion (i), and a further 20 objects whose optimum redshift is
too low to meet criterion (ii). Hence, the result is 76 SPHEREX-
confirmed HRQs with redshifts 1.5 < zys < 3.9 including, for
the first time, 7 HRQs with zys > 3.0. shows typical
example spectra for SPHEREX objects that fail either criterion
(i) or (ii), in addition to an object that satisfies both. Objects
that fail criterion (i) generally have spectra that is either noise-
dominated or featureless. The featureless sources may be mor-
phologically compact galaxies or narrow-line AGN, whose neb-
ular emission lines are too narrow and/or weak to be detected at
the resolution of SPHEREX - resulting in poor redshift estimates.

> https://github.com/MITemple/qsogen

Article number, page 4

T T T
F Mgl HB Ha WISEJ081935.11-542638.4
40'_ cc(zsys) = 0.135 ]
N (o Zsys = 1.785

20 Pab Pay
[ PaB

o .

Fa[10"Y ergs~t cm=2A-1]

S T S T P B 1 1 il 1 NP |
10000 15000 20000

P P FENTE R BT MR | e
25000 30000 35000 40000 45000 50000

——r
[ HB Ha

WISEJ011030.26+103019.6
60 [ cc(zsys) =0.633
[ Zgys = 0.654
sof 0 1
Pab Pa

Pa, Paa

Fa[1077 ergs~t cm=2A1]
N
o o
—

|
N
o

-nnlnnnnlnnnnlnnnnlnnnnl nnnlnnnnlnnnnlnnnnl.
10000 15000 20000 25000 30000 35000 40000 45000 50000

- 8F T T T T ]
o Mg Il HB Ha WISEJ022456.95-462515.7

Y 6k cc(zsys) =0.718 ]
LEJ E (o1 Zsys = 2.358

TAr ]
o i Pad Pay ]
g 2F Pag 3
T oof :
= f 1
2k e e 1

10000 15000 20000 25000 30000 35000 40000 45000 50000
Aobserved [A]
Fig. 2: Example continuum-subtracted SPHEREX spectra for

sources that: fail to meet the cc(zgys) > 0.5 threshold (fop),
fails to meet the zgs > 1.5 threshold (middle) and meet both
criteria (bottom). The best redshifts and cross-correlation co-
efficients are shown in the upper right. In the middle and bot-
tom panels, the broad Ha emission line is clearly visible. In the
top panel, the SPHEREX spectrum is featureless, and hence the
cross-correlation analysis cannot robustly determine a redshift.

Objects that fail only criterion (ii) have significant He emission
(S/N > 3) and have robust redshifts; however, due to selection
effects, they do not trace the same population to the cosmic noon
HRQs (Stepney et al.[2026).

Given the low spectral resolution in the bluer spectral chan-
nels of SPHEREx (R ~ 40 at 0.75 — 3.8um; Dor¢ et al.[2014)),
robust Ha-derived black hole mass measurements are unfeasi-
ble at the redshifts probed by this study and are therefore not
attempted. However, when fit with a single Gaussian, the full-
width at half-maximum of the He line profiles ranges between
6000 and 8000km s~!. Our final HRQ sample, with some exam-
ple SPHEREX spectra, is presented in Appendix [A]

4. HRQ spectral energy distribution modelling

In this section, we describe the SED model used to fit the full
suite of multi-wavelength data assembled in Section [2.1] for the
SPHEREx HRQ sample.

4.1. The multi-wavelength SED properties of HRQs from
broadband photometry

We modelled the SEDs with QsoGen (see Section [3.2] and the
references within) and adopted a Monte-Carlo approach for
the fitting, making use of the EMCEEE] Python package to ex-

% https://github.com/dfm/emcee
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plore the likelihood space via the affine-invariant ensemble
sampler proposed by |Goodman & Weare| (2010). Given that
many HRQs (>80 per cent) host blue photometric colours at
rest-UV wavelengths (e.g. [Wethers et al.| 2018} [Stepney et al.
2024; Stepney et al.[2026)), we adopted the same two-component
model used in|Stepney et al.|(2024) and |Stepney et al.| (2026).

The SED model comprises a dust-attenuated quasar com-
ponent and an additional scattered light component, which we
use to reproduce the rest-UV photometry. While this approach is
well-motivated (e.g. broad high-ionisation emission lines are de-
tected at rest-UV wavelengths in a VLT/XShooter spectrum of
the HRQ - ULASJ2315+0143; |Stepney et al.|[2024)), the shape
of the rest-UV continuum in HRQs remains consistent with both
scattered quasar light and ongoing star formation in the quasar
host (Wethers et al.|2018}; [Stepney et al.|2024); therefore, a host
galaxy contribution at rest-UV wavelengths cannot be ruled out,
indeed, [Stepney et al.| (2024) argue that both host galaxy emis-
sion and scattered quasar light likely contribute to the rest-UV
emission of HRQs (see also - Section . Given the degener-
acy between the two interpretations of the UV excess, we adopt
only the scattered light interpretation for the purposes of fitting
the broadband photometry of HRQs because the model contains
fewer free parameters.

At redder wavelengths, the host galaxy can have a measur-
able contribution to the total SED in luminous blue quasars.
For example, in SDSS quasars, the inclusion of the SO tem-
plate from the SWIRE library (Polletta et al.[|[2007) improved
the @soGgen SED fit at Ay ~ lum, with an average contribu-
tion to the total SED of 5-10 per cent (section 2.5; Temple et al.
2021b). However, the relative contribution of the host galaxy de-
creases with increasing quasar luminosity (e.g. Richards et al.
2006; [Vanden Berk et al.| 2006), with SDSS samples follow-
ing the relation Lgay o L%§8O4 (section 5; [Temple et al.
2021b). Given that the average HRQ is ~ 2.5 dex brighter
than the average SDSS quasar, this corresponds to a rela-
tive host galaxy contribution of < 1 per cent when extrap-
olated to HRQ luminosities. Hence, in |Stepney et al.| (2026),
the inclusion of the SO host-galaxy template only produced
favourable SED fits in lower-redshift sources whose luminosities
loglo{/lLA(3000A°)[erg s71) < 46. Additionally, when fitting a
star-forming host galaxy component to the VLT/XShooter spec-
trum of the HRQ, ULASJ2315+0143, the host galaxy contribu-
tion was < 1 per cent in the Ha emission region (Stepney et al.
2024). As the rest-optical to near-IR emission of HRQs has been
shown to be completely dominated by the quasar in previous
works, we do not account for contributions from the host galaxy
when modelling their SEDs.

Therefore, the free parameters used to model our HRQ SEDs
are as follows: (i) the dust-corrected 3000A continuum lumi-
nosity of the quasar, loglo{/lLA(3OOOA°)[erg s7'}, (ii) the line-
of-sight dust extinction, E(B — V), (iii) the ratio in luminos-
ity between the hot-dust blackbody and the tail of the quasar
UV/optical continuum slope at 2um, Lp,:/Lpiskloum, Which can
be used as a proxy for the amplitude of the hot dust emission (e.g.
Figure 1; Temple et al.[2021a)), and (iv) the scattering fraction,
Fuyy, which represents a fixed fraction of the total unobscured
quasar emission. Since the average UV inflection wavelength of
the HRQ SED is ~ 2500A (Stepney et al.|[2026), we only fit-
ted the two-component SED model to objects with observed-
optical broadband photometry. Objects with no rest-UV pho-
tometric data are fit with the dust-reddened quasar component
only.
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Fig. 3: ‘Best-fit’ gsoGen SEDs for two SPHEREXx-confirmed
HRQs, one where the inclusion of a scattered component was
rejected (top) and one where the scattered component was con-
firmed (bottom). The broadband photometric data from DELVE,
UKIDSS/VHS and WISE are indicated in black with their asso-
ciated uncertainties. The best-fit SED models are shown as blue
lines and triangles, and the SPHEREX spectra are overlaid in red.

In our SED model, the hot-dust blackbody component is
described by a single free parameter. Its effective tempera-
ture is fixed at Ty, =~ 1243 K, corresponding to the mean
blackbody temperature derived from SED fits to blue SDSS
quasars and consistent with the sublimation temperature of sili-
cate dust (Rosa et al.|2013; Temple et al.[2021a). Consequently,
the only parameter that must be constrained is the hot-dust ra-
tio, Lpug/Lpiskloum- For quasars at 1.5 < zg < 2.7, the W2
(4.6um) filter provides sufficient sensitivity to constrain this ra-
tio to within ALp,s/Lpiskloum = 0.25, assuming the average W2
uncertainty of 0.028 mag. Similarly, at 3.2 < zys < 4.0, the W3
(12um) filter constrains the hot-dust ratio to the same precision,
assuming the average W3 uncertainty of 0.054 mag. However,
for the seven HRQs with 2.7 < zgs < 3.2, the hot-dust ratio
may be poorly constrained, since the W2 filter no longer robustly
probes the hot-dust emission while the W3 filter samples rest-
frame wavelengths redwards of 3um.

A total of 68 objects have sufficient wavelength coverage to
robustly test for a UV excess. We imposed the following crite-
ria for the UV excess to be considered statistically significant:
(i) the scattered component must contribute at least 50 per cent
of the flux to the blue-most photometric band and (ii) the two-
component SED model must represent an improvement over the
single-component dust-reddened quasar SED at > 99 per cent
confidence, i.e. A,\/z > 6.63 (see Table 1;|Avni/|1976)). An exam-
ple of an HRQ whose UV excess has been rejected or confirmed
is presented in Fig.

4.2. Leveraging SPHEREX spectra for better constraints in
the near-IR

The spectral coverage at rest-frame near-IR wavelengths is lim-
ited when relying solely on broadband WISE photometry. The in-
clusion of SPHEREX spectra enables significantly stronger con-
straints on the hot-dust properties of HRQs. Given the 6” spa-
tial resolution of SPHEREX (Dor¢€ et al.|2014]), we restricted our
analysis to sources whose nearest K-band neighbour lies at an
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angular separation greater than 6”, thereby minimising contam-
ination. Hence, we were able to conduct additional SED fitting
that included SPHEREX spectra for 70 of the 76 HRQs, which is
consistent with the ~ 10 per cent contamination rate from inter-
lopers reported in|Davies et al.| (2026).

For the fitting, we adopted Gaussian priors informed by
the results of Section and fitted the dust-reddened quasar
+ scattered-light SED model to the SPHEREX spectra of each
source. Only spectral channels with signal-to-noise ratios > 5
were included in the fitting procedure. Owing to degenera-
cies among the free parameters (see |Stepney et al.| [2024, for
a full discussion), we performed a final round of SED fitting
using the broadband photometry alone, imposing strict Gaus-
sian priors on the hot-dust amplitude. This final fitting step ac-
counts for any variations in the inferred luminosity, line-of-sight
dust extinction, and scattering fraction induced by adjustments
to the hot-dust component, particularly for sources where the
SPHEREX spectral coverage does not extend sufficiently blue-
wards to constrain the rest-frame UV emission. On average, this
approach improves constraints on the hot-dust amplitude by a
factor of seven.

A final summary of our SED analysis, in addition to example
SED fits, are presented in Appendix [B] Table [B.1]is available at
the CDS. We find that the median reduced chi squared statistic

for the HRQ SED fitting is )(_3|Med = 1.6, which is broadly con-
sistent with the performance of our SED model on the original

HRQ sample (e.g.)(_ﬁlMed = 1.9; Stepney et al.[2026).

5. A luminous control sample of blue quasars

As shown in [Stepney et al.| (2026| Fig. 1), many objects in the
original HRQ sample already exhibit substantially higher rest-
frame optical continuum luminosities after correcting for dust
than the blue SDSS quasars fit using the same SED models (e.g.
Temple et al.[2021a, [2023; Stepney et al.[[2023). This is because
SDSS samples are incomplete at the highest quasar luminosities
(loglo{/lLA(SOOOA)[erg s™'1} 2 46.5) due to an ixg > 15 magni-
tude limit, which was imposed to prevent saturation and cross-
talk in the spectrograph (Richards et al.|[2006; |Schneider et al.
2010). Since the selection presented in Section @] features a
brighter Kag-band magnitude limit than previous work (e.g.
Banerji et al.|2012, 2013} 2015; [Temple et al.[2019), it is likely
that our study probes only the brightest HRQs. Consequently,
we had to construct a new control sample of blue quasars with
luminosities comparable to the high-luminosity end of the HRQ
distribution.

We began with the bright (Gag < 20 mag) Gaia-unWISE
Quasar Catalog (Quaia; Storey-Fisher et al.[2024) — which con-
tains ~ 750,000 quasar candidates with Gaia G, BP, and RP
measurements, unWISE W1 and W2 observations, and Gaia-
estimated quasar classifier (QSOC) redshiftsﬂ To determine a
magnitude limit that ensures our blue quasar control sample has
luminosities consistent with the HRQ sample, we used QSOGEN
to simulate 10,000 blue quasar SEDs whose free-parameters are
defined as follows: lo 10{)L4(3000f§)[erg s7I) = 46.5 - 47.
E(B-V) =-0.1-0.2"|and 1.5 < 7, < 4.0. Next, we computed

7 The QSOC module estimates redshifts by using a chi-squared ap-
proach to compare BP/RP spectra for each quasar candidate to an
SDSS composite spectrum, a more detailed discussion is presented in
Storey-Fisher et al.|(2024) and the references within

® Consistent with the original HRQ sample (Stepney et al.[2026).

° Consistent with the range in line-of-sight dust-extinction observed
amongst blue SDSS quasars (Temple et al.|[2021a)).
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the Gaia G-band magnitudes for each simulated SED and adopt
aGap < 18 magnitude limit to ensure sufficiently bright sources.
This yielded an initial sample of 30,170 objects, 9,112 of which
have redshifts 1.5 < zgys < 4.0.

To enable a full multi-wavelength SED analysis of the cos-
mic noon Quaia control sample, we cross-matched the Gag <
18 Quaia sample with DELVE-DR2 (Drlica-Wagner et al.
2022), SDSS-DR16 (Ahumada et al. [2020), UKIDSS-LAS
(Lawrence et al.| [2007), UHS (Dyeetal,| 2018), and VHS
(McMabhon et al.| 2013)), following the procedure outlined in
Section @ This yielded 5,329 sources that have coverage in
the optical (from either DELVE or SDSS) and near-IR (from
VHS, UHS, or UKIDSS-LAS). We then matched the result-
ing sub-sample to R90 (e.g. |Assef et al|[2018) to gain W3
coverage and ensure that the rest near-IR SED is constrained
across all redshifts. This final sample contained 4,711 sources,
1,618 of which are in SDSS DR16Q and 3 of which over-
lap with the WISE-SDSS selected hyper-luminous quasar sam-
ple (WISSH; [Weedman et al.|2012). When fitting the broadband
photometry via QsoGeN, we used the following free parameters:
10g10{AL(30004)[erg s™'1}, E(B — V), and Lpys/Lpisk|oum- The
median reduced chi squared statistic for the Quaia SED fits is
sz/lMed = 14

The accuracy of the Gaia-estimated QSOC redshifts in-
creases with flux, i.e. [Azgs| < 0.1 for 80 per cent of quasars
with Gap < 18.5 (Storey-Fisher et al.|[2024). To better under-
stand the quality of the Quaia QSOC redshifts in our blue control
sample, we obtained SPHEREX spectrophotometry for the 500
most luminous Quaia quasars (i.e. the regime in which SDSS
was not used to verify the Gaia QSOC redshifts) and performed
a cross-correlation analysis, following the same procedure out-
lined in Section [3] The average discrepancy between redshift
estimates i8 (Azgys) = 0.08, with |Azgy| < 0.2, or equivalently
[Azgys /(1 + zgys)l < 0.1, for 95 per cent of the sample. Hence,
for the purposes of broadband SED fitting, we assumed that the
Gaia-estimated QSOC redshifts are reliable. The results of SED-
fitting to the bright Quaia control sample are consistently mea-
sured quasar luminosities and hot-dust amplitudes for the HRQs
and the blue quasars.

6. Connecting the different populations of luminous
quasars at cosmic hoon

In this section, we place our SED fitting results in the broader
context, taking advantage of the substantially expanded sample
constructed via our SPHEREX analysis. We compare the HRQ
population to the luminous blue Quaia sample (Section[5) as well
as Hot Dust-Obscured Galaxies (e.g. hot DOGs; |[Eisenhardt et al.
2012; |Assef et al.|[2015} [2020) - another class of very luminous
obscured AGN, but with typically higher continuum extinctions
than the HRQs.

6.1. A unified sample of hyper-luminous HRQs

illustrates the redshift and the dust-corrected 3000A
quasar continuum luminosity distributions for both the origi-
nal and SPHEREx HRQ populations. The SPHEREx HRQs are
generally consistent with the original HRQ samples, however,
they tend towards higher luminosities and extend to higher
redshifts. The luminosity bias between the two HRQ sam-
ples owes to the brighter K-band magnitude selection imposed
on the SPHEREx HRQ sample (see Section [2.1I). The larger
redshifts stem from the broader and more complete wave-



M. Stepney: 76 SPHEREXx-confirmed heavily reddened quasars at cosmic noon

48.5 T
._l'._' C i § I
- § -
n 48.0T ] s . ! g _
g I §§ i & ; : f\ iy 5
— 475F T TONT ol et e
,,,,, s, 1yt ]
Og S ] i%é;; s ]
o “ $§.§ §,l’§ 1 |
S 47.0F ST 5 .
2 B
A4
< 46.5F .
o
—
o
9 4
46.0 }  SPHEREx HRQs HRQs (S26) b
| TR TN W T T T SN TN T S T WU ST S NN SN WY ST W N SO W S 1
1.5 2.0 2.5 3.0 3.5 4.0

Zsys

Fig. 4: Dust-corrected 3000A continuum luminosity of the
quasar vs redshift. The marginalised distributions are presented
as histograms on their corresponding axis. SPHEREx HRQs
are shown in blue and the original zgs > 1.5 HRQ sample
(Stepney et al.|2026) in red. The SPHEREx HRQs are biased to
higher luminosities (due to our brighter K-band selection) and
extend to higher redshifts. The black dashed line represents the
minimum luminosity required for a quasar to meet the Kag < 18
magnitude limit at the minimum dust-extinction that satisfies the
(J = K)ag > 1.6 colour selection.

length coverage of SPHEREx (e.g. 0.75 — 5.0um; [Doré et al.
2014;Bock et al.[2026) compared to VLT-SINFONI (e.g. 1.10 —
2.45um; Eisenhauer et al.[2003) and Gemini-Gnear-IRS, which
are both ground-based and are therefore affected by atmospheric
band gaps (Elias et al.|2006).

In Fig. 4] we also see that lower 3000A continuum luminosi-
ties are required to satisfy our HRQ selection at 2.0 < zgys < 2.5.
This is due to the presence of the broad Ha emission in the K-
band at these redshifts, which has the effect of boosting the K
band flux. This results in a significantly larger number of HRQs
with redshifts of 2.0 < zgys < 2.5 in both the SPHEREX and orig-
inal samples (e.g. Banerji et al.[|2012, 2013} 2015; [Temple et al.
2019). In addition, the newly confirmed SPHEREx HRQs have
line-of-sight dust extinctions, E(B — V), consistent with the
original HRQs, with a median E(B — V)|meq = 0.8 in both
Zsys > 1.5 samples (Stepney et al.[2026). Taken together, we con-
clude that the SPHEREX sample is consistent with previous work
and therefore comprises true HRQs. Henceforth, we treated the
SPHEREX and original HRQ samples as a single unified popula-
tion comprising 127 objects at zgys = 1.5.

In Fig. [5] we find that HRQs extend to higher luminosities
than the Quaia control sample, although there is significant over-
lap at more modest HRQ luminosities. While we expect that the
SPHEREx HRQs probe the most extreme end of the HRQ lumi-
nosity distribution, there is a clear deficit of blue Quaia counter-
parts at loglo{/lLA(3OOOA)[erg s~} > 47.5. This suggests that
the number densities of red quasars may exceed that of their
blue counterparts in the highest luminosity regime. This result
is consistent with Banerji et al.| (2015)). In future work we will
conduct a more comprehensive investigation, in which we will
push to fainter, more complete, and much larger statistical sam-
ples with SPHEREX (e.g. Stepney et al., in prep.). In addition
to blue quasars, the optical luminosities of our brightest HRQs
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Fig. 5: Dust-corrected 3000A continuum luminosity vs redshift.
The combined HRQ sample from this paper and [Stepney et al.
(2026) is shown in red and our Quaia Gag < 18 mag control
quasars (e.g. Storey-Fisher et al.|[2024)) in grey. Blue hot DOGs
(e.g. [Liet al.|[2024) are represented by blue diamonds. HRQs
tend towards higher luminosities than both blue quasars and blue
hot DOGs.

appear to exceed that of the Hot DOG populatioﬂ While this
result may, at least in part, be due to differences between the
SED modelling methodologies, it is consistent with reports that
HRQs generally have higher accretion rates than their Hot DOG
counterparts (e.g. [Li et al|[2024; [Stepney et al.| 2026) and may
suggest that hot DOGs represent an earlier stage in the black
hole feeding process.

6.2. Depleted hot-dust reservoirs as evidence of feedback

A key result from Stepney et al.[(2026)) is that HRQs represent a
phase of black hole accretion characterised by a substantial de-
pletion of the hot-dust reservoir. In this section, we test whether
this result persists with our now significantly larger sample of
HRQs. In Section 2.1} we re-defined the HRQ selection by re-
laxing the mid-IR colour threshold to (W1 — W2)yeea > 0.5.
In Appendix [C] we confirm that the modification to our se-
lection criteria now enables a complete study of HRQ hot-
dust properties. We measure an average hot-dust amplitude of
(Lpust/Lpiskloum)arg = 1.3 £ 0.9 for all HRQs, which is signif-
icantly lower than the Quaia average of (Lpust/Lpiskl2um)Quaia =
4.3+1.3. Furthermore, by using the definition for ‘hot-dust poor-
ness’ invoked by Jiang et al.|(2010) andJun & Im|(2013) in their
respective studies of blue quasars, we find that 21 of the 127
HRQs (17 per cent) are formally ‘hot-dust-poor’. This repre-
sents a significantly higher fraction than the blue Quaia sam-
ple, with just 15 of the 4711 blue quasars (0.3 per cent) meeting
the Jiang et al.|(2010) condition. Hence, with a larger and more
complete sample of HRQs, our results are consistent with the
conclusions presented in [Stepney et al.| (2026).

[Figure 6](left) shows how the hot-dust amplitudes (when pos-
sible to constrain) of both blue Quaia quasars (Section [5) and
HRQs vary as a function of 6um continuum luminosity, which

10 To calculate the 3000A continuum luminosities of the Hot DOG
sample, we applied the Netzer| (2019) luminosity-dependent corrections
to the 5100A continuum luminosities calculated in|Li et al. (2024).
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Fig. 6: Left: 2um hot-dust emission amplitude as a function of 6um continuum luminosity for luminous Quaia quasars (grey) and
HRQs (coloured circles). Density contours encircle 25, 50 and 68 per cent of the Quaia sample. The hot-dust amplitudes show
no clear dependence on the line-of-sight dust extinction, E(B — V). Right: 6um continuum luminosity as a function of the 3000A
continuum luminosity for Quaia quasars (grey) and HRQs (red). Taken together, this shows that HRQs are poor in both 2um and

6um dust relative to Quaia quasars of similar luminosities.

probes warm dust components with effective temperatures of
Teg =~ 450K. The 6um luminosities are calculated by conduct-
ing a log-linear interpolation between the W3 (12um) and W4
(22um) photometry of each source. HRQs have systematically
lower hot-dust amplitudes compared to their blue Quaia counter-
parts at any given mid-IR luminosity. In Fig. [6] (right), we show
that HRQs are systematically offset to lower mid-IR luminosities
than Quaia quasars of similar optical continuum luminosity, and
do not simply represent a continuation of the blue Quaia distri-
bution to the extreme luminosity regime. Taken together, these
results demonstrate that the weaker hot and warm dust emission
observed amongst HRQs relative to blue Quaia quasars is not a
luminosity bias (e.g. the ‘receding torus’; see |Assef et al.|[2013]
and the references within) but instead suggests that HRQs repre-
sent an evolutionary phase in which the torus-scale dust has been
depleted.

Stepney et al.[(2026) proposed that the depletion of the torus-
scale reservoir observed in HRQs is most likely driven by a
blow-out phase (e.g. [Hopkins et al.|2005; Hopkins et al.|2008)),
in which strong radiative feedback ejects or destroys the hottest
inner torus component. In this scenario, the remaining dust may
be distributed in a much more extended polar rather than equato-
rial configuration (e.g. [Honig| 2019} [Stepney et al.|[2024). This
interpretation is also supported by the lack of correlation be-
tween the line-of-sight dust extinction, E(B — V), and the hot-
dust amplitude in Fig. [6] (left), which suggests that the obscuring
medium is not primarily distributed on nuclear scales, but rather,
extended to galaxy-wide scales instead.

6.3. The origin of the UV excess in luminous, obscured
quasars

In this section, we limit our analysis to the 117 HRQs for which
it was possible to robustly fit our two-component SED model. In
the SPHEREx HRQ sample, we detected a UV excess in 50 of
the 66 objects, i.e. 76 per cent, which is consistent with the 82
per cent reported in [Stepney et al.| (2026)). The total number of
HRQs with blue rest-UV photometric colours is therefore 92 out
of 117, or 79 per cent — much higher than reported in the Hot
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the line-of-sight dust-extinction. We observe an anti-correlation
(e.g. Rpcc = —0.41 and a p-value = 10~*), which suggests that
the UV excess suffers modest dust extinction in HRQs.

DOG population (e.g. 10-25 per cent;|Assef et al.|2016 Li et al.
2024).

The average scattering fraction of HRQs is (Fyv)urg = 0.26
per cent, an order of magnitude lower than that observed among
blue hot DOGs (e.g. (Fuv)sups = 2.62 per cent; |Li et al.|[2024)).
In [Stepney et al.| (2026), the comparatively modest scattering
fractions observed in HRQs were attributed to selection effects
driven by the (i — K)ap > 2.5 colour criterion employed to
select the original HRQ sample (e.g. Banerji et al.| 2012} 2013
2015 Temple et al.2019), which excludes objects with blue rest-
UV/optical continua. However, as discussed in Section @ the
rest-frame optical to near-IR colour selection was not applied
when defining the SPHEREx sample, and hence the (i — K)ap
colour selection is not responsible for the faint UV excesses ob-
served in the HRQ population.

One interpretation of the weaker scattering fractions ob-
served in HRQs is that the scattered component in the HRQ
model may itself suffer from dust-extinction. For example, the
Hot DOG SED model has the flexibility to produce scattered
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Fig. 8: Dust-corrected 3000A continuum luminosity of the UV
excess vs the intrinsic quasar component. The combined HRQ
sample is shown in red and hot DOGs (e.g. |[Li et al|2024)) as
blue diamonds. Fixed scattering fractions are illustrated by the
grey dashed lines. hot DOGs tend towards higher-luminosity
scattered components than HRQs. The green star represents the
HRQ ULASJ2315+0143, whose VLT/XShooter spectrum has
both scattered light and host galaxy signatures in the rest UV
(Stepney et al.[2024).

components that suffer moderate dust extinctions (e.g. E(B —
V)scattered = 0—0.3;|Assef et al.|2015],2020; [Li et al.|2024) which
are generally favoured by the SED ﬁtting[rl The anti-correlation
observed between the line-of-sight dust extinction and scatter-
ing fraction of HRQs (e.g. Fig.|7} Rpcc = —0.41 and a p-value =
10~%) is consistent with this behaviour, and hence, the HRQ scat-
tering fractions may be systematically under-estimated. How-
ever, the lack of HRQs with scattering fractions consistent with
the Hot DOG population could also imply that HRQs host in-
trinsically fainter rest-frame UV excesses, perhaps as a result
of differing physical origins for the rest-UV continuum, for ex-
ample star-formation in the host galaxy versus scattered quasar
light (Assef et al.|2020; |Stepney et al.|2024), differing scattering
medium optical depths or different viewing angles.

In Fig. |8| we see that the luminosity of the UV excess is
lower in HRQs than in hot DOGs, despite the intrinsic AGN
itself having significantly higher continuum luminosities after
correcting for dust. A potential explanation for this result is
the post blow-out phase depletion of the hot-dust reservoir ob-
served in HRQs, which may reduce the scattering efficiency of
HRQs versus hot DOGs. In hot DOGs, the scattering medium
has high column densities and is primarily composed of hot,
graphite-rich dust (Assef et al.| 2022 [2025). Given also their
higher X-ray-derived gas column densities compared to HRQs
(e.g. Ny ~ 1032 cm™2 vs Ny ~ 10?2 cm™2; |Assef et al.|[2015}
Lansbury et al.[2020), hot DOGs likely represent an earlier stage
in the evolutionary sequence in which merger-driven black hole
growth is in an earlier phase than in HRQs.

Conversely, in HRQs, enhanced feedback processes pow-
ered by super-Eddington accretion may destroy or disperse the

1" Although the additional complexity of the Hot DOG SED model
could yield improved fits for some HRQs, many objects lack suffi-
cient optical photometric coverage to constrain such a model. For con-
sistency, we therefore adopted the simpler description of the scattered
component for all HRQs.

hot (Tgg > 1000K) dust grains that comprise the scattering
medium, revealing sightlines in which star-forming regions in
the quasar host can dominate weakly scattered quasar emission.
This is particularly true of HRQs with lower-luminosity UV ex-
cesses with respect to hot DOGs; such as ULASJ2315+0143
(Fig.[8} green star), spectral analysis of which indicates that the
rest-UV emission may contain both host galaxy and scattered
quasar light signatures. The rest-UV continuum luminosity of
ULASJ2315+0143 is consistent with a UV star-formation rate
of SFRyy = 100 M yr~! (Stepney et al.[2024), although ALMA
observations suggest that the unobscured SFR of HRQs can
exceed ~ 1000 My yr~' (Banerji et al[[2021). In this scenario,
HRQs represent a later stage in the evolutionary sequence than
hot DOGs, with HRQs exhibiting a lower-luminosity UV excess
than ULASJ2315+0143 most likely having host-dominated UV
continua.

Crucially, should the scattering mechanism in HRQs and hot
DOGs be the same, with HRQs simply representing a phase
where the column density of the scattering medium has been
reduced, the polarisation angle of the scattered light in these
populations would remain consistent. Therefore, future work
should employ image polarimetry techniques (e.g. |Assef et al.
2022,,[2025) to verify the composition of the scattering medium
as well as the polarisation angle of any scattered light in
HRQs. Furthermore, spectropolarimetry studies in the most lu-
minous sources will be viable, enabling direct comparisons
to other dust-obscured quasar populations such as ERQs (e.g.
Alexandroff et al.|2018};|[Zakamska & Alexandroft|2023).

7. Conclusions

Using SPHEREX spectrophotometry, we have confirmed a new
sample of 76 bright (K45 < 18 mag) HRQs with redshifts 1.5 <
Zsys < 3.9 and line-of-sight dust-extinctions 0.4 < E(B-V) < 1.6
(Ay ~ 1 — 5 mag). To infer the rest-UV to near-IR SED proper-
ties of the new HRQ sample, we conduct SED fitting on the 76
SPHEREx-confirmed HRQs utilising multi-wavelength surveys
spanning the ugriz — YJHK — W1W?2 filters, which corresponds
to a rest-frame wavelength coverage of 0.1-3.0um at zsys ~ 2. We
show that in most cases a two-component SED model featuring
a dust-attenuated quasar component and an additional blue scat-
tered light component provides a good fit to the photometric data
— consistent with previous work on HRQs (e.g. |Stepney et al.
2026). Our main findings are as follows:

— Using cross-correlation analysis, we show that the spec-
tral resolution of SPHEREXxis sufficient to robustly con-
firm, and estimate the redshifts of, luminous, dust-obscured,
broad-line quasars. We confirm 76 new HRQs with red-
shifts 1.5 < z < 3.9, including the first 7 HRQs identified
above z = 3. Given that SPHEREXx is space-based and fea-
tures a broad wavelength coverage (e.g. 4 ~ 0.75 — 5.0um;
Doré et al.|2014; Bock et al.|2026), it can probe a larger dy-
namic range in redshift than ground-based facilities such as
VLT/SINFONI and Gemini-Gnear-IRS. The highest redshift
HRQ detected was at z = 3.9.

— We find that having accounted for selection effects, the SED
properties of the SPHEREx HRQ sample is consistent with
HRQ samples studied previously (e.g. [Banerji et al|[2012]
2015; [Temple et al.| 2019; (Stepney et al. |2026)). Hence, the
SPHEREXx-confirmed sample represents 76 new bona fide
HRQs, increasing the total sample size to 127 objects span-
ning redshifts 1.5 < zgys < 3.9.
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— Having relaxed the original HRQ mid-IR colour selection
for the SPHEREX sample to (W1 — W2)yee, > 0.5 mag, we
demonstrate that the new sample is complete in terms of the
hot-dust properties. We conclusively demonstrate that HRQs
are hot-dust-poor with respect to blue Gaia-selected quasars
of similar luminosities and redshifts - (Lpust/Lpiskloum) =
1.3 + 0.9 versus 4.3 + 1.3 for HRQs and blue quasars, re-
spectively — and show that this result cannot be explained
by a luminosity bias (e.g. the ‘receding torus’; Assef et al.
2013)) Furthermore, we find that the total fraction of HRQs
that meet the Jiang et al.|(2010) condition for ‘hot-dust poor-
ness’ is 17 per cent, compared to only 0.3 per cent of blue
quasars.

— We detect a rest-UV excess in 50 of the 66 SPHEREx HRQs
with photometric data covering the rest-UV. The excess
emission can be modelled using a scattered AGN light
component, however, contributions to the UV continuum
from star formation in the quasar host galaxy cannot be
ruled out. The proportion of HRQs with a UV excess
in the SPHEREx sample is consistent with previous work
but significantly higher than observed amongst HRQs (e.g.
Assef et al.| 2016; [Li et al.| 2024). The average scattering
fraction for all 117 HRQs currently known with sufficient
photometric coverage in the rest UV is (Fyy)urgs = 0.26
per cent.

— The scattering fractions in HRQs are low compared to hot
DOGs. This can partially be explained by selection effects.
The scattered component used to fit Hot DOG SEDs is free
to suffer modest dust extinction, whereas, in HRQs the scat-
tered component is completely unobscured. However, de-
spite having lower intrinsic AGN luminosities, the scattered
luminosity of hot DOGs still exceeds that of an average
HRQ. This suggests a heterogeneous origin for the UV ex-
cess in HRQs, where a lower column density of obscuring
material very close to the black hole potentially results in
unobscured sightlines to star-forming regions in the quasar
host galaxy. Thus the host galaxy may dominate the UV ex-
cess in some HRQs relative to the scattered light.

Overall, this work demonstrates that SPHEREX spectra are
suitable for rapid and efficient confirmations of large numbers of
high-redshift, dust-obscured, broad-line quasars enabling their
properties to be put in context with other luminous quasar popu-
lations. In future work we will expand the samples even further,
exploiting the all-sky capabilities of SPHEREX to understand the
number densities and multi-wavelength properties of the ‘hidden
monsters’ that appear to dominate black hole growth at cosmic
noon.

Data Availability

Table [B.T] as well as the photometric data used in this study,
are only available in electronic form at the CDS via anonymous
ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-
strasbg.fr/cgi-bin/qcat?J/A+A/.
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Appendix A: Confirming heavily reddened quasar candidates with SPHEREx spectrophotometry

In Fig. we present 12 example SPHEREX spectra spanning a range in redshift, illustrating the effectiveness of our cross-
correlation analysis across the full redshift parameter space. In Table[A.T]| we present the redshift results for all 76 HRQs.
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WISE designation RA [degrees] Dec. [degrees] Kyega [mag] Zsys
WISEJ0009+3608“ 2.29665 36.14956 15.85+0.03 2.639+0.003
WISEJ0013+0216 3.31920 2.27230 15.27+0.01 2.809+0.003
WISEJ0020+0814 5.23227 8.24782 15.51+0.02 2.770+0.004
WISEJ0032+1543 8.22131 15.71792  15.13+0.01 2.368+0.003
WISEJ0034-0123 8.52866 -1.39736  15.99+0.02 1.801+0.002
WISEJ0043+2832 10.95753 28.54418 15.81+0.03 1.931+0.004
WISEJ0135+3147 23.81188 31.79294 15.71+0.03  2.380+0.001
WISEJO146+2121 26.55067 21.36302 16.08+0.04 2.88+0.02
WISEJ0146-3946 26.67365 -39.77846  15.74+0.02 2.210+0.003
WISEJ0152+2608 28.14810 26.13851 15.80+0.03  2.266+0.009
WISEJ0202+1342 30.66227 13.71474  15.10+0.01  2.891+0.003
WISEJ0224-4625 36.23730 -46.42105 15.76+0.02 2.363+0.007
WISEJ0229-4225 37.27422 -42.28606 15.61+0.02 2.413+0.008
WISEJ0236+2637 39.01852 26.62830 15.90+0.03  2.500+0.005
WISEJ0240-0555 40.12126 -5.92019 15.97+0.02 3.43+£0.04
WISEJ0311-6309 47.83019 -63.15375 15.22+0.02 2.479+0.003
WISEJ0321+4017 50.25450 40.28816  15.63+0.03 2.26+0.01
WISEJ0326+1547 51.57182 15.79397 15.79+0.03  2.308+0.007
WISEJ0338-1048 54.70936 -10.80746  15.36+0.02 2.165%0.006
WISEJ0347-5643 56.97823 -56.72647 15.64+0.02 2.270+0.003
WISEJ0418-0822 64.67986 -8.36814  15.74+0.02  2.299+0.005
WISEJ0439-3909 69.76437 -39.15342 15.48+0.02 2.240+0.001
WISEJ0442+1040 70.60530 10.66678  15.40+0.02 2.383+0.005
WISEJ0514-4705 78.73398 -47.09819 15.68+0.02 2.145+0.002
WISEJ0612+5629 93.24742 56.48883  15.48+0.02 2.590+0.001
WISEJ0746+4722 115.54396 47.36816  16.06+0.04 2.34+0.01
WISEJO800+0517 120.16923 5.28665 15.99+0.04 2.351+0.006
WISEJO819+1901 124.82929 19.01788 15.97+0.04 2.00+0.02
WISEJ0819+3537 124.96216 35.62288 15.48+0.02 1.902+0.004
WISEJ0836+4230 129.22868 42.51441 15.70+0.03  2.460+0.003
WISEJ0929+2001 142.46728 20.0186 16.01x0.04 3.901+0.002
WISEJ1050-2329 162.52919 -23.48785 15.06+0.01 2.374+0.005
WISEJ1056+2535 164.01755 25.59324  15.95+0.03 2.320+0.001
WISEJ1140+0634 175.06440 6.57494 15.80+0.02 2.164+0.006
WISEJ1214+4910 183.63378 49.17948 15.67+0.03 2.540+0.001
WISEJ1252+0715 193.05381 7.25129 14.40+0.01 2.150+0.001
WISEJ1257-2714 194.35010 -27.24119  15.63+0.03  3.460+0.002
WISEJ1300-0158 195.04357 -1.97328  14.72+0.01 2.68+0.01
WISEJ1306-2210 196.69636 -22.16696  15.77+0.03 2.330+0.006
WISEJ1323-1750 200.79116 -17.84267 15.62+0.03 2.375+0.009
WISEJ1325+4921 201.27454 -49.35776  15.82+0.03  2.875+0.005
WISEJ1336+0228 204.12161 247703 15.41+0.02 2.282+0.005
WISEJ1341+1005 205.47987 10.09553  15.77+0.02 2.39+0.01
WISEJ1351+4026 207.84937 40.44721 16.08+0.03 2.59+0.01
WISEJ1359+3157 209.92155 31.9613 14.91+0.01 1.720+0.002
WISEJ1424+0315 216.02611 3.25249 15.79+0.02 2.683+0.004
WISEJ1453+1740 223.32730 17.66678  15.39+0.02 2.309+0.002
WISEJ1454+1049 223.70595 10.82300 15.69+0.02 3.14+0.02
WISEJ1455+0324 223.87093 340982 15.75+0.02 2.627+0.005
WISEJ1511+0031 227.95365 0.51968 15.59+0.02 2.690+0.001
WISEJ1558+2057 239.56130 20.96097 15.89+0.02 3.000+0.001
WISEJ1648+3447 252.13162 3479002 16.00+£0.03 2.379+0.004
WISEJ1805-6813 271.39146 -68.22513  15.53+0.03  3.570+0.001
WISEJ1806+1909 271.50784 19.15600 15.80+0.03 3.21+0.01
WISEJ1815-6633 273.76583 -66.55979  14.58+0.01 2.040+0.001
WISEJ1815+1612 273.91352 16.20658 15.87+0.03  2.596+0.005
WISEJ1843+4345 280.79209 43.76268 15.15+0.02 2.235+0.009

Table A.1: Co-ordinates, K-band magnitudes, and redshift solutions for our 76 SPHEREx HRQs.
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Table A.1: Continued

WISE designation  RA [degrees] Dec. [degrees] Kvega [mag] Zsys
WISEJ1939+4712 294.84363 47.20423  15.68+0.03  2.529+0.004
WISEJ1949+0436 297.38766 4.60399 16.06+£0.04 2.073+0.005
WISEJ1952-5629 298.20802 -56.48433  15.32+0.02 2.110+0.007
WISEJ2018+5938 304.57186 59.64462 15.84+0.04 2.291+0.003
WISEJ2020+5931 305.12776 59.52840 15.60+0.03  2.408+0.004
WISEJ2021-7808 305.28283 -78.14237  15.37+0.03  2.274+0.009
WISEJ2059+1225 314.84451 12.42702 15.61+0.02 2.568+0.004
WISEJ2124+1753 321.20488 17.89526 15.91+0.03 2.214+0.009
WISEJ2137-2819 324.37107 -28.31847 15.57+0.02 2.131+0.003
WISEJ2152+2605 328.07529 26.09234 15.83+0.03  2.245+0.005
WISEJ2154+0640 328.56611 6.67735 16.00+0.03  1.929+0.005
WISEJ2213-0534 333.35749 -5.57885 15.90+0.03  2.332+0.008
WISEJ2213+3437 333.44869 34.61899 15.91+0.03 2.516+0.008
WISEJ2222-1746 335.73677 -17.78058 15.67+0.03 2.205+0.005
WISEJ2316+0938 349.19449 9.63618 15.33+0.02 2.19+0.01
WISEJ2320+2919 350.08620 29.32515 16.01+0.03 2.22+0.01
WISEJ2342+4149 355.60148 41.82580 15.64+0.02 2.121+0.003
WISEJ2349+0636 357.47072 6.60591 15.70+0.02 2.235+0.009
WISEJ2359+0640 359.82387 6.68005 15.17+0.01 2.45+0.01

Notes. The J2000 coordinates of each HRQ have been truncated to aid readership.
@ This source was also identified in |Davies et al.| (2026)

Appendix B: The SED properties of 76 SPHEREx-confirmed heavily reddened quasars

In this appendix, we present the results from our SED analysis discussed in Section[d] We present a complete summary of our results
in Table [B.T] whichis available at the CDS at CDS. In addition, Fig. illustrates SED fits for 12 HRQs with a range in redshift,
extinction, hot-dust amplitude and scattering fraction.

Table B.1: ‘Best-fit" SED parameters and their corresponding Markov chain Monte Carlo uncertainties for the 76 SPHEREx HRQs

fit with QSOGEN.

Object Zeys 10g10{AL1(30004)} EMB-V)  Fyv[%] Lput/Loiklm X, UV Excess
WISEJ0009+3608 2.639+0.003 47.86+0.04 0.97+0.04 — 8.37+0.09 0.6 N/A
WISEJ0013+0216 2.809+0.003 47.96+0.07 0.83+0.03 0.07+0.01 0.89+0.01% 1.3 Conf.
WISEJ0020+0815¢ 2.770+0.004 47.64+0.07 0.72+0.03 - 0.09+0.02° 1.9 Rej.
WISEJ0032+1543 2.368+0.003 47.47+0.06 0.66+0.02 0.05+0.03 0.96+0.01 0.5 Conf.
WISEJ0034-0123 1.801+0.002 47.50+0.09 1.31+0.07 0.12+0.02 1.02+0.02 1.5 Conf.
WISEJ0043+2832 1.931+0.004 47.63+0.04 1.47+0.05 0.9+0.2 0.38+0.01 21.8 Conf.
WISEJO0135+3147 2.380+0.001 47.27+0.03 0.66+0.07 0.12+0.03 0.69+0.01 4.1 Conf.
WISEJO0146+2121 2.88+0.02 47.49+0.03 0.68+0.02 - 3.76+0.04° 0.6 Rej.
WISEJ0146-3946 2.210+0.003 47.41+0.08 0.88+0.04 0.33+0.06 2.13+0.03 0.3 Conf.
WISEJ0152+2608 2.266+0.009 47.08+0.03 0.63+0.02 0.07+0.02 0.21+0.02 2.9 Conf.
WISEJ0202+1342 2.891+0.003 48.07+0.06 0.90+0.03 0.02+0.01 1.05+0.02¢ 3.3 Conf.
WISEJ0224-4625 2.363+0.007 47.26+0.04 0.71+£0.04 0.42+0.08 2.20+0.04 0.4 Conf.
WISEJ0229-4225 2.413+0.008 47.07+0.06 0.53+0.03 - 0.72+0.02 1.0 Rej.
WISEJ0236+2637 2.500+0.005 47.09+0.03 0.68+0.02 - 0.68+0.07 1.9 Re;j.
WISEJ0240-0555 3.43+0.04 47.88+0.07 0.79+0.04 - 0.12+0.02 0.3 Rej.
WISEJ0311-6309 2.479+0.003 47.68+0.09 0.92+0.05 0.01+0.01 0.64+0.01 3.2 Conf.
WISEJ0321+4017 2.26+0.01 47.33+0.03 0.79+0.02 0.02+0.01 0.95+0.01 0.6 Conf.
WISEJ0326+1547¢ 2.308+0.007 47.46+0.04 1.04+0.04 - 0.06+0.01 1.6 N/A
WISEJ0338-1048 2.165+0.006 47.24+0.01 0.71+0.09 1.49+0.60 1.32+0.03 2.0 Conf.
WISEJ0347-5643 2.270+0.003 47.25+0.04 0.81+£0.05 0.26+0.04 2.18+0.04 0.7 Conf.
WISEJ0418-0822 2.299+0.005 47.40+0.08 0.74+0.04 0.17+0.04 1.53+0.03 1.8 Conf.
WISEJ0439-3909 2.240+0.001 47.39+0.03 0.82+0.02 0.25+0.03 0.68+0.02 0.6 Conf.
WISEJ0442+1040 2.383+0.005 47.18+0.04 0.68+0.02 0.12+0.01 1.16+0.01 7.3 Conf.
WISEJ0514-4705 2.145+0.002 47.02+0.02 0.60+£0.08 0.38+0.05 4.15+0.06 0.6 Conf.
WISEJ0612+5629 2.590+0.001 47.68+0.03 0.91+0.03 - 3.30+0.04 1.1 N/A
WISEJ0746+4722 2.34+0.01 47.26+0.04 0.94+0.03 0.31+0.03 1.63+0.02 1.0 Conf.
WISEJO0800+0517 2.351+0.006 47.33+0.03 0.86+0.02 — 0.93+0.01 0.5 Rej.
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Table B.1: Continued.

Object Zeys 10g10{ALA(3000A)) E(B -V)  Fuv [%] Lpust/Lpisklum X, UV Excess
WISEJ0819+1901 2.00+0.02 47.23+0.03 0.90+0.02 0.18+0.02 2.52+0.02 0.5 Conf.
WISEJ0819+3537 1.902+0.004 47.54+0.03 1.05+0.02 - 0.64+0.01 0.7 Rej.
WISEJ0836+4230  2.460+0.003 47.24+0.04 0.70+0.03 - 0.41+0.01 0.5 N/A
WISEJ0929+2001 3.901+0.002 47.73+0.03 0.55+0.02 0.39+0.06 1.85+0.02 1.3 Conf.
WISEJ1050-2329 2.374+0.005 47.90+0.06 1.19+0.08 0.06+0.01 1.13+0.02 4.5 Conf.
WISEJ1056+2535 2.320+0.001 47.03+0.03 0.63+0.02 - 2.22+0.02 2.6 Re;j.
WISEJI1140+0634 2.164+0.006 47.26+0.08 0.78+0.04 - 1.02+0.03 0.9 Re;j.
WISEJ1214+4910  2.540+0.001 47.40+0.03 0.73+0.02 0.24+0.03 0.84+0.01 1.3 Conf.
WISEJ1252+0715 2.150+0.001 47.74+0.07 0.82+0.04 0.14+0.02 0.66+0.03 1.0 Conf.
WISEJ1257-2714 3.460+0.002 47.99+0.06 0.74+0.02 - 0.63+0.01 1.6 Rej.
WISEJ1300-0158 2.68+0.01 47.81+0.07 0.62+0.04 - 1.85+0.03 1.8 Rej.
WISEJ1306-2210 2.330+0.006 47.31+0.09 0.81+0.05 0.17+£0.04 1.98+0.05 1.5 Conf.
WISEJ1323-1750¢  2.375+0.009 47.15+0.09 0.64+0.08 0.08+0.02 2.05+0.04 1.7 Conf.
WISEJ1325-4921¢  2.875+0.005 48.00+0.04 0.91+0.04 0.11+0.02 0.99+0.02¢ 0.5 Conf.
WISEJ1336+0228 2.282+0.005 47.23+0.07 0.65+0.04 0.28+0.06 0.99+0.01 1.1 Conf.
WISEJ1341+1005 2.39+0.01 47.41+0.08 0.83+0.05 0.32+0.07 2.68+0.04 3.6 Conf.
WISEJ1351+4026¢ 2.59+0.01 47.19+0.04 0.66+0.03 - 0.57+0.01 0.7 N/A
WISEJ1359+3157¢ 1.720+0.002 47.97+0.08 1.42+0.08 0.03+0.01 0.53+0.02 4.8 Conf.
WISEJ1424+0315 2.683+0.004 47.65+0.08 0.85+0.05 0.47+0.09 0.24+0.01 2.0 Conf.
WISEJ1453+1740  2.309+0.002 47.39+0.03 0.75+0.02 0.12+0.02 3.11+0.03 0.4 Conf.
WISEJ1454+1049 3.14+0.02 47.76+0.07 0.67+0.03 0.19+0.03 1.06+0.03% 0.5 Conf.
WISEJ1455+0324  2.627+0.005 47.50+0.08 0.77+0.04 0.07+0.02 0.73+0.03 0.8 Conf.
WISEJ1511+0031 2.690+0.001 47.67+0.09 0.81+0.06 0.37+0.09 1.86+0.04 1.4 Conf.
WISEJ1558+2057 3.000+0.001 47.73+0.04 0.75+0.03 0.63+0.07 0.27+0.01% 2.1 Conf.
WISEJ1648+3447 2.379+0.004 46.96+0.04 0.64+0.03 0.68+0.07 0.95+0.01 1.5 Conf.
WISEJ1805-6813 3.570+0.001 48.17+0.03 0.84+0.03 — 0.08+0.02 0.7 Rej.
WISEJ1806+1909 3.21+0.01 47.70+0.04 0.68+0.02 0.53+0.01 1.20+0.09 1.4 Conf.
WISEJ1815-6633 2.040+0.001 48.01+0.04 1.04+0.08 0.03+0.01 1.98+0.03 4.6 Conf.
WISEJ1815+1612  2.596+0.005 47.48+0.04 0.89+0.03 - 1.08+0.01 1.1 N/A
WISEJ1843+4345 2.235+0.009 47.57+0.04 0.89+0.03 - 0.26+0.01 0.2 N/A
WISEJ1939+4712 2.529+0.004 47.18+0.03 0.65+0.03 - 2.43+0.03 1.9 N/A
WISEJ1949+0436  2.073+0.005 47.46+0.04 1.18+0.04 - 1.64+0.02 0.4 N/A
WISEJ1952-5629 2.110+0.007 47.23+0.04 0.68+0.05 0.20+0.07 0.10+0.01 0.6 Conf.
WISEJ2018+5938 2.291+0.003 47.10+0.03 0.73+0.02 0.14+0.03 2.87+0.03 1.6 Conf.
WISEJ2020+5931 2.408+0.004 47.18+0.04 0.66+0.03 - 2.12+0.02 0.5 N/A
WISEJ2021-7808 2.274+0.009 47.56x0.06 0.93+0.05 0.06%0.02 1.81+0.03 3.1 Conf.
WISEJ2059+1225 2.568+0.004 47.34+0.04 0.63+0.02 0.29+0.03 1.70+0.02 1.5 Conf.
WISEJ2124+1753 2.214+0.009 46.93+0.03 0.57+0.02 0.87+0.09 0.99+0.01 2.6 Conf.
WISEJ2137-2819 2.131+0.003 47.37+0.09 0.83+0.06 0.31+0.08 2.68+0.07 0.4 Conf.
WISEJ2152+2605 2.245+0.005 47.01+0.03 0.67+0.02 0.41+0.04 2.87+0.03 1.8 Conf.
WISEJ2154+0640¢ 1.929+0.005 47.15+0.03 0.83+0.02 0.06%0.02 1.38+0.01 2.7 Conf.
WISEJ2213-0534 2.332+0.008 47.33+0.04 0.86+0.02 - 1.91+0.03 0.3 Re;j.
WISEJ2213+3437 2.516+0.008 47.33+0.04 0.83+0.03 - 0.58+0.01 0.7 N/A
WISEJ2222-1746 2.205+0.005 47.26+0.07 0.82+0.03 - 0.01+0.01 0.5 Rej.
WISEJ2316+0938 2.19+0.01 47.25+0.08 0.70+0.04 0.11+0.02 1.54+0.03 0.8 Conf.
WISEJ2320+2919¢ 2.22+0.01 46.99+0.04 0.65+0.02 0.24+0.03 1.85+0.02 8.4 Conf.
WISEJ2342+4149  2.121+0.003 47.32+0.03 0.85+0.02 - 1.93+0.02 1.4 Rej.
WISEJ2349+0636  2.235+0.009 47.07+0.05 0.62+0.02 - 1.72+0.05 33 Re;j.
WISEJ2359+0640¢ 2.45+0.01 47.48+0.08 0.71+0.04 0.28+0.05 2.42+0.08 1.6 Conf.

Notes. The J2000 coordinates of each HRQ have been truncated to aid readership. We quote )?3 statistics from our best two-component SED model
where the presence of a UV excess is favoured or from our best single-component model, otherwise. Luminosities are given in units of erg s~'.

@ SPHEREX spectra were not used to constrain the rest-frame near-IR SEDs for these objects.

® The W2 photometry cannot provide robust constraints on L,/ Lpiskloum at these redshifts
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Fig. B.1: ‘Best-fit’ @sogeN SEDs for 12 SPHEREx-confirmed HRQs. The broadband photometric data from DELVE/SDSS,
UKIDSS-LAS/UHS/VHS, and WISE are indicated in black along with their associated uncertainties. The best-fit multi-component
SED models are shown as blue lines and triangles and the SPHEREX spectra are overlaid in red.
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Appendix C: Hot-dust amplitude completeness in the SPHEREx HRQ sample

To test whether the distribution of hot-dust amplitudes in the SPHEREx HRQ sample is complete, we generated 10000 QsoGEN
models whose redshift, line-of-sight dust-extinction and hot-dust amplitude are randomly drawn from uniform distributions with
the following limits: zg, = 2.0 — 3.5, E(B — V) = 0.4 — 2.0, and Lpys/Lpiskloum = 0.0 — 5.0. The (W1 — W2)yeg, colours were
then calculated for each simulated @soGen SED. shows that the SPHEREX selection captures the full diversity of hot dust
properties - with all 10000 simulated SEDs meeting the (W1 — W2)veg, > 0.5 colour selection. Conversely, the original HRQ sample
(e.g. Banerji et al.| 2012} 2015; [Temple et al|[2019) is only complete at Lpyst/Lpiskloum > 1 - consistent with [Stepney et al.| (2026);
see their Appendix C. We estimate that the completeness of the original HRQ sample is ~ 87 per cent at Lpyg/Lpiskl2um < 0.3.

T T T T Fig, Cl1: Histograms illustrating the distribution
1000 [ ] 1 M | 1 of hot-dust amplitudes for 10000 simulated qso-
L | """ i ] 6en SEDs. The parent sample is presented in
ook | | ] grey, the simulated HRQ SEDs that meet the
- | { (W1 = W2)yega > 0.5 selection used in this work
> [ { ] in blue, and the simulated SEDs that meet the
$ 600F | |  original HRQ selection (e.g. Banerji et al||2012}
= L i 12015} Temple et al.|2019) are presented in red.
2 r i 1 The original HRQ selection results in an incom-
aoor ! | 7 plete sample at Lpust/Lpiskloum < 1 - as suggested
o Full Sample | 1 by Stepney et al.| (2026).
200 | 1 (W1 - W2)yega>0.50mag | -
[ E (W1 — W2)yega > 0.85 mag i |

Lpust/Lpisk| 2um
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