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ABSTRACT

By virtue of their red color, the dust in little red dots (LRDs) has been thought to be of appreciable

influence, whether that dust is distributed in a torus around a compact active galactic nucleus (AGN)

or diffuse in the interstellar medium (ISM) of nascent galaxies. In Casey et al. (2024) we predicted

that, based on the compact sizes of LRDs (unresolved in JWST NIRCam imaging), detection of

an appreciable dust mass would be unlikely. Here we present follow-up ALMA 1.3 mm continuum

observations of a sample of 60 LRDs drawn from Akins et al. (2024). None of the 60 LRDs are detected

in imaging that reaches an average depth of σrms = 22µJy. A stack of the 60 LRDs also results in a

non-detection, with an inverse-variance weighted flux density measurement of S1.3mm =2.1±2.9µJy.

This observed limit translates to a 3σ upper limit of 106 M⊙ in LRDs’ dust mass, and ≲1011 L⊙ in

total dust luminosity; both are a factor of 10× deeper than previous submm stack limits for LRDs.

These results are consistent with either the interpretation that LRDs are reddened due to compact but

modest dust reservoirs (with AV ∼ 2 − 4) or, alternatively, that instead of being reddened by dust,

they have extreme Balmer breaks generated by dense gas (> 109 cm−3) enshrouding a central black

hole.

1. INTRODUCTION

The discovery of little red dots (LRDs) by JWST has

been a perplexing mystery. Characterized by compact

(unresolved) morphologies and red rest-frame optical

colors (sometimes with a faint, blue component in the

rest-frame UV, giving a ‘V-shaped’ SED; Labbe et al.

2022, 2023; Kokorev et al. 2024; Kocevski et al. 2024),
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the population of LRDs at z > 5 is surprisingly ubiq-

uitous, with volume densities ≳10−5 Mpc−3, making up

a few percent of the galaxy population at these epochs.

And yet, a similar population at low-z (z < 3) LRDs –

both compact and red – seem to be far more rare (Lin

et al. 2025a; Bisigello et al. 2025; Ma et al. 2025).

Spectral follow-up efforts have revealed the ubiquity of

luminous active galactic nuclei (AGN) among the LRD

population (Matthee et al. 2024; Greene et al. 2023; Tay-

lor et al. 2024). Though the detection of a Balmer break

in some LRDs has led to a hypothesis that LRDs are not

dominated by light from AGN (Wang et al. 2024), as-

suming they are comprised of highly compact and old

stellar populations proves problematic in a number of
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Figure 1. JWST 5′′×5′′ tricolor cutouts (F150W, F277W, F444W) of our LRD sample overlaid with ALMA dust continuum
contours. Blue contours denote positive SNR (integer multiples of σ beginning at 2σ) and red contours denote negative SNR
(integer multiples of σ descending from -2σ). None of the 60 LRDs in this program were detected with 1σ RMS ranging
21-23µJy.

ways – they are excessively dense (Baggen et al. 2024)

and push the limits of stellar mass assembly at early

times if so (Williams et al. 2023). Alternatively, Inayoshi

& Maiolino (2024) posit that LRDs are caused by very

dense (> 109 cm−3) neutral hydrogen surrounding the

accretion disk of an AGN. This idea is supported by re-

cent observations of LRDs with extreme Balmer break

strengths, exceeding the maximal expected from a stel-

lar population (Naidu et al. 2025; Rusakov et al. 2025;

de Graaff et al. 2025; Ji et al. 2025; Taylor et al. 2025).

Whether or not the rest-frame optical emission is dom-

inated by compact stellar populations or AGN, the red

nature of the population has naturally led to the hy-

pothesis that LRDs are dust-obscured1. Significant ob-

scuration (implied AV ∼ 2− 4) may suggest substantial

dust reservoirs obscuring their light on ∼10’s or ∼100’s

1 Though we note that the Inayoshi & Maiolino (2024) argument
for a black hole enshrouded in dense gas does not explicitly re-
quire any dust obscuration, and super-Eddington accretion onto
black holes may naturally lead to a redder continuum (Lambrides
et al. 2024; Quadri et al. 2025; Madau 2025).

of parsecs. Labbe et al. (2022) and Akins et al. (2024)

present some of the first limits on dust content of LRDs

from pre-existing submm datasets in the deep fields in

which their LRDs are found. No LRDs were detected

in those datasets among hundreds, though their limits

were not particularly sensitive to masses <107 M⊙ (with

stacked upper limits of order S1.2mm <0.1 mJy at 5σ).

Recently, deep NOEMA observations of two z > 7 LRDs

(Xiao et al. 2025) and separately, multi-band ALMA ob-

servations of two of the brightest LRDs known (Setton

et al. 2025) result in more stringent non-detections.

In Casey et al. (2024) we present the prediction that

LRDs’ dust masses are limited to ∼104−5 M⊙, with their

compact sizes primarily driving significant attenuation

at relatively low mass. This was primarily based on

earlier submm limits (and in agreement with the more

recent results of Xiao et al. 2025 and Setton et al. 2025).

If LRDs were more dust-rich, then they would have al-

ready presented as detections in the submillimeter or

at least show some highly obscured but detectable ex-

tended host-galaxy emission in NIRCam imaging.
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In this work we present new ALMA 1.3 mm contin-

uum follow-up observations of a large sample of 60 bright

LRDs at z ∼ 5 − 8 selected from Akins et al. (2024) to

search for anomalously large dust reservoirs ≳106 M⊙ at

≲100 K temperatures. This constitutes the largest sam-

ple of LRDs for which deep dust continuum measure-

ments have been made. Section 2 presents the LRD sam-

ple, ancillary data and ALMA observations, section 3

presents the measurements, and section 4 discusses the

implications of the new limits. Throughout we adopt

a Planck cosmology (Planck Collaboration et al. 2020),

AB magnitudes (Oke & Gunn 1983) and a Chabrier ini-

tial mass function (IMF; Chabrier 2003).

2. SAMPLE SELECTION & OBSERVATIONS

We select LRDs for ALMA observations from the

COSMOS-Web (Casey et al. 2023) sample of LRDs

(Akins et al. 2024). COSMOS-Web covers more than

three times the area of all other JWST deep fields com-

bined so is particularly sensitive to the rarest, brightest

sources. These are arguably the most likely LRDs to

exhibit a dust detection. A third of the field is also

covered by MIRI 7.7µm imaging, giving further direct

constraints on the rest-frame NIR of the LRD popula-

tion.

The LRD selection in Akins et al. (2024) can be sum-

marized as (a) a compactness cut, such that sources are

unresolved in F444W, (b) very red color in NIRCam LW

filters, such that m277−m444 > 1.5, and (c) lack of good

fit to brown dwarf templates. It does not explicitly re-

quire a “V-shaped” SED in the rest-UV; this choice was

jointly motivated by the lack of understanding of the

physics generating the UV emission and if it is related to

the red rest-optical and depth limitations in COSMOS-

Web SW imaging. While some may be concerned that

the lack of blue rest-frame UV requirement or sparse fil-

ter coverage in COSMOS-Web leaves us more prone to

contamination from, e.g., extreme emission line galax-

ies, compared to smaller deep fields with more extensive

NIRCam coverage, this concern is directly addressed by

the very red selection in [F277W]-[F444W]. The strength

of that drop greatly reduces possible contaminants; the

addition of MIRI detection at 7.7µm further refines the

photometric redshifts of the sample so they have similar

uncertainties as what one might generate using a tight

detection of a Lyman-break in the rest-UV. Though a

small subset, some of the Akins et al. (2024) LRDs have

already been spectroscopically confirmed as broad-line

AGN from the COSMOS-3D program (Lin et al. 2025b),

demonstrating a high purity for this LRD photometric

selection in COSMOS-Web.

Of the several hundred LRDs found in COSMOS-Web,

we select a subset with the most potential for large dust

reservoirs: those that are reddest (i.e. dustiest, as mea-

sured directly via color and through derived AV from

SED fitting) and the brightest. Of the 148 LRDs pre-

sented in Akins et al. (2024) with MIRI F770W imaging,

we apply the following specific criteria to select a subset

for ALMA observations:

• [F444W]<27,

• [F770W]<26.5 with a detection >5σ, and

• [F277W] - [F444W]>1.7.

The first criterion selects bright LRDs. The sec-

ond (MIRI) criterion is crucial for anchoring the long-

wavelength SED of LRDs, providing direct evidence

that the selected LRDs lack dominant mid-IR powerlaws

(and are thus inconsistent with hot dust tori). Though

these are MIRI detected, none of the selected sources

have SEDs consistent with such a mid-IR powerlaw; the

MIRI detections are also critical for ruling out brown

dwarf contaminants. The red criterion maps directly

to a high derived absolute magnitudes of attenuation

AV > 2 from SED fitting. Significant attenuation im-

plies that this subset may have the highest potential to

be the dustiest.

The above criteria result in the selection of a sam-

ple of 60 LRDs (about ∼40% of the original 148 MIRI-

observed LRDs from Akins et al. 2024). Their pho-

tometric redshifts span 5 < z < 8 (with a median

⟨z⟩ = 6.1) and are well-constrained due to their red

[F277W]-[F444W] color and MIRI detections. This sam-

ple size was motivated by the firm constraints it could

set on the results, with a stacked uncertainty on the re-

sulting flux density <5µJy, translating to a dust mass

uncertainty of 2×106 M⊙ for assumed dust temperature

∼100 K.

ALMA observations were carried out in band

6 (1.3 mm) as part of project 2024.1.00708.S (PI:

Casey) with 37.3 hours with the goal of achieving a

25µJy beam−1 continuum RMS with ∼24 minutes on-

source. Observations were split into four tunings to si-

multaneously search for serendipitous [Cii] line emission

in the ∼1/3 of the sample whose photometric redshifts

would place [Cii] in band 6. Three of the four tuning

setups were executed covering frequencies 212–220 GHz,

224–236 GHz, and 240–244 GHz with a representative

frequency 228 GHz (λ =1.316 mm). These frequencies

cover redshift ranges z =6.78–6.91, z =7.05-7.48, and

z =7.63-7.96 for the [Cii] search. No obvious [Cii] emit-

ters were found, though we will be able to return to this

data once spectroscopic redshifts are in hand to search

for [Cii] using an informed prior. Spectroscopic red-

shifts for many will come in the JWST Cycle 3 program



4 Casey et al.

Figure 2. Limits we place on dust mass and IR luminosity based on our measurements as a function of dust temperature. The
RMS per source ranges from 21–23µJy at 1.3mm, translating to a 3σ upper limit of 66µJy; this sets an upper limit to the
dust mass and IR luminosity of LRDs traced out by the red curves. We show the redshift dependence of this limit in different
shades of red, from lightest (z ∼ 5) to darkest (z ∼ 8). The limited flux density for the stack, of 10.8µJy at 3σ, is traced out
by the blue line at the median redshift of the sample. We also show the measured limit to IR luminosity (≲ 1012.2 L⊙) and
estimated dust temperature (>75K) from Setton et al. (2025), derived from detailed ALMA and JWST/MIRI constraints on
two very luminous LRDs (in green); their limits rescaled to the typical luminosity of our LRDs is shown in dark green. Despite
uncertainty in the underlying dust temperature of the dust around LRDs, we place representative upper limits from these data
of < 107 M⊙ and < 1012 L⊙ on individual sources and < 106 M⊙ and < 1011 L⊙ on the non-detection from the stack.

COSMOS-3D (# 5893, e.g. Lin et al. 2025b) and the

Cycle 4 program EMBER (# 7076, PI: Akins).

Data were obtained spanning 11-Dec-2024 through 14-

Jan-2025 and were reduced using the CASA pipeline

version 6.6.1.17. The continuum sensitivity reaches per-

source depths spanning σrms = 21.4–23.1µJy beam−1

with mean noise of 22.3µJy beam−1. The synthesized

beam averages to 0.′′81×0.′′65 using natural weighting.

3. DERIVED LIMITS ON DUST MASS

None of the 60 LRDs were detected in dust contin-

uum. With typical RMS of 22µJy, this gives a typi-

cal per-source 3σ (5σ) upper limit of S1.3mm <67µJy

(<111µJy). The measured SNR of each source’s central

unresolved beam ranges from –2.0 to 1.8, fully consis-

tent with expectation from the null hypothesis, i.e. that

none have discernible millimeter emission. The gallery

of LRDs covered by this program are shown in Figure 1,

with ALMA contours overlaying JWST tri-color images.

Beyond the non-detection of individual sources, we

also stack our data in the image plane. This also results

in a non-detection. The measured constraint on the flux

density from the stack using inverse-variance weighting

is S1.3mm = 2.1 ± 2.9µJy (0.72σ). We note this is not

appreciably different from a direct, unweighted stack of

S1.3mm = 1.9 ± 3.2µJy (0.58σ) because the RMS varies

by less than 10% across the full sample.

Thanks to the negative K-correction, both dust mass

and IR luminosity constraints derived from a single flux

density measurement are largely insensitive to redshift.

We calculate 3σ upper limits on dust masses in our sam-

ple by implementing Equation 1 of Casey et al. (2019),

which is dust mass corrected for CMB heating. Because

the LRDs span appreciably high redshifts 5 ≲ z ≲ 8

the calculation of dust mass (or luminosity) requires ac-

counting for the effect of CMB heating where the CMB

temperature is non-negligible in the first 1 Gyr of cos-

mic time. CMB heating matters proportionally more

for dust temperatures close to the CMB temperature,

T < 50 K. Eq 1 of Casey et al. (2019) does require a

number of adoptions: the dust mass absorption coef-

ficient (for which we use the measurement at 450µm

rest-frame of 1.3±0.2 cm2 g−1; Li & Draine 2001), the

dust emissivity index β = 2, and an assumption of the

dominant temperature of the dust mass in LRDs. The

temperature is the dominant source of uncertainty.

Figure 2 shows the temperature dependence of the

dust mass limit and IR luminosity limit derived from our

constraints on the 1.3 mm flux density of LRDs. Gray

regions of parameter space are ruled out by our obser-

vations. Red curves show the typical 3σ upper limit per

source where we use the representative σrms = 22µJy.

Blue curves show the stacked limit of 10.8µJy at 3σ for

the full sample. Dust mass limits are largely insensitive

to temperature above ∼50 K. Casey et al. (2024) present
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Figure 3. Our measured constraints on the stack of 60 LRDs (gold star) compared to other literature limits of dust emission
around LRDs. The top panel plots the SED constraints in νLν and the bottom panel in observed flux density. Other limits
from the literature are shown in dark teal (Labbe et al. 2022), light green (Akins et al. 2024), blue (Xiao et al. 2025), and
purple (Setton et al. 2025). The Xiao et al. and Setton et al. limits are set for two different LRDs each: light blue represents
ID9094 at z = 7.0388, dark blue is ID2756 at z = 7.1883, light purple is RUBIES-BLAGN-1 at z = 3.1034 and dark purple
for A2744-45924 at z = 4.4655. Because these limits are all for unusually bright LRDs, we have scaled their limits down by a
factor of 3, 10, 10, and 10 (respectively) to draw a more direct comparison to the LRDs targeted in our program. Two optical
through radio SEDs are shown: the maximal SED from Akins et al. (2024), showing the maximum allowable dust SED around
LRDs given the limits available (black), and the predicted LRD dust SED from Casey et al. (2024) in red. On the bottom panel
we overplot simple modified black body SEDs with temperatures of 30K and 1500K for comparison. Our new limit for this
aggregate sample is fully in line with the predicted low luminosity dust emission.

a discussion of why cold dust temperatures (≲50 K) are

not expected in LRDs given their compact morphologies.

Note that an independent estimate of dust-heating by

super-Eddington accreting AGN predicts temperatures

∼140 K (McKinney et al. 2021). Given the lack of strong

temperature evolution on our derived limits above these

temperatures, we quote the upper limit on dust mass of

< 107 M⊙ on individual sources and < 106 M⊙ on the

stack for the full sample.

We can similarly place limits on IR luminosity, though

these are more temperature dependent than dust mass,

given that our single-band 1.3 mm measurement likely

probes the Rayleigh-Jeans tail of emission for temper-

atures ∼100 K. Our observations probe 140–220µm in

the rest-frame. Figure 2 shows this temperature depen-

dence. If we use the dust temperature of ∼114 K esti-

mated in Casey et al. (2024), which is consistent with

other independent theoretical estimates on the dust tem-
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perature (Li et al. 2024), then we can roughly place up-

per limits on the IR luminosity of LRDs at < 1012 L⊙
(at 3σ) for individual measurements and at <1011 L⊙
for the stack.

4. SUMMARY

We present ALMA band 6 (1.3 mm) continuum ob-

servations of a sample of 60 little red dots drawn from

Akins et al. (2024). None of the LRDs have dust con-

tinuum detections; similarly, a stack of all ALMA data

also results in a non-detection. The RMS of these obser-

vations, ∼22µJy, places a dust mass limit for individual

LRDs at <107 M⊙ at 3σ and a limit of <106 M⊙ at

3σ from the stack. These limits are consistent with our

previous work (Casey et al. 2024) which argues that the

dust mass reservoir around LRDs should be of order

∼ 104−5 M⊙ based on their compact sizes and relatively

modest attenuation. If we adopt the predicted dust tem-

perature of LRDs of ∼100 K from Casey et al. (2024),

which is consistent with the temperature independently

estimated by Li et al. (2024), we place a limit on the

IR luminosity of LRDs at ∼1011 L⊙ (3σ, for the stack).

We show the stacked limit in context with the average

(and predicted) SED for LRDs in Figure 3.

Our results are consistent with two other literature

works that placed limits on dust in LRDs in the liter-

ature: Xiao et al. (2025) present NOEMA 1.3 mm con-

straints for two bright z > 7 LRDs, and Setton et al.

(2025) present multi-band ALMA follow-up of two ex-

ceptionally luminous LRDs at z = 3−5. Both our mea-

surements and those in Xiao et al. (2025) and Setton

et al. (2025) place the most stringent constraints on long

wavelength dust emission for the population, roughly an

order of magnitude deeper than previous millimeter con-

tinuum constraints from Labbe et al. (2022) and Akins

et al. (2024). Our constraints are largely complimentary

to the other stringent limits by constraining a large sam-

ple of 60 LRDs as opposed to very deep observations of

2 (particularly bright) LRDs each.

To-date, no LRD has been firmly identified through its

millimeter emission in continuum (only one has a tenta-

tive detection of neutral gas in the millimeter; A2744-

45924 at z = 4.46 presented in Akins et al. 2025, whose

continuum limits come from Setton et al.). If pre-

dictions hold, detection via dust continuum will likely

not happen without significant sensitivity upgrades to

ALMA’s receivers. Future far-infrared missions such as

PRIMA will be able to reach deeper stacking limits at

λobs ∼ 30 − 200µm, and may be capable of directly de-

tecting warm dust emission in the brightest LRDs like

A2744-45924.

It could be, however, that the predicted dust content

might not even be there if LRDs’ reddening originates

from physics beyond dust-obscuration entirely. In the

emerging picture that LRDs may be dominated by a

population of low-mass black holes cocooned in a shroud

of dense, ionized gas accreting at super-Eddington lu-

minosities (e.g. Inayoshi & Maiolino 2024; Naidu et al.

2025; Rusakov et al. 2025; de Graaff et al. 2025), then

the ’reddening’ would instead be caused by at atmo-

sphere of dense gas relatively devoid of dust. If that

hypothesis holds, it logically follows that their submil-

limeter emission would be even less significant than the

already meager predictions.
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