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Abstract

The properties of the first metal-free stars remain largely unknown, and so far, the only data-driven constraints on
their initial mass function (IMF) come from near-field cosmology. Here, we interpret new observations of the C1
and C2 components of Hebe, the He II emitter near the galaxy GN-z11. Using a locally calibrated model, we
robustly confirm the pristine (Population III, Pop III) nature of both components, showing that the measured upper
limits on metal lines can only be reproduced by galaxies with >50% of their stellar mass in Pop III stars. We find
that C1 is consistent with a purely Pop III system and adopt a simple parametric approach to infer the implications
for the Pop III IMF and stellar mass. The observed He 1I/H~ ratio excludes steep IMFs, favoring top-heavy
distributions, especially for young stellar ages (<1 M ;/r) Combined with the He II luminosity, this implies a total
Pop III stellar mass of 2 - 10* < M, /M, <6 - While degeneracies between IMF, stellar mass, and age
remain, adopting the lower stellar masses predlcted by simulations (M, < 10° M) strengthens the preference for
top-heavy IMFs. Combining these results with near-field constraints, which instead exclude the flattest IMFs, we
define a data-driven range of viable Pop III IMFs, linking characteristic mass and slope. This work demonstrates
that direct observations of high-z Pop III systems can place independent constraints on the IMF of the first stars,
opening a new window on their formation and properties.

Unified Astronomy Thesaurus concepts: Population III stars (1285); High-redshift galaxies (734); James Webb
Space Telescope (2291)

1. Introduction Pop III IMF, M., > 1M, (M. Rossi et al. 2021). In the
Galactic halo, the absence of stars showing the key chemical
signatures of pair instability supernovae (PISNe; S. Salvadori
et al. 2019) excludes the flattest Pop III IMFs (I. Koutsouridou
et al. 2024).

Ultimately, Pop III stars were likely more massive than
subsequent generations of metal-enriched (Pop II) stars.
However, a wide variety of plausible Pop III IMFs remains:
the peak can range from one to hundreds of solar masses, and
the slope can be either flatter or steeper than Salpeter, although
not completely flat. Can we use JWST observations of high-z
galaxies to further constrain the Pop III IMF?

The highly ionizing emission of Pop III stars pro-
duces characteristic helium II (He II) recombination lines, like
He 11 A\1640 (e.g., J. Tumlinson & J. M. Shull 2000; S. P. Oh
et al. 2001; A. K. Inoue 2011; E. Zackrisson et al. 2011;
K. Nakajima & R. Maiolino 2022; M. Lecroq et al. 2025). Hence,
we expect a strong He II in the emission of systems hosting
Pop III stars, combined with signatures of either metal-free or
metal-poor gas enriched by the first Pop III supernovae (SNe).

Despite extensive searches, only a handful of Pop III candidates

Uncovering the nature of the first stars is one of the key
goals of present-day cosmology and of the JWST mission.
Also known as Population III (hereafter, Pop III) stars, they
produce the first ionizing photons, the first elements heavier
than helium, and the first stellar black holes (BHs), thus
profoundly affecting the galaxy formation process (e.g.,
V. Bromm 2013). In particular, the initial mass function
(IMF) of Pop III stars, i.e., the Pop III IMF, regulates the
number and type of photons and chemical elements, and BHs
produced in the early Universe, thereby determining how
reionization and metal enrichment began, while their role in
supermassive BH seeding remains uncertain.

However, the Pop III IMF remains largely unknown.
Cosmological simulations of the first star-forming systems
predict different typical masses for Pop III stars (e.g.,
R. S. Klessen & S. C. O. Glover 2023). Thus, so far, the
only constraints on the Pop III IMF come from near-field
cosmology. The nondetection of long-lived metal-free stars in
ultrafaint dwarf galaxies sets a lower limit on the peak of the
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have been identified with JWST so far. All but one are at least
very metal-poor systems at z < 7T (e.g., E. Vanzella et al. 2023;
K. Nakajima et al. 2025), with some potentially being metal free
(T. Morishita et al. 2025; E. Vanzella et al. 2026), yet they
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currently lack the He II detection expected for Pop III stars. Only
the z = 10.6 companion of GN-zll matches the expected
properties of a pure Pop III galaxy, showing a combination of both
a strong He 1T emission, with EW(He 1 A1640) > 20 A, and the
absence of detectable metal lines (R. Maiolino et al. 2024).

Deeper JWST observations reported in two companion
papers have now revealed that this system, which we will dub
Hebe,“ consists of two components, C1 and C2, both showing
He 11 emission (R. Maiolino et al. 2026), along with tight upper
limits on rest-frame UV and optical metal lines, and a Hv
detection in C2 (H. Ubler et al. 2026).

In this Letter, we use the model presented in E. Rusta et al.
(2025) to interpret the new observations of Hebe and assess
their implications, addressing urgent questions: Is the compa-
nion of GN-z11 a truly pristine Pop III system, or is it also
consistent with a very metal-poor Pop II (or hybrid) galaxy?
Can we use the observed spectral features of its components to
further constrain the Pop III IMF?

2. Methods: Recap of the Model

We adopt the model of E. Rusta et al. (2025), which combines
the locally calibrated galaxy formation code NEFERTITI,
stellar population synthesis libraries, and the publicly available
code CLOUDY. With this modeling framework, we can self-
consistently trace the chemical enrichment and spectral evolution
of Pop III galaxies and thus combine constraints on the Pop III
IMF from both near- and far-field cosmology.

As defined in E. Rusta et al. (2025), we subdivide Pop III
galaxies into the following groups: pristine—only Pop III stars
and metal-free gas; self-polluted—only Pop III stars and Pop
II-enriched gas; and Pop IlI-rich/mid/poor hybrids—mixture
of Pop III and Pop II stars, respectively, with >50%, 25%-—
50%, and <25% of the total stellar mass in metal-free stars.

2.1. The NEFERTITI Semianalytical Model

We employ the NEFERTITI model coupled with a dark
matter cosmological simulation of a Milky Way analog (see
I. Koutsouridou et al. 2023) to simulate Pop III galaxies at high
z (E. Rusta et al. 2024). Given its calibration with near-field
cosmology data (I. Koutsouridou et al. 2023, 2024, 2025), the
model is particularly suitable for studying the properties of the
first stars. NEFERTITI follows the formation and evolution of
individual stars, starting from pristine gas, and self-consis-
tently traces the chemical enrichment of the gas. Stars are
formed following a Larson-type IMF (R. B. Larson 1998):

(m,) = am**exp(M“‘), (1)
d niy

My

where x represents the slope of the IMF and M., the
characteristic mass, i.e., the IMF peak. For Pop III stars, we
assume a mass range m, = [0.8-1000]M, a fiducial value of
x = 2.35, and explore M., = [1, 10, 70]M,, (see 1. Koutsouridou
et al. 2023, 2024). For Pop II stars, a mass range m, =
[0.08-100]M,, x = 2.35, and M, = 0.35M...

For this project, we analyze a set of 250 Pop III galaxies and
205 metal-poor Pop II galaxies (with log O/H + 12 < 7.5)
simulated with NEFERTITI at z = 10.6, the observed redshift
of Hebe.

' Helium balmer emitter. In ancient Greek mythology, Hebe
(LGRLGRHH/3n) is the goddess of youth, daughter of Zeus and Hera.
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2.2. The Spectral Synthesis and CLOUDY Models

We produce the synthetic spectra of our set of NEFERTITI
galaxies by constructing the stellar continuum and then
running photoionization models with CLOUDY (C23 release;
G. J. Ferland et al. 1998; M. Chatzikos et al. 2023) to obtain
the nebular emission. For the stellar emission, we use
individual stellar spectra and evolutionary tracks from
D. Schaerer (2002) for Pop III stars, both to account for the
incomplete IMF sampling and to freely vary the IMF shape
and range, and IMF-integrated spectra from D. Schaerer
(2003) and E. Zackrisson et al. (2011) for Pop II stars. We then
input both the total stellar continuum and the chemical
composition of the gas into the CLOUDY code to self-
consistently trace the metal enrichment in the transition from
Pop III to hybrid galaxies.

We adopt the same CLOUDY modeling assumgtions as in
E. Rusta et al. (2025), with gas density ny = 10 cm > and
ionization parameters logU = [0, —0.5, —1, —2]. We also run
a high-density case with ny = 10° cm > and logU = —2.
Considering the different Pop III galaxy stages and parameters
explored, we ultimately obtain a set of 5000 photoionization
models for Pop III galaxies and 820 for metal-poor Pop II
galaxies.

3. The Pristine Nature of Hebe

We first explore the nature of Hebe by using our Pop III
models to interpret the observed line ratios reported by
R. Maiolino et al. (2026) for the individual C1 and C2
components. Figure 1 compares the measured 30 upper limits
on the C 1v, C 111], and O III] emission lines'? relative to He 11,
with the predictions of our model for Pop III galaxies in
different evolutionary stages, and for metal-poor Pop II
galaxies.

We clearly see that even upper limits on these metal species
are highly informative when compared with model predictions.
Indeed, we find that both C1 and C2 are not consistent with
either Pop II galaxies or Pop III-poor hybrids and are instead
fully consistent with being at least Pop IlI-rich galaxies, i.e.,
with >50% of their stellar mass in metal-free stars, and with
having logO/H < 7.4. Moreover, they are potentially
consistent with pristine (or self-polluted) Pop III galaxies,
hence composed exclusively of Pop III stars and containing
metal-free (or Pop Ill-enriched) gas, with C1 appearing more
pristine than C2. This Pop III scenario is further supported by
the two companion papers (R. Maiolino et al. 2026; H. Ubler
et al. 2026), showing that this is the most plausible among
others (e.g., direct collapse BHs).

Based on this result, we now focus on models with >50% of
stellar mass in Pop III stars and move on to explore the impact
of the Pop III IMF on the He II emission. In Figure 2, we show
the EW(He 11) versus the He I1/H~ ratio predicted for pristine
Pop I, self-polluted Pop III, and Pop Ill-rich hybrids,
together with Hebe data. We note that with increasing
characteristic mass, i.e., for progressively top-heavier Pop III
IMFs, the distribution of Pop III galaxies peaks at higher
EW(He 1) and He 1I/H~ values, and the peak also becomes
more pronounced. Indeed, for top-heavy Pop III IMFs, there is
a higher probability of forming very massive stars, which have
the strongest He II emission. More specifically, for increasing

12 Notation: C IV for C IV AA1548, 1551; C 1] for C MJA1907 + A1909; O
1] for O 1] AA1661, 1666; and He 11 for He 11 A1640.
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Figure 1. Density distributions of our NEFERTITI models at z = 10.6 for
Pop III galaxies at different evolutionary stages (red: pristine; orange: self-
polluted; green: Pop IlI-rich hybrids; cyan: Pop III-mid hybrids; blue: Pop III-
poor hybrids); and for metal-poor Pop II galaxies (purple). The solid contours
include 68% of the galaxy population, for logU = [-2, —1, —0.5, 0]
altogether. The error bars are the 30 observational upper limits presented in
R. Maiolino et al. (2026).

M., we find that the probability P(EW(He 1) > 50 A) goes
from 26% to 40% and reaches 69% for the most top-
heavy IMF.

Interestingly, C1 is fully consistent with the peaks of the
distribution of our Pop III galaxy models for all three IMFs
explored and could potentially lie on the EW(He 1I) versus He
11/H~ relation predicted for Pop III stars.

Conversely, C2 shows a lower He II/Hy ratio while
maintaining the high EW(He II) characteristic of Pop III stars.
However, unlike the diagnostics shown in Figure 1, the
He 11/H~ ratio may be significantly affected by dust as it
combines UV and optical lines. The presence of dust would
decrease the He 11/Hy without affecting EW(He II), implying
that C2 could be a self-polluted or hybrid Pop III system
enriched by recent Pop III SNe. As discussed in R. Maiolino
et al. (2026), an extinction of only Ay ~ 0.25 would be
sufficient to match our Pop III predictions when adopting the
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extinction curve from F. Sun et al. (2026). Using instead the
flatter relation derived by V. Markov et al. (2025), we estimate
Ay ~ 1.4. This implies larger dust masses <50 M, for a very
compact configuration, which can, however, be provided by a
few PISNe, each one producing >10 M, of dust (T. Nozawa
et al. 2003; R. Schneider et al. 2004). An alternative scenario
involves very high gas densities, as shown by the high-density
(ng = 10° cm™?) models reported in Figure 2 with lighter
colors. For Pop III stars, the continuum at the wavelength of
Hell is dominated by two-photon emission (e.g., A. Raiter
et al. 2010), which is heavily suppressed at ny > 10° cm ™.
For this reason, the high-density models have much higher
EW(He 11) while maintaining a similar He II/H~ ratio. This
would also suggest that C2 is a hybrid galaxy, consistent with
the interpretation of H. Ubler et al. (2026).

Given these findings, we will now focus on the interpreta-
tion of the C1 component of Hebe as an archetypal pure Pop
III system.

4. Exploring Pop III IMF and Stellar Mass

The system Hebe lies in a dense and peculiar environment,
being the companion of GN-z11, one of the most massive
galaxies observed at high redshift. In contrast, our data-
calibrated cosmological model NEFERTITI focuses on the
assembly of the Milky Way, which corresponds to a smaller
fluctuation of the density field. As a result, at z = 10.6, the
model predicts Pop III galaxies that are less luminous than the
GN-z11 companion, with total stellar masses M, <4 - 10° M,
(see Figure 6 in the Appendix). While this does not affect
comparisons of emission line ratios or equivalent widths,
which are independent of the total stellar mass, it prevents a
direct interpretation of the observed line luminosities.

Here, we develop a simple parametric approach to use the
observed HeIl/H~ ratio and the Hell luminosity, Lygen =
(5.1 £0.9) - 10* ergs™', of Cl to constrain the Pop III IMF
and stellar mass. To this end, we compute the synthetic
emission from a single Pop III star formation episode at
different ages (1 Myr steps), using the same CLOUDY
parameters as in Section 2, and with a fully sampled IMF.
This assumption is discussed in the Appendix, where Figure 6
shows how the predicted He II luminosity varies with the total
mass of Pop III stars formed, M,, when the fiducial IMF is
randomly or fully sampled. To explore the IMF widely, we
vary both the peak M., in the range [1-300] M, and the slope
x between 0 (flat) and 4.35 (steep), keeping a fixed mass range
of [0.8-1000]M., (see Equation (1)). The validity of this
assumption is discussed at the end of the section. We focus on
the emission at 1 Myr and 2 Myr after the star formation
episode to provide a reasonable range of results. Indeed,
immediately after the birth of Pop III stars (0 Myr), the
emission takes intermediate values between those considered
here, while by 3 Myr, the He Il emission is already too faint
due to the death of the most massive stars (D. Schaerer 2002).

As seen also in Figure 2, He I1/H~ depends on the Pop III
IMF, but not on the total stellar mass formed, M,, since it is an
emission line ratio. In contrast, line luminosities scale strongly
with M, (see Figure 6 for a fixed IMF), motivating our
parametric study, shown in Figure 3. We thus use He I1/Hr~ to
exclude Pop III IMFs, which are not consistent with the
observed ratio, independently of M, (left panels). For the
remaining Pop III IMFs, we then determine the stellar mass
required to obtain the observed Ly, (right panels). In both
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Figure 2. EW(He 11) versus He 11/H-~ for the subsample of NEFERTITI galaxies at z = 10.6 that match the upper limits on metal emission lines (Figure 1), shown
for three Pop III IMFs as indicated in the top-right scheme (Salpeter slope x = 2.35, peak mass M., = [1, 10, 70]M ). For each IMF, we show the PDFs of different
Pop III galaxy types: pristine (red), self-polluted (orange), and Pop IlI-rich hybrids (green). Arrows indicate how dust and/or higher gas densities would modify the
observed properties of these Pop IIT galaxies. We also report in lighter colors the high-density models (i.e., ny = 10° cm ™). The error bars are the 3¢ data from

R. Maiolino et al. (2026) and H. Ubler et al. (2026).

cases, we show the results of our parametric study for ages
1 Myr (first row) and 2 Myr (second row).

At the age of 2 Myr, we obtain the highest He IT luminosities
and He 11/H~ ratios, corresponding to the peak of the HelI
emission produced by the most massive Pop III stars in the
adopted stellar population libraries (D. Schaerer 2002). The
left panels of Figure 3 show the regions excluded by the lower
limits on the observed He 11/H~ of C1 at different confidence
levels. Steep Pop III IMFs with low My, fail to reproduce the
high observed value (He 11/H~y > 0.7 at 30) and can therefore
be ruled out. However, the minimum M., implied by the
30, 20, and 1o limits depends on both the assumed stellar age
and IMF slope. For example, for an age of 1 Myr and a
Salpeter slope (x = 2.35), the 30 limit requires M., = 75 M,
favoring relatively top-heavy Pop III IMFs.

The right panels show the stellar masses required for each
Pop III IMF to reproduce the He IT luminosity of C1, with the
IMFs excluded by the Helr/ H, constraints (left panels)
indicated in red. We find that models matching both the
observed He II/H,, ratio and the He IT luminosity predict total
stellar masses of 10%37>% M., with the exact value depending
on the stellar population age and the assumed IMF. The
minimum mass is obtained for an age of 2 Myr and a flat Pop
III IMF. Conversely, steeper Pop III IMFs require either a
larger M., or a higher stellar mass to reproduce the high
observed Ly, ;. We stress that the Pop III IMFs implying the
largest stellar masses are already excluded (see left panels of
Figure 3), as they fail to reproduce the observed He 11/H., ratio.

Additionally, we investigate the impact of varying the Pop III
IMF mass range to validate our assumption of [0.8—1000]M..
While the minimum mass has a negligible effect on our results,
the maximum mass strongly affects our predictions. For this
reason, we explore M.« = [100 — 1000]M, for a fixed
Salpeter slope. In Figure 4, we report the M,.x, which can be
excluded, as a function of M, based on the He 11/H~ observed
in the C1 component of Hebe. These are the most conservative
constraints, taken at the age of the peak He Il emission. We find
that a standard M, = 100M,, can be excluded at 20 confidence
level if M, € (50-100)M, and at 30 for M, € (1-50)M,,. For
fixed M., = 10M,, the maximum mass must be at least 150M,
(30), 200M, (20), or 460M, (10). Notably, we also find that for
a flat Pop III IMF, M,,,x > 200M,, at 1o. Hence, our assumption
of a mass range up to 1000/, is in agreement with Hebe for all
the M., explored.

Ultimately, our analysis of the C1 component of Hebe
favors a top-heavy Pop III IMF.

5. Discussion and Conclusions

The first confirmation of a pristine He 11 emitter at z = 10.6, i.e.,
Hebe, showcases the enormous advances made by JWST in the
quest for Pop III stars. Direct detections of high-z galaxies hosting
Pop III stars are crucial to complement our limited knowledge of
the first stars’ properties, currently based on near-field cosmology
studies. In this Letter, we use a locally calibrated model to
robustly confirm the Pop III nature of Hebe and explore its
implications by combining near- and far-field approaches.
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of the measured Ly, ; value.

Initially, we investigate the upper limits on UV metal lines,
comparing observations with Pop III and Pop II galaxy
predictions obtained from the NEFERTITI model. Adopting a
cosmological model that reproduces present-day observations
of ancient metal-poor stars allows us to obtain reliable
predictions for the early chemical enrichment. For both the
C1 and C2 components in Hebe, models with <50% Pop III
stellar mass fail to reproduce the observations. We find that C1
is fully consistent with a pure Pop IIl system, composed
exclusively of Pop III stars and surrounded by either pristine
gas or gas self-enriched by Pop III SNe (see Section 2). This
makes C1 the most compelling candidate for a genuinely
pristine stellar system identified to date.

Treating C1 as an archetypal pristine Pop III system, we
explore the Pop III IMF to constrain its shape and characteristic
mass, using a Larson-type IMF with m, = [0.8, 1000]M, (see
Equation (1)). The observed Hell/Hy ratio excludes the
steepest IMFs, with particularly strong constraints for a very
young system, with stellar ages <1 Myr. In this regime, IMFs
with Salpeter-like slopes and with characteristic masses
M, < T5M,, are disfavored at the 1o level. Since our analysis

relies on H and He lines, these IMF constraints remain valid
even if Cl is a self-polluted Pop III system: the presence of
metals or dust would increase the intrinsic He 1I/H~, reinforcing
our conclusions. Furthermore, in our high-density models
(ng = 10° cm ™), the He 11/Hry ratios are mildly affected, thus
maintaining our results as valid.

Given these IMF constraints, we infer a total Pop III stellar
mass of 2 - 10* < M, /M, <6 - 10° to reproduce the observed
He Il luminosity. Our mass estimates are roughly consistent
with predictions from cosmological models and simulations at
z~ 11 (e.g., J. Jaacks et al. 2019; E. M. Ventura et al. 2024;
R. Hazlett et al. 2025; T. B. Jeong et al. 2026), although on the
higher side, which is expected due to the vicinity to a massive
galaxy like GN-z11. Assuming a lower maximum mass for
Pop HI stars would imply even higher stellar masses, in
disagreement with theoretical studies. This motivates our
choice of employing a Pop III IMF up to 1000M,, and further
supports our top-heavy IMF scenario. However, strong
degeneracies remain between IMF, stellar mass, and age
(Figure 3).
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Extremely top-heavy IMFs, either flat or with a Salpeter
slope but with a peak at M., > 140M_, i.e., in the mass range
of PISNe, are predicted for low stellar masses ~(2-3) - 10*M_...
This is particularly intriguing in light of recent results of a
putative high-z PISN detection at z =~ 15 (A. Ferrara et al.
2026; G. Gandolfi et al. 2026) and the prospect of detecting
their chemical signatures in high-z gas clouds (I. Vanni et al.
2024). In this context, C1 may provide direct constraints on the
progenitor population of such energetic explosions.

Conversely, steeper Pop III IMFs, such as a Salpeter slope
with M, = 1M, for the age of 2 Myr, would require stellar
masses >1OSM@. Such high masses cannot be excluded, as
Hebe lies near the luminous galaxy GN-z11 (A. Venditti et al.
2023), whose Lyman—Werner radiation may suppress H;
cooling in nearby minihalos. However, these masses are higher
than typically predicted by simulations that resolve minihalos
(e.g., A. Storck et al. 2026). Models with M, < 10° M., also
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imply a top-heavy Pop III IMF, as they exclude all IMFs
steeper than a Salpeter slope with M., < 10 M., (Figure 3).
The resulting star formation rates are (0.018-0.1)M_ yr .
Thus, if Pop III stellar masses are limited to the lower values
predicted by simulations, our results effectively require top-
heavy IMFs.

Figure 5 combines our far-field cosmology Pop III IMF
constraints with those from near-field Cosmology studies. The
direct detection of a pure Pop III system, C1 in Hebe, allows
us to exclude the least top-heavy Larson Pop III IMFs:
M., < ax — 300, where x is the IMF slope and a = (111,
88, 80) for the 1o, 20, and 30 lower limits on He II/HW.
Conversely, indirect studies of the chemical signature of Pop
Il SNe in Galactic halo stars rule out the flattest ones
(I. Koutsouridou et al. 2024). Together, these complementary
approaches bracket the Pop III IMF from both ends, providing
a data-driven range of viable Pop III IMFs. The most likely
IMFs satisfy these conditions: 176x — 331< My, <
191x — 132, imp?ing a narrower stellar mass range for C1
in Hebe, 2.5 - 10* < M, < 10°. A precise measurement of
He 11/Hy would define a direct relation between M., and the
IMF slope, motivating deeper observations of Pop III
candidates. Future JWST observations will therefore be critical
to transform these constraints into a direct measurement of the
Pop III IMF.
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Appendix
Impact of a Fully Sampled IMF

To assess the impact of assuming a fully sampled Pop III
IMF in our parametric study, we perform 30 test models with
the same random sampling technique implemented in
NEFERTITI. Consistent with Section 4, we consider Pop III
star formation episodes producing total stellar masses of
[10*, 10%, 10°]M.,, and randomly forming stars according to a
flat IMF or a Salpeter slope (x = 2.35) with M., = 10M
(same assumed for Figure 1). We then compute the resulting
He I luminosity by summing the contributions of individual
Pop III stars, all assumed to have an age of 1 Myr, with fixed
logU = —1.

Figure 6 compares the Ly ;; resulting from these randomly
sampled models with those employed in Section 4, which
instead assume fully sampled Pop III IMFs. We also report the
predictions for pure Pop IIl NEFERTITI galaxies of Figure 1,
which appear at M, <4 - 10°M....

We find that for large masses of Pop III stars formed
M, ~ 106M®), the differences in Ly y are negligible, as the
Pop III IMF is effectively fully sampled (e.g., see M. Rossi
et al. 2021). Conversely, discrepancies increase toward lower
stellar masses, although the Ly,  range spanned by randomly
sampled models remains centered around the fully sampled
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Figure 6. Luminosity of He II A\1640 versus stellar mass for a single burst of
Pop III stars with an age of 1 Myr, forming according to Pop III IMF with
different slopes: flat (brown) or Salpeter (x = 2.35, beige) with M., = 10M,
(see Equation (1)). The stars represent a fully sampled IMF, while the shaded
region shows the range obtained by randomly sampling the IMF. The orange
region showcases the range of masses and luminosities of pure Pop III
NEFERTITI galaxies (IMF slope Salpeter, M, = 10M,). The red line is the
measured He II of C1 in Hebe reported by R. Maiolino et al. (2026).

case. For example, at M, = 10* M., the fully sampled IMF
with Salpeter slope yields Ly.y = 3 - 10% ergs—!, while
incomplete sampling gives Lyen = (1.84.2) - 10°° ergs™'.

In the lowest-mass regime populated by 80 pure Pop III
galaxies from NEFERTITI, the scatter becomes significant,
showcasing the importance of stochastic IMF sampling when
modeling such very-low-mass systems.

Finally, Figure 6 shows that a Pop III stellar mass of
M,=4-10"M, (M, = 1.8 - 10° M..)) is required to match the
observed He II luminosity of the C1 component in Hebe under
a Salpeter IMF (or a flat IMF). This is fully consistent with the
results of Section 4 (see in particular, Figure 3, top-right
panel).
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