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Abstract

Little Red Dots (LRDs), among the most enigmatic high-redshift discoveries by JWST, are commonly believed to
be powered by accreting supermassive black holes. Here, we explore the possibility that these sources are globular
clusters in formation, with rest-frame UV arising from a very young stellar population and rest-frame optical from
a short-lived supermassive (>104 M⊙) star. The spectral profiles of LRDs are broadly consistent with this
scenario, though the observed temperatures and bolometric luminosities favor emission reprocessed by optically
thick continuum-driven winds not fully captured by current models. The LRD z ∼ 5−7 UV luminosity function
naturally evolves, under standard evolutionary and mass-loss prescriptions, into a present-day mass function with
a turnover at (log10 M*/M⊙) = 5.3 and an exponential cutoff at high masses, consistent with local globular cluster
populations. We estimate the total present-day number density of LRDs formed across all redshifts to be
≈0.3 Mpc−3, similar within uncertainties to local globular clusters. The observed LRD redshift range matches the
age distribution of metal-poor globular clusters, without current LRD counterparts to the metal-rich population. If
LRDs are globular clusters in formation, we predict chemical abundance patterns characteristic of multiple stellar
populations, including enhanced He and N, and potential Na–O and Al–Mg anticorrelations. These results offer a
local perspective to explore this surprisingly abundant population of distant sources, and a potential new window
into extreme stellar astrophysics in the early Universe.

Unified Astronomy Thesaurus concepts: Globular star clusters (656); High-redshift galaxies (734)

1. Introduction

Little Red Dots (LRDs; J. Matthee et al. 2024) are one of the
most enigmatic populations revealed by JWST at high redshift.
The discovery of a cosmically abundant population of compact
red sources at z > 3, largely missed by previous telescopes,
quickly captivated the community (I. Labbé et al. 2023). The
LRD spectral shape became their hallmark: a pronounced
V-shape, with a blue rest-frame UV continuum and red rest-
frame UV-to-optical. The proximity of this inflection point to
the Balmer break (B. Wang et al. 2024) led some to conclude
that LRDs were a population of massive evolved galaxies,
which, if confirmed, would have pushed ΛCDM galaxy
formation to uncomfortable places (M. Boylan-Kolchin
2023). While compelling, the star-forming galaxy scenario
faced significant problems (R. Endsley et al. 2023; N. Sabti
et al. 2024), most notably lensed LRDs have extremely small
sizes <30 pc (L. J. Furtak et al. 2023; J. F. W. Baggen et al.
2025; H. Yanagisawa et al. 2026) and many LRDs lack strong
infrared dust emission despite their red rest-frame optical

colors (P. G. Pérez-González et al. 2024; H. B. Akins et al.
2025b; G. C. K. Leung et al. 2025; D. J. Setton et al. 2025b).
The discovery of broad (≳1000 km s−1) Hα emission

provided a concrete clue for the origin of LRDs (Y. Harikane
et al. 2023; D. D. Kocevski et al. 2023; J. Matthee et al. 2024).
Interpretations invoking accreting black holes quickly came to
dominate their discussion (D. D. Kocevski et al. 2023;
J. E. Greene et al. 2024; R. Maiolino et al. 2024). If LRDs
are powered by accreting black holes, they are remarkably
distinct from other known black hole populations. LRDs rarely
have detected X-rays (T. T. Ananna et al. 2024; I. Juodžbalis
et al. 2024), many exhibit Balmer absorption even in Hα
(J. Matthee et al. 2024), lack the rest-frame mid-IR colors
typical of a dusty torus (P. G. Pérez-González et al. 2024),
occupy lower-mass halos than standard quasars (E. Pizzati
et al. 2025), and have inferred black hole-to-stellar-mass ratios
approaching unity (L. J. Furtak et al. 2024; R. Maiolino et al.
2024). Individually, these properties can each be explained as
black holes forming before the bulk of stars by accreting at
super-Eddington rates (H. Liu et al. 2025; E. Lambrides et al.
2026) with their accretion disks enshrouded by dense neutral
gas cocoons (K. Inayoshi & R. Maiolino 2025; R. P. Naidu
et al. 2025). The dense-gas cocoon model has been shown to
plausibly describe the observed V-shaped profile as a dense
slab of neutral gas photoionized by a power-law continuum
(R. P. Naidu et al. 2025). Since accreting black holes are
expected to evolve strongly with redshift, the extreme
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accretion physics powering the LRD population was viewed as
a natural extension of early black hole formation.

The discovery of “Black Hole Stars” (A. de Graaff et al.
2025b; R. P. Naidu et al. 2025), which resemble LRDs without
significant UV continua, further highlights their unusual
properties. A variety of models have been put forth to explain
these objects including quasi-stars (M. C. Begelman &
J. Dexter 2026), gas envelopes around black holes (D. Kido
et al. 2025), or self-gravitating accretion disks (Y.-X. Chen
et al. 2026a), but a complete model remains elusive. These
objects suggest the characteristic LRD V-shape can be
spectroscopically decomposed into two distinct components:
one in the rest-frame UV and one in the rest-frame optical
(G. Barro et al. 2026; W. Q. Sun et al. 2026). The rest-frame
UV is well-described by a young stellar population, while the
rest-frame optical is well-fit by a modified blackbody with
temperatures of 2000–7000 K and luminosities of 109−11 L⊙
(A. de Graaff et al. 2025a). The spectral inflection occurs due
to the relative strength of the UV and optical components,
shifting as red as ∼6000 Å (A. de Graaff et al. 2025a).

Standard sub- or super-Eddington accretion flow models
produce multitemperature spectra with significant EUV/X-ray
emission (N. I. Shakura & R. A. Sunyaev 1973; J. E. Pringle
1981; M. A. Abramowicz et al. 1988; A. Sadowski et al. 2011;
E. Lambrides et al. 2026). If accretion powers LRDs, this
intrinsic high-energy radiation must be reprocessed by an
optically thick medium. The emergent spectrum must be
converted into a single-temperature cool modified blackbody
while suppressing strong multiwavelength radiative signatures
of cooling and heating: X-ray emission, radio free–free
emission, prominent metal cooling lines, and dust. The
observed Planck spectrum further implies that the broad
emission lines cannot originate deep within fully thermalized
layers; instead they must arise in gas exterior to the
photosphere, possibly in a stratified atmosphere. At these cool
temperatures the photosphere is largely neutral, implying that
Balmer emission is likely collisionally excited in the

atmosphere (A. Torralba et al. 2025). The observed single-
temperature blackbodies place stringent radiative-transfer and
energetic constraints on LRDs.
Here, we explore an alternative scenario in which LRDs are

globular clusters in formation (e.g., M. Gieles et al. 2018). In
this scenario, the LRD V-shape arises from an ultrayoung stellar
population producing the rest-frame UV continuum, while a
supermassive star (SMS) produces the rest-frame optical.
Young stellar clusters are extremely dense (A. Claeyssens
et al. 2023, 2026; A. Adamo et al. 2024) with high stellar
multiplicity that suffer frequent dynamical interactions
(S. S. R. Offner et al. 2023) that can drive runaway stellar
mergers to form SMSs, even in relatively metal-rich environ-
ments (M. Gieles et al. 2018; M. C. Vergara et al. 2025).
N-body simulations indicate that SMSs can form in the high
stellar-density cores inferred for LRDs, with the runaway
process confined to the densest central regions (S. F. Portegies
Zwart & S. L. W. McMillan 2002; M. A. Gürkan et al.
2004; M. Freitag et al. 2006; S. Goswami et al. 2012;
E. González Prieto et al. 2024; M. C. Vergara et al.
2025, 2026). As a result, only the stars in the core participate
in the mergers, while the surrounding stellar population remains
largely unaffected. Thus, SMS formation may naturally occur in
dense stellar environments to resolve both the globular cluster
mass-budget problem (A. Renzini et al. 2015) and the origin of
multiple populations (E. Carretta et al. 2010; R. G. Gratton
et al. 2010; G. Piotto et al. 2015; N. Bastian & C. Lardo 2018;
A. P. Milone & A. F. Marino 2022).
SMSs remain largely theoretical (A. Kuruvanthodi et al.

2023), but they may reproduce many LRD features (F. Martins
et al. 2020; L. J. Furtak et al. 2023; D. Nandal & A. Loeb
2026). They are theorized to have masses of 104−6 M⊙ with
luminosities near 107−11 L⊙ (M. Gieles et al. 2018; F. Martins
et al. 2020; D. Nandal & A. Loeb 2026). Their extreme
luminosities drive dense winds that can mimic the broad Hα
observed in LRDs (F. Martins et al. 2020) through continuum
opacities that include electron scattering and H− (C. Dotan &
N. J. Shaviv 2012; P. A. Denissenkov & F. D. A. Hartwick
2014; J. S. Vink 2018). SMSs are expected to be large
(1000 au) leading to relatively cool temperatures, Teff ∼
3000−10,000 K (L. Haemmerlé et al. 2018, 2019; F. Martins
et al. 2020; M. Bernini-Peron et al. 2026). The immense
gravitational potentials of SMSs require a continuous accretion
of fresh hydrogen to stave off collapse to a black hole
(M. C. Begelman 2010; T. E. Woods et al. 2017), and SMSs
likely only exist for order of magnitude ∼1 Myr (S. F. Portegies
Zwart & S. L. W. McMillan 2002; M. Gieles et al. 2018). SMSs
are predicted to have a “conveyor-belt”-like fully convective
structure (M. Gieles et al. 2018) that may explain the unique
odd-element enhancements observed in local globular clusters
including Na–O and Al–Mg anticorrelations, as well as He and
N enhancements (E. Carretta et al. 2010; R. G. Gratton et al.
2012; P. A. Denissenkov & F. D. A. Hartwick 2014; G. Piotto
et al. 2015; N. Bastian & C. Lardo 2018; A. P. Milone &
A. F. Marino 2022; M. Gieles et al. 2025).
Here, we critically examine this hypothesis by envisioning

that LRDs are a short-lived phase of globular cluster formation
during which both an SMS and a stellar cluster coexist. We
first demonstrate that the observed V-shaped profiles are
plausible as a globular cluster hosting an active SMS
(Section 2) and explore the limitations of current SMS models
lacking sufficiently optically thick winds (Section 2.1). We
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Figure 1. Illustration of a bright LRD A2744-45924 (light-blue line; I. Labbe
et al. 2024) as a globular cluster in formation (F. Martins et al. 2020). The gold
line shows a young star cluster with nebular continuum self-consistently
added, while the dark-blue line shows a supermassive star model. The
combined shape (red line) highlights a “V-shaped” morphology as the star
cluster dominates the UV and the supermassive star dominates the optical. The
supermassive star model is not tuned to match the spectrum. Cooler
supermassive star models may reduce the mismatch near 3500 Å, but no
such models currently exist (see Section 2.1).
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then use the observed LRD UV luminosity function (UVLF) to
estimate the z ∼ 7 LRD mass function and passively evolve it
to z = 0 (Section 3). We compare the shape (Section 3.1) and
number counts (Section 3.2) of this mass function to local
globular clusters (Section 4). Finally, in Section 5 we present
three testable predictions for the hypothesis that LRDs are
globular clusters in formation.

Throughout this Letter we use a standard ΛCDM cosmology
with H0 = 67.4, ΩΛ = 0.685, and Ωm = 0.315 (Planck
Collaboration et al. 2020). All magnitudes are AB magnitudes.
All logarithms are base 10.

2. Globular Clusters in Formation with a Supermassive
Star: V-shaped Spectral Profiles

LRDs are commonly defined by their V-shaped spectral
morphology. In Figure 1, we show A2744-45924 (light-blue
spectrum; I. Labbe et al. 2024), one of the hottest and most
luminous known LRDs (Teff ∼ 5700 K; A. Torralba et al.
2025). This source is particularly well-suited to compare to
publicly available SMS models with Teff = 7000−10,000 K
(F. Martins et al. 2020). We adopt the coolest SMS model
from F. Martins et al. (2020), “A2,” with Teff = 7000 K,
LSMS = 109 L⊙, and M� = 53,956 M⊙. The cluster component
is a young stellar population with a Kroupa initial mass
function (IMF; P. Kroupa 2002) that has nebular continuum
self-consistently added (F. Martins et al. 2020). To match
A2744-45924, we include damped Lyα from the foreground
intergalactic medium at z = 4.46 (A. K. Inoue et al. 2014), and
fit a single uniform dust screen using the SMC attenuation
law (Y. C. Pei et al. 1991). The red curve in Figure 1 shows
the best-fit combined cluster plus SMS model, with E
(B − V ) = 0.25 mag (A1500 = 3 mag and AV = 0.69 mag).
After scaling both the SMS and cluster model by a common
normalization to match the UV luminosity of A2744-45924,
the resulting M* of the cluster component is (log M*/M⊙) =
7.6. A2744-46924 is among the brightest known LRDs
(A. Torralba et al. 2025), which is consistent with it passively
evolving to one of the more massive low-redshift globular
clusters (see Section 3.1).

An SMS combined with a star cluster can plausibly
reproduce the observed V-shaped spectral profile. The UV is
dominated by a very young stellar population, while the SMS
naturally produces the appearance of a strong Balmer break
and red rest-frame UV-to-optical continuum (F. Martins et al.
2020). The transition between an SMS-dominated spectral
profile and a cluster-dominated profile occurs near 3700 Å, the
canonical crossover wavelength for LRDs (D. J. Setton et al.
2025a). The correspondence between the observed LRDs and
the globular cluster in formation model is particularly
remarkable considering the SMS model was not tuned to the
observed LRD properties, rather the model was developed
before LRDs were discovered as a distinct class of objects.

The globular cluster in formation model also matches
multiwavelength LRD observations. The SMS-only model has
a 4050-to-3600 Å Fν flux density ratio of 5.1, matching the
strongest observed LRDs (A. de Graaff et al. 2025b;
R. P. Naidu et al. 2025). An SMS without corresponding
UV emission would resemble a “black hole star.” Using the
inferred A1500, the observed MUV of −19.4 mag (A. Torralba
et al. 2025), and energy conservation, we estimate
LIR ∼ 4 × 1011 L⊙, fully consistent with the observed upper
limit for A2744-45924 of LIR < 1.6 × 1012 L⊙ (D. J. Setton

et al. 2025a). The SMS model has an approximately Rayleigh–
Jeans tail, suggesting it should be faint in the mid-infrared
(A. de Graaff et al. 2025b; D. J. Setton et al. 2025a). Finally,
SMSs are too cool to produce significant X-ray emission or
ionizing photons (F. Martins et al. 2020). The nebular emission
lines are likely powered by the young stellar population
instead of the SMS. Overall, the multiwavelength LRD
properties are consistent with a model of a globular cluster
forming with an active SMS.

2.1. Potential Supermassive Star Properties

The globular cluster in formation model in Figure 1 does not
perfectly reproduce the observed LRDs, particularly near
3500 Å, where the spectrum transitions from cluster to SMS
dominated. These discrepancies may indicate that (1) the SMS
model is too hot, or (2) the SMS winds are insufficiently dense.
Cooler blackbodies peaking near 5000 Å may match the data
better. However, CMFGEN (D. J. Hillier & D. L. Miller 1998)
does not include molecular opacities (e.g., H−), and no SMS
atmosphere model cooler than 7000 K currently exists. An
optically thick SMS wind would provide its own opacity that
may explain the cooler observed LRD temperatures. Thus, the
observed discrepancies may constrain the stellar astrophysics
of SMSs rather than rule out the proposed scenario.
Figure 2 compares the Teff versus bolometric luminosity

(Lbol) from modified blackbody fits to the rest-frame optical
(A. de Graaff et al. 2025a). LRDs occupy a region of cooler
temperatures and higher luminosities than the current SMS
models (solid blue curve; D. Nandal & A. Loeb 2026). LRDs
also lie above the Hayashi Line (R. Kippenhahn et al. 2013),
which sets the maximum luminosity of a fully convective
star in hydrostatic equilibrium. For H− opacity with
[Fe/H] = −1.5, the Hayashi Line has a slope of

0.05d T

d L

log

log
eff

bol
. The SMS model runs parallel to the Hayashi

1000 au

3.23.43.63.84.04.2
log (Teff [K])

6

7

8

9

10

11

12

lo
g(

L b
ol

 [L
])

500 au

2500 au
log(M )=4.0

log(M )=5.0

log(M )=6.0

Ledd at log (M )=7.0

Little Red Dots
Hayashi Line
SMS Model
Lbol=Ledd with M = 104 107 M

Figure 2. Comparison of the effective temperature (Teff) and the bolometric
luminosity (Lbol) as measured from modified blackbody fits to a sample of
LRDs (blue point; A. de Graaff et al. 2025a). The solid light-blue line
illustrates a model for the evolution of an accreting supermassive star in
hydrostatic equilibrium (D. Nandal & A. Loeb 2026). The SMS model is
significantly cooler and less luminous than the LRDs, possibly because it does
not account for a dense wind (Section 2.1). The blue dashed line shows the
Hayashi Line, or the maximum luminosity of a fully convective star in
hydrostatic equilibrium. In dashed gray, we show lines of constant radius (500
and 2500 au), while the dotted gray horizontal lines show the Eddington
Luminosity of an object with (log M*/M⊙) = 4, 5, 6, and 7. The gold-dashed
line shows the Eddington Luminosity for a 1000 au object with mass
increasing from 104 to 107 M⊙. The LRD population is consistent with a 104
−7 M⊙ star emitting at, or above, the Eddington Luminosity.
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Line because it assumes hydrostatic equilibrium (D. Nandal &
A. Loeb 2026). The high observed luminosities instead favors
an outwardly expanding outer envelope, with photospheres set
by the wind physics rather than interior structure. If the
photospheric emission is emitted from these cooler winds, the
SMS line profile would form a smoother break that peaks at
redder wavelengths to better match the observations.

Instead, LRDs are consistent with emission from an
extended envelope produced by an optically thick conti-
nuum-driven wind (C. Dotan & N. J. Shaviv 2012). The
Eddington Luminosity is

( )= = × *L
Gm c

M L
M

M

4
3.3 10 , 1edd

p

T

4

where G is the gravitational constant, mp is the proton mass, c
is the speed of light, and σT is the Thomson scattering cross
section. Electron scattering is likely to be the dominant opacity
interior to the photosphere, and H− opacity can dominate at the
cooler temperatures exterior to the photosphere (D. F. Gray
2005; R. Kippenhahn et al. 2013). LRDs with Lbol ≳ Ledd will
launch electron-scattering-driven winds. The SMS Lbol−Teff
relation is estimated by equating Ledd to the Stefan–Boltzmann
law as

( )=L R T4 , 2edd ph
2

eff
4

where σ is the Stefan–Boltzmann constant. The gold-dashed
line in Figure 2 shows this relation for a fixed photospheric
radius Rph = 1000 au and (4 log M*/M⊙) � 7. The LRDs
scatter about this relation, consistent with emission from an
extended wind-driven photosphere. Rph is order-of-magnitude
consistent with the sonic point of an isothermal electron-
scattering-driven wind from a 105.5 M⊙ star at L/Ledd ∼ 0.99
(H. J. G. L. M. Lamers & J. P. Cassinelli 1999; C. Dotan &
N. J. Shaviv 2012). These inflated photospheres plausibly
explain the cooler Teff and higher Lbol of LRDs relative to SMS
models in hydrostatic equilibrium (Figure 2).

If such SMS winds are responsible for the abundance
patterns observed in local globular clusters, they must escape
the stellar gravitational potential. For (log M*) = 5.5 and
Rph = 1000 au, the escape velocity is >750 km s−1. An
additional broadening mechanism (e.g., electron scattering;
S.-J. Chang et al. 2026; V. Rusakov et al. 2026) can further
broaden the wind profiles to produce the broad Balmer lines
observed in LRDs. The rest-frame optical emission from LRDs
is consistent with an origin in the photosphere of an optically
thick radiation-driven wind, plausibly alleviating tensions
between SMS models and LRD observations. Improved SMS
stellar wind and atmosphere models, that account for
molecular opacities, are required to test this scenario.

3. LRD Number Counts

Having shown that the V-shaped spectral morphology of
LRDs is plausibly reproduced by a globular cluster in
formation with an active SMS, we now turn to the observed
LRD luminosity function and number counts. In the next two
subsections, we first use the z ∼ 5−7 UVLF to predict the
shape of the z ∼ 0 mass function, adopting the deliberately
simple assumption of a constant cluster mass-loss rate from
z ∼ 7 to z ∼ 0 (Section 3.1). We then estimate the total number

of LRDs formed over the entire observed redshift range
(Section 3.2).

3.1. The Present-day Shape of the LRD Mass Function

The LRD UVLF is constructed using photometric samples
selected for compactness and V-shaped spectral profiles
(D. D. Kocevski et al. 2023; V. Kokorev et al. 2024). A
Schechter function (P. Schechter 1976) matches the LRD UVLF,
with minimal redshift evolution between z ∼ 5 and z ∼ 7
(V. Kokorev et al. 2024). We adopt the LRD UVLF from
V. Kokorev et al. (2024) with a power-law slope α =
−1.5 ± 0.4, a characteristic MUV of M

*
= −20.7 ± 0.7 mag,

and a normalization of f*
= (5 ± 2) × 10−6 Mpc−3.

Consistent with the interpretation of LRDs as globular
clusters (see Section 5.1), many LRDs are associated with
extended companion galaxies (P. Rinaldi et al. 2025; Y. Zhang
et al. 2025). We conservatively assume 20% of the total UV
luminosity arises from the compact object, and that the SMS
contributes 20% of this compact emission (W. Q. Sun et al.
2026). Thus, the cluster light is ∼16% of the total UV
luminosity.
We convert the UV luminosity into M*, assuming that

LRDs are globular clusters in formation. We adopt an age of
∼1 Myr, motivated by the short lifetimes of SMSs (M. Gieles
et al. 2018). Forming an SMS requires clusters populating the
extreme upper-end of the IMF (≳100 M⊙), implying a UV
continuum dominated by very massive stars (≳150 M⊙) with
low mass-to-light ratios (e.g., G. N. Sabhahit et al. 2022). We
adopt stellar population synthesis models appropriate for this
situation (C. Hawcroft et al. 2025; D. Schaerer et al. 2025)
extending to ∼400 M⊙ with 1 Myr age, nebular continuum
included, metallicity of 20% Z/Z⊙, and a high-mass IMF slope

of α = −2, yielding =
×

*M

L

M

L

10

2 10UV

6

6 1.

This mass-to-light ratio is a factor of 3 lower than a standard
Kroupa IMF, but at the metallicities and young ages
appropriate for globular clusters in formation the stellar
population synthesis models indicate that the metallicity,
rotation, binarity, and the upper-mass cutoff have strong
impacts on the cluster mass-to-light ratio (C. Leitherer et al.
2014; J. J. Eldridge et al. 2017; J. J. Eldridge & E. R. Stanway
2022; C. Hawcroft et al. 2025; D. Schaerer et al. 2025).
However, the exact impact remains uncertain because there
does not exist a stellar population synthesis model that
incorporates all of these astrophysics at the properties relevant
for globular clusters in formation. For example, lower-
metallicity models (Z/Z⊙ ∼ 3%) including rotation reduce
the mass-to-light ratio by a factor of 2 (C. Hawcroft et al.
2025), but these models do not account for the impact of
binarity, which plays an important role in dense stellar
environments. Other aspects may affect this mass-to-light
ratio such as core collapse driven by mass segregation that
depletes massive stars in the cluster core into the SMS
(E. González Prieto et al. 2025; K. Sharma & C. L. Rodrig-
uez 2025). This core collapse is expected to be localized to the
core and only involve a small fraction of the total cluster mass
(E. González Prieto et al. 2024). The adopted mass-to-light
ratio therefore reflects the integrated light of the stellar
population rather than the stellar content of the core. While
extreme, this mass-to-light ratio naturally arises from the
proposed scenario of a young globular cluster in formation.
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The resulting LRD mass function at z ∼ 7 is shown as the
solid gold curve in Figure 3. We normalize by the total number
of objects to emphasize its shape and enable a comparison to
local objects. The inferred LRD IMF has a classic Schechter
function shape: an exponential cutoff above log(M*/M⊙) ∼ 6
and a steep power-law slope extending to lower masses.

Most LRDs have blue continua with 〈βUV〉 ≈ −1.8 and
weak βUV–MUV trends (J. Matthee et al. 2024; A. de Graaff
et al. 2025a). Dust attenuation shifts the inferred mass
functions by 0.1−0.5 dex, but does not significantly change
the shape unless there is a βUV–MUV relation. The dust
correction is therefore degenerate with uncertainties of the
observed LRD luminosity function (factor of 2 or 0.3 dex), and
we do not apply a correction.

Once young clusters form, how do they evolve? After the
LRD phase, we assume that the SMS exhausts its core
hydrogen and collapses to a black hole (M. C. Begelman 2010;
T. E. Woods et al. 2017). The cluster then ceases being
identified as an LRD because the SMS is no longer producing
rest-frame optical continuum. The remaining massive stars
continue to produce blue continua until they explode as
supernovae after 3–10 Myr. This stellar feedback clears the
remaining dust and gas from the cluster to shut off star
formation (J. A. Turner et al. 2022). The cluster then passively
evolves until z ∼ 0.

Over the ensuing ∼13 Gyr, we follow the prescriptions
developed to describe local globular clusters and assume the
quenched cluster loses M* through stellar evolution and
dynamical interactions such as tidal stripping and evaporation
(J. P. Ostriker et al. 1972; L. Spitzer 1987; S. M. Fall &
Q. Zhang 2001; H. J. G. L. M. Lamers et al. 2010). We adopt
the simplest approach of a total constant mass loss of 105 M⊙
(≈10 M⊙ Myr−1), consistent with recent analyses of Milky
Way stellar streams and N-body simulations (M. Gieles &
O. Y. Gnedin 2023; Y. Chen et al. 2025; 2026b). We tested
more complex mass-loss prescriptions, such as a
M*-dependent mass loss (with γ = 2/3; H. J. G. L. M. Lamers

et al. 2010), and find a largely unchanged shape to the final
mass function.
The z ∼ 7 LRD mass function evolved to z ∼ 0 with

constant mass loss, which is shown as the blue curve in
Figure 3. The exponential cutoff for >106M⊙ remains at z ∼ 0
because the mass loss does not disrupt the most massive
clusters, whereas the lowest mass clusters are dissipated. The
surviving number of clusters depends on the initial low-mass
power-law slope because it sets the abundance of clusters
initially near the destruction mass. Consequently, the steep
IMF develops a turnover near (log M*/M⊙) ∼ 5.3.
For comparison, Figure 3 also shows the z ∼ 7 galaxy stellar

mass function (J. R. Weaver et al. 2023; R. Navarro-Carrera
et al. 2024). At the M* relevant for globular cluster formation,
the extrapolated galaxy stellar mass function is a single power
law. Without an exponential cutoff at >106 M⊙, it does not
naturally evolve into the same shape as the LRD scenario.

3.2. Total Number Density of LRDs at z ∼ 0

The previous section focused on the shape of the mass
function; we now estimate the total number density of LRDs
formed. We estimate the instantaneous comoving number
density of observed LRDs, ninst, by integrating the observed
z ∼ 7 UVLF, fUV, as

( )= ×n dM 1 10 Mpc , 3inst
23

15
UV

UV
4 3

where the integration limits correspond to (log M*/M⊙) =
4−7, the mass range included in Figure 3. Lower-mass values
are unlikely to survive dynamical interactions down to z ∼ 0.
SMS lifetimes set the LRD observability window and are

estimated to be on the order of 1 Myr. The LRD formation rate
is then

( )=R
n

t
0.1 Mpc Gyr . 4inst

obs

3 1

The total number of LRDs formed between two redshift
intervals, zmin and zmax, assuming a constant R, is then

( )=n R
dt

dz
dz 0.3 Mpc , 5

z

z

tot
3

min

max

where we used =z 2min and =z 10max to match the observed
LRD redshift range (D. D. Kocevski et al. 2023; V. Kokorev
et al. 2024; A. J. Taylor et al. 2025). We have assumed a
constant R, consistent within the uncertainties of current
estimates of the evolution of JWST selected LRDs from z = 3
−9 (D. D. Kocevski et al. 2023; V. Kokorev et al. 2024;
F. Pacucci & A. Loeb 2025; M.-Y. Zhuang et al. 2026).
Ground-based observations suggest that the number densities
may decrease at z < 3 (Y. Ma et al. 2025), but ground-based
limitations may inhibit full characterization of the low-redshift
sample (see Section 5.1).
These number densities are order of magnitude estimates.

Equation (5) assumes that all LRDs survive to z ∼ 0, but
clusters could be dynamically dissipated. For example, if only
30% of the LRDs survive until z ∼ 0, we estimate an observed
number density of ≈0.1 Mpc−3 at z ∼ 0. With reasonable
assumptions, the total number density of LRDs formed across
all redshifts is ≈0.1−0.3 Mpc−3.

4.0 4.5 5.0 5.5 6.0 6.5 7.0
log10 (M [M ])
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1.5
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g 1
0
(1 N

to
t 

dN
dl

og
M

)

Galaxy Mass Function at z 7
LRD Initial Mass Function at z 7 
LRD Final Mass Function Evolved to z = 0
Milky Way Globular Clusters
Virgo Globular Clusters

Figure 3. The estimated evolution of the LRD mass function from z ∼ 7 (solid
gold line) to z ∼ 0 (blue curve). We use the observed LRD UV luminosity
function (V. Kokorev et al. 2024) and an extreme UV mass-to-light ratio that
is consistent with a young globular cluster with an active supermassive star.
We compare the predicted z ∼ 0 mass function to globular clusters in the
Milky Way (light-blue circles; W. E. Harris 2010) and in Virgo (dark-blue
diamonds; A. Jordán et al. 2009). The extrapolation of the z ∼ 7 galaxy stellar
mass function (dashed gold line; R. Navarro-Carrera et al. 2024) to these M*
has a distinct shape from the LRDs. All mass functions have been normalized
by the total number to emphasize their shapes. LRDs can plausibly match the
observed local globular cluster mass function using standard assumptions
about their mass loss (see Section 3.1).
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4. Redshift Zero Globular Clusters

Now that we have predicted the LRD mass function at
z ∼ 0, we can compare it to observed globular clusters around
the Milky Way (W. E. Harris 2010), Andromeda (C. Usher
et al. 2024), and the Virgo cluster (A. Jordán et al. 2009).
These three systems are extremely well studied and span a
large range of M*. We adopt a constant M*/LV = 2 for Virgo
and 1.5 for the Milky Way and Andromeda, respectively,
consistent with an old stellar population (D. E. McLaughlin &
R. P. van der Marel 2005; A. Jordán et al. 2007). We use the
reported distances for the Milky Way and Andromeda globular
clusters, and a distance modulus of 31.09 for Virgo (A. Jordán
et al. 2009). Number densities are determined in 0.15 dex M*
bins with Poisson uncertainties.

The Milky Way and Virgo mass functions are shown as blue
circles and squares in Figure 3 (Andromeda follows a similar
shape). The globular cluster mass function peaks near

(log M*/M⊙) = 5.3, declines exponentially to higher masses,
and has a power-law decline to lower masses, consistent with
previous results (W. E. Harris 1991; J. P. Brodie & J. Stra-
der 2006; A. Jordán et al. 2007). The local globular clusters
have a similar mass function shape as predicted for
z ∼ 0 LRDs.

We also estimate the total number of globular clusters in the
local Universe. This depends both on the number density of
clusters per halo and the number density of host halos
harboring the globular clusters (L. R. Spitler & D. A. Forbes
2009; W. E. Harris et al. 2013, 2015; M. Boylan-Kolchin
2017). The Milky Way is roughly an L

*
galaxy with an

abundance of *n 0.005L Mpc−3 (M. R. Blanton et al. 2001)
and has Ngc ≈ 150 globular clusters. This implies

( )= *n N n 0.8 Mpc , 6GC gc L
3

consistent with literature estimates of 0.5−1.5 Mpc−3

(W. E. Harris et al. 2013, 2015; M. Boylan-Kolchin 2017).
This order-of-magnitude globular cluster number density is
similar to the LRD number density (Equation (5)). Both the
shape of the LRD mass function and the total number counts
are consistent within the relatively large uncertainties using
the crude assumptions with present-day globular cluster
populations.

5. Predictions if Little Red Dots are Globular Clusters in
Formation

The previous three sections have shown it is plausible that
LRDs are globular clusters in formation. Here, we conclude
with testable predictions of this hypothesis using known
globular cluster properties. These concrete predictions provide
an opportunity to stress test the hypothesis to hopefully gain a
better understanding of the true nature of LRDs.

5.1. LRDs may Represent Metal-poor Globular Clusters

Globular clusters are generally quite old, with observations
and models indicating a mean formation epoch at z ≳ 2 and
formation rates peaking near z ∼ 4−6 (J. G. Cohen et al. 1998;
D. A. Forbes & T. Bridges 2010; J. M. D. Kruijssen
2015; N. Bastian & C. Lardo 2018; K. El-Badry et al. 2019;
J. M. D. Kruijssen et al. 2019; F. Aguado-Agelet et al. 2025;
L. M. Valenzuela et al. 2025; J. M. Ying et al. 2025). If LRDs

trace globular cluster formation, they should form primarily at
these epochs.
This formation timescale roughly matches the observed

LRD redshift range of z ∼ 4−8 (D. D. Kocevski et al. 2023;
V. Kokorev et al. 2024; Y. Ma et al. 2025). In Figure 4, the
LRD peak (D. D. Kocevski et al. 2023) aligns with the old,
metal-poor Milky Way globular cluster population (dark blue;
D. A. Forbes & T. Bridges 2010). In fact, using the fraction of
Milky Way metal-poor ([Fe/H] < −1.4) globular clusters
from D. A. Forbes & T. Bridges (2010), the inferred metal-
poor globular cluster number density decreases to 0.3 Mpc−3,
in-line with the value estimated for LRDs in Section 3. In
contrast, the metal-rich globular clusters (light-blue dashed
line) lack a corresponding LRD population at z ∼ 1−2. The
color selection of lower-redshift LRDs depends on specific
filter combinations that could introduce implicit redshift
dependence on the inferred samples through contaminating
sources and varying completeness corrections. Additionally,
the compactness criteria, a hallmark of LRD searches, for
seeing-limited data may exclude a significant fraction of LRDs
that would not be blended with adjacent objects at space-based
spatial resolutions. Metal-rich globular clusters are typically
found within ∼1Re of galactic bulges, and show weaker
evidence of multiple stellar populations. This suggests that
either a population of z ∼ 1−2 LRDs remains undetected in
dense, metal-rich environments, or that SMS formation is
suppressed at higher metallicities.
LRDs frequently have nearby neighbors (I. Labbe et al.

2024; J. Matthee et al. 2024), with ≈40% within ≈1 kpc of a
neighbor (J. F. W. Baggen et al. 2026). This resembles the
bimodal spatial distribution of local globular clusters and
naturally explains the spatially extended UV emission as host
galaxy contamination (P. Rinaldi et al. 2025; Y. Zhang et al.
2025; W. Q. Sun et al. 2026). By analogy with local globular
clusters, LRDs forming within 1 Re of more massive
companions should be more metal enriched than isolated
systems. A currently undetected population of z ∼ 1−2 LRDs
forming contemporaneously with galactic bulges could there-
fore account for the missing metal-rich globular cluster
population.
Alternatively, SMS formation may depend on metallicity.

Metal-rich Milky Way globular clusters that formed at lower

2 4 6 8 10 12
Formation Redshift

0.0

0.1

0.2

0.3

0.4

Fr
ac

tio
n 

pe
r R

ed
sh

ift
 B

in

Metal-poor Milky Way GCs
Metal-rich Milky Way GCs
Little Red Dots

0.51248
Age of the Universe [Gyr]

Figure 4. Comparison of the formation redshifts for LRDs (gold hatched;
D. D. Kocevski et al. 2023) to globular clusters in the Milky Way
(D. A. Forbes & T. Bridges 2010). We conservatively split the Milky Way
globular clusters as metal-rich ([Fe/H] > −1.4; dashed light-blue) and metal-
poor ([Fe/H] < −1.4; dark-blue line) to emphasize the distinct populations.
The formation redshift of metal-poor Milky Way globular clusters roughly
matches the redshift distribution of LRDs.
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redshift tend to show lower stellar surface densities
(D. A. Forbes & T. Bridges 2010). This trend likely reflects
not only metallicity, but also ISM pressures and environmental
conditions, which shape cluster collapse and structure
(J. M. D. Kruijssen 2015). If SMS formation requires high
stellar densities to drive runaway stellar collisions (M. Gieles
et al. 2018), then lower density clusters forming at lower
redshift would be less likely to reach sufficient densities to
form SMSs. In this scenario, low-redshift globular clusters
would not produce SMSs and would lack the characteristic
V-shaped spectral profile required for LRD selection.

The redshift distribution provides an empirical test for the
LRD-globular clusters hypothesis. The observed LRD peak
aligns with metal-poor globular clusters, while no LRD
population comparable to the metal-rich systems are seen at
lower redshift. This absence may reflect either an observa-
tional bias against detecting them in dense, metal-rich
environments or a metallicity ceiling for SMS formation.

5.2. Some LRDs Should Have High He Abundances and
Anticorrelations between Na–O, Al–Mg, and N–C

Globular clusters have distinct, and oftentimes multiple,
abundance patterns due to neutron capture (R. G. Gratton et al.
2012). Many show helium-enhanced populations (R. G. Gratton
et al. 2010; A. K. Dupree & E. H. Avrett 2013), along with
anticorrelations between odd and even atomic number elements,
including Na-enhanced and O-poor, Al-enhanced and Mg-poor,
and N-enhanced and C-poor populations (N. Bastian &
C. Lardo 2018; A. P. Milone & A. F. Marino 2022). Although
not universal, the trends are most prominent in the most massive
(E. Carretta et al. 2010) and oldest (N. Bastian & C. Lardo
2018) globular clusters. If LRDs represent globular clusters in
formation, similar chemical signatures may be present in a
subset of LRDs.

These abundance patterns are challenging to diagnose in
LRDs due to limited spectral resolution and the lack of
sufficient SMS models. He I emission lines are among the
strongest lines detected in nearly all LRDs (I. Labbe
et al. 2024; J. Matthee et al. 2024; V. Kokorev et al. 2025;
A. Torralba et al. 2025; W. Q. Sun et al. 2026), with strengths
comparable to hydrogen lines. While a detailed He/H
abundance has not yet been reported, SMSs nucleosynthesis
models predict enhanced helium abundance.

The rest-frame optical contains strong neutral sodium
transitions (Na D 5890, 5896 ÅÅ), while the rest-UV has
resonant aluminum lines (Al II 1670 Å and Al III 1855,
1863 ÅÅ). However, few LRD spectra have sufficient
resolution to isolate these lines (F. D’Eugenio et al. 2025).
A2744-45924, shown in Figure 1 (I. Labbe et al. 2024), has a
tentative Al III 1860 Å detection and relatively weak
Mg II 2800 Å emission blended with Fe II lines. The Al, Mg,
and Fe lines could provide a direct comparison to local
globular clusters, with [Al/Mg] > 0 supporting the globular
cluster in formation picture (E. Carretta et al. 2010; N. Bastian
& C. Lardo 2018; A. P. Milone & A. F. Marino 2022).

Carbon emission is reported in several LRDs (H. B. Akins
et al. 2025a, 2026; M. Tang et al. 2025), whereas nitrogen is
less common because broad Hα contaminates the [N II] 6549,
6584 ÅÅ lines. Alternatively, the UV high-ionization lines
may directly probe the nitrogen abundance (e.g., I. Labbe
et al. 2024). A recent systematic search in the Dawn JWST
Archive identified high-ionization nitrogen lines in six LRDs

(I. Morel et al. 2025). These objects lack UV carbon lines, and
have weak rest-optical oxygen lines, suggesting a tentative
N–C and N–O anticorrelation. However, the current evidence
for distinct abundances patterns in LRDs remains weak and
relies on sparse samples. A systematic study of the relative
abundances is required to robustly test the globular cluster
hypothesis.

5.3. Should Metal-poor Globular Clusters Host Intermediate
Mass Black Holes?

Globular clusters have long been modeled with numerical
simulations and evolutionary models to match their surface
brightness and velocity dispersion profiles. A central SMS
remnant, most plausibly a black hole, would increase the
central velocity dispersion and delay core collapse. H. Baum-
gardt (2017) modeled local globular clusters, including central
black holes, and derived upper-limits of (log MBH/M⊙) � 4 for
most local globular clusters. Observationally, whether globular
clusters host intermediate mass black holes is actively debated
(M. Mezcua 2017; J. E. Greene et al. 2020). ω Centauri is the
most likely candidate (E. Noyola et al. 2008; M. Häberle et al.
2024; E. González Prieto et al. 2025; S. Chen et al. 2026c),
while most others remain undetected or inconclusive (A. Della
Croce et al. 2024; A. Paduano et al. 2024). Local globular
clusters put stringent mass constraints on SMS remnants.
What black hole mass is expected from an SMS? If LRDs

only radiate near Ledd, the maximum inferred SMS masses
could reach (log M*/M⊙) ≈ 6.5, potentially exceeding the
dynamical upper-limits in local globular clusters. However,
SMS winds may remove ≳90% of the SMS mass prior to
collapse (C. Dotan & N. J. Shaviv 2012; P. A. Denissenkov &
F. D. A. Hartwick 2014), substantially reducing the resulting
black hole mass. Such mass loss also provides a natural
resolution to the multiple abundances populations (M. Gieles
et al. 2018). We emphasize that current LRD observations do
not directly constrain SMS masses, as the mapping between
luminosity and mass depends on highly uncertain aspects of
wind structure, Eddington ratio, and stellar evolution. For
instance, if the LRDs are radiating at 10Ledd (as suggested by
C. Dotan & N. J. Shaviv 2012) the inferred SMS masses could
be as low as (log M*/M⊙) ∼ 3.5, similar to the upper-limits
derived locally. The connection between LRDs, SMSs, and
black holes remains highly model dependent; improved SMS
atmosphere and wind models are needed to place robust
constraints.

6. Conclusion

We have tested the hypothesis of LRDs as globular clusters
in formation with an active SMS. This scenario is motivated by
the legacy of local globular cluster observations and provides a
physically coherent framework for interpreting LRD observa-
tions. While the scenario remains plausible, no definitive
conclusion can be currently made and we outline several
observations to stress test this hypothesis. If confirmed, LRDs
offer a direct view of globular cluster formation and open a
new window onto extreme stellar astrophysics characterized
by intense radiation fields. Their high luminosities suggest that
similar systems may be observable at even earlier epochs,
potentially characterizing the first generations of stars.

7

The Astrophysical Journal Letters, 1004:L4 (9pp), 2026 June 10 Chisholm et al.



Acknowledgments

We thank the referees for detailed and highly constructive
reports that significantly improved the scope and breadth of the
manuscript. J.C. thanks Hollis Akins, Volker Bromm, Rui
Chaves-Marques, Steve Finkelstein, Karl Gebhardt, Keith
Hawkins, Harley Katz, Stellar Offner, Daniel Schaerer, Grace
Telford, and Jorick Vink for conversations that improved the
Letter. A.d.G. acknowledges support from a Clay Fellowship
awarded by the Smithsonian Astrophysical Observatory. M.B.
K. acknowledges support from NSF grants AST-2108962 and
AST-2408247; NASA grant 80NSSC22K0827; HST-GO-
16686, HST-AR-17028, JWST-GO-03788, and JWST-AR-
06278 from the Space Telescope Science Institute, which is
operated by AURA, Inc., under NASA contract NAS5-26555;
and from the Samuel T. and Fern Yanagisawa Regents
Professorship in Astronomy at UT Austin. A.A.C.S. acknowl-
edges support by the Deutsche Forschungsgemeinschaft (DFG,
German Research Foundation) in the form of an Emmy
Noether Research Group—Project-ID 445674056 (SA4064/
1-1, PI Sander). A.A.C.S. further acknowledges support from
the Deutsches Zentrum für Luft und Raumfahrt (DLR) grant
grants 50 OR 2509 (PI: A.A.C. Sander) and 50 OR 2306 (PI:
V. Ramachandran/A.A.C. Sander) as well as from the Federal
Ministry of Research, Technology, and Space (BMFTR) and
the Baden-Württemberg Ministry of Science as part of the
Excellence Strategy of the German Federal and State
Governments. This project was cofunded by the European
Union (Project 101183150—OCEANS).

This work is based in part on observations made with the
NASA/ESA/CSA James Webb Space Telescope. The data
were obtained from the Mikulski Archive for Space Tele-
scopes at the Space Telescope Science Institute, which is
operated by the Association of Universities for Research in
Astronomy, Inc., under NASA contract NAS 5-03127 for
JWST. These observations are associated with programs 1180,
1181, 1208, 1212, 1213, 1215, 1286, 1345, 1433, 2198, 2561,
2750, 2767, 4106, 4233, 5105, 5224, 6368, and 6585.
Facility: JWST (NIRSpec).

ORCID iDs

John Chisholmaa https://orcid.org/0000-0002-0302-2577
Danielle A. Bergaa https://orcid.org/0000-0002-4153-053X
Michael Boylan-Kolchinaa https://orcid.org/0000-0002-
9604-343X
Anna de Graaffaa https://orcid.org/0000-0002-2380-9801
Lukas J. Furtakaa https://orcid.org/0000-0001-6278-032X
Vasily Kokorevaa https://orcid.org/0000-0002-5588-9156
Jorryt Mattheeaa https://orcid.org/0000-0003-2871-127X
Julian B. Muñozaa https://orcid.org/0000-0002-8984-0465
Rohan P. Naiduaa https://orcid.org/0000-0003-3997-5705
Andreas A. C. Sanderaa https://orcid.org/0000-0002-
2090-9751

References

Abramowicz, M. A., Czerny, B., Lasota, J. P., & Szuszkiewicz, E. 1988, ApJ,
332, 646

Adamo, A., Bradley, L. D., Vanzella, E., et al. 2024, Natur, 632, 513
Aguado-Agelet, F., Massari, D., Monelli, M., et al. 2025, A&A, 704, A255
Akins, H. B., Casey, C. M., Berg, D. A., et al. 2025a, ApJL, 980, L29
Akins, H. B., Casey, C. M., Chisholm, J., et al. 2026, ApJ, 997, 218
Akins, H. B., Casey, C. M., Lambrides, E., et al. 2025b, ApJ, 991, 37

Ananna, T. T., Bogdán, Á., Kovács, O. E., Natarajan, P., Hickox, R. C., et al.
2024, ApJL, 969, L18

Baggen, J. F. W., Scoggins, M. T., van Dokkum, P., et al. 2026, ApJL,
1002, L4

Baggen, J. F. W., van Dokkum, P., Labbé, I., & Brammer, G. 2025,
arXiv:2512.03239

Barro, G., Pérez-González, P. G., Kocevski, D. D., et al. 2026, ApJ, 997, 48
Bastian, N., & Lardo, C. 2018, ARA&A, 56, 83
Baumgardt, H. 2017, MNRAS, 464, 2174
Begelman, M. C. 2010, MNRAS, 402, 673
Begelman, M. C., & Dexter, J. 2026, ApJ, 996, 48
Bernini-Peron, M., Sander, A. A. C., Sabhahit, G. N., et al. 2026, A&A,

708, A206
Blanton, M. R., Dalcanton, J., Eisenstein, D., et al. 2001, AJ, 121, 2358
Boylan-Kolchin, M. 2017, MNRAS, 472, 3120
Boylan-Kolchin, M. 2023, NatAs, 7, 731
Brodie, J. P., & Strader, J. 2006, ARA&A, 44, 193
Carretta, E., Bragaglia, A., Gratton, R. G., et al. 2010, A&A, 520, A95
Chang, S.-J., Gronke, M., Matthee, J., & Mason, C. 2026, MNRAS, 545,

staf2131
Chen, S., Hare, J., Kargaltsev, O., et al. 2026c, ApJ, 1001, 127
Chen, Y., Gnedin, O. Y., & Price-Whelan, A. M. 2026b, ApJS, 283, 60
Chen, Y., Li, H., & Gnedin, O. Y. 2025, ApJL, 980, L18
Chen, Y.-X., Liu, H., Li, R., et al. 2026a, arXiv:2602.06954
Claeyssens, A., Adamo, A., Kokorev, V., et al. 2026, arXiv:2601.16281
Claeyssens, A., Adamo, A., Richard, J., et al. 2023, MNRAS, 520, 2180
Cohen, J. G., Blakeslee, J. P., & Ryzhov, A. 1998, ApJ, 496, 808
de Graaff, A., Hviding, R. E., Naidu, R. P., et al. 2025a, arXiv:2511.21820
de Graaff, A., Rix, H.-W., Naidu, R. P., et al. 2025b, A&A, 701, A168
Della Croce, A., Pascale, R., Giunchi, E., et al. 2024, A&A, 682, A22
Denissenkov, P. A., & Hartwick, F. D. A. 2014, MNRAS, 437, L21
D’Eugenio, F., Nelson, E., Ji, X., et al. 2025, arXiv:2510.00101
Dotan, C., & Shaviv, N. J. 2012, MNRAS, 427, 3071
Dupree, A. K., & Avrett, E. H. 2013, ApJL, 773, L28
El-Badry, K., Quataert, E., Weisz, D. R., Choksi, N., & Boylan-Kolchin, M.

2019, MNRAS, 482, 4528
Eldridge, J. J., & Stanway, E. R. 2022, ARA&A, 60, 455
Eldridge, J. J., Stanway, E. R., Xiao, L., et al. 2017, PASA, 34, e058
Endsley, R., Stark, D. P., Whitler, L., et al. 2023, MNRAS, 524, 2312
Fall, S. M., & Zhang, Q. 2001, ApJ, 561, 751
Forbes, D. A., & Bridges, T. 2010, MNRAS, 404, 1203
Freitag, M., Gürkan, M. A., & Rasio, F. A. 2006, MNRAS, 368, 141
Furtak, L. J., Labbé, I., Zitrin, A., et al. 2024, Natur, 628, 57
Furtak, L. J., Zitrin, A., Plat, A., et al. 2023, ApJ, 952, 142
Gieles, M., Charbonnel, C., Krause, M. G. H., et al. 2018, MNRAS, 478, 2461
Gieles, M., & Gnedin, O. Y. 2023, MNRAS, 522, 5340
Gieles, M., Padoan, P., Charbonnel, C., Vink, J. S., & Ramírez-Galeano, L.

2025, MNRAS, 544, 483
González Prieto, E., Rodriguez, C. L., & Cabrera, T. 2025, ApJL, 990, L69
González Prieto, E., Weatherford, N. C., Fragione, G., Kremer, K., &

Rasio, F. A. 2024, ApJ, 969, 29
Goswami, S., Umbreit, S., Bierbaum, M., & Rasio, F. A. 2012, ApJ, 752, 43
Gratton, R. G., Carretta, E., & Bragaglia, A. 2012, A&ARv, 20, 50
Gratton, R. G., Carretta, E., Bragaglia, A., Lucatello, S., & D’Orazi, V. 2010,

A&A, 517, A81
Gray, D. F. 2005, The Observation and Analysis of Stellar Photospheres (3rd

ed.; Cambridge Univ. Press)
Greene, J. E., Labbe, I., Goulding, A. D., et al. 2024, ApJ, 964, 39
Greene, J. E., Strader, J., & Ho, L. C. 2020, ARA&A, 58, 257
Gürkan, M. A., Freitag, M., & Rasio, F. A. 2004, ApJ, 604, 632
Häberle, M., Neumayer, N., Seth, A., et al. 2024, Natur, 631, 285
Haemmerlé, L., Meynet, G., Mayer, L., et al. 2019, A&A, 632, L2
Haemmerlé, L., Woods, T. E., Klessen, R. S., Heger, A., & Whalen, D. J.

2018, MNRAS, 474, 2757
Harikane, Y., Zhang, Y., Nakajima, K., et al. 2023, ApJ, 959, 39
Harris, W. E. 1991, ARA&A, 29, 543
Harris, W. E. 2010, arXiv:1012.3224
Harris, W. E., Harris, G. L., & Hudson, M. J. 2015, ApJ, 806, 36
Harris, W. E., Harris, G. L. H., & Alessi, M. 2013, ApJ, 772, 82
Hawcroft, C., Leitherer, C., Aranguré, O., et al. 2025, ApJS, 280, 5
Hillier, D. J., & Miller, D. L. 1998, ApJ, 496, 407
Inayoshi, K., & Maiolino, R. 2025, ApJL, 980, L27
Inoue, A. K., Shimizu, I., Iwata, I., & Tanaka, M. 2014, MNRAS, 442, 1805
Jordán, A., McLaughlin, D. E., Côté, P., et al. 2007, ApJS, 171, 101
Jordán, A., Peng, E. W., Blakeslee, J. P., et al. 2009, ApJS, 180, 54
Juodžbalis, I., Ji, X., Maiolino, R., et al. 2024, MNRAS, 535, 853

8

The Astrophysical Journal Letters, 1004:L4 (9pp), 2026 June 10 Chisholm et al.

https://orcid.org/0000-0002-0302-2577
https://orcid.org/0000-0002-4153-053X
https://orcid.org/0000-0002-9604-343X
https://orcid.org/0000-0002-9604-343X
https://orcid.org/0000-0002-2380-9801
https://orcid.org/0000-0001-6278-032X
https://orcid.org/0000-0002-5588-9156
https://orcid.org/0000-0003-2871-127X
https://orcid.org/0000-0002-8984-0465
https://orcid.org/0000-0003-3997-5705
https://orcid.org/0000-0002-2090-9751
https://orcid.org/0000-0002-2090-9751
https://doi.org/10.1086/166683
https://ui.adsabs.harvard.edu/abs/1988ApJ...332..646A/abstract
https://ui.adsabs.harvard.edu/abs/1988ApJ...332..646A/abstract
https://doi.org/10.1038/s41586-024-07703-7
https://ui.adsabs.harvard.edu/abs/2024Natur.632..513A/abstract
https://doi.org/10.1051/0004-6361/202554262
https://ui.adsabs.harvard.edu/abs/2025A&A...704A.255A/abstract
https://doi.org/10.3847/2041-8213/adab76
https://ui.adsabs.harvard.edu/abs/2025ApJ...980L..29A/abstract
https://doi.org/10.3847/1538-4357/ae2c77
https://ui.adsabs.harvard.edu/abs/2026ApJ...997..218A/abstract
https://doi.org/10.3847/1538-4357/ade984
https://ui.adsabs.harvard.edu/abs/2025ApJ...991...37A/abstract
https://doi.org/10.3847/2041-8213/ad5669
https://ui.adsabs.harvard.edu/abs/2024ApJ...969L..18A/abstract
https://doi.org/10.3847/2041-8213/ae58a5
https://ui.adsabs.harvard.edu/abs/2026ApJ..1002L...4B/abstract
https://ui.adsabs.harvard.edu/abs/2026ApJ..1002L...4B/abstract
http://arXiv.org/abs/2512.03239
https://doi.org/10.3847/1538-4357/ae0704
https://ui.adsabs.harvard.edu/abs/2026ApJ...997...48B/abstract
https://doi.org/10.1146/annurev-astro-081817-051839
https://ui.adsabs.harvard.edu/abs/2018ARA&A..56...83B/abstract
https://doi.org/10.1093/mnras/stw2488
https://ui.adsabs.harvard.edu/abs/2017MNRAS.464.2174B/abstract
https://doi.org/10.1111/j.1365-2966.2009.15916.x
https://ui.adsabs.harvard.edu/abs/2010MNRAS.402..673B/abstract
https://doi.org/10.3847/1538-4357/ae274a
https://ui.adsabs.harvard.edu/abs/2026ApJ...996...48B/abstract
https://doi.org/10.1051/0004-6361/202558762
https://ui.adsabs.harvard.edu/abs/2026A&A...708A.206B/abstract
https://ui.adsabs.harvard.edu/abs/2026A&A...708A.206B/abstract
https://doi.org/10.1086/320405
https://ui.adsabs.harvard.edu/abs/2001AJ....121.2358B/abstract
https://doi.org/10.1093/mnras/stx2164
https://ui.adsabs.harvard.edu/abs/2017MNRAS.472.3120B/abstract
https://doi.org/10.1038/s41550-023-01937-7
https://ui.adsabs.harvard.edu/abs/2023NatAs...7..731B/abstract
https://doi.org/10.1146/annurev.astro.44.051905.092441
https://ui.adsabs.harvard.edu/abs/2006ARA&A..44..193B/abstract
https://doi.org/10.1051/0004-6361/201014924
https://ui.adsabs.harvard.edu/abs/2010A&A...520A..95C/abstract
https://doi.org/10.1093/mnras/staf2131
https://ui.adsabs.harvard.edu/abs/2026MNRAS.545f2131C/abstract
https://ui.adsabs.harvard.edu/abs/2026MNRAS.545f2131C/abstract
https://doi.org/10.3847/1538-4357/ae5242
https://ui.adsabs.harvard.edu/abs/2026ApJ..1001..127C/abstract
https://doi.org/10.3847/1538-4365/ae471f
https://ui.adsabs.harvard.edu/abs/2026ApJS..283...60C/abstract
https://doi.org/10.3847/2041-8213/adaf93
https://ui.adsabs.harvard.edu/abs/2025ApJ...980L..18C/abstract
http://arXiv.org/abs/2602.06954
https://arxiv.org/abs/2601.16281
https://doi.org/10.1093/mnras/stac3791
https://ui.adsabs.harvard.edu/abs/2023MNRAS.520.2180C/abstract
https://doi.org/10.1086/305429
https://ui.adsabs.harvard.edu/abs/1998ApJ...496..808C/abstract
http://arXiv.org/abs/2511.21820
https://doi.org/10.1051/0004-6361/202554681
https://ui.adsabs.harvard.edu/abs/2025a&A...701A.168D/abstract
https://doi.org/10.1051/0004-6361/202347569
https://ui.adsabs.harvard.edu/abs/2024A&A...682A..22D/abstract
https://doi.org/10.1093/mnrasl/slt133
https://ui.adsabs.harvard.edu/abs/2014MNRAS.437L..21D/abstract
https://arxiv.org/abs/2510.00101
https://doi.org/10.1111/j.1365-2966.2012.22020.x
https://ui.adsabs.harvard.edu/abs/2012MNRAS.427.3071D/abstract
https://doi.org/10.1088/2041-8205/773/2/L28
https://ui.adsabs.harvard.edu/abs/2013ApJ...773L..28D/abstract
https://doi.org/10.1093/mnras/sty3007
https://ui.adsabs.harvard.edu/abs/2019MNRAS.482.4528E/abstract
https://doi.org/10.1146/annurev-astro-052920-100646
https://ui.adsabs.harvard.edu/abs/2022ARA&A..60..455E/abstract
https://doi.org/10.1017/pasa.2017.51
https://ui.adsabs.harvard.edu/abs/2017PASA...34...58E/abstract
https://doi.org/10.1093/mnras/stad1919
https://ui.adsabs.harvard.edu/abs/2023MNRAS.524.2312E/abstract
https://doi.org/10.1086/323358
https://ui.adsabs.harvard.edu/abs/2001ApJ...561..751F/abstract
https://doi.org/10.1111/j.1365-2966.2010.16373.x
https://ui.adsabs.harvard.edu/abs/2010MNRAS.404.1203F/abstract
https://doi.org/10.1111/j.1365-2966.2006.10096.x
https://ui.adsabs.harvard.edu/abs/2006MNRAS.368..141F/abstract
https://doi.org/10.1038/s41586-024-07184-8
https://ui.adsabs.harvard.edu/abs/2024Natur.628...57F/abstract
https://doi.org/10.3847/1538-4357/acdc9d
https://ui.adsabs.harvard.edu/abs/2023ApJ...952..142F/abstract
https://doi.org/10.1093/mnras/sty1059
https://ui.adsabs.harvard.edu/abs/2018MNRAS.478.2461G/abstract
https://doi.org/10.1093/mnras/stad1287
https://ui.adsabs.harvard.edu/abs/2023MNRAS.522.5340G/abstract
https://doi.org/10.1093/mnras/staf1314
https://ui.adsabs.harvard.edu/abs/2025MNRAS.544..483G/abstract
https://doi.org/10.3847/2041-8213/adfd4a
https://ui.adsabs.harvard.edu/abs/2025ApJ...990L..69G/abstract
https://doi.org/10.3847/1538-4357/ad43d6
https://ui.adsabs.harvard.edu/abs/2024ApJ...969...29G/abstract
https://doi.org/10.1088/0004-637X/752/1/43
https://ui.adsabs.harvard.edu/abs/2012ApJ...752...43G/abstract
https://doi.org/10.1007/s00159-012-0050-3
https://ui.adsabs.harvard.edu/abs/2012A&ARv..20...50G/abstract
https://doi.org/10.1051/0004-6361/200912572
https://ui.adsabs.harvard.edu/abs/2010A&A...517A..81G/abstract
https://doi.org/10.3847/1538-4357/ad1e5f
https://ui.adsabs.harvard.edu/abs/2024ApJ...964...39G/abstract
https://doi.org/10.1146/annurev-astro-032620-021835
https://ui.adsabs.harvard.edu/abs/2020ARA&A..58..257G/abstract
https://doi.org/10.1086/381968
https://ui.adsabs.harvard.edu/abs/2004ApJ...604..632G/abstract
https://doi.org/10.1038/s41586-024-07511-z
https://ui.adsabs.harvard.edu/abs/2024Natur.631..285H/abstract
https://doi.org/10.1051/0004-6361/201936716
https://ui.adsabs.harvard.edu/abs/2019A&A...632L...2H/abstract
https://doi.org/10.1093/mnras/stx2919
https://ui.adsabs.harvard.edu/abs/2018MNRAS.474.2757H/abstract
https://doi.org/10.3847/1538-4357/ad029e
https://ui.adsabs.harvard.edu/abs/2023ApJ...959...39H/abstract
https://doi.org/10.1146/annurev.aa.29.090191.002551
https://ui.adsabs.harvard.edu/abs/1991ARA&A..29..543H/abstract
https://arxiv.org/abs/1012.3224
https://doi.org/10.1088/0004-637X/806/1/36
https://ui.adsabs.harvard.edu/abs/2015ApJ...806...36H/abstract
https://doi.org/10.1088/0004-637X/772/2/82
https://ui.adsabs.harvard.edu/abs/2013ApJ...772...82H/abstract
https://doi.org/10.3847/1538-4365/adddb6
https://ui.adsabs.harvard.edu/abs/2025ApJS..280....5H/abstract
https://doi.org/10.1086/305350
https://ui.adsabs.harvard.edu/abs/1998ApJ...496..407H/abstract
https://doi.org/10.3847/2041-8213/adaebd
https://ui.adsabs.harvard.edu/abs/2025ApJ...980L..27I/abstract
https://doi.org/10.1093/mnras/stu936
https://ui.adsabs.harvard.edu/abs/2014MNRAS.442.1805I/abstract
https://doi.org/10.1086/516840
https://ui.adsabs.harvard.edu/abs/2007ApJS..171..101J/abstract
https://doi.org/10.1088/0067-0049/180/1/54
https://ui.adsabs.harvard.edu/abs/2009ApJS..180...54J/abstract
https://doi.org/10.1093/mnras/stae2367
https://ui.adsabs.harvard.edu/abs/2024MNRAS.535..853J/abstract


Kido, D., Ioka, K., Hotokezaka, K., Inayoshi, K., & Irwin, C. M. 2025,
MNRAS, 544, 3407

Kippenhahn, R., Weigert, A., & Weiss, A. 2013, Stellar Structure and
Evolution (Springer)

Kocevski, D. D., Onoue, M., Inayoshi, K., et al. 2023, ApJL, 954, L4
Kokorev, V., Caputi, K. I., Greene, J. E., et al. 2024, ApJ, 968, 38
Kokorev, V., Chisholm, J., Naidu, R. P., et al. 2025, arXiv:2511.07515
Kroupa, P. 2002, Sci, 295, 82
Kruijssen, J. M. D. 2015, MNRAS, 454, 1658
Kruijssen, J. M. D., Pfeffer, J. L., Reina-Campos, M., Crain, R. A., &

Bastian, N. 2019, MNRAS, 486, 3180
Kuruvanthodi, A., Schaerer, D., Messa, M., et al. 2023, A&A, 674, A140
Labbe, I., Greene, J. E., Matthee, J., et al. 2024, arXiv:2412.04557
Labbé, I., van Dokkum, P., Nelson, E., et al. 2023, Natur, 616, 266
Lambrides, E., Garofali, K., Larson, R., et al. 2026, NatAs, Advanced Online

Publication
Lamers, H. J. G. L. M., Baumgardt, H., & Gieles, M. 2010, MNRAS, 409, 305
Lamers, H. J. G. L. M., & Cassinelli, J. P. 1999, Introduction to Stellar Winds

(Cambridge Univ. Press)
Leitherer, C., Ekström, S., Meynet, G., et al. 2014, ApJS, 212, 14
Leung, G. C. K., Finkelstein, S. L., Pérez-González, P. G., et al. 2025, ApJ,

992, 26
Liu, H., Jiang, Y.-F., Quataert, E., Greene, J. E., Ma, Y., et al. 2025, ApJ,

994, 113
Ma, Y., Greene, J. E., Setton, D. J., et al. 2025, arXiv:2504.08032
Maiolino, R., Scholtz, J., Curtis-Lake, E., et al. 2024, A&A, 691, A145
Martins, F., Schaerer, D., Haemmerlé, L., & Charbonnel, C. 2020, A&A,

633, A9
Matthee, J., Naidu, R. P., Brammer, G., et al. 2024, ApJ, 963, 129
McLaughlin, D. E., & van der Marel, R. P. 2005, ApJS, 161, 304
Mezcua, M. 2017, IJMPD, 26, 1730021
Milone, A. P., & Marino, A. F. 2022, Univ, 8, 359
Morel, I., Schaerer, D., Marques-Chaves, R., et al. 2025, arXiv:2511.20484
Naidu, R. P., Matthee, J., Katz, H., et al. 2025, arXiv:2503.16596
Nandal, D., & Loeb, A. 2026, ApJ, 998, 124
Navarro-Carrera, R., Rinaldi, P., Caputi, K. I., et al. 2024, ApJ, 961, 207
Noyola, E., Gebhardt, K., & Bergmann, M. 2008, ApJ, 676, 1008
Offner, S. S. R., Moe, M., Kratter, K. M., et al. 2023, ASPC, 534, 275
Ostriker, J. P., Spitzer, L., Jr., & Chevalier, R. A. 1972, ApJL, 176, L51
Pacucci, F., & Loeb, A. 2025, ApJL, 989, L19
Paduano, A., Bahramian, A., Miller-Jones, J. C. A., et al. 2024, ApJ, 961, 54
Pei, Y. C., Fall, S. M., & Bechtold, J. 1991, ApJ, 378, 6

Pérez-González, P. G., Barro, G., Rieke, G. H., et al. 2024, ApJ, 968, 4
Piotto, G., Milone, A. P., Bedin, L. R., et al. 2015, AJ, 149, 91
Pizzati, E., Hennawi, J. F., Schaye, J., et al. 2025, MNRAS, 539, 2910
Planck Collaboration, Aghanim, N., Akrami, Y., et al. 2020, A&A, 641, A6
Portegies Zwart, S. F., & McMillan, S. L. W. 2002, ApJ, 576, 899
Pringle, J. E. 1981, ARA&A, 19, 137
Renzini, A., D’Antona, F., Cassisi, S., et al. 2015, MNRAS, 454, 4197
Rinaldi, P., Bonaventura, N., Rieke, G. H., et al. 2025, ApJ, 992, 71
Rusakov, V., Watson, D., Nikopoulos, G. P., et al. 2026, Natur, 649, 574
Sabhahit, G. N., Vink, J. S., Higgins, E. R., & Sander, A. A. C. 2022,

MNRAS, 514, 3736
Sabti, N., Muñoz, J. B., & Kamionkowski, M. 2024, PhRvL, 132, 061002
Sadowski, A., Abramowicz, M., Bursa, M., et al. 2011, A&A, 527, A17
Schaerer, D., Guibert, J., Marques-Chaves, R., & Martins, F. 2025, A&A,

693, A271
Schechter, P. 1976, ApJ, 203, 297
Setton, D. J., Greene, J. E., de Graaff, A., et al. 2025a, ApJ, 995, 118
Setton, D. J., Greene, J. E., Spilker, J. S., et al. 2025b, ApJL, 991, L10
Shakura, N. I., & Sunyaev, R. A. 1973, A&A, 24, 337
Sharma, K., & Rodriguez, C. L. 2025, ApJ, 983, 162
Spitler, L. R., & Forbes, D. A. 2009, MNRAS, 392, L1
Spitzer, L. 1987, Dynamical Evolution of Globular Clusters (Princeton Univ.

Press)
Sun, W. Q., Naidu, R. P., Matthee, J., et al. 2026, OJAp, 9, 1
Tang, M., Stark, D. P., Plat, A., et al. 2025, ApJ, 991, 217
Taylor, A. J., Kokorev, V., Kocevski, D. D., et al. 2025, ApJL, 989, L7
Torralba, A., Matthee, J., Pezzulli, G., et al. 2025, arXiv:2510.00103
Turner, J. A., Dale, D. A., Lilly, J., et al. 2022, MNRAS, 516, 4612
Usher, C., Caldwell, N., & Cabrera-Ziri, I. 2024, MNRAS, 528, 6010
Valenzuela, L. M., Forbes, D. A., & Remus, R.-S. 2025, MNRAS, 537, 306
Vergara, M. C., Askar, A., Flammini Dotti, F., et al. 2026, A&A, 707, A71
Vergara, M. C., Askar, A., Kamlah, A. W. H., et al. 2025, A&A, 704, A321
Vink, J. S. 2018, A&A, 615, A119
Wang, B., Leja, J., de Graaff, A., et al. 2024, ApJL, 969, L13
Weaver, J. R., Davidzon, I., Toft, S., et al. 2023, A&A, 677, A184
Woods, T. E., Heger, A., Whalen, D. J., Haemmerlé, L., & Klessen, R. S.

2017, ApJL, 842, L6
Yanagisawa, H., Ouchi, M., Golubchik, M., et al. 2026, arXiv:2601.06015
Ying, J. M., Chaboyer, B., Boylan-Kolchin, M., Weisz, D. R., &

Goebel-Bain, R. 2025, ApJ, 987, 52
Zhang, Y., Ding, X., Yang, L., et al. 2025, arXiv:2510.25830
Zhuang, M.-Y., Li, J., Shen, Y., et al. 2026, ApJ, 999, 31

9

The Astrophysical Journal Letters, 1004:L4 (9pp), 2026 June 10 Chisholm et al.

https://doi.org/10.1093/mnras/staf1898
https://ui.adsabs.harvard.edu/abs/2025MNRAS.544.3407K/abstract
https://doi.org/10.3847/2041-8213/ace5a0
https://ui.adsabs.harvard.edu/abs/2023ApJ...954L...4K/abstract
https://doi.org/10.3847/1538-4357/ad4265
https://ui.adsabs.harvard.edu/abs/2024ApJ...968...38K/abstract
https://arxiv.org/abs/2511.07515
https://doi.org/10.1126/science.1067524
https://ui.adsabs.harvard.edu/abs/2002Sci...295...82K/abstract
https://doi.org/10.1093/mnras/stv2026
https://ui.adsabs.harvard.edu/abs/2015MNRAS.454.1658K/abstract
https://doi.org/10.1093/mnras/sty1609
https://ui.adsabs.harvard.edu/abs/2019MNRAS.486.3180K/abstract
https://doi.org/10.1051/0004-6361/202245695
https://ui.adsabs.harvard.edu/abs/2023A&A...674A.140K/abstract
https://arxiv.org/abs/2412.04557
https://doi.org/10.1038/s41586-023-05786-2
https://ui.adsabs.harvard.edu/abs/2023Natur.616..266L/abstract
https://doi.org/10.1038/s41550-026-02813-w
https://doi.org/10.1111/j.1365-2966.2010.17309.x
https://ui.adsabs.harvard.edu/abs/2010MNRAS.409..305L/abstract
https://doi.org/10.1088/0067-0049/212/1/14
https://ui.adsabs.harvard.edu/abs/2014ApJS..212...14L/abstract
https://doi.org/10.3847/1538-4357/adfcce
https://ui.adsabs.harvard.edu/abs/2025ApJ...992...26L/abstract
https://ui.adsabs.harvard.edu/abs/2025ApJ...992...26L/abstract
https://doi.org/10.3847/1538-4357/ae0c19
https://ui.adsabs.harvard.edu/abs/2025ApJ...994..113L/abstract
https://ui.adsabs.harvard.edu/abs/2025ApJ...994..113L/abstract
https://arxiv.org/abs/2504.08032
https://doi.org/10.1051/0004-6361/202347640
https://ui.adsabs.harvard.edu/abs/2024A&A...691A.145M/abstract
https://doi.org/10.1051/0004-6361/201936963
https://ui.adsabs.harvard.edu/abs/2020A&A...633A...9M/abstract
https://ui.adsabs.harvard.edu/abs/2020A&A...633A...9M/abstract
https://doi.org/10.3847/1538-4357/ad2345
https://ui.adsabs.harvard.edu/abs/2024ApJ...963..129M/abstract
https://doi.org/10.1086/497429
https://ui.adsabs.harvard.edu/abs/2005ApJS..161..304M/abstract
https://doi.org/10.1142/S021827181730021X
https://ui.adsabs.harvard.edu/abs/2017IJMPD..2630021M/abstract
https://doi.org/10.3390/universe8070359
https://ui.adsabs.harvard.edu/abs/2022Univ....8..359M/abstract
https://arxiv.org/abs/2511.20484
https://arxiv.org/abs/2503.16596
https://doi.org/10.3847/1538-4357/ae32f3
https://ui.adsabs.harvard.edu/abs/2026ApJ...998..124N/abstract
https://doi.org/10.3847/1538-4357/ad0df6
https://ui.adsabs.harvard.edu/abs/2024ApJ...961..207N/abstract
https://doi.org/10.1086/529002
https://ui.adsabs.harvard.edu/abs/2008ApJ...676.1008N/abstract
https://doi.org/10.48550/arXiv.2203.10066
https://ui.adsabs.harvard.edu/abs/2023ASPC..534..275O/abstract
https://doi.org/10.1086/181018
https://ui.adsabs.harvard.edu/abs/1972ApJ...176L..51O/abstract
https://doi.org/10.3847/2041-8213/ade871
https://ui.adsabs.harvard.edu/abs/2025ApJ...989L..19P/abstract
https://doi.org/10.3847/1538-4357/ad0e68
https://ui.adsabs.harvard.edu/abs/2024ApJ...961...54P/abstract
https://doi.org/10.1086/170401
https://ui.adsabs.harvard.edu/abs/1991ApJ...378....6P/abstract
https://doi.org/10.3847/1538-4357/ad38bb
https://ui.adsabs.harvard.edu/abs/2024ApJ...968....4P/abstract
https://doi.org/10.1088/0004-6256/149/3/91
https://ui.adsabs.harvard.edu/abs/2015AJ....149...91P/abstract
https://doi.org/10.1093/mnras/staf660
https://ui.adsabs.harvard.edu/abs/2025MNRAS.539.2910P/abstract
https://doi.org/10.1051/0004-6361/201833910
https://ui.adsabs.harvard.edu/abs/2020A&A...641A...6P/abstract
https://doi.org/10.1086/341798
https://ui.adsabs.harvard.edu/abs/2002ApJ...576..899P/abstract
https://doi.org/10.1146/annurev.aa.19.090181.001033
https://ui.adsabs.harvard.edu/abs/1981ARA&A..19..137P/abstract
https://doi.org/10.1093/mnras/stv2268
https://ui.adsabs.harvard.edu/abs/2015MNRAS.454.4197R/abstract
https://doi.org/10.3847/1538-4357/adfa10
https://ui.adsabs.harvard.edu/abs/2025ApJ...992...71R/abstract
https://doi.org/10.1038/s41586-025-09900-4
https://ui.adsabs.harvard.edu/abs/2026Natur.649..574R/abstract
https://doi.org/10.1093/mnras/stac1410
https://ui.adsabs.harvard.edu/abs/2022MNRAS.514.3736S/abstract
https://doi.org/10.1103/PhysRevLett.132.061002
https://ui.adsabs.harvard.edu/abs/2024PhRvL.132f1002S/abstract
https://doi.org/10.1051/0004-6361/201015256
https://ui.adsabs.harvard.edu/abs/2011A&A...527A..17S/abstract
https://doi.org/10.1051/0004-6361/202451454
https://ui.adsabs.harvard.edu/abs/2025A&A...693A.271S/abstract
https://ui.adsabs.harvard.edu/abs/2025A&A...693A.271S/abstract
https://doi.org/10.1086/154079
https://ui.adsabs.harvard.edu/abs/1976ApJ...203..297S/abstract
https://doi.org/10.3847/1538-4357/ae1500
https://ui.adsabs.harvard.edu/abs/2025ApJ...995..118S/abstract
https://doi.org/10.3847/2041-8213/ade78b
https://ui.adsabs.harvard.edu/abs/2025ApJ...991L..10S/abstract
https://ui.adsabs.harvard.edu/abs/1973A&A....24..337S/abstract
https://doi.org/10.3847/1538-4357/adbbdf
https://ui.adsabs.harvard.edu/abs/2025ApJ...983..162S/abstract
https://doi.org/10.1111/j.1745-3933.2008.00567.x
https://ui.adsabs.harvard.edu/abs/2009MNRAS.392L...1S/abstract
https://doi.org/10.33232/001c.162505
https://doi.org/10.3847/1538-4357/adfd57
https://ui.adsabs.harvard.edu/abs/2025ApJ...991..217T/abstract
https://doi.org/10.3847/2041-8213/ade789
https://ui.adsabs.harvard.edu/abs/2025ApJ...989L...7T/abstract
http://arXiv.org/abs/2510.00103
https://doi.org/10.1093/mnras/stac2559
https://ui.adsabs.harvard.edu/abs/2022MNRAS.516.4612T/abstract
https://doi.org/10.1093/mnras/stae282
https://ui.adsabs.harvard.edu/abs/2024MNRAS.528.6010U/abstract
https://doi.org/10.1093/mnras/staf015
https://ui.adsabs.harvard.edu/abs/2025MNRAS.537..306V/abstract
https://doi.org/10.1051/0004-6361/202556878
https://ui.adsabs.harvard.edu/abs/2026A&A...707A..71V/abstract
https://doi.org/10.1051/0004-6361/202555307
https://ui.adsabs.harvard.edu/abs/2025A&A...704A.321V/abstract
https://doi.org/10.1051/0004-6361/201832773
https://ui.adsabs.harvard.edu/abs/2018A&A...615A.119V/abstract
https://doi.org/10.3847/2041-8213/ad55f7
https://ui.adsabs.harvard.edu/abs/2024ApJ...969L..13W/abstract
https://doi.org/10.1051/0004-6361/202245581
https://ui.adsabs.harvard.edu/abs/2023A&A...677A.184W/abstract
https://doi.org/10.3847/2041-8213/aa7412
https://ui.adsabs.harvard.edu/abs/2017ApJ...842L...6W/abstract
https://arxiv.org/abs/2601.06015
https://doi.org/10.3847/1538-4357/add471
https://ui.adsabs.harvard.edu/abs/2025ApJ...987...52Y/abstract
https://arxiv.org/abs/2510.25830
https://doi.org/10.3847/1538-4357/ae3612
https://ui.adsabs.harvard.edu/abs/2026ApJ...999...31Z/abstract

	1. Introduction
	2. Globular Clusters in Formation with a Supermassive Star: V-shaped Spectral Profiles
	2.1. Potential Supermassive Star Properties

	3. LRD Number Counts
	3.1. The Present-day Shape of the LRD Mass Function
	3.2. Total Number Density of LRDs at z ∼ 0

	4. Redshift Zero Globular Clusters
	5. Predictions if Little Red Dots are Globular Clusters in Formation
	5.1. LRDs may Represent Metal-poor Globular Clusters
	5.2. Some LRDs Should Have High He Abundances and Anticorrelations between Na–O, Al–Mg, and N–C
	5.3. Should Metal-poor Globular Clusters Host Intermediate Mass Black Holes?

	6. Conclusion
	References



