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ABSTRACT

We investigate whether Little Red Dots (LRDs) are the dust-reddened, high-inclination counterparts of compact, blue
broad-line AGNs (“Little Blue Dots”, LBDs) powered by super-Eddington accretion. We model the central engine as a ge-
ometrically thick, radiation—pressure supported accretion flow whose funnel produces strongly anisotropic, intrinsically
blue ionizing continua, coupled to an equatorially concentrated broad-line region (BLR) and a dusty reprocessing screen
with modest covering factor. Using inclination-dependent spectral energy distributions (SEDs) as input to CLOUDY,
we show that the extreme broad Ha equivalent widths (EWs) of JWST LRDs can be reproduced with global BLR
covering factors of only Cgrr ~ 0.15, fully (consistent with standard Type 1 AGNs and far below unity. Large Balmer
EWs arise because self-shadowing suppresses the high-inclination optical continuum while the BLR is illuminated by an
ionizing-rich EUV SED. Weak high-ionization lines (e.g. Hell A4686) follow from the orientation-dependent suppression
of the XUV /soft X-ray continuum toward equatorial directions, without requiring a fully enclosing gaseous “cocoon”.
Applying a gray dust attenuation law with Ay ~ 2.8 along high-inclination (LRD-selected) sightlines, our fiducial
model reproduces the V-shaped UV-optical continua of LRDs and the large Balmer decrements; strong Balmer breaks
arise only along the most obscured sightlines. A compact equatorial dust structure with modest global covering factor
tied to the BLR, normalized by energy conservation, intercepts and reradiates only a small fraction of the bolometric
luminosity, yielding a modest hot-dust bump and far-IR/sub-mm output consistent with current measurements and
limits and implying small dust masses. This single-framework model links LRD and LBD observables through orienta-
tion, predicting correlated trends in Ho EW, Balmer decrement, Balmer break, high-ionization line strengths, and IR
emission.
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1. Introduction

The James Webb Space Telescope (JWST) has uncovered

! a rich population of moderate-luminosity broad-line active
~ galactic nuclei (BLAGNs) at z 2 4, powered by accre-

S

tion onto early massive black holes (MBHs) with inferred
masses ~ 10-10% M, (e.g., Harikane et al. 2023; Maiolino
et al. 2024; Taylor et al. 2025; Juodzbalis et al. 2025a).
These sources appear to outnumber the extrapolation of
the quasar population at low luminosities by orders of mag-
nitude, and constraints from existing multiwavelength data
— in particular deep X-ray imaging and stacking analyses —
indicate that many are unusually weak in X-rays compared
to low-redshift Type 1 AGNs (e.g., Ananna et al. 2024;
Yue et al. 2024; Maiolino et al. 2025). Their space density,
spectral shapes, and weak high-energy emission challenge
standard inferences about MBH growth, accretion physics,
and AGN selection in the first few Gyrs after the Big Bang.

A striking empirical aspect of this JWST BLAGN cen-
sus is their compactness: many appear as unresolved or
barely resolved “little dots” in rest-frame optical imaging.

Recent work has proposed a useful shorthand that parti-
tions these compact JWST BLAGNs by their UV-optical
continuum slopes into “Little Red Dots” (LRDs) and “Lit-
tle Blue Dots” (LBDs), with LRDs denoting the red rest-
optical, V-shaped minority subset and LBDs the compa-
rably compact, bluer-continuum majority (Brazzini et al.
2026). In JADES, LRD-like objects comprise ~10%-30%
of the BLAGN sample, with the inferred fraction decreas-
ing toward lower bolometric luminosities (Hainline et al.
2025).

LRDs are commonly identified as sources with a V-
shaped UV-optical SED in which the continuum turns
sharply at Apest ~ 0.35-0.40 pm, near the Balmer limit
(e.g., Matthee et al. 2024; Greene et al. 2024; Kocevski
et al. 2025; Wang et al. 2025; Hainline et al. 2025; Akins
et al. 2025b; Delvecchio et al. 2025; Barro et al. 2025). Ho-
mogeneous spectroscopy has clarified that the LRD phe-
nomenology is not defined by color alone: objects exhibiting
a V-shaped continuum are strongly associated with broad
Balmer emission and with a dominant unresolved compo-
nent in the rest-frame optical (Hviding et al. 2025). This
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empirical triad — V-shaped UV-optical continuum, broad
Balmer lines, and a rest-optical point-source component —
suggests that the central engine contributes substantially to
the observed light, even when broadband colors might oth-
erwise encourage a stellar interpretation. Several of these
characteristics — enhanced Balmer emission, weak high-
ionization features, and weak or absent X-rays — extend into
the broader BLAGN population, with LRDs occupying the
most extreme tail (Hviding et al. 2025).

A key clue is that these JWST BLAGNs are extreme
Balmer emitters while simultaneously showing weak high-
ionization rest-UV features. In the RUBIES census, LRDs
occupy a particularly extreme locus in the Ly,—Muyv plane:
while LRDs are faint in the rest-UV at fixed Ly, the most
extreme Ha emitters are dominated by LRDs, i.e. LRDs
constitute the most luminous Ha emitters at fixed UV lu-
minosity (Hviding et al. 2025). Consistent with this, the
median rest-frame EW reported for the broad Ha line in
JWST-identified z > 4 BLAGNs is ~ 570 A, roughly a fac-
tor of ~ 3 higher than in typical low-z AGNs (Maiolino
et al. 2025), while in the LRDs subpopulation the Hae EW
is even higher (de Graaff et al. 2025). Yet high-ionization
rest-UV lines such as Civ, Hell, and NV are frequently
weak or undetected in BLAGNs with rest-UV coverage, in-
cluding the LRD subset (e.g., Lambrides et al. 2024; Tang
et al. 2025; Juodzbalis et al. 2025a; Zucchi et al. 2025).
The joint occurrence of extreme Balmer emission and sup-
pressed high-ionization lines places strong constraints on
the ionizing SED incident on the BLR and on the geometry
and obscuration of the line-emitting region. In anisotropic-
emission geometries where the observer receives a contin-
uum boosted relative to the radiation intercepted by the
BLR, recombination-line EWs are expected to be reduced,
making Ha an orientation-sensitive diagnostic (e.g., Madau
2025).

Although the origin of the LRD continuum remains de-
bated, the spectroscopic and morphological evidence mo-
tivates an AGN-dominated interpretation for at least a
substantial fraction of the population. Motivated by the
emerging LBD /LRD taxonomy, we consider an orientation-
obscuration continuity picture in which LRDs are not a
separate class of engines, but rather represent LBD-like
BLAGNSs viewed through substantial circumnuclear dust
and gas. In this view, LRDs and LBDs share a common
engine, with both classes potentially subject to some host-
galaxy reddening, while the V-shaped SED and red rest-
optical slope of LRDs arise from additional circumnuclear
attenuation and reprocessing along higher-inclination sight-
lines. Such a geometry naturally connects compactness, op-
tical redness, weak variability, and suppressed X-rays to
line-of-sight processing, while allowing broad lines to re-
main visible.

A natural physical framework that can supply both
strong anisotropy and self-occultation is rapid accretion in
the super-Eddington regime. Geometrically thick flows with
funnel-like structures produce strong inclination-dependent
SEDs and self-shadowing, which can reshape the UV-
optical continuum and modulate the illumination of the
BLR (Wang et al. 2014; Lupi et al. 2024; Madau 2025).
In addition, X-ray emission can be intrinsically weak if
a hot corona is efficiently Compton-cooled by the intense
soft-photon field in the inner flow, suppressing hard X-rays
even before line-of-sight obscuration is considered (Madau
& Haardt 2024). Here, we investigate whether the combi-
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nation of dense BLR gas, anisotropic emission from super-
Eddington accretion, and dust reddening can provide a
coherent framework for the defining features of LRDs —
their V-shaped UV-optical continua, extreme Balmer emis-
sion (including large Ha equivalent widths), weak high-
ionization lines, and suppressed variability — and we as-
sess how LRDs relate to the broader population of JWST-
discovered high-redshift BLAGNSs, including the putative
LBD majority.

2. Super-Eddington accretion

We model the engines of JWST BLAGNs at z > 4 as
geometrically thick, moderately super-Eddington accretion
flows with rates 1 ~ 10-30, where m = M /Mggq and

MEdd =10 LEdd/cz. For these accretion rates, the corre-
sponding Eddington ratio is Agad = Lbol/Lgda =~ 4-7, re-
flecting the decline of the effective radiative efficiency at
increasing m in thick-disk solutions, where the inner edge
(cusp) shifts inward toward the marginally bound orbit, re-
ducing the binding energy released as radiation. We adopt
the non-advective, radiation-pressure supported torus for-
malism in which the disk surface follows equipotential con-
tours set by an assumed specific-angular-momentum dis-
tribution (Paczyrisky & Wiita 1980). On the photosphere,
hydrostatic balance requires that the net outward radia-
tive flux, Fhet = Fous — Fin, balances the local effective
gravity (e.g., Sikora 1981; Madau 1988). Because the fun-
nel walls are mutually visible, nonlocal self-irradiation im-
plies Fi, # 0. In the idealized perfect-reflection limit used
here, incident radiation is re-emitted without thermaliza-
tion, so the local temperature is set by the locally generated
flux while the outward flux Fi,,; can be enhanced by re-
flected /scattered contributions. The resulting “mirror” fun-
nel naturally yields self-consistent super-Eddington thick-
disk geometries with strong collimation toward the rotation
axis and self-shadowing at high inclinations.

Global MHD and radiation-GRMHD simulations of
mildly supercritical accretion broadly support this quali-
tative picture, producing radiation-pressure supported in-
ner tori, equatorial outflows, and a narrow funnel-shaped
photosphere that channels escaping radiation toward the
symmetry axis (e.g., Jiang et al. 2014; Pacucci & Narayan
2024; Zhang et al. 2025).

2.1. Anisotropic intrinsically blue SEDs

Following Madau (2025), we compute inclination-
dependent, scattering-modified blackbody SEDs for a
fiducial Mgy = 107 Mg, accretor at m ~ 32. The key
outcome is a strongly anisotropic ionizing continuum:
the EUV /soft-X photon output is highest for near-polar
sightlines and is rapidly suppressed toward edge-on views
by geometric foreshortening and self-shadowing, while
the UV-optical continuum varies much more weakly with
inclination. In the remainder of the paper we there-
fore characterize orientation-dependent “hardness” using
photon-rate ratios above selected ionization thresholds
(Fig. 1), which directly track the supply of H- and He-
ionizing photons and the availability of the hardest EUV
photons relevant for high-ionization species.
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Fig. 1. Angle-dependent ionizing photon production rates,
Q(> FEin), for a super-Eddington accretion flow with Mgy =
1075 Mg and m = 32 (Model A of Madau 2025). The curves
show the integrated photon rate (s™') above five ionization
thresholds: H1 (13.6 €V), Hel (24.6 V), Hert (54.4 V), N1v (77.5
eV), and Nerv (97.2 eV). The rates are strongly anisotropic, re-
maining near their peak values for ¢ < 25° but declining steeply
at high inclinations as self-shadowing obscures the hot inner
funnel and the emergent spectrum becomes dominated by the
cooler outer disk. From face-on to edge-on, the highest-threshold
photon rates decrease by 2 2-3 dex.

We note that these models can produce a very blue
rest-UV continuum, comparable to — and in some cases
steeper than — the standard thin-disk asymptotic slope
fa o< A77/3 (B = —2.33). In the (Buv, Bopt) plane, sev-
eral JWST LBDs extend to very blue continua, approach-
ing the slopes expected for an unreddened accretion disk
(Hainline et al. 2025; Brazzini et al. 2026). Interestingly,
fitting the NIRSpec optical continuum of the Red Rosetta
Stone GN-28074 with a dust-absorbed power-law, Brazzini
et al. (2026) infer an intrinsic slope f = —2.49 4+ 0.15, i.e.
close to accretion disk expectations.

2.2. Accretion flow geometry and the BLR

We adopt a simple equatorial BLR geometry motivated
by reverberation-mapping constraints (e.g., Du et al. 2025;
Pozo Nuniez et al. 2014) and microlensing distortions of
broad-line profiles (e.g., Hutsemékers et al. 2023; Savi¢
et al. 2024; Gaskell 2009). In the present implementation,
the BLR is represented as a clumpy, equatorially concen-
trated distribution whose line-of-sight obscuration is de-
scribed probabilistically by an inclination-dependent escape
probability P(i) (see below). We compute the incident ra-
diation field using the SED evaluated at i = 80°, which
corresponds to a representative (solid-angle median) view-
ing angle for the equatorial cloud population.

In super-Eddington funnel geometries, gas near the
equatorial plane is illuminated by a softer, self-shielded ion-
izing continuum than that seen along polar lines of sight,
naturally suppressing high-ionization emission while pre-
serving strong Balmer recombination lines. Our baseline
BLAGN geometry is depicted in Figure 2 and includes an

inner, geometrically thick torus extending to 7oy =~ 1000 rg.
The BLR is assumed to reside at much larger radii in
an equatorial distribution, with its outer portion beyond
the sublimation radius embedded in (or contiguous with)
a dusty circumnuclear torus (see below). To extend the
SED beyond the outer edge of the supercritical funnel,
we match the thick-disk solution to a standard radiation-
pressure dominated thin disk by setting a transition radius
r¢ = 0.93 rouy and enforcing continuity of the effective tem-
perature and radiative flux at r4; outside r; the thin-disk
flux follows the standard Keplerian scaling F'(r) oc 72 and
is intrinsically subdominant in the UV. We truncate the
outer disk at » = 15007s near the expected self-gravity
radius.

Fig. 2. Three-dimensional toroidal geometry of a super-
Eddington BLAGN accreting at m = 32, viewed at an incli-
nation angle of ¢ = 60°. The spatial coordinates z,y, and z are
expressed in units of Schwarzschild radii rs. The thick torus ex-
tends out to ~ 1000 rs, where it is matched to an outer geomet-
rically thin disk (only shown to r = 15007 to illustrate the ge-
ometric transition). Brighter (yellow) colors indicate higher sur-
face brightness, while darker (blue) colors indicate lower values.
The teal spheres provide a schematic (not-to-scale) visualization
of BLR clouds; physically, the BLR lies at much larger radii
(~ 10° rg), and its outer portion beyond the sublimation radius
is expected to be dusty. The outer brown structure schemat-
ically represents a dusty circumnuclear obscurer (a torus-like
structure) surrounding the BLR.

3. Extreme Ha EWs: blue SEDs vs. covering factor

The extreme Balmer-line strengths of LRDs (Hviding et al.
2025) motivate a direct test of whether their large Ha
EWs are compatible with standard BLR covering factors
given the ionizing SEDs predicted by our super-Eddington
models. We generated grids of photoionization models with
the C23 release of CLouDY (Chatzikos et al. 2023), tai-
lored to typical BLR conditions (ng = 10 cm™3, Ny =
102 cm™?). We varied the ionization parameter U and
adopted a metallicity representative of galaxies at the red-
shifts where LRDs and LBDs are most commonly found,
Z = 0.1Zg. Predicted line strengths were compared to
LRD observations (analogous to the LBD comparison in
Madau 2025). To translate CLOUDY outputs into observ-
ables, we normalized the global BLR covering factor, Cprr,
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by scaling our fiducial model to match the median EW of
570 A reported by Maiolino et al. (2025).

For each observer inclination i, we compute the rest-
frame EW of a line at wavelength A\ as

) Fine(iBLR)
EW (i) = —neUBLR)_
W(Z) F/\,cont ()\0; 7')

In the present implementation, the BLR line emission is
computed with CLOUDY for an incident continuum corre-
sponding to a representative BLR inclination ig,g = 85°.
Hence Fjjue depends on igpr but is independent of the ob-
server’s i. The transmitted nuclear continuum through the
BLR gas is likewise taken from the same representative
CrouDy run. The continuum flux density per unit wave-
length at the line, F) cont(Ao;?), is obtained from the ob-
served continuum spectrum as

(1)

F)x,cont()\; Z) = Pesc(i) F)\7disk()\; Z)
+ [1 - Pesc(i)] FA,tran()\; 7;BLR) + CBLR F)\,neb()\; 7:BLR)a
(2)

evaluated at A = Xg. Here F) gisk(A;4) is the direct,
inclination-dependent disk continuum from the accretion
flow, F) tran(A;iBLr) is the CLOUDY transmitted contin-
uum through the BLR gas (i.e. the incident nuclear contin-
uum after absorption) computed for a representative BLR
illumination angle igrr, and Fx neb(A; igLr) is the outward
diffuse (nebular) continuum emitted by the BLR in the
same CLOUDY calculation. The latter is assumed isotropic
and scaled by the global BLR covering factor Cgrr. The
direct versus transmitted nuclear continuum is weighted by
the line-of-sight escape probability Pus.(¢), while Cprr sets
the amplitude of the BLR reprocessed emission.

We model the BLR as a clumpy, equator-concentrated
cloud distribution by specifying the mean number of clouds
intersected along a line of sight at inclination 7 as

2

. cos“ ¢
Nios(i) = Ny exp [— 52 } ) (3)

(see, e.g., the formalism of Nenkova et al. 2008), where
o controls the angular thickness of the cloud distribution
about the equatorial plane. The corresponding escape prob-
ability for direct disk photons is

Pege(i) = exp [ — Nios(i)]. (4)

We fix the normalization Ny by requiring that the angle-
averaged probability of intercepting at least one cloud
equals the global covering factor,

/2
CBLR = / [1 — Pesc(i)} sini di, (5)
0

where we have used symmetry about the mid-plane. In
practice, for a chosen o, we solve equation (5) for Ny. For
o. = 0.26, the distribution is strongly equator-weighted,
with a median near 80°, motivating our adoption of igr,r =
80° for the incident SED in the CLOUDY calculations. Fi-
nally, we scale the CLOUDY line output by the global cov-
ering factor,

Fine(iBLr) = CBLR fiine (PBLR), (6)
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Fig. 3. Probability density functions (PDFs) of the broad Ha
EW predicted by our fiducial super-Eddington accretor with
Mgu = 107° Mg and m = 32. The distributions are derived
by weighting the inclination-dependent EWs by the geometric
probability p(i) = siné (0 < ¢ < 7/2), assuming random ob-
server orientations. Different curves correspond to different ion-
ization parameters logU, as indicated in the legend. For each
model, the global BLR covering factor Cgrr is scaled such that
the probability-weighted median of the theoretical distribution
matches the observed median EW of 570 A from the high-z
BLAGN sample of Maiolino et al. (2025) (vertical black line).
The resulting required covering factors are listed in parenthe-
ses in the legend and are relatively modest (Cerr = 0.12-0.19).
The gray shaded region denotes the full range of EWs observed
in the JADES sample (200-1200A). The high-EW tail above
1200 A corresponds to highly inclined (i 2 80°) observers. Also
shown is the total (broad+narrow) EW recently measured from
a median-stacked LRD spectrum by Sun et al. (2026) (magenta
dashed line with shaded uncertainty band), which lies toward
the high-EW (high-inclination) side of the distribution.

where fiine(igLr) is the line flux predicted by CLOUDY per
unit covering for the adopted cloud parameters and incident
SED at igrr.

Figure 3 displays the resulting broad Hae EW probabil-
ity density functions (PDFs), computed assuming random
observer orientations weighted by the random-orientation
distribution p(i) = siné. The shaded region indicates the
full range of EWs observed in the high-z sample of Maiolino
et al. (2025) (200 < EW < 1200 A). While the observed
histogram is a population statistic that also reflects intrin-
sic scatter in black hole mass, accretion rate, and BLR
gas properties, our model curves isolate the variance due
to orientation alone and are therefore narrower. Neverthe-
less, the shift of the probability-weighted peak EW with
ionization parameter provides a useful handle on the over-
all scaling needed to reproduce typical line strengths. In
the most edge-on tail of the orientation distribution, the
model predicts very large EWs because the observed optical
continuum decreases approximately geometrically, o cosi,
while the broad-line luminosity is assumed to be isotropic.
In practice, once the direct nuclear continuum becomes ex-
tremely faint — in our models this occurs at i 2 85° — the
observed rest-optical continuum will not continue to dim
indefinitely. A low-level continuum floor from host starlight
and/or scattered AGN light is expected to dominate over
the highly foreshortened direct disk emission at these incli-
nations, effectively truncating the high-EW tail. We there-
fore impose a conservative cap EW(Ha) < 2000 A when
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constructing the PDFs. This cap affects only the extreme
edge-on tail and does not alter the probability-weighted me-
dian used to calibrate Cgrr.

Matching the probability-weighted median of the mod-
els to the observed median implies global covering factors
of Cgrr =~ 0.12-0.19. These values are consistent with
standard estimates for low-z Type 1 AGNs (e.g., Peter-
son 2006; Pandey et al. 2023). In this framework, Cprr
is simply the sky fraction covered by BLR clouds as seen
from the central engine, i.e. the angle-averaged probability
that an emitted photon encounters at least one cloud. For a
clumpy, non-axisymmetric distribution, Cgr R is an average
over azimuth and polar angle of the cloud covering prob-
ability, and does not imply unity covering along any spe-
cific subset of sightlines. We note that the EW distribution
reported by Maiolino et al. (2025) combines objects span-
ning the emerging LBD/LRD taxonomy, including JADES
sources as well as systems drawn from the literature. In our
framework, LBDs and LRDs occupy different parts of this
distribution: less-reddened LBDs should preferentially ex-
hibit lower EWSs, whereas obscured, high-inclination LRDs
should populate the high-EW tail. This prediction is di-
rectly testable by measuring EW distributions separately
for LBD and LRD subsamples, controlling for luminosity
and redshift.

Interestingly, a recent median-stacked LRD spectrum
from Sun et al. (2026) yields total (broad-+narrow) equiv-
alent widths EW(Ha) = 817.2755-2 A and EW(HB) =
109.87¢8 A. In our inclination-only model, such large
Balmer EWs are naturally attained only for highly inclined
sightlines. Figure 4 shows that matching the Sun et al.
stack requires inclinations ¢ 22 65-70° (depending weakly on
logU), with lower-inclination views underpredicting both
EW(Ha) and EW(HS). This may support the interpre-
tation that color-selected LRDs correspond to the high-
inclination tail of the same underlying super-Eddington
BLAGN population whose less-reddened, more face-on ana-
logues appear as LBDs. We caution, however, that these
stacked measurements correspond to total (broad+narrow)
EWs at the PRISM resolution, where a robust decompo-
sition into broad and narrow components is not generally
possible; the broad-line EWs relevant for our BLR modeling
may therefore be somewhat smaller.

Our results contrast with Yan et al. (2025), who ar-
gue that the observed broad Ha strengths require near-
unity covering factors and therefore invoke an enshrouded
geometry with nearly 47 coverage by dense gas (ng = 10%-
1019 ecm=3). In our super-Eddington models, large Balmer
EWs can be produced with modest Cgrr because the BLR-
illuminating continuum has a higher ionizing-to-optical
photon budget than standard quasar composites, and the
inclination dependence is driven by anisotropic continuum
dilution at fixed line emission. For more face-on sightlines,
the observer sees the boosted funnel continuum, whereas
the BLR does not intercept a proportionally larger ioniz-
ing flux, so the lines are diluted and the EWs fall to values
typical of Type 1 AGNs. Thus, the most extreme LRD Ha
EWs require high inclinations, not unusually large covering
factors.

1250
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Fig. 4. Predicted inclination dependence of the Balmer EWs.
The top and bottom panels show EW(Ha) and EW(Hp), re-
spectively, as functions of observer inclination for our fiducial
super-Eddington model with Mgy = 107° My and 7 = 32.
Curves correspond to different ionization parameters log U (leg-
end), computed for a fixed BLR covering factor Cerr = 0.15.
The magenta dashed lines and shaded bands indicate the to-
tal (broad+narrow) EWs measured from the median-stacked
LRD spectrum of Sun et al. (2026), EW(Ha) = 817.27557
and EW(HB) = 109.87¢3; at the PRISM resolution these val-
ues cannot in general be decomposed into broad and narrow
components. In our model, matching the large Balmer EWs
favours highly inclined sightlines, typically ¢ = 65°~70° depend-
ing weakly on log U.

3.1. The missing hard photons problem of LRDs

One proposed explanation for the extreme X-ray weakness
of JWST-discovered BLAGNs invokes heavy (Compton-
thick) absorption by dense gas along the line of sight (e.g.,
Maiolino et al. 2025; Ji et al. 2025b). Columns as large as
Ng > 10%° em ™2 must have a very low dust-to-gas ratio to
allow for the detection of broad lines; BLR clouds could, in
principle, satisfy this requirement. In LRDs, this interpreta-
tion has been linked to reports of deep Balmer absorption
and non-stellar Balmer breaks, which imply high-density
gas along the line of sight (Juodzbalis et al. 2024; D’Eugenio
et al. 2026; Ji et al. 2025b; Naidu et al. 2025). However, the
same explanation is difficult to extend to LBDs, which are
also X-ray undetected even in stacking analyses, yet show
no evidence for Balmer absorption or other signatures of
dense intervening gas (Maiolino et al. 2025; Brazzini et al.
2026).

A related puzzle is that, while JWST spectra of LRDs
and LBDs show strong broad Balmer emission, high-
ionization lines such as Hell, C1v, and Nv are often weak
or undetected, pointing to an ionizing continuum incident
on the line-emitting gas that differs from a standard quasar
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power-law SED (Zucchi et al. 2025). One proposed explana-
tion is the “gas-enshrouded black hole” scenario (e.g., Kido
et al. 2025; Naidu et al. 2025), in which a compact, ex-
tremely dense HI envelope absorbs EUV and X-ray photons
and reprocesses them into a softer continuum. This picture
faces basic geometric and radiative-transfer difficulties: if
the cocoon lies inside the BLR, it would severely limit the
escape of ionizing photons, implying that the BLR must be
ionized externally; if it lies outside the BLR, the broad lines
should be strongly suppressed or hidden, since the putative
atmosphere is assumed to be optically thick, thermalized,
and to emit approximately as a blackbody with T ~ 5000 K.

Alternatively, in super—Eddington funnel geometries,
the X-ray weakness is naturally explained by a Compton-
cooled corona and, additionally, by orientation-dependent
spectral shaping (Madau 2025). In these models the
EUV band (600-900,) remains blue and only moderately
inclination-dependent, with Sgyy =~ —2.1 for face-on views
and flattening to Sguv =~ —1.5 near the equatorial plane,
whereas the harder XUV band (200-600, ), which controls
the production of high-ionization species, is strongly sup-
pressed in equatorial directions and its slope changes from
Bxuv =~ —1.9 face-on to Bxyy =~ —0.14 near the equa-
torial plane. Around the He™ edge (54.4,eV), this strong
XUV softening naturally reduces Hell (and related) emis-
sion while preserving strong Balmer lines.

Figure 5 compares our CLOUDY predictions for
Her1 M4686/HS to the observational upper limit for the
LRD Abell 2744-QSO1. The model curves show the pre-
dicted ratio as a function of ionization parameter for super-
Eddington SEDs with different black hole masses and accre-
tion rates (see legend; the dot-dashed curve shows the single
higher-density case). The hardest track (Mpy = 1077 M,
1 = 12) exceeds the upper limit across the full log U range,
whereas the softer SEDs at higher 7 and/or larger Mgy
satisfy the constraint. The black hole mass directly mea-
sured in Abell 2744-QSO1 by Juodzbalis et al. (2025b) is

—= Mgy=10""My, m=12
— Mgy =10""My, m=32

0.25¢ . Mgy =108My, m =32

—. Mgy=10""M,, =32, ny =10 cm=3
-—- Abell 2744-QSO1

m~0.20'

T

=

k)

T

0.10

Fig. 5. Predicted Heir A686/HS as a function of logU for
super-Eddington SEDs of different Mpu and m (see legend).
Unless otherwise noted, ng = 10'° cm™3; the single alternative-
density case is labeled in the legend. The dashed line shows the
upper limit for the LRD Abell 2744-QSO1 from JWST spec-
troscopy (Furtak et al. 2024; Ji et al. 2025b). All models assume
Z =0.1Zg and Ny = 102 cm ™2
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log(Mgu/Mg) ~ 7.7, consistent with single-epoch measure-
ments (Furtak et al. 2024; Ji et al. 2025b; D’Eugenio et al.
2025a). The relatively low Agqq reported in previous work
likely reflects standard bolometric corrections tied to broad
Ha and local quasar SED templates; dust attenuation and
SED anisotropy can bias such inferences and allow for sub-
stantially higher intrinsic Agqq in our framework (see be-
low).

3.2. Dust reddening and V-shaped SEDs

In our orientation-based picture linking LBDs and LRDs,
the two populations correspond to the same underlying
BLAGN class viewed at different inclinations: LBDs are
preferentially seen intermediate-lower inclinations, while
LRDs are those BLAGNs observed closer to the equato-
rial plane. Along these high-inclination sightlines, substan-
tial dust attenuation is required to transform an intrinsi-
cally blue, super-Eddington AGN SED into the observed
red rest-optical continuum. A number of recent analyses of
LRDs have invoked extinctions of Ay ~ a few magnitudes
(e.g., Killi et al. 2024; Brooks et al. 2025; Li et al. 2025;
Schindler et al. 2025; Akins et al. 2025a; Ji et al. 2025b;
Brazzini et al. 2026). In this framework, the reddening is
naturally attributed to an equatorial dusty torus located on
the outskirts of the BLR or immediately beyond it, where
the gas lies outside the dust sublimation radius and can
sustain a significant dust column. Such a configuration pro-
vides a direct physical connection between the persistence
of broad emission lines and the strong continuum redden-
ing: for a foreground dust screen, both the BLR lines and
the local continuum at a given wavelength are attenuated
by the same factor (so the EW is preserved), while the over-
all SED becomes strongly reddened and bluer broad-line
and continuum features are preferentially suppressed.

The dusty obscurer is modeled with the same clumpy
formalism as the BLR (Egs. 3-5), but with its own parame-
ters (Cqust, 0q). Physically, a broader (“flared”) angular dis-
tribution for the dusty component is expected because the
dust-bearing obscurer resides at larger radii (beyond the
dust sublimation front), where vertical support from radi-
ation pressure on dust and/or disk winds can produce a
larger scale height than in the dust-free BLR (e.g., Elitzur
& Shlosman 2006; Nenkova et al. 2008; Elitzur 2008; Wada
2012). Concretely, we take

cos? z]
b

Nlos,d(i) = NO,d €xp |: 20_3

(7)
and

Pcsc,d(i) = eXP[ - Nlos,d(i)], (8)

and determine Ny 4 by requiring that the solid-angle aver-
aged probability of encountering at least one dusty cloud
equals the global dust covering factor,

w/2
Cdust = / [1 — Pesc,d(i)] sin 7 ds. (9)
0

A value of Cqust = CpLr ~ 0.15 is consistent with the in-
cidence of strongly reddened (LRD-like) objects within the
parent BLAGN population (e.g., Hainline et al. 2025). We
adopt a more flared dusty distribution than the BLR, with



Piero Madau and Roberto Maiolino: LRDs as obscured LBDs

o4 = 0.5. This choice implies that dust-intersecting sight-
lines are typically viewed at high inclinations, with a con-
ditional median ¢4 ~ 70°. In this two-component scheme,
Cqust sets the overall fraction of dust-intersecting sightlines,
while the inclination distribution of dust-intersecting ob-
jects is given by the solid-angle weighted conditional prob-
ability

plild) o< 1 -

i.e. random orientations (o sin) reweighted by the proba-
bility of intersecting at least one dusty cloud. Throughout
this section, since our SED comparisons are conditioned on
LRD selection, we apply dust attenuation deterministically
along dust-intersecting sightlines.

The intrinsic SED (continuum plus emission lines) at
inclination ¢ is mapped to the observed one via

[F/\,cont (Asd) + F/\,line()\)] —
[Fxcont (A7) + Fitine(A)] 10704420, (11)

with Ay(7) = Ay k(X), where k(\) is the adopted extinc-
tion curve and Ay is a free parameter setting the charac-
teristic dust column along dust-intersecting sightlines — and
Ax(7) = 0 for clear sightlines.

We apply the Cardelli et al. (1989) extinction law, using
the flexible Conroy et al. (2010) parameterization to vary
the strength of the 2175 A feature. We adopt a relatively
high Ry = 4, yielding a flatter optical-UV curve consistent
with dust in dense, processed environments, and set the
UV-bump parameter to B = 0.15, i.e. a strongly suppressed
2175 A Drude component compared to the standard Milky
Way curve. This choice produces a relatively smooth, red-
dened UV continuum broadly consistent with that observed
in LRDs (see also Killi et al. 2024; Li et al. 2025), and is
physically motivated if the dust in these high-z systems is
metal-poor and/or has grain properties that differ from the
local Milky Way ISM. Note that the adopted gray redden-
ing curve remains steeper in the far-UV (A < 3000 A) than
the notably flat AGN extinction law proposed by Gaskell
et al. (2004).

Figure 6 compares the predicted SED of our fiducial
super-Eddington models, attenuated by a dust screen with
Ay = 2.9, to the composite UV-near-IR SED of a large, ho-
mogeneously selected sample of LRDs from multiple JWST
Legacy fields with median redshift (z) ~ 6.2 (Delvecchio
et al. 2025). The resulting V-shaped SED closely resembles
the observed optical-UV spectrum of LRDs, with no evident
need for a significant additional stellar contribution or AGN
scattered light.! For a detailed quantitative comparison, we
computed mock broadband filter fluxes by integrating the
reddened model spectrum over the specific rest-frame band-
passes corresponding to the observations. Over 1250 A-1.4
pm, the model reproduces the UV-optical SED with a
mean model-to-data flux ratio of 1.05 and an rms scatter of
10%, which likely reflects a combination of intrinsic object-
to-object variance in the parent LRD population and the

Proge,a(i)] sini, (10)

1 We suppress the intrinsic Lya and He1 A10830 emission com-
ponents in our model. This is motivated by the very large line
optical depths expected in heavily obscured environments: Ly«
photons undergo resonant trapping, while He1 A10830 can be-
come optically thick due to the metastable 235 lower level.
In both cases, repeated scatterings increase the effective path
length and enhance the probability of absorption by dust, plau-
sibly reducing the emergent line flux in LRDs.
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Fig. 6. Comparison of the stacked photometry of LRDs from
Delvecchio et al. (2025) (purple squares) with a theoretical
dust-attenuated accretion disk model. Fluxes are normalized
at 7800 A. The gray line shows the total emergent spec-
trum (continuum plus lines) from our super-Eddington accre-
tor (M = 10"° Mg, 1m = 32) after BLR processing (com-
puted with CLOUDY; no dust attenuation applied). The model
curves are shown for an observer at inclination 70°, representa-
tive of dust-intersecting (LRD) sightlines for our adopted dusty
angular distribution. The CLOUDY parameters are logU = —1.5,
nug = 10'° cm_g, Nu = 10 cm™2. The red line shows the final
spectrum after attenuation by a dust screen (Ay = 2.8) assum-
ing a modified Cardelli et al. (1989) extinction law with Ry =4
and B = 0.15 (see main text for details). With a covering factor
of CeLr = 0.15, this fiducial model appears to reproduce the
V-shaped SED observed in LRDs.

finite-width bandpass averaging of strong spectral features.
With an assumed high ionization parameter logU = —1.5,
high gas density (ng = 101%cm™2), and column density
(N = 10?3 cm™2), the processed continuum (transmitted
plus nebular emission) can exhibit a sizeable Balmer discon-
tinuity, with a clear contribution from Balmer-edge (con-
tinuum bound-free) absorption imprinted by the BLR gas
on the transmitted component. In the composite observed
SED, however, this feature is totally diluted by inclination-
dependent mixing between the direct disk continuum and
the processed component, yielding no break in the median
stack. A more pronounced Balmer break is expected only in
a sub-population of LRDs for which the direct continuum
is largely suppressed (i.e. Pus.(i) < 1) and the observed
spectrum is dominated by transmitted-plus-nebular emis-
sion; such objects should preferentially correspond to the
most strongly attenuated, near-equatorial sightlines in our
orientation-based picture.

A direct observational corollary of the dusty, inclination-
dependent component in our model is a large Balmer decre-
ment: extinction suppresses HS more strongly than He,
so even a moderately elevated intrinsic broad-line ratio
(Ha/HpB)int is readily driven to the high values inferred
for LRDs along dust-obscured sightlines. For our fiducial
BLR spectrum we obtain (Ha/Hf)iy ~ 4.6; applying the
same line-of-sight attenuation, Ay = 2.8, required by the
LRD SED fits naturally yields (Ha/HS)obs ~ 10.0. Fig-
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Fig. 7. Rest-frame Ha EW versus Balmer decrement. The red
star marks the value from our super-Eddington model matched
to the stacked LRD spectrum (broad Hoa component). Filled
symbols show literature measurements for JWST LRDs: the me-
dian of the de Graaff et al. (2025) LRD sample and the stacked
LRD spectrum of Sun et al. (2026). For the de Graaff et al.
point, the horizontal and vertical error bars denote the 16th
and 84th percentiles of the observed distributions in Ha/Hp
and EW(Ha), respectively. Gray contours show the locus of
z ~ 0-0.6 SDSS broad-line quasars from the DR16(Q) compila-
tion of Wu & Shen (2022). The dotted line indicates the Case B
recombination value (Ha/HB) = 2.86. Our model lies on an ex-
treme but continuous extension of the trend defined by classical
AGNs toward larger EW(Ha) and Balmer decrements.

ure 7 places this result in the plane of EW(Ha) versus
Ha/HQ: the model point (red star) lies at the high-EW,
high-decrement end of the z ~ 0-0.6 SDSS quasar locus
(Wu & Shen 2022), and is consistent with current JWST
LRD constraints from both the median of the de Graaff
et al. (2025) sample and the stacked LRD spectrum of Sun
et al. (2026). In this sense, our model appears as a con-
tinuous, albeit extreme, extension of classical type-1 AGN
properties rather than a qualitatively distinct population
(c.f. Sun et al. 2026). We emphasize that Case B is not
expected to hold exactly in BLR conditions, where col-
lisional processes and line optical depths can elevate the
intrinsic decrement (indeed, our fiducial Ho/HS ~ 4.6 al-
ready reflects such departures), but recent multi-line JWST
analyses find that the broad-line ratios in most LRDs re-
main consistent with dust-reddened recombination, with
only rare outliers requiring additional radiative-transfer ef-
fects (Nikopoulos et al. 2025; D’Eugenio et al. 2025b).

In our orientation-based picture, LRDs represent the
high-decrement tail of the BLAGN population: along ob-
scured, near-equatorial sightlines the same dusty, low-
ionization gas that reddens the continuum preferentially
attenuates HS relative to Ha. By contrast, the bluer, less-
obscured LBDs are viewed along relatively clear sightlines,
so their Balmer decrements should remain close to the in-
trinsic BLR ratio (i.e. only mildly above Case B), with inter-
mediate objects naturally populating the transition regime.
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3.3. No dust budget crisis in LRDs

A commonly noted tension for dust-reddened interpreta-
tions of LRDs is an “IR-energy (dust budget) crisis”: extinc-
tions of Ay 2 a few magnitudes, when coupled with an ef-
fectively enclosing dusty screen (solid angle £ ~ 47), would
intercept a large fraction of the bolometric output and pre-
dict strong mid-IR to (sub)mm re-radiation, in tension with
the faint stacked or non-detected infrared emission in sev-
eral samples, including the most luminous systems (e.g.,
Chen et al. 2025; Setton et al. 2025).

At the same time, stacking analyses have recently re-
vealed an AGN-heated hot-dust component in the median
LRD SED, rising into the rest-frame near-IR, and argued
that the dust geometry must leave at least part of the opti-
cal/UV continuum and BLR emission unobscured (Delvec-
chio et al. 2025). Recent Rosetta Stone case studies like-
wise find clear evidence for AGN-heated hot dust in both
the LRD archetype GN-28074 and the LBD archetype GS—
3073 (Brazzini et al. 2026). In addition, SED modeling of
local LRD analogs indicates that hot (torus) dust can dom-
inate the rest-frame near-IR: Ji et al. (2025a), for exam-
ple, find that the best-fit emission around ~ 5 pm is dom-
inated by hot dust from the torus, while Lin et al. (2026)
report significant hot-dust emission in local LRDs. In our
inclination-based framework this is consistent with a mod-
est global dust covering factor: while dust reradiation is
approximately isotropic, only a small fraction Cq,st of the
bolometric luminosity is intercepted and reprocessed, al-
lowing a hot-dust rise in the near-IR without the large IR
power expected for fully enshrouding (near-unity covering)
models.

We model the infrared reprocessing by dust using an
energy-balance calculation. Given an intrinsic (unreddened)
incident spectrum L, jnc, dust at radius r absorbs a fraction
of the radiation field and re-emits thermally. In practice,
rather than solving explicitly for Ty(r) from a frequency-
dependent radiative-equilibrium equation, we adopt a para-
metric temperature profile anchored at the sublimation ra-
dius and normalize the dust emission by enforcing bolomet-
ric energy conservation. Specifically, we take

r

—1/2
Td(’l”) =T () s Tin < 7 < Tout, (12)

m

as expected for radiative equilibrium with approximately
gray dust heated by a central source. Here, ry, is set by
dust sublimation, Ty (rin) = Tsup. The absorbed luminos-
ity is computed directly from the difference between the
unreddened and reddened continua implied by the adopted
extinction curve,

o0
Labs = / [LV,inc - Lu,inc 10_0.414)\] dV, (13)

0
so that the wavelength dependence of dust opacity enters
through A, without requiring explicit specification of the
extinction or absorption cross sections. Here L,ps should
be interpreted as the bolometric power removed from the
incident spectrum along a representative dust-obscured line
of sight; the total power reprocessed by dust is then reduced
by the global covering factor Cqust.

We assume a power-law radial density profile for the

dusty gas,

r —q
n(r) =N () ) Tin S T S Tout (14)

Tin
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and construct the (unnormalized) re-emitted spectrum as
a superposition of modified blackbodies,

Tout

Lu,dust X Ry B, [Td(T)] n(r) 47TT2 d’f‘, (15)

Tin

where we adopt an effective opacity law k, o< vP with
p ~ 0. While our inferred attenuation curve is relatively flat
(Ry = 4) and lacks a pronounced 2175 A bump - suggesting
a deficit of small carbonaceous particles and a bias toward
larger grains in the UV /optical absorbing dust (e.g., Gaskell
et al. 2004; Maiolino et al. 2001b,a) — this graybody approx-
imation for the infrared emission is physically motivated by
optical depth rather than intrinsic grain size. Given the ex-
treme compactness and high column densities expected in
the nuclei of these sources, the dust is likely distributed in
dense, optically thick clumps (e.g., Nenkova et al. 2008).
In this regime, the dust distribution can become optically
thick even at far-infrared wavelengths. Because the emis-
sion is dominated by the optically thick surfaces of these
clouds, radiative transfer effects and the superposition of
clumps at various temperatures dilute intrinsic composi-
tional spectral signatures. This effectively flattens the ob-
served emissivity index to p =~ 0, regardless of the intrinsic
optical properties of the individual dust grains (p ~ 2 in
the diffuse ISM), making the emergent infrared continuum
well-approximated by a graybody.

Finally, we set the normalization by requiring that the
integrated dust emission equals a fraction Cgust of the ab-
sorbed luminosity,

/ Lu,dust dv = CVdust Labs~ (16)
0
In the fiducial configuration used in Figure 8 we adopt
q = 0.5, a sublimation temperature Ty,;, = 1200K, and a
radial extent 7o, /7, = 100. These choices produce a broad
mid-IR bump peaking at Aest ~ 20 um that matches the
Delvecchio et al. composite while keeping the far-infrared
tail consistent with current limits, and they lie within the
range of slopes and radial extents commonly inferred for
AGN dusty tori in clumpy and smooth models (e.g., Fritz
et al. 2006; Nenkova et al. 2008; Stalevski et al. 2012).
Although our phenomenological dust model is not ex-
plicitly parameterized in terms of a total dust mass, the
implied Myust is very small. For the extinctions relevant
to LRDs (Ay =~ 3 along obscured sightlines), and as-
suming D/G «x Z with Z ~ 0.1Zg, the reduced dust-
to-gas ratio (~ 1/1000) implies a higher gas column,
Ng ~ (5x10%2-10%%) cm~2. For our compact structure with
Caust = CeLr = 0.15, 1y ~ 0.15pc, rous/rin = 100, and
n o« r~9 with ¢ = 0.5, this corresponds to a total gas mass
Mg.s ~ few x 10*-10° M, and hence Mgus; ~ 30-100 M.
This is far below ALMA stacking upper limits for typical
LRDs (Mgust < 108 M, at z ~ 6; Casey et al. 2025; Chen
et al. 2025; Setton et al. 2025) and is therefore consistent
with the dust-budget constraints (“dust budget crisis”) at
high redshift (Chen et al. 2025).

4. Discussion and summary

The physical nature of LRDs remains debated. Purely stel-
lar interpretations invoke compact, evolved stellar popula-
tions with strong nebular emission to explain the V-shaped
SEDs (e.g., Baggen et al. 2024; Pérez-Gonzéalez et al. 2024;

LRDs as obscured LBDs
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Fig. 8. Rest-frame vL, SED illustrating the dust-reprocessed
emission in our LRD model. The cyan curve shows the red-
dened super-Eddington AGN continuum for Ay = 2.5, nor-
malized to the Delvecchio et al. composite at Arest ~ 7800 A.
The red dashed curve is the dust re-emission computed from
the absorbed luminosity using a multi-temperature blackbody
with Tywp = 1200K, a radial density profile n o« r~%° and
Tout/Tin = 100, scaled by a dust covering factor Caust = 0.15.
The solid blue curve is the total model (reddened AGN plus
dust). Magenta squares show the stacked LRD photometry from
Delvecchio et al. (2025), while green open circles and the black
arrow indicate the infrared and sub-mm upper limits from the
Akins et al. (2025a) stack and from Casey et al. (2025), re-
spectively. The model reproduces the observed near-IR rise of
LRDs while remaining consistent with current constraints at
Arest =, D0 pm, thereby avoiding a dust-mass or IR-energy bud-
get crisis.

Leung et al. 2025; Labbe et al. 2025; Hainline et al.
2025), but several lines of evidence increasingly favour an
AGN-dominated optical continuum in at least a substan-
tial fraction of LRDs: the prevalence of broad Balmer lines
and extreme Balmer EWs (Hviding et al. 2025; Yan et al.
2025), the frequent dominance of an unresolved rest—optical
component (Hviding et al. 2025; Killi et al. 2024), and
spectroscopic signatures around the Balmer break that are
more naturally explained by absorption and radiative trans-
fer in high-density gas than by an old stellar continuum
(Juodzbalis et al. 2024; Ji et al. 2025b; Inayoshi & Maiolino
2025; D’Eugenio et al. 2025a; Yan et al. 2025).

Motivated by this empirical picture and by the emerg-
ing LBD/LRD taxonomy, we have explored a unified AGN
framework in which LRDs and LBDs share a common,
super-Eddington central engine and differ primarily by ori-
entation and line-of-sight obscuration. At z 2 6 the nu-
clei of galaxies are typically extremely gas rich and rapidly
fed by cold inflows and violent disk instabilities, while the
black holes are still comparatively small; at fixed physical
supply rate M , the dimensionless accretion rate m is there-
fore naturally large, so early growth is expected to proceed
through frequent or sustained super-Eddington episodes in
many models (e.g., Madau et al. 2014; Lupi et al. 2016;
Husko et al. 2025).
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Ha EW. A first key result concerns the extreme broad
Ha EWs of LRDs. Using super-Eddington thick—disk
SEDs, we have constructed BLR photoionization mod-
els that include anisotropic illumination and an inclina-
tion-dependent continuum decomposition. When the in-
clination distribution is folded in, matching the probabil-
ity-weighted median Hoe EW of the JWST BLAGN sam-
ple (~ 570 A; Maiolino et al. 2025) requires global BLR
covering factors of only Cprr =~ 0.15 (see also Madau
2025). These values are fully consistent with standard esti-
mates for low—z Type 1 AGNs (e.g., Peterson 2006; Pandey
et al. 2023) and stand in contrast to models that invoke
nearly 47 coverage by dense gas in order to reproduce
the same EWs with canonical quasar SEDs (Yan et al.
2025). In our framework, the large EWs arise from two
coupled effects: a harder, ionizing-rich intrinsic SED that
enhances the line production efficiency, and an anisotropic
radiation field in which high-inclination sightlines suffer
strong continuum dilution as the hot inner funnel becomes
self-shadowed. The most extreme LRDs therefore corre-
spond to high—inclination views of modest—covering BLRs,
rather than to enshrouded, unity—covering geometries. We
predict that less—reddened LBDs should preferentially ex-
hibit lower EWs, whereas obscured, high—inclination LRDs
should populate the high-EW tail.

High-ionization lines. Second, the model accounts for the
lack of strong high—ionization UV lines in many LRDs
and related JWST BLAGNs (Madau 2025). Because the
XUV band that controls He™ and higher ions is strongly
suppressed toward equatorial sightlines, the predicted
Her1 A\4686 /H{ ratios fall well below the upper limits in sys-
tems such as Abell 2744-QSO1 for plausible combinations
of Mgy, m, and ionization parameter. In this view, the
“missing hard photons” problem of LRDs is an outcome of
orientation—dependent spectral shaping in super-Eddington
funnels, rather than evidence for an extremely dense, fully
enclosing neutral envelope. In the same scenario X-ray emis-
sion is intrinsically suppressed by Compton-cooling of the
corona.

V-shaped SED. Third, an intrinsically blue super-
Eddington SED combined with modest equatorial dust red-
dening reproduces the characteristic V—shaped UV—-optical
SEDs of LRDs. Adopting a modified Cardelli et al. (1989)
extinction law with Ry = 4 and a strongly suppressed
2175 A bump (B = 0.15) yields an effective curve similar to
the flatter, weak—bump extinction laws inferred for high—z
galaxies, while remaining steeper in the far-UV than the
very gray AGN curve of Gaskell et al. (2004). For Ay ~ 2.8
along obscured sightlines, our fiducial model reproduces
well the stacked LRD SED of Delvecchio et al. (2025) from
rest—frame 1250 A to 1.4 ym.

It has been recently suggested that the rest-UV com-
ponent of LRD spectra is primarily associated with the
host galaxy, motivated in part by the anti-correlation be-
tween EW([O111] A5007) and the Balmer break, as well
as by the correlation between the [O1m] and UV lumi-
nosities (de Graaff et al. 2025). We caution against over-
interpreting these relations. First, both EW(|O111]) and the
Balmer break depend on the optical continuum level, so
some degree of correlation is expected even in the absence of
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a causal link. Second, luminosities of different tracers tend
to correlate because they share the common luminosity-
distance factor.

Independently of the above, weak [O 111] emission in the
LRDs with the strongest Balmer breaks may not require the
UV continuum to be host-dominated. In luminous quasars,
the EW([O111]) is known to decrease with increasing lumi-
nosity (a “narrow-line Baldwin effect”) and has also been in-
terpreted as a consequence of the narrow-line region (NLR)
becoming so extended that it effectively runs out of ambi-
ent gas to ionize. Either effect could be accentuated in very
compact systems. Moreover, if LRDs are preferentially se-
lected along dust-attenuated sightlines with Ay ~ 2.8, they
may be biased toward intrinsically higher luminosities (by
up to order-of-magnitude factors) in flux-limited samples.
In this case, their unobscured counterparts would corre-
spond to the most luminous LBDs, potentially overlapping
with the quasar regime, and a reduced EW(|Or111]) could
arise from such selection bias without invoking a dominant
stellar UV component. A detailed analysis of the specific
physical conditions within the NLR of these BLAGNSs is
beyond the scope of this paper and will be addressed in
future work.

The finding of spatially offset blue components is more
compelling evidence for host-galaxy contributions (e.g.,
Baggen et al. 2026); however, while a substantial fraction of
LRDs show offset blue light, only a subset are sufficiently
close to contaminate the spectrum extracted at the LRD
position, whereas many of the remaining offsets may be
more relevant for Lyman—Werner irradiation than for the
observed UV continuum. Moreover, in a number of systems
the UV and optical components are coincident, including
strongly lensed cases (e.g., Furtak et al. 2024), and in oth-
ers the spectral diagnostics unambiguously associate the
UV component with the AGN (e.g., Labbe et al. 2024).
It is plausible that in some LRDs the UV may be host-
dominated. In that case, our scenario would still apply to
the optical continuum and line emission, particularly if ex-
tinction is sufficiently high (or the attenuation curve suf-
ficiently steep) to suppress the AGN contribution in the
UV, as may be the case for the LRDs with very weak UV
emission (e.g., Naidu et al. 2025).

Balmer absorption. In our picture, the Balmer discontinu-
ity in the processed spectrum (transmitted plus nebular) is
strongly diluted in the median stack by mixing with the di-
rect disk continuum. Pronounced Balmer breaks are there-
fore expected only when the direct continuum is heavily
suppressed and the observed SED is dominated by the pro-
cessed component; by contrast, a V-shaped UV-optical con-
tinuum can arise from wavelength-dependent attenuation
and component mixing even if the Balmer edge is mod-
est. This is qualitatively consistent with the relatively small
fraction of LRDs that exhibit strong Balmer breaks.

In our interpretation, the observability of Balmer ab-
sorption is regulated by two separable “gates”. The first
is a dust/obscuration gate: in classical low-z unification,
equatorial sightlines are typically extinguished enough that
the BLR is hidden (Type 2), so any Balmer absorption
would be unobservable. Such Type 2 extinctions are far
larger than the moderate Ay ~ 3 values relevant for LRD-
like, partially obscured Type 1 sightlines. The second is a
gas-physics gate: Balmer absorption requires a substantial
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column of dense, partially neutral gas with an enhanced
n = 2 population in front of the continuum source and
sufficient covering to imprint troughs. In our framework,
the required gas is naturally available along near-equatorial
rays, primarily in BLR-associated material (and plausibly
also in the molecular/atomic layers of the torus). At low z,
however, these directions are usually rendered inaccessible
by the large dust columns that produce Type 2 spectra.
At high redshift, a reduced dust-to-gas ratio in chemically
young nuclei can allow some near-equatorial sightlines to re-
main only moderately extincted, yielding LRD-like spectra
in which broad Balmer emission and, in favourable cases,
Balmer absorption remain observable. This is also consis-
tent with the observed empirical coupling between UV slope
and Balmer-break strength, with redder UV continua gen-
erally exhibiting stronger Balmer breaks (de Graaff et al.
2025). By contrast, LBDs correspond to lower-inclination
views with little extinction and are therefore less likely to
intersect the dense, partially neutral columns required for
Balmer absorption.

Balmer decrement. The same dusty component that red-
dens the continuum also predicts large Balmer decrements
along obscured sightlines. For our fiducial BLR model the
intrinsic broad-line ratio is (Ha/HpB)it ~ 4.6, which is
driven to (Ha/HB)obs ~ 10 once the line-of-sight atten-
uation required by the SED fits is applied. These values
are comparable to the high decrements measured in many
LRDs and their correlation with UV slope (de Graaff et al.
2025). In our orientation-based unification, LRDs corre-
spond to the high-decrement tail of the BLAGN popula-
tion, where dusty, low—ionization gas along high-inclination
sightlines both reddens the continuum and selectively sup-
presses H3; LBDs, viewed along relatively clear sightlines,
retain Balmer decrements close to the intrinsic BLR value
(which can be Case B or possibly deviating from it because
of intrinsic radiative/collisional processes), with intermedi-
ate objects populating the transition regime.

Dusty torus. Finally, we have addressed the “IR-energy”
or dust—budget crisis that afflicts heavily obscured inter-
pretations of LRDs. Extinctions of Ay ~ 3 combined with
a near—unity dust covering factor would reprocess a large
fraction of the bolometric output into the infrared, appar-
ently in tension with the faint or undetected mid-IR and
(sub)mm emission seen in stacks and individual systems
(e.g., Chen et al. 2025; Setton et al. 2025; Casey et al.
2025). Our energy—conserving dust model instead assumes
a compact equatorially concentrated structure with a global
covering factor of 15%, a standard power—law radial density
profile, a sublimation temperature characteristic of AGN-
heated dust, and a finite radial extent of order two decades
in radius, normalized such that only a modest fraction of the
dust-reprocessed luminosity emerges in the near-IR. This
configuration produces a broad mid—IR bump peaking at
Arest ~ 20 um that matches the Delvecchio et al. stack and
remains consistent with the Akins et al. and Casey et al.
upper limits at Apesy = 50 um. For the modest columns re-
quired to achieve Ay ~ 3 along obscured sightlines and a
reduced dust-to-gas ratio appropriate for metal-poor hosts,
the implied dust mass in our torus is less than a hundred so-
lar masses, orders of magnitude below current ALMA limits
on the global dust content of LRD hosts. In this sense, the

small covering, low—mass dusty structure invoked here is a
natural way to reconcile the large line—of-sight reddenings
with stringent constraints on integrated dust mass and IR
luminosity.

Taken together, these results support an interpretation
in which LRDs are not a distinct class of engines, but
rather the obscured, high-inclination tail of a population of
compact, super-Eddington BLAGNs, whose less-reddened,
more face-on analogues are observed as LBDs. The combi-
nation of anisotropic, intrinsically blue SEDs, modest BLR
and dust covering factors, and orientation-dependent con-
tinuum dilution appears capable of explaining, within a sin-
gle framework, the defining phenomenology of LRDs: their
extreme Ha EWs, large Balmer decrements, weak high-
ionization UV lines, V-shaped continua, muted IR output,
and the generally low level of rest-UV /optical variability
expected when the observed continuum is dominated by the
geometrically thick outer flow and reprocessed emission.

Exponential Balmer wings have been reported in many
LRDs, particularly in the highest—S /N JWST spectra where
a double-sided exponential component is often statisti-
cally preferred, consistent with some contribution from elec-
tron scattering. However, recent Rosetta Stone analyses
show that similar non—Gaussian, approximately exponen-
tial Balmer wings are not unique to LRDs but are also
present in the LBD archetype, and even in standard low—z
Type 1 AGNs (Brazzini et al. 2026; Wada et al. 2026; Laor
2006). This implies that exponential wings alone do not re-
quire — nor uniquely diagnose — an LRD-specific, pc—scale
nuclear cocoon (e.g., Torralba et al. 2025; Brazzini et al.
2026). In our scenario, approximately exponential Balmer
wings can arise naturally from thermal Thomson scatter-
ing by free electrons within (or immediately surrounding)
the BLR, for modest scattering optical depths compatible
with BLR—scale columns and ionized fractions (as originally
suggested by Laor 2006).

We note that a nearly 47 gas—enshrouded scenario has
been invoked to explain the weak Ly« emission in one LRD
at z = 4.4 (Torralba et al. 2026), on the grounds that
the AGN ionizing continuum cannot escape in this system.
However, this inference is based on a single object, and
Lya can be readily attenuated or destroyed by resonant
scattering and absorption in neutral gas and dust in the
CGM. Moreover, several other LRDs show clear evidence
for prominent Ly« emission (e.g., Tripodi et al. 2025a; Mor-
ishita et al. 2025; Tripodi et al. 2025b; Ji et al. 2025b, Geris
in prep.).

It has recently been reported that the detection of wa-
ter absorption in two LRDs supports a scenario in which
the observed optical/near—IR emission arises from a cool
atmosphere surrounding the black hole (Wang et al. 2026).
We argue instead that water absorption is naturally ex-
plained by a warm circumnuclear dusty torus, which is
expected to lie along the line of sight for LRDs and can
provide physical conditions conducive to molecular survival
and formation. Indeed, water absorption is relatively com-
mon in AGNs, including in the local Universe, particularly
among dust—obscured systems (e.g., Garcia-Bernete et al.
2026; Gonzalez-Alfonso et al. 2010). An additional contri-
bution could arise from the host-galaxy stellar population
in those two LRDs, which may become more prominent at
longer wavelengths. Assessing this possibility would require
a dedicated analysis beyond the scope of this paper.
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Future tests of our LBD/LRD unification scheme should
move beyond single-object comparisons and instead map
the joint demographics of high-redshift BLAGNs to test
a quantitatively predicted, orientation-based connection
between LBDs and LRDs. This requires measuring the
LRD/LBD number ratio versus luminosity, quantifying the
incidence of Balmer breaks and the full Balmer-decrement
distribution, and establishing how both correlate with UV-
optical continuum shape and line EWs. A key requirement
is to obtain robust, inclination-aware estimates of Mgy and
AEdd. In particular, current published values of Agqq for
LRDs are typically Agqq ~ 0.2-0.5, which may reflect sys-
tematics in standard luminosity inference rather than gen-
uinely sub-Eddington accretion. Many studies estimate Lo
from broad Ha luminosities using locally calibrated scaling
relations that implicitly assume minimal internal attenua-
tion and a near-universal quasar SED. If, as in our frame-
work, the same dusty component that reddens the con-
tinuum also attenuates the broad Balmer lines, then Ly,
(and hence Lye)) can be underestimated by large factors;
moreover, if the intrinsic ionizing SED and its anisotropy
differ from the local templates underlying these calibra-
tions, the mapping between Ly, and Ly, becomes ori-
entation dependent. Taken together, dust attenuation and
SED- and inclination-driven departures from local Ly,—
Lo conversions may help reconciling existing line-based
Mpy estimates with substantially higher intrinsic Agqq, as
required by our model. Standard single-epoch virial meth-
ods may also be biased for a flattened BLR, so independent
constraints from multi-line and multi-epoch spectroscopy,
physically motivated BLR/disk-wind modeling, and bolo-
metric consistency checks will be essential to confirm ac-
cretion rates m > 1.
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