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ABSTRACT

Luminous broad Ha emission and red rest-optical SEDs are the hallmark of compact Little Red
Dots (LRDs), implying highly attenuated dusty starbursts and/or obscured active galactic nuclei.
However, the lack of observed FIR emission has proved difficult to reconcile with the implied attenuated
luminosity in these models. Here, we utilize deep new ALMA imaging, new and existing JWST /MIRI
imaging, and archival Spitzer/Herschel imaging of two of the rest-optically brightest LRDs (z = 3.1
and z = 4.47) to place the strongest constraints on the IR luminosity in LRDs to date. The detections
at Ajess = 1 — 4 pm imply flat slopes in the rest-IR, ruling out a contribution from hot (7" = 500
K) dust. Similarly, FIR non-detections rule out any appreciable cold (T" < 75 K) dust component.
Assuming energy balance, these observations are inconsistent with the typical FIR dust emission of
dusty starbursts and quasar torii, which usually show a mixture of cold and hot dust. Additionally, our
[C11] non-detections rule out typical dusty starbursts. We compute lempirical maximum IR SEDs and
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find that both LRDs must have log(Lir/Le) < 12.2 at the 30 level. These limits are in tension with
the predictions of rest-optical spectrophotometric fits, be they galaxy only, AGN only, or composite.
It is unlikely that LRDs are highly dust-reddened intrinsically blue sources with a dust temperature
distribution that conspires to avoid current observing facilities. Rather, we favor an intrinsically redder
LRD SED model that alleviates the need for strong dust attenuation.

Keywords: Active galactic nuclei(16); High-redshift galaxies (734); Galaxy evolution (594); Far infrared

astronomy (529)

1. INTRODUCTION

One of the central mysteries of the early JWST era has
been the population of compact, red sources that have
been dubbed “Little Red Dots” (LRDs, Matthee et al.
2024). While a number of LRD selections that identify a
range of compact red objects with varying physical prop-
erties are employed in the literature (e.g., Greene et al.
2024; Kokorev et al. 2024; Kocevski et al. 2024; Pérez-
Gonzélez et al. 2024; Barro et al. 2024a), in this work
we are specifically interested in the population of sources
with a characteristic “V shaped” transition between the
rest optical and red continuum that tends to be asso-
ciated with the Balmer limit (e.g., Wang et al. 2024a;
Ma et al. 2024b; Labbe et al. 2024; Setton et al. 2024;
Ji et al. 2025), broad and luminous Balmer emission
(which is often attributed to an AGN broad line region,
e.g., Kokorev et al. 2023; Killi et al. 2023; Greene et al.
2024; Kocevski et al. 2024; Matthee et al. 2024), and
unresolved rest-optical continuum emission (e.g., Fur-
tak et al. 2023a; Greene et al. 2024; Labbe et al. 2025;
Matthee et al. 2024).

These sources have a high number density (p ~ 1075
cMpc™2 at 4 < z < 8, Greene et al. 2024; Akins et al.
2024; Kokorev et al. 2024; Kocevski et al. 2024; Matthee
et al. 2024; Taylor et al. 2024), making understanding
their properties crucial to the study of galaxy and AGN
evolution. However, there has been no clear consensus
on the engine that powers their luminous red continua.
Because of the extremely red colors of LRDs, essentially
every model of their light invokes a highly reddened
galaxy (e.g., Labbé et al. 2023; Akins et al. 2023; Pérez-
Gonzalez et al. 2024; Baggen et al. 2023, 2024; Williams
et al. 2024; Barro et al. 2024b; Akins et al. 2024; Rinaldi
et al. 2024), a highly reddened quasar (e.g, Kocevski
et al. 2024; Greene et al. 2024; Li et al. 2024; Labbe et al.
2025; Ji et al. 2025; Barro et al. 2024b; Akins et al. 2024;
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Rinaldi et al. 2024), or composite models that are a com-
bination of the two components (Wang et al. 2024a,b;
Ma et al. 2024b; Leung et al. 2024; Juodzbalis et al.
2024; Barro et al. 2024a). While the specific ingredi-
ents and details of these models vary, they all share the
common assumption that the engine of the LRD that
ionizes the broad lines is intrinsically blue, and that the
red color comes from the attenuation of that engine.

Because highly reddened sources re-emit their atten-
uated luminosity as dust emission in the infrared (IR),
there has been considerable interest in constraining the
IR properties of LRDs. However, the observed proper-
ties of small samples have in some ways made the LRD
SED more confusing. Spatially extended red sources at
2 < z < 7 that occupy a similar color space to LRDs are
commonly detected at 1.2mm, indicating that cold dust
is emitting reprocessed UV radation. In contrast, LRDs
are never detected at 1.2 mm, even in stacks (Labbe
et al. 2025; Williams et al. 2024), casting doubt on the
viability of dusty starburst solutions. However, LRDs
also lack the characteristic steeply rising hot (7" 2 500
K) dust emission at Apest ~ 1 — 5 pm commonly seen
in AGN, whether in individual luminous sources (Wang
et al. 2024a; Barro et al. 2024a) or in stacks (Williams
et al. 2024), meaning that if they are indeed reddened
quasars, they do not present similarly in the IR to dusty
AGN seen locally (e.g., Polletta et al. 2007) or at cos-
mic noon (e.g., Glikman et al. 2012; Assef et al. 2016;
Hamann et al. 2017; Ma et al. 2024a).

The most extensive stacking analysis of LRDs to date
was carried out in Akins et al. (2024), leveraging the
wide area of COSMOS-Web (Casey et al. 2023) to pho-
tometrically select hundreds of LRDs at z = 5—9, many
of which were covered by MIRI imaging and legacy mid-
and far-IR observations. Their stack consists entirely of
non-detections at At > 2 pm, but it represents the
best limits on the maximal IR SED of a typical LRD.
Li et al. (2024) use this stack to demonstrate that a
physically extended dust distribution that outputs the
majority of its luminosity at Apest = 10 — 100 pm could
be consistent with energy balance solutions of reddened
quasars. Additionally, Casey et al. (2024) argue that the



LumMmiNnous LRDs ARE FIR FAINT 3

compact sizes (and consequently, their low dust masses)
should indeed result in dust temperatures that peak in
that same wavelength range, with IR SEDs that remain
undetectable by sub-mm facilities like ALMA. While
these works represent an important step forward in con-
straining the dust SED of LRDs, they are subject to
all the usual limitations of stacked analyses of hetero-
geneous samples, especially given that the Akins et al.
(2024) LRDs were selected only on red color and com-
pactness, not “V shape” or the explicit detection of a
broad line. Moreover, because the typical source in-
cluded in the stack is optically faint, the constraints on
Lir /Loptical are still quite weak for the ensemble popu-
lation.

However, while the kinds of shallow mid- and far-IR
observations of typical LRDs that have been achieved
in un-targeted wide field observations are not signifi-
cantly constraining for energy balance, deep observa-
tions of the most luminous individual LRDs still hold
promise for constraining the dust luminosity and tem-
perature. In this work, we present new and existing
deep MIRI and new ALMA observations of two sources:
UNCOVER-45924 (Labbe et al. 2024) and RUBIES-
BLAGN-1 (Wang et al. 2024a), two of the most lumi-
nous LRDs identified to date, with vL, at rest-frame 1
pm a factor of 10 brighter than the typical source in-
cluded in the Akins et al. (2024) stacks. Both targets
have extensive NIRCam photometric coverage, low- and
medium-resolution spectroscopy of their continuum and
line emission, and archival Spitzer and Herschel imaging
(Dickinson et al. 2003; Egami et al. 2010, S. McNulty et
al. in preparation), marking them as the best candidates
identified to date for this kind of targeted follow-up.

This letter is laid out as follows. In Section 2, we de-
scribe the two sources studied in this work and present
our new observations. In Section 3, we compare the IR
luminosity predictions based on the SED fits presented
in Labbe et al. (2024) and Wang et al. (2024a) to our
new IR constraints, using established dust templates as
well as simple blackbody descriptions of the dust SED.
Finally, in Section 4, we discuss the implications of these
constraints for our understanding of the physical proper-
ties of LRDs. Throughout this work, we adopt the best-
fit cosmological parameters from the WMAP 9 year re-
sults (Hinshaw et al. 2013): Hy = 69.32 km s~ Mpc ™!,
Q,, = 0.2865, and Q = 0.7135, utilize a Chabrier ini-
tial mass function (Chabrier 2003), and quote AB mag-
nitudes.

2. DATA

2.1. The two most Ha luminous LRDs in the southern
sky

At the time of writing, there does not exist a study of
LRDs that have spectroscopically confirmed broad lines,
high signal-to-noise PRISM spectroscopy (spanning the
characteristic “V shape”), MIRI imaging (constraining
the presence of hot dust), and deep ALMA observations
(constraining cold dust). The goal of this work is to
rectify that by unifying such observations for two of the
most luminous LRDs in the southern sky where such
panchromatic constraints are obtainable. To accomplish
this, in this work we focus our study on A2744-45924
(Labbé et al. 2023) and RUBIES-BLAGN-1 (Wang et al.
2024a), which host highly luminous Ha (~ 10135 erg/s,
before applying any dust correction) and are bright in
the rest optical (mpgqaw ~ 22). The combination of
these features makes them the best targets for obtaining
solid constraints on the mid- and far-IR properties of
this puzzling population.

At z = 4.4655 and with p = 1.7 (Furtak et al. 2023b),
A2744-45924 is the brightest LRD in the A2744 field.
The source was first spectroscopically confirmed to have
a broad line in Greene et al. (2024), and full spectral
modeling of the source with a wide array of AGN and
stellar models was presented in Labbe et al. (2024).
As a part of the UNCOVER (JWST-GO #2561, Pls:
Labbe and Bezanson, Bezanson et al. 2022) and Mega-
Science (JWST-GO #4111, PI: Suess, Suess et al. 2024)
programs, the source has been observed with all NIR-
Cam broad and medium bands (catalogued in Weaver
et al. 2024), as well as with deep NIRSpec PRISM
spectroscopy (~16.3 hours Price et al. 2024) and NIR-
Cam/GRISM F365W spectroscopy that observes Ha
(ALT, JWST-GO #3516, Naidu et al. 2024). Tt is unre-
solved in the rest-optical, with a magnification corrected
size . < 70 pc in F200W, though at short wavelengths
there is a secondary component seen in the bluest NIR-
Cam bands that is, if it is at that same redshift, sepa-
rated by ~ 700 pc (Labbe et al. 2024). It is host to an
extremely broad (FWHM=4500 km/s) Ha component,
and, additionally, both redshifted and blueshifted nar-
row absorption is detected at Av ~ 150 km/s relative to
the systemic velocity (Labbe et al. 2024). In addition to
its highly luminous Ha, A2744-45924 also hosts a wide
range of extremely high-equivalent width UV emission
lines (Treiber et al. 2024; Labbe et al. 2024).

At z = 3.1, RUBIES-BLAGN-1 is the most luminous
LRD in the UDS field, where it was observed in 8 NIR-
Cam Bands (FO90W, F115W, F150W, F200W, F277W,
F356W, F444W and F410M) as well as two MIRI
bands (F770W and F1800W) as part of the PRIMER
Survey (Donnan et al. 2024). NIRSpec/PRISM and
NIRSpec/G395M spectroscopy was obtained as part of
the RUBIES program (JWST-GO #4233, PIs: Pls de
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Graaff and Brammer; de Graaff et al. 2024), and was
presented along with full spectrophotometric modeling
in Wang et al. (2024a). Even at PRISM resolution, the
Ha emission is clearly broad, and the source also ex-
hibits broad (FWHM~ 4000 km/s) Pad, Pa~y, Hel emis-
sion, with evidence for blueshifted Hel absorption at
Av = =210 km/s (Wang et al. 2024a). The source was
the first individual spectroscopically confirmed LRD to
be detected in MIRI, with a flat rest-frame 1 — 4 pym
color that showed no indication of a significant luminos-
ity contribution from hot torus dust.

2.2. Restframe-optical SED modeling

Previous works have modeled a number of high SNR
LRD UV /optical spectra with complementary methods
(Ma et al. 2024b; Wang et al. 2024a,b; Labbe et al.
2024). They have used a range of star formation his-
tory parameterizations to describe the possible contri-
bution from stars and a number of different power-law
prescriptions to describe a contribution from a standard
AGN disk. In all cases, it is possible to derive accept-
able fits with a wide range of mixtures between AGN
and galaxy contribution, provided that all UV-luminous
components (be they AGN and star formation) are sig-
nificantly reddened by a very steep dust law. Producing
the observed red continuum and sharp transition of the
“V shape” at the Balmer limit always requires a sig-
nificantly reddened component that is intrinsically UV-
luminous. This reflects the vast majority of the work in
the literature, which also reaches conclusions that either
highly luminous dust obscured AGN and/or starbursts
are powering LRDs.

In this work, we directly utilize the best fitting mod-
els for A2744-45924 and RUBIES-BLAGN-1 from Labbe
et al. (2024) and Wang et al. (2024a). We refer the
reader to these works for the specific ingredients of each
of these models, but in practice, they function similarly
by fitting galaxy-only, AGN-only, or composite models
to the observed spectra. In particular, we utilize the
predictions from these models for the total attenuated
luminosity, which should, under the assumption of en-
ergy balance, be equal to the total IR luminosity. De-
spite the range of physical ingredients for these models
and the real differences in the rest-optical spectral shape
of the sources, these models require a similar range of
attenuated luminosity to produce the sharp “V shape”
and red continuum, predicting highly luminous IR SEDs
with log(Lir/Le) = 12.3 — 12.8. We note that Barro
et al. (2024a) also performed SED fitting analysis for
RUBIES-BLAGN-1 and arrived at a significantly lower
IR luminosity due to an intrinsically fainter AGN. How-
ever, the modeling performed by Barro et al. (2024a)

was based only on photometry and failed to capture the
Balmer break that is apparent in the observed PRISM
spectrum. Thus, we proceed with our analysis using
the higher LIR values that come from the spectroscopic
modeling in Wang et al. (2024a).

To demonstrate the level of dust-attenuation that
these models require (Ay = 2.4 — 3 mag in all models
presented in Wang et al. 2024a and Labbe et al. 2024), in
Figure 1 we show the de-reddened best fitting compos-
ite AGN+galaxy model (blue) from Labbe et al. (2024)
in addition to the observed spectrum (goldenrod). The
best-fitting galaxy+AGN model predicts a total attenu-
ated luminosity of ~ 1.8 x 102 L, with ~ 90% of that
luminosity produced by the AGN component and the
remaining 10% coming from a reddened post-starburst
galaxy that produces the break and contributes to the
red continuum.

Assuming these two LRDs are drawn from random
viewing angles such that (Zatemuated) ~ ] this entire
budget of attenuated luminosity should be re-emitted
by continuum dust emission that peaks somewhere in
the mid/far-IR, depending on the dust temperature. In
the next section, we utilize this as motivation for our
follow-up observations to constrain this predicted dust
distribution across a wide range of assumed tempera-
tures.

2.3. IR Constraints

Given that models make clear predictions for the IR
luminosity but are agnostic to the specific dust tem-
perature or composition, we conduct a wide search for
reprocessed dust emission across wavelengths that are
accessible to our current observing facilities. In this sec-
tion, we outline our motivation for each IR data source,
as well as our observing strategy in reductions when new
data was taken. All the measurements from this subsec-
tion, along with published measurements of interest, are
presented in Table 1.

2.3.1. MIRI

Given that a reddened AGN is commonly invoked to
model the red continuum of LRDs (e.g., Onoue et al.
2023; Labbe et al. 2025; Furtak et al. 2024; Wang et al.
2024a,b; Ma et al. 2024b), it stands to reason that
the host dust torii near the black hole that emit at
Arest =, 1 pm typically observed in reddened quasars
(e.g., Assef et al. 2016; Hamann et al. 2017; Ma et al.
2024a; Bosman et al. 2024) would be seen in LRDs.
However, to date, rest-MIR detctions have been con-
sistent with the Rayleigh-Jeans tail of an accretion disk
without the need for an additional hot dust component,
even in stacks (Williams et al. 2024; Akins et al. 2024).
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Figure 1. A demonstration of the fundamental assumption that goes into the vast majority of LRD models, using the composite
model from Labbe et al. (2024) for A2744-45924. In blue, we show the intrinsic, unattenuated galaxy-+AGN model, which, via
a combination of reddening and scattering, is observed in the rest optical as the NIRSpec/PRISM spectrum (orange). The total
attenuated luminosity for both the galaxy and AGN components are listed in the bottom right. Assuming energy balance, this
model, and models like it, predict significant FIR output where the dust that is being heated by the intrinsically blue engine of
the LRD, regardless of whether that engine is primarily driven by a starburst or an AGN.

RUBIES-BLAGN-1 already has mid-IR imaging in the
MIRI F770W and F1800W filters (Ajess ~ 1.5,3.5 pm)
from the PRIMER survey (JWST-GO-1837), exhibiting
no evidence for a hot dust torus (Wang et al. 2024a). For
our analysis, we utilize the fluxes reported in that work,
8.9+ 0.4 and 13.0 £ 0.6 pJy in F770W and F1800W,
respectively.

A2744-45924 was observed in MIRI/F1000W and
MIRI/F2100W on October 30, 2024 for 11 minutes in
F1000W and 30 minutes in F2100W as a part of JWST-
GO #6761 (PI: Greene), with depths that were chosen
to be able to detect a flat continuum similar to what
is seen in RUBIES-BLAGN-1 and other LRDs (includ-
ing those well-fit with stellar continuum from a post-
starburst population alone, see Williams et al. 2024).
Our observations utilized the FASTR1 readout mode
and 4 dithers, with 60 groups and 150 groups per ex-
posure in F1000W and F2100W filters, respectively, fol-
lowing the SMILES survey strategy (Alberts et al. 2024).
Data reduction was performed using the JWST cali-
bration pipeline v1.12.5 with custom steps for warm
pixel removal and iterative background subtraction as
described in Alberts et al. (2024), as well as the masking
of partially saturated pixels across subsequent dithers
to remove persistence artifacts (S. Alberts et al. 2025,

in prep). Astrometry for the F1000W image was cor-
rected using the UNCOVER photometric catalog and
an astrometry-corrected F1000W catalog was then used
to correct the F2100W image, to ensure the maximum
number of matched high-SNR detections.

Following Alberts et al. (2024), we measure the fluxes
in F1000W and F2100W using aperture sizes that en-
close 65% of the energy of a point source (r = 0.36”
and 0.6”, respectively), which we correct to total under
the assumption that our sources are unresolved. Rather
than using the pipeline uncertainty vector, we assume
that the uncertainty in each pixel is equal to the stan-
dard deviation of the full image. The measured fluxes
are 8.6+0.3 and 9.0+0.9 pJy in F1000W and F2100W,
respectively.

2.3.2. ALMA

For both target LRDs, we carried out new ALMA ob-
servations in two bands in project 2024.1.00826.S (PI:
J. Greene). Onme band targets the [Cu] 158 um line
and underlying rest-frame ~160 gm continuum emis-
sion, and the other band targets the dust continuum
emission at an observed frequency that depends on the
redshift of each source. For A2744-45924, [Cu] falls
in the ALMA Band 7 receiver coverage at 347.82 GHz,
and we also observed the continuum at ~690 GHz in
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Figure 2. 6”x6” cutouts of A2744-45924 (top) and RUBIES-BLAGN-1 (bottom), showcasing the F444W imaging (A2744-
45924: Bezanson et al. 2022; Weaver et al. 2024, RUBIES-BLAGN-1: JWST-GO-1837; PI Dunlop), as well as MIRI imaging
(this program for A2744-45924, PRIMER for BRD-BLAGN-1), and new FIR continuum imaging and spectroscopy obtained
with ALMA. Both sources are detected in the mid-IR but not in the far-IR. Additionally, neither source is significantly detected

in [C11].

Table 1. Observed properties of the two LRDs studied in this work.
All fluxes are in observed units and have not been corrected for the
effects of lensing, but all luminosities have been. No measurements
were corrected for any assumed dust attenuation. All fluxes are in
units of uJy, and all luminosities are in units of Ly. All upper limits

are quoted at the 3o level.

A2744-45924

RUBIES-BLAGN-1

Zspec 4.4655 3.1034
M 1.740.2 1
Flux Density [pJy]:
MIRI/F770W - 8.9+04
MIRI/F1000W 8.6 +0.3 -
MIRI/F1800W - 13.0£0.6
MIRI/F2100W 9.0+ 0.9 -
Spitzer/MIPS 24um - < 30
Herschel/PACS 100 < 1700 < 1500
Herschel/PACS 160 < 9200 < 3300
ALMA /Band 9 <435 -
ALMA /Band 8 - < 132
ALMA /Band 7 <44 -
ALMA /Band 6 <125 <21
Luminosity [Le]:
Licin <2.7x 107 <6.7x 107
Lua 16.9 +0.9 x 10° 8.9 +0.3 x 10°

Band 9. For RUBIES-BLAGN-1, [Cr] falls in ALMA
Band 8 at 463.15 GHz, and we additionally observed
the continuum at ~240 GHz in Band 6. For the [Cr]
observations, the correlator was configured to provide
~3.74 GHz of contiguous bandwidth around the [Cii]
sky frequency and 7.81 MHz channels; the alternate side-
band used 31.25 MHz channels. The continuum-only ob-
servations of each target used the observatory-defined
standard Band 9 or 6 continuum configurations.

Band 7 observations of A2744-45924 were executed
on 2024 October 14 and 15 for a total on-source time
of 97min. The array consisted of 47 or 48 antennas on
baselines spanning 15-500 m, producing a ~0.7” synthe-
sized beam with natural visibility weighting. The con-
tinuum sensitivity with this weighting is 14.4 uJy. We
also produced [C11] cubes, which reach a sensitivity of
110 uJy in 100km s~ * channels. The atmospheric trans-
mission is smooth at the [C11] frequency, and we verify
that the quoted depth scales as expected for narrower or
wider velocity channels. The Band 9 observations were
carried out on 2024 October 13 for a total on-source time
of 99 min in excellent weather conditions. With natu-
ral weighting, the synthesized beam size is ~0.3” with
110 pJy sensitivity. In order to mitigate concerns that
this high resolution may resolve out any extended host
galaxy emission, we also apply a 0.4” Gaussian uv taper;
the resulting image has a ~0.55” synthesized beam and
145 pJy sensitivity.

RUBIES-BLAGN-1 was observed in Band 8 on 2024
October 3 and 12 for a total of 198 min on-source with
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Table 2. Predicted IR luminosities inferred from the best fit-
ting models in Labbe et al. (2024) (A2744-45924) and Wang
et al. (2024a) (RUBIES-BLAGN-1). All values for A2744-45924

47 and 44 antennas, respectively, and baselines rang-
ing from 15-500 m. The synthesized beam with natural

weighting is ~0.45”, but we again apply a uv taper to
avoid resolving the target galaxy. The sensitivities below
use a 0.5” taper to reach ~0.75” angular resolution. The
atmospheric transmission is more challenging at the ob-
served Band 8 frequencies, with two main consequences.
First, we discard half of the continuum bandwidth in
the upper sideband due to its proximity to a deep tel-
luric oxygen feature (placing the continuum coverage in
the lower sideband would have faced the same issue, but
with the 448 GHz water line). The continuum sensitiv-
ity in the tapered image is 54 uJy. Second, the [C11]
sky frequency is close to a narrow ozone line, resulting
in ~35% worse sensitivity in a 100kms™' bandwidth
centered at —30kms ™', The consequence is that wider
velocity channels include more data with better trans-
mission; the naturally-weighted cubes reach sensitivities
of 330, 170, and 125 pJy for 100, 300, and 500 kms™!
channels, respectively, at the expected [Ci1] frequency.
Band 6 observations were carried out on 2024 October
18 and 19 for 115 min on-source. With natural visibility
weighting, the synthesized beam is ~1.0” and the data
reach 7.0 uJy sensitivity.

We do not detect continuum or [Cri] emission from
either source. We place upper limits on the continuum
flux density using the rms of each image (tapered, as
noted above); this assumes the sources would be point-
like at the resolution of the data. We extract [C11] spec-
tra under the same assumption (from the tapered cube,
in the case of RUBIES-BLAGN-1) by fitting for the am-
plitude of a 2D Gaussian profile with the dimensions of
the synthesized beam and centroid fixed to the phase
center in each channel of the cubes. We place upper
limits on the integrated [Ci1] line luminosity assuming a
line width FWHM of 500 kms ™.

2.3.3. Ancillary FIR Data

As an additional constraint on the presence of hot
dust in RUBIES-BLAGN-1, we utilize existing deep
Spitzer/MIPS 24pm imaging (Dickinson et al. 2003)
that does not detect the source (Wang et al. 2024a;
Barro et al. 2024a). As this source is in 3D-HST cat-
alogs, we utilize the flux and uncertainty reported in
Whitaker et al. (2014) to arrive at a 30 upper limit of
30 pJy. To constrain dust at rest-frame ~ 20—40um, we
utilize existing Herschel /PACS 100 and 160 pm imaging
of our sources, which, in contrast with typical LRDs, are
so luminous that these limits are relevant. For RUBIES-
BLAGN-1, we adopt the limits from the 3D-Herschel
project (S. McNulty et al. in preparation, NASA-
ADAP-80NSSC20K0416). For A2744-45924, we utilize

are corrected for the effect of lensing.

Lattenuated [Lo): AGN Galaxy Total
A2744-45924
AGN Only 3.6 x 10'? - -
Galaxy Only — 7.9 x 102 —
Composite 1.6 x 10 2.0 x 10" 1.8 x 10'?
RUBIES-BLAGN-1
Galaxy Only - 1.7 x 1012 -
Composite 3.4 %102 4.8x10° 3.4 x 102

imaging from the Herschel Lensing Survey (Egami et al.
2010). We obtain reduced imaging products from the
Herschel Science Archive and perform a 2D sky subtrac-
tion with SEP (Bertin & Arnouts 1996; Barbary 2016).
We measure the flux and uncertainty in 4 and 6 arcsec-
ond apertures at the source location and measure the
total flux by multiplying by 2.5 and using the local RMS
to estimate uncertainty. We do not detect either image,
and our 3¢ upper limits are 1.7 mJy and 9.2 mJy at 100
and 160 pm respectively.

3. ANALYSIS

3.1. Are LRDs consistent with standard galaxy and
AGN dust emission SEDs?

The luminous LRDs we study in this work are charac-
terized by two distinct features in their rest-frame mid-
and far-IR SEDs: they exhibit fairly flat colors from
Arest = 1—4 pm and they are undetected in deep contin-
uum imaging at Apest = 80—200 pm. The weak Herschel
limits at Apest =~ 20 pm also constrain the maximum
IR luminosity output in between these tighter JWST
and ALMA limits. Armed with these observations and
the predictions for the attenuated luminosity from the
models described in Section 2.2, in this section we ask
whether the predicted IR luminosity can be consistent
with observations if the AGN and galaxy dust is emitted
in standard SED models that can describe the dust in
such systems.

Dust in star forming galaxies is generally dominated
in mass by cold grains that emit at T = 10 — 50 K,
with a hotter component that includes significant emis-
sion from polycyclic aromatic hydrocarbons (PAHs, e.g.,
Draine et al. 2007). The dust distributions in AGN,
in contrast, are thought to peak at much shorter wave-
lengths due to large contributions for dust near the AGN
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Figure 3. The IR spectral energy distributions of A2744-45924 (top) and RUBIES-BLAGN-1 (bottom). Herschel PACs and
SPIRE upper limits are shown as triangles and the Spitzer/MIPS 24pm for RUBIES-BLAGN-1 is shown as a square. New MIRI
and ALMA limits are shown as hexagons. Existing ALMA Band 6 data, in the case of A2744-45924, is shown as a circle. In the
first row, we show the predictions for the IR SED using the galaxy-only fits from Labbe et al. (2024) and Wang et al. (2024a),
assuming the dust emits as a (Tuust) = 45 K Draine et al. (2007) template scaled to the attenuated luminosity (blue). On the
right, we show the composite models from the same work, with the attenuated luminosity of the galaxy component emitted in
the same Draine et al. (2007) template and the attenuated AGN emitted with the coldest SKIRTOR model (Stalevski et al.
2012, 2016, pink). In all cases, the total model is shown in black and is inconsistent with our new constraints.

that is exposed to very hard radiation and heated to
T ~ 1000 K, with additional contributions from warm
dust (e.g., Nenkova et al. 2008; Stalevski et al. 2012).
Here, we set out to test whether such standard dust
temperature distributions, as implemented in templates
widely used in galaxy and AGN SED fitting, can be con-
sistent with our tight constraints on LRD dust SED. For
each model fit to A2744-45924 and RUBIES-BLAGN-1
in Labbe et al. (2024) and Wang et al. (2024a), respec-

tively, we compute the attenuated luminosity of starlight
and AGN separately. These values are shown in Table 2.
We then assume that the dust from the galaxy and AGN
are emitted in standard dust templates that we choose
to maximize their chance of adhering to the data. The
ALMA non-detections imply that there cannot be sig-
nificant cold dust, so we employ a warm Draine et al.
(2007) template with Uy, = 25, 7. = 1, and gpap = 1
(corresponding to an average dust temperature of 45 K)
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to represent galaxy dust. Similarly, the flat MIRI col-
ors imply that any contribution from hot dust must be
minimal, so to represent AGN dust, we adopt the cold-
est SKIRTOR (Stalevski et al. 2012, 2016) torus model
available in their library, selecting the model that has
the maximum fractional energy output at Aest > 5 pm.

In Figure 3, we overplot these predicted dust SEDs
on the IR SEDs of A2744-45924 (top) and RUBIES-
BLAGN-1 (bottom) for the galaxy-only model (left) and
the composite galaxy+AGN model (right). We show the
total predicted SED in black, and the scaled template
galaxy dust and AGN dust SEDs in blue and pink, re-
spectively. Under the above assumptions, it is clear that
all of these standard models violate some of our con-
straints when scaled with the IR luminosity predictions
from the rest-optical SED modeling. The warm Draine
et al. (2007) model is able to produce the flat mid-IR col-
ors, but vastly over-predicts not only the ALMA far-IR
limits, but also the Herschel non-detections, and reduc-
tions on the order of 0.5-1 dex in the IR luminosity pre-
dicted by the galaxy-only models would be necessary to
bring these SEDs into agreement with the far-IR limits.
In both composite models, the attenuated AGN dom-
inates the reprocessed luminosity budget, and in both
cases, the coldest SKIRTOR SED still predicts too much
hot dust and too much cold dust to be consistent with
our limits, and similar reductions of > 0.5 dex in the
IR luminosity would be necessary to bring these models
under all our limits.

Simply put, these standard dust SEDs emit at too
wide a range in dust temperatures to adhere to the
limits imposed by our deep data at the IR luminosi-
ties that are predicted by the standard assumptions of
models used in the vast majority of the literature to
describe LRDs. While the models fit in Labbe et al.
(2024) and Wang et al. (2024a) did not explicitly include
these limits, model parameters (e.g., star formation rate,
stellar mass, AGN bolometric luminosity) would have
to change dramatically to fit the LRD SED without
predicting this much IR luminosity. However, due to
their compact size, there is considerable reason to be-
lieve that the LRD dust SED should not resemble the
standard dust SEDs employed here (Casey et al. 2024;
Li et al. 2024). As such, in the following section, we
explore whether any non-parametric dust SEDs con-
structed from a series of blackbodies can be consistent
with the full suite of IR observations in this work under
the assumption of energy balance.

3.2. Empirical Constraints on the IR Luminosity and
Dust Temperature

If energy balance holds and the model of an intrin-
sically blue source subjected to dust-reddening is cor-
rect, it is clear that the bolometric output in the FIR
must emit at the specific wavelengths where our cur-
rent constraints are the worst (Aest ~ 5 — 50um in the
case of A2744-45924, 5 — 150um in the case of RUBIES-
BLAGN-1). However, given the considerable systematic
uncertainties and the long list of assumptions that go
into both the SED fitting of LRDs and the choices of
the dust SED templates, we now explore the empirical
constraints on the IR luminosity, independent of any
explicit predictions for the dust SED shape or normal-
ization.

In order to do so, we construct a maximal IR SED
from a series of 9 modified blackbodies (with dust emis-
sivity 8 = 2), logarithmically sampled between 20 K and
800 K. Using emcee (Foreman-Mackey et al. 2013), we fit
for the luminosities of each of these blackbodies simul-
taneously but independently, constraining our fits with
all JWST/MIRI, Herschel/PACS, and ALMA photom-
etry at Arest > 3 um where dust emission should dom-
inate whatever is producing the red continuum. Non-
detections are included as measurements of 0, with their
uncertainties set by the 1o flux limits. This is a con-
servative estimate, especially with regard to the dust
continuum contribution at short wavelengths where we
neglect any contribution from the LRD UV-optical con-
tinuum. In Figure 4, we plot the entire observed SED
for our LRDs in vL,, with both the observed spectrum
and photometry shown. In a series of shaded curves, we
show the individual contributions for each of the black-
bodies for the model which produces the 30 total IR
luminosity, with the sum of these components shown as
a solid line. Only warm (7' ~ 200 K) dust can produce
any appreciable IR luminosity; the ALMA observations
completely rule out any significant cold (T" < 75 K)
dust, and the mid-IR observations similarly rule out the
presence of hot (T 2 500 K) dust.

We additionally show the stacked maximum LRD
SED from Akins et al. (2024), rescaled to the Ajest =
0.6 mum luminosity of our sources, which are a factor
of ~ 10 more luminous than their typical source. We
highlight that our constraints on L;r/Loptica for indi-
vidual sources are significantly deeper than those in their
stacks, even if the intrinsic L;gr constraints are fairly
comparable. The results of this fitting are also sum-
marized in Table 3, both in solar luminosity units and
normalized to v L, at Arest = 0.6 pm to facilitate the use
of these limits in LRDs that lack the same panchromatic
SED constraints.
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Figure 4. The full SEDs for A2744-45924 (top) and RUBIES-BLAGN-1 (bottom) containing all existing optical-FIR data,
with existing NIRCAM photometry shown as circles and NIRCam spectra shown in black. Herschel PACs and SPIRE upper
limits are shown as triangles. New MIRI and ALMA limits are shown as hexagons. The colored curves indicate the maximum
contribution of single temperature modified Tyust= 20, 30, 50, 130, 200, 320, 510, and 800 K blackbodies to the 3o upper limit
FIR SED. The non-detection of any rising dust at rest-frame 4 pm essentially rules out any significant luminosity contribution
from hot (T" > 500 K) dust. Similarly, the ALMA non-detections rule out any significant contribution from cold (T' < 75 K)
dust. Herschel non-detections place a ceiling of ~ 10'? L in a warm component at T ~ 200 K. Also shown is the stacked
maximal LRD SED from Akins et al. (2024) (grey), scaled to the Arest = 0.6 pm luminosity of our sources, illustrating that our
observations allow for a much narrower range of Lir/Loptical than their limits.

In the top panel of Figure 5, we collapse this maxi-
mum luminosity measurement into individual upper lim-
its for the integrated blackbody luminosity as a function
of temperature, again showing the 20 upper limits. The
x-axis error bar denotes the temperature range at which
50% of the power in a given blackbody is emitted. In
the bottom panel, we show the posterior probability dis-
tribution for the total IR luminosity that results from
the combination of these curves. We additionally anno-
tate this figure with the total Lattenuated values from the
models discussed in Section 2.2 and Table 2. All of the
energy balance predictions for the emitted IR luminosity
either exceed or are very near to the maximum allowed
luminosity under these very conservative empirical con-
straints. Furthermore, the highest luminosities are only
attainable if the dust essentially exclusively emits in a

very narrow range of temperatures, precisely where our
data is the least constraining. As such, we conclude that
it is unlikely that any of these models that rely heav-
ily on a dust-attenuated blue component are likely to
complete in their description of the physics of the LRD
engine.

3.3. [Cu] SFR Limits

Independent of our energy balance analysis, the [Cr]
non-detections in both sources can also constrain the
star formation rates in these systems, under the assump-
tion that the ISM conditions in LRDs are similar to
those in typical star forming galaxies where these rela-
tions are calibrated. Under this assumption, significant
star formation is also ruled out by the non-detection of
[C11] in both sources. Using the De Looze et al. (2014) re-
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Figure 5. (Top): The 30 upper limits of the maximum single temperature modified blackbody luminosity that can be consistent
with our new IR constraints for these sources as a function of the dust temperature (see Section 3.2). The width of the horizontal
error bars denote the temperature range where 68% of the power of a given blackbody is emitted. (Bottom): The posteriors
for the maximum IR luminosity constrained in our fitting. We also show as dashed lines the attenuated luminosity predictions
for galaxy-only (blue), and galaxy+AGN composite (black) models from Wang et al. (2024a) and Labbe et al. (2024). The
AGN-only energy balance prediction for A2744-45924 is also shown in pink. In both cases, the models predict IR luminosities
that either exceed or are right at the edge of what is allowable by our panchromatic dust SED fitting.

lation for a wide diversity of z ~ 0 galaxies, our 30 SFR
limits for A2744-45924 and RUBIES-BLAGN-1 are 3.4
Mgyr~! and 8.1 Mgyr—1!, respectively. If instead, we
adopt the z > 6 calibration from Schaerer et al. (2020),
the limits are 5.8 Mgyr~! and 12.1 Mgyr—!. These
limits are far below the star formation rates implied if
one assumes the Ha is primarily driven by star forma-
tion; even without dust correcting the Ha luminosity,
the Kennicutt (1998) relation (corrected to a Chabrier
2003 initial mass function following Muzzin et al. 2010)
yields a star formation rate of 296 Mgyr—! and 156
Mgyr—! for A2744-45924 and RUBIES-BLAGN-1, re-
spectively. Star formation, whether or not it is dust

obscured, must be minimal if these calibrations hold in
LRDs (see also Xiao et al. submitted).

Given the significant systematic uncertainty in the
masses of Little Red Dots (e.g. Wang et al. 2024b), it is
not entirely clear how to interpret these limits in the con-
text of the evolutionary stage of the LRD host galaxy.
All of the fits to A2744-45924 in Labbe et al. (2024) im-
ply masses on the order of log(M,/Mg) ~ 11 assuming
that the red continuum is dominated by starlight, and
the clustering of the system similarly implies a mass
of log(M,/Mg) 2 10.2. In both cases, the SFR lim-
its measured here would imply that the host galaxies
of the most luminous LRDs are decidedly below the
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Table 3. 30 upper limits for the FIR SED of our sources, as fit in Section 3.2 and illustrated in Figure 4 and 5. For
each source, we show the luminosity limit of each of the individual blackbodies included in the fitting, as well as the
constraint on the total IR luminosity. Additionally, we show the same limits normalized to the continuum v L, of each

of the sources at Arest = 0.6 um.

log(L) 20K 30K 50K 80K 130K 200K 320K 510K 800K Total
A2744-45924
[L/Lo)] <9.7 <99 <104 <109 <114 <11.7 <120 <112 <108 <122
[norm. at 0.6um] <-13 <-10 <-05 <00 <05 <08 <11 <03 <-01 <12
RUBIES-BLAGN-1
[L/Lg) <96 <101 <107 <111 <118 <120 <114 <11.1 <108 <121
[norm. at 0.6um)] <-11 <-06 <-00 <04 <10 <13 <07 <03 <0.1 <14

star forming main sequence. However, in models where
the AGN is responsible for the red continuum and the
galaxy component is only responsible for the UV, in-
ferred SFRs are significantly lower (e.g., the compos-
ite model in Wang et al. 2024a, which constrains the
galaxy to have log(M,/Mg) ~ 9.5). The limits for
RUBIES-BLAGN-1 that we report here, in conjunction
with that mass, would imply a specific star formation
rate of < 10782yr—!, consistent with the fit.

4. DISCUSSION AND CONCLUSIONS

In this letter, we show that there is serious tension
between the empirical IR SED limits of luminous LRDs
and the bolometric luminosity that is implied by high
dust attenuation in the rest-optical (under the assump-
tion of energy balance). This tension can only barely
be resolved by tuning the dust temperature distribution
to emit at 7" = 100 — 300 K, with no appreciable lumi-
nosity output in cold and hot dust reservoirs typically
seen in dusty star forming galaxies and AGN, respec-
tively. While such tightly peaked dust temperature dis-
tributions for LRDs have been proposed in Casey et al.
(2024) and Li et al. (2024) (and T ~ 100 K dust has
been observed in high-z dusty quasars, e.g., Fujimoto
et al. 2022; Ferndndez Aranda et al. 2025), the fact that
even such a distribution still has trouble being consis-
tent with our data for the IR luminosities predicted by
models that invoke a highly reddened blue LRD engine
casts doubt on the validity of those models.

Perhaps the most natural explanation for the discrep-
ancy between the predictions of energy balance and our
FIR data is that energy balance does not hold: the at-
tenuated luminosity inferred from the rest optical SED
fitting does not equal the FIR luminosity in LRDs. How-
ever, while it is easy to imagine a scenario where energy
balance wunder-predicts the total IR luminosity (opti-
cally thick dust that contributes to the FIR SED while
being totally invisible and unaccounted-for in the rest-

optical SED fits), it is more difficult to imagine a geo-
metric configuration where energy balance over-predicts
the IR luminosity.

Such a geometric configuration would mean that our
viewing angle is preferentially oriented such that the UV
is almost entirely eclipsed, but the dust covering fraction
is low enough that there is a significant range of sight
lines where UV emission can escape. This would im-
ply an analogous population of little blue dots that are
comparably numerous to the LRDs studied in this work.
However, LRDs are roughly a factor of 100x more nu-
merous than UV-selected quasars (Greene et al. 2024),
making it difficult to imagine that LRDs are all similarly
luminous quasars that are being viewed along a prefer-
ential line of sight that allows for the violation of energy
balance. And if LRDs are star forming, there is no anal-
ogous UV population, as the vast-majority of UV-bright
galaxies are clumpy and resolved (e.g., Harikane et al.
2025). Therefore, we proceed under the assumption that
the energy balance holds.

Our tight constraints on the total IR luminosity and
the dust temperature distribution cast serious doubt on
the presence of a deeply dust-obscured starburst in these
sources (as suggested in e.g., Pérez-Gonzdlez et al. 2024;
Baggen et al. 2024). Despite their luminous He, they
are undetected in [C1], leading to conservative limits
on their SFRs of ~ 5.8 and 12.1 Mgyr—! in A2744-
45924 and RUBIES-BLAGN-1, respectively (and cor-
roborating the growing body of evidence that LRDs
are significantly [C11] under-luminous relative to their
Balmer emission and SFR estimates inferred from SED
fitting, see Xiao et al. submitted). Furthermore, in both
sources, there is essentially no room for an IR energy
output that is consistent with a starburst, even if invok-
ing highly constrained dust temperature distributions
that exclusively emit at ~ 150 — 300 K, where our data
is the least constraining. The combination of undetected
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far-IR emission and non-detected [C11] implies that dust-
attenuated star formation cannot be contributing appre-
ciably to the red continuum in these luminous LRDs,
unless the ISM is in a configuration where the dust ex-
clusively emits at ~ 200 K, narrowly evading detection,
and is inhospitable to [Cr1].

Given that highly dust-obscured starbursts are un-
likely to be consistent with the full LRD SED, it is prob-
able that the red continuum is produced by AGN accre-
tion disk continuum, which gives a natural explanation
for the broad lines and growing evidence of variability
in LRDs (Ji et al. 2025; Furtak et al. 2025). However,
our data also disfavor any solutions where the red rest-
optical continuum is the result of a dust-reddened stan-
dard AGN. The SED fitting solutions that include an
AGN component also predict IR luminosities that are
right at the edge of what is allowable by our limits, as
attenuating a standard AGN disk to match the red con-
tinuum shape in LRDs requires a steep dust law that
attenuates the entirety of the intrinsic AGN UV emis-
sion.

Ultimately, reducing the high attenuated luminosity
provides the most compelling resolution to the tension
between the IR predictions and the observed Lig limits
in LRDs. The LRD spectrum must already be redder
than a standard AGN disk or young stellar population
before it sees any dust. Omne proposed such model is
an AGN embedded in dense T ~ 10*K gas (Inayoshi
& Maiolino 2024), attenuating the UV with absorption
by n = 2 hydrogen rather than dust and naturally pro-
ducing a Balmer break without invoking evolved stellar
populations. However, in the implementation of such a
model to fit a z = 7.3 LRD, the suppression of the FUV
by the dense gas is modest and significant attenuation
(Ay ~ 2) is still required to produce the observed red
continuum shape (Ji et al. 2025). If this same approach,
applied to the highly luminous LRDs in this letter, can
indeed result in a significant (2 0.5 dex) reduction in the
attenuated luminosity, the dust SED could more com-
fortably fit under our IR limits without requiring quite
as tight a distribution in dust temperature. It remains
to be seen whether the combination of the sharp Balmer
break, highly luminous broad line emission, weak UV,
and lack of mid-IR and far-IR dust can be simultane-
ously modeled by this physical picture in these luminous
sources.

There is also the possibility that the assumption of
an intrinsically blue AGN or starburst that needs to be
reddened by a combination of dust and gas absorption
is incorrect. If, instead, the apparent spectrum of the
accretion disk were significantly redder, less reddening
would be needed to match the observed optical contin-

uum. Such an SED is predicted by super-Eddington
accretion,with a geometrically thick disk that emits at
a lower effective temperature than a standard accretion
disk (Abramowicz et al. 1980; Jiang et al. 2014, 2019;
Madau 2025). Super-Eddington accretion models also
predict weak X-ray emission (Proga 2005; Jiang et al.
2019), as is seen in LRDs (Lambrides et al. 2024; Yue
et al. 2024; Ananna et al. 2024). However, to date, no
full SED model of super-Eddington accretion has been
produced that can describe the LRD spectrum, and it
remains to be seen whether an intrinsically redder AGN
SED can simultaneously describe the “V shape” and
FIR limits while also accounting for the highly luminous
emission lines seen in our sources.

The observations presented in this work represent the
most complete SED constraints that are possible for
LRDs at z = 3 — 5 at present. The fact that highly
luminous sources show no evidence of dust continuum
emission, at any temperature, strains models that in-
voke a dust-attenuated blue engine to explain the rest-
optical. Given that no current models appear consistent
with our new constraints, these data also cast doubt on
the inferred properties of LRDs, including AGN bolo-
metric luminosities and black holes masses under the
AGN interpretation or stellar masses and ages in galaxy
models. Given that we do not detect LRDs in the FIR, it
is unlikely that these models will yield inferred physical
properties that are accurate in LRDs.

Ideally, we could make progress by drilling deeper at
Arest = 10 — 80 pm in these systems, where our current
IR constraints are weakly constrained by ancillary Her-
schel data. However, current telescope facilities lack the
sensitivity to constrain the IR luminosity at these warm
temperatures. Next-generation IR facilities like PRIMA
(Moullet et al. 2023) would have the required sensitivity
to detect individual LRDs at these wavelengths—if they
are indeed host to warm dust reservoirs. This advance
would enable panchromatic SED modeling to constrain
the maximum IR luminosity of LRDs beyond the upper
limits that we report here.

However, such facilities will not be online for a long
time. In the mean time, lower-redshift analogues pro-
vide another path forward. Existing facilities like
JWST/MIRI can probe hot/warm dust at Aest = 3 —
20pm. It is unclear whether such sources exist, and it
appears that the LRD number density drops precipi-
tously below z ~ 4 (e.g., Kocevski et al. 2024), but it
is urgent that we search large volumes given the intense
level of uncertainty in the dust content of these systems.
It is clear that the current class of LRD models that as-
sume an intrinsically blue engine (be it a starburst or a
standard AGN) that is strongly attenuated by dust are
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at the edge of our limits for the maximum IR luminosity
of LRDs. In light of this, inferred properties based on
lower-redshift calibrations should be treated with skepti-
cism until the drivers of the panchromatic SEDs of these
strange luminous sources are understood.

Facilities:  JWST (NIRCam, NIRSpec, MIRI),
ALMA, Spitzer (MIPS), Herschel (PACs)

Software:  Astropy (Astropy Collaboration et al.
2013, 2018, 2022), STScI JWST Calibration Pipeline
(https://jwst-pipeline.readthedocs.io/ Rigby et al.
2023), grizli (Brammer 2023a, github.com/gbrammer/
grizli), msaexp (https://github.com/gbrammer/msaexp
Brammer 2023b), Matplotlib (Hunter 2007), Flexible
Stellar Population Synthesis (Conroy et al. 2009; Con-
roy & Gunn 2010), SEDPy (Johnson 2019)
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