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ABSTRACT

We present very deep (=11 hours on-source) JWST/MIRI low-resolution spectroscopy of the rest-frame optical emission of U37126, a UV-bright
(Myy = -20) mildly lensed (u =~ 2.2) galaxy at z = 10.255. The continuum emission is well detected in the NIRSpec and MIRI spectra, but
no nebular recombination or metal emission lines are observed (EW, (HB+[O111]) < 300 A and EW, (He) < 400 A at 3¢7). Combined with the
exceptionally blue UV continuum slope, Syv =~ —2.9, and flat Balmer break, these constraints indicate a stellar population dominated by very young
and massive stars with a strongly suppressed nebular contribution. Comparisons with synthetic stellar population models indicate that U37126
requires a very high ionizing photon production efficiency, log(&en/Hzerg™") =~ 25.75, and a nearly unity Lyman continuum escape fraction, of
Jese = 86% (30) based on the He flux limit and fic = 0.94 + 0.06 derived independently from fitting the spectral energy distribution (SED).
The best-fit SED yields a (delensed) stellar mass of M, =~ 107% M, and a star formation rate SFR =~ 10 M, yr~! (specific SFR ~ 160 Gyr™}).
Together with its very compact size, ror = 61 pc, this yields a very high stellar mass and SFR surface densities, Ty, =~ 3 X 10° Mg pc~2 and
Zsrr = 400 M, yr~! kpe 2. Together with the lack of detectable nebular emission, these properties suggest that U37126 is undergoing a so-called
interstellar medium-naked starburst phase, possibly driven by an extremely efficient gas-to-star conversion followed by strong feedback that has
cleared the remaining gas from its stellar core, which allowed most Lyman continuum photons to escape. Finally, we show that even a small
fraction of galaxies such as U37126 (~3-6%), with an extreme Lyman continuum production and escape, might contribute disproportionately
(~50-100%) to the ionizing photon budget during cosmic reionization.
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1. Introduction

The James Webb Space Telescope (JWST) fundamentally
reshapes our understanding of galaxy formation in the early Uni-
verse by enabling the detection and detailed characterization of
the first galaxies within the first few hundred million years after
the Big Bang (e.g., Castellano et al. 2022; Curtis-Lake et al.
2023; Harikaneetal. 2023; Pérez-Gonzalezetal. 2023;
Carniani et al. 2024; Castellano et al. 2024; Harikane et al. 2024;
Napolitano et al. 2025; Chemerynska et al. 2026; Naidu et al.
2026). Deep NIRCam imaging and NIRSpec spectroscopy
provide unprecedented access to the rest-frame ultraviolet (UV)
and optical emission of galaxies at redshifts z = 7, while MIRI
extends such studies to even higher redshifts. Together, JWST
observations now robustly constrain the physical properties of
the earliest galaxies that were previously inaccessible, including
their stellar populations, star formation histories, and nebular

forming galaxies. Prior to JWST, observations established that
typical star-forming galaxies at z > 2 exhibit relatively blue
UV slopes (8 =~ -2) and that the UV continua become
systematically bluer toward higher redshifts and fainter UV
luminosities (e.g., Bouwens et al. 2012; Finkelstein et al. 2012;
Bouwens et al. 2014; Bhatawdekar & Conselice 2021). These
trends are generally interpreted as reflecting lower dust attenu-
ation and younger stellar populations in early galaxies. Recent
JWST observations have extended these measurements even
above z > 10 with improved precision, revealing an increas-
ing prevalence of very steep UV slopes among the earliest
galaxies (e.g., Topping et al. 2022; Cullen et al. 2023, 2024;
Morales et al. 2024; Topping et al. 2024a; Dottorini et al. 2025;
Messa et al. 2025; Saxena et al. 2026).

While moderately blue Byy can readily be produced by
the hot massive stars expected in young stellar populations, it
is considerably more challenging to achieve very steep slopes

emission (e.g., Alvarez—Mérquez etal. 2024; Bunkeretal.
2023; Fujimotoetal. 2024 Alvarez-MérqueZ etal. 2025;
Helton et al. 2026; Zavalaetal. 2025; Donnanetal. 2026;
Roberts-Borsani et al. 2026; Tang et al. 2026).

The UV continuum slope, Buy (fi o« %), is a widely
used spectral diagnostic for the physical conditions in star-

* Corresponding author: Rui .MarquesCoelhoChaves@unige.ch

(B < —2.6). It also requires additional physical conditions. At the
young ages (<10 Myr) necessary to generate such intrinsically
blue stellar continua, nebular emission powered by ionizing pho-
tons typically contributes significantly to the observed spectrum,
acting to redden the emergent UV spectrum (e.g., Bouwens et al.
2010). As a result, stellar population models generally predict
that UV slopes approaching § ~ —3 are rare or unobservable
in systems in which ionizing photons are efficiently reprocessed
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by the surrounding gas (e.g., Katz et al. 2025). Extremely blue
UV slopes thus indicate conditions in which the contribution
of nebular emission to the emergent UV spectrum is strongly
suppressed. This naturally occurs when a significant fraction
of Lyman continuum (LyC; with >13.6eV) ionizing photons
escape from HTII regions before they are reprocessed into neb-
ular line and continuum emission.

Galaxies exhibiting extremely steep UV slopes together with
weak nebular emission thus are compelling candidates for sys-
tems with exceptionally high LyC escape fractions and enhanced
ionizing photon output. This framework was first explored by
Zackrisson et al. (2013, 2017), who showed that the combination
of steep UV slopes and weak rest-optical emission lines provides
a powerful means of identifying strong LyC emitters. This has
the advantage of not only selecting sources with very high LyC
Jese, but also with exceptionally high ionizing photon production
efficiencies, &ion = On/Luv, where Qy is the hydrogen-ionizing
photon production rate, and Lyy is the UV luminosity. Such high
&ion values are expected in very young stellar populations that are
required to reproduce extremely steep UV continuum slopes.

Nevertheless, and with a few exceptions,
(Marques-Chaves et al. 2022; Kimetal. 2023), confirmed
that low-redshift LyC emitters exhibit only moderately blue
Buv (Chisholm et al. 2022) and generally strong nebular emis-
sion lines, with rest-frame HB equivalent widths exceeding
>150 A (e.g., Izotov et al. 2016, 2018; Flury et al. 2022). Only
recently, JWST started to reveal a rare but non-negligible
population of z > 6 sources with extremely blue UV slopes and
weak nebular emission lines (Topping et al. 2022; Hainline et al.
2024; Donnan et al. 2025; Yanagisawa et al. 2025), often with
inferred LyC escape fractions well above f.,c > 50% (e.g.,
Giovinazzo et al. 2026).

We present the discovery of another such system,
UNCOVER-37126 at z = 10.255 (hereafter U37126), which was
previously identified by Atek et al. (2023) and was spectroscopi-
cally confirmed by Fujimoto et al. (2024). Leveraging ultra-deep
JWST/MIRI spectroscopy of its rest-frame optical emission,
together with ancillary NIRCam imaging and NIRSpec spec-
troscopy, we show that U37126 exhibits an extremely steep UV
continuum slope and a nondetection of nebular emission lines,
consistent with a LyC escape fraction close to unity. The paper
is organized as follows. Section 2 presents the MIRI, NIRCam,
and NIRSpec observations. Section 3 describes the observational
results, which are discussed in Section 4. Finally, Section 5 sum-
marizes our conclusions. Throughout this work, we use a concor-
dance cosmology with Q, = 0.31 and Hy = 67.7kms~! Mpc™!
(Planck Collaboration VI 2020).

2. JWST observations and data reduction

U37126 was observed with the Low Resolution Spectrograph
(LRS; Kendrew et al. 2015) of the Mid-InfraRed Instrument
(MIRI; Rieke et al. 2015; Wrightet al. 2015, 2023) on 7-8
November 2025 as part of the PRImordial galaxy Survey with
MIRI Spectroscopy at z ~ 10 (PRISMS; program ID 8051;
PIs: J. Alvarez-Miarquez & L. Colina; Alvarez-Marquez et al.
2026). These observations provide a spectral coverage between
a wavelength range of 4.80—14.0 um using a 0”751 x 47 slit,
that is, from A ~ 0.43—1.20 um in the rest frame, and a spec-
tral resolution of R ~ 100. The total on-source integration time
was 39696 s (~11.0h), obtained using a customized four-point
dither strategy repeated over 12 dithers. The target acquisition
was made using the F560W filter on a GAIA DR3 reference star.

A301, page 2 of 13

The data reduction followed Alvarez-Mérquez et al. (2026).
Briefly, we used version 1.20.2 of the JWST calibration pipeline
and CRDS context jwst_1464.pmap, following the standard
MIRI LRS procedures (Bushouse et al. 2025) with additional
custom steps to optimize background subtraction and artifact
removal. These included wavelength masking, master and resid-
ual background subtraction, and sigma clipping to mitigate
detector artifacts and cosmic-ray residuals. The final combined
2D spectrum and 1D extracted spectrum were produced using
the pipeline stage 3, with the 1D spectrum extracted using a
0744 aperture and corrected for aperture losses using the stan-
dard JWST reference files (jwst_miri_apcorr_0017.fits;
for more details, see Alvarez-Marquez et al. 2026).

In addition to the MIRI LRS observations, NIRCam imaging
and NIRSpec spectroscopy of U37126 are publicly available as
part of the UNCOVER project'. NIRCam photometry, combin-
ing medium- and broadband filters from FO70W to F480M, was
taken from the UNCOVER DR3 SUPER catalog (Suess et al.
2024; Weaver et al. 2024). NIRSpec Micro-Shutter Assembly
(MSA) spectroscopy, obtained with the low-resolution PRISM
(R ~ 100), was taken from the UNCOVER data release 4
(Bezanson et al. 2024). We used the fully reduced and cali-
brated NIRSpec spectrum (=4.4 hours on-source) published by
Fujimoto et al. (2024). Finally, we adopted the updated gravita-
tional magnification from the UNCOVER DR4, u = 2.19 + 0.05
(Furtak et al. 2023; Price et al. 2025).

To place all JWST observations of U37126 on a consistent
relative flux scale, we first computed synthetic NIRSpec pho-
tometry convolving the NIRSpec spectrum with the filter trans-
mission functions of all medium- and broadband NIRCam filters
in which the source was significantly detected (>30; F150W—
F480M) and compared it to the corresponding NIRCam pho-
tometry. This yielded a scaling factor of ~1.41, which was
applied to the NIRSpec spectrum. For the MIRI LRS spec-
trum, we computed synthetic photometry over the common spec-
tral range Aops = 4.85-5.30um, where the continuum is sig-
nificantly detected in NIRSpec and MIRI. The flux densities
between the two spectra in this region are consistent, and we
therefore applied no additional scaling to the MIRI LRS spec-
trum. Figure 1 shows the combined NIRSpec and MIRI spectra
together with the NIRCam photometry.

3. Results

U37126 was first identified by Atek et al. (2023) as a photo-
metric redshift candidate at zpno = 10.60f8:§{ based on NIR-
Cam photometry (ID: 39074). A spectroscopic redshift of zgpec =
10.255 + 0.001 was subsequently reported by Fujimoto et al.
(2024) based on the unambiguous detection of the Lya break.
A tentative detection of the N III] 11750 emission line was also
discussed by Fujimoto et al. (2024), but we found no signifi-
cant emission at the reported wavelength, nor evidence of any
other rest-frame UV or optical emission lines in the NIRSpec
and MIRI spectra (Fig. 1). We therefore adopted the redshift
z = 10.255 + 0.001 inferred from the Lya break throughout
this work. Finally, U37126 was recently observed in the far-
infrared with ALMA, but neither dust continuum emission nor
[O111] 88 wm line emission was detected, yielding upper limits of
log(Mgus/Mo) < 6.06 and L([O I11] 88 um) < 2x 108 L, respec-
tively (Algera et al. 2025).

! https://jwst-uncover.github.io/


https://jwst-uncover.github.io/

Marques-Chaves, R., et al.: A&A, 711, A301 (2026)

Rest wavelength [A]

1000 2000 3000

4000 5000 6000

Lar —— NIRSpec/PRISM

m=_MIRI/LRS

0.8F -
06}

0.4

Fy[1072° ergs—tcm~2A-1]

0.2

0.0

O NIRCam-M
@ NIRCam-W !

HB+[OII] Hat

Observed wavelength [um]

Fig. 1. NIRSpec/PRISM (black) and MIRI/LRS (red) spectra of U37126 with the 1o uncertainties shown in gray. The expected locations of the
main rest-frame optical emission lines, HB, [O 111] 114960,5008, and Ha, are indicated with dashedred lines. NIRCam photometry from broad-

and medium-band filters is overplotted in blue and green, respectively.

3.1. Spectral properties from NIRSpec, NIRCam, and MIRI

The Byv was measured using several independent methods based
on NIRSpec and NIRCam. We first fit the NIRSpec/PRISM
spectrum over a broad and continuous rest-frame window,
1400-3600 A, thereby excluding regions that might be affected
by intergalactic medium (IGM) absorption blueward of 1400 A
and by the Balmer break at longer wavelengths. A power-law
fit using Imfit (Newville et al. 2025) yielded Syy = —2.79 +
0.07. We then adopted the continuum windows defined by
Calzetti et al. (1994), which avoid ISM absorption features, stel-
lar P-Cygni profiles, and nebular emission lines. To remain
consistent with the above criteria, we restricted the fit to win-
dows at deq > 1400 A, obtaining Byy = —2.83 + 0.09. As
an alternative spectral diagnostic, we fit a first-order polyno-
mial to the wavelength intervals 2180-2220 A and 2780-2820 A
following Leitherer et al. (1999). This method yielded Byy =
—3.05 + 0.16. Finally, we used the NIRCam broadband pho-
tometry in F200W and F277W, which sample the rest-frame
range Aesr =~ 1800-2500 A. From this, we obtained Byy =
—2.86 + 0.20. Taken together, these independent diagnostics
consistently indicate that U37126 shows a steep UV contin-
uum slope, all with Byy < —2.7. Taking the simple average of
these measurements, obtained from different spectral regions and
instruments (NIRSpec and NIRCam), and adopting their stan-
dard deviation as the uncertainty, we derived a fiducial UV slope
of Byy = —2.88 = 0.10.

Another key spectral diagnostic is the strength of the Balmer
break, which is sensitive to the age of the stellar population and
to the relative contribution of nebular emission. For consistency
and to facilitate a direct comparison with the stellar population
models discussed next in Section 3.2, we estimated the Balmer
break strength of U37126 from the NIRSpec spectrum as the flux
density ratio (in F,) between Ayt = 4200 A and Ao = 3400 A,
measured within spectral windows of width Ad.y = 400 A.
We find a ratio of F?004/F340A = (.86 + 0.21. For compar-
ison, using the observed NIRCam photometry in the F356W and
F444W filters, which sample the emission shortward and long-
ward of the Balmer break, respectively, we derived a consistent
flux density ratio of FE#4W /FF356W = ( 88 + 0.08. As discussed
further in Section 3.2, the inferred Balmer break strength rules

out single-burst stellar populations older than >6 Myr and con-
tinuous star formation histories with ages >16 Myr.

Finally, we analyzed the MIRI/LRS spectrum. At the red-
shift of U37126 (z = 10.255), the HB, [0 111] 11 4960,5008, and
He emission lines are expected at Agps = 5.47 wm, 5.64 um, and
7.39 um, respectively, but none of them are significantly detected
(Fig. 1)*>. We estimated their upper flux limits by measuring the
root mean square (rms) of the spectrum within a rest-frame win-
dow of A1 = 300 A centered on the expected position of each
line (yellow regions in Figure 1), and we adopted the MIRI/LRS
instrumental resolutions of R ~ 49 and R ~ 89 for [O111] and
Ha, respectively (Kendrew et al. 2015), that is, we assumed that
the emission lines are unresolved. We also considered an intrin-
sic [0 111] 5008/4960 ratio of 2.98 (Osterbrock & Ferland 2006).

Under these assumptions, we derived 30 limits of
F ([OIII] 25008) < 6.6 x 107 ergs™'cm™ and F (Ha) <
6.9 x 107" ergs™'ecm 2. The continuum emission is signifi-
cantly detected in the MIRI/LRS ranges Aoy = 4.8-5.6um
(37.2+4.1nJy) and 5.85—-6.73 um (26.1 + 5.3 nJy), while no sig-
nificant signal is observed at Agps > 7.0um (<28nly at 30).
We estimated the continuum emission at the wavelengths of
[O111] 25008 and Ha from the best-fit spectral energy distri-
bution (SED, Section 3.3), finding continuum flux densities of
~35.8n)y and ~27.7 nly, respectively. These values imply 3o
rest-frame equivalent-width limits under £Wy([O III] 15008) <
174 A and E Wo(Ha) < 400 A. For HB, we assumed case-
B recombination with an intrinsic line ratio of Iy./lyg =
2.78, assuming T, = 1.5 x 10*°K and n, = 10°cm™
(Luridiana et al. 2015). This yielded an upper limit of F(HS) <
2.5 x 10 ergs~' em™ and EWy(HB) < 64 A. We emphasize
that the HB flux and equivalent-width limits are dependent on
the assumed case-B recombination conditions. These measure-
ments are summarized in Table 1.

Finally, we briefly examined the spectral region around Lya.
Figure 2 shows the rest-frame Lya break of U37126, and for
comparison, that of MACS0647-JD (Heintz et al. 2024), a star-
forming galaxy at a similar redshift (z = 10.170) and with com-
parable global properties (e.g., stellar mass and star formation

2 The reduced NIRSpec spectrum (v4) from the Dawn JWST Archive
extends up to Adgps = 5.5 pm, but HB is not detected either.
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Fig. 2. Comparison of the rest-frame Ly« break of U37126 (black) with
that of MACS0647-JD (z = 10.170), which shows a strong damped Ly«
absorption feature (Ngr = 2.5 X 10?> cm™2, Heintz et al. 2024).

rate). MACS0647-JD exhibits a strong damped Lya absorp-
tion feature, corresponding to a neutral hydrogen column den-
sity of Nip =~ 2.5 x 102 cm™2 (Heintz et al. 2024). In con-
trast, U37126 shows a very sharp Lya break, suggestive of a
low HI column density along the line of sight. A recent anal-
ysis of U37126 by Mason et al. (2026) modeled the Lya break
using the low-resolution PRISM spectrum and inferred a neu-
tral hydrogen column density of log(Ny/cm™2) = 19.2 + 1.5.
Although formally higher than the optically thin limit for LyC
escape (Nur < 2 X 10'7 cm™2), the large uncertainty remains sta-
tistically consistent with a very high escape fraction at ~1.30
level.

3.2. Predictions from synthetic stellar models

We compare the observed spectral properties derived in
Section 3.1 with predictions from synthetic stellar population
models. We adopted the Binary Population and Spectral Syn-
thesis models (BPASS v2.2.1; Stanway & Eldridge 2018), using
their default IMF with a slope of —2.35 and an upper mass cut-
off of 300M, (imf135_300). We assumed a metallicity Z =
0.003 (Z/Z, =~ 0.15 for Z, = 0.02), consistent with val-
ues reported for galaxies of comparable Myy at similar red-
shifts (e.g., Stiavelli et al. 2023; Boyett et al. 2024; Hsiao et al.
2024, Alvarez-Mérquez et al. 2025; Helton et al. 2026). Predic-
tions for additional metallicities, from solar to Z/Z, = 0.5%, are
presented in Appendix A (Figures A.1-A .4, respectively).

We considered instantaneous-burst and constant star forma-
tion histories, with ages from 1 to 100 Myr. For each model,
we computed the ionizing photon production rate Qy and pre-
dicted the associated nebular continuum emission using PyNeb
(Luridiana et al. 2015). We assumed nebular conditions with
T, = 1.5 x 10K and n, = 10°cm™ that are expected at
very high redshifts (e.g., Isobe et al. 2023), and we included
free—free and free—bound emission by H and He, and the two-
photon continuum of H. Hydrogen recombination-line lumi-
nosities (e.g., Ha) were obtained using the coefficients from
Osterbrock & Ferland (2006). We additionally included the con-
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Table 1. Summary of the properties of U37126. Global quantities have
been corrected for lensing magnification.

Property Value Uncertainty
RA [J2000] 00:14:21.63 0.1”
Dec [J2000] —30:21:35.10 0.17
z 10.255 0.001
u 2.19 0.05
Myy [AB] -20.10 0.05
Age [Myr, CSFH] 6.8 1.6
SFR [Mg yr~!] 9.6 4.6
log(M, /My) 7.77 0.06
E(B-V) [mag.] 0.01 0.01
rarr [pc] 61 6
sSFR [Gyr™'] 160 80
log(Zy« / Mo pc™2) 3.40 0.10
log(Zser / Mo yr~" kpe™2) 2.61 0.22
Buv -2.88 0.10
EW, ([0111] 15008) [A] <174 Bo)
EW, (HB) [A] <64 (3o)
EW, (Ha) [A] <400 (o)
L([OIII] 5008A) [ergs™'] <43 x 104 (Bo)
L(Ha) [ergs™!] <4.5x 10*! Bo)
log(&on) [Hzerg™'] 25.75 0.09
fese (LyC) — Ha >0.86 (Bo)
Jese (LyC) — SED 0.94 0.06

tribution of the Hy and H¢ emission lines, as these are sampled
by the spectral regions used to infer the Balmer break strength
(F200A /33004 " see next). The total emergent spectrum is then
given by Fioul = Feltar + (1 — fese) X Frebular, Where the factor
(1 — fesc) accounts for the ionizing escape fraction, that is, LyC
photons not reprocessed into nebular emission. We also assumed
negligible dust attenuation given the extremely steep UV slope.

For each model and f;,., we measured the UV slope, Balmer-
break strength, and EW, (Ha) using the same method as applied
to U37126 (Section 3.1). Figure 3 (top) shows the predicted
quantities as a function of age for fisc = 0, 0.5, and 0.9
(red, green, and blue, respectively). Overall, we recover the
expected trends already discussed in previous works: increasing
fese suppresses the nebular continuum and line emission, yield-
ing steeper UV slopes and lower EW,, (Ha) at a fixed age (e.g.,
Zackrisson et al. 2013, 2017). UV slopes steeper than Syy <
—2.7 necessarily require a substantial escape of ionizing pho-
tons, and this is expected to hold regardless of the assumed
IMF, metallicity, and age of the underlying stellar population (cf.
Katz et al. 2025; Schaerer et al. 2025), and more broadly, for any
ionizing source.

The Balmer break, traced here by the flux density ratio
FP004 34004 g close to unity for all burst and constant-SFH
models at young ages, reflecting the strong contribution of neb-

ular continuum in the F3**°A but also the emission lines (Hy

and Ho) to F#%A 'unless fi. is very high (90%, blue). At ages
26 Myr (=15 Myr) for single-burst models (constant star forma-
tion), the strength of the Balmer break increases with the stel-
lar age, reflecting the rising contribution of lower-mass stars (A-
type) to the integrated spectrum (e.g., Kuruvanthodi et al. 2024;
Looser et al. 2024; Baker et al. 2025).

The observational constraints for U37126 are overplotted
in Fig. 3. They favor stellar populations with very high fes
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Fig. 3. Predictions from BPASS synthetic stellar and nebular emission models (Z/Z, =~ 0.15, T, = 1.5 x 10*K, and n, = 10° cm™>) for the UV
continuum slope (Buy), EW, (Ha), and the Balmer break strength (F#2004 /33004 a5 3 function of the age (top) and their combination (bottom).
The solid and dashed lines correspond to constant star formation (CSFH) and instantaneous burst models (Burst), respectively. Model sequences
are shown for LyC escape fractions fi. ranging from 0% (red) to 90% (blue); additional models with f.,. = 80% and 95% are shown in the bottom
panels only (light and dark blue, respectively). The dot-dashed violet lines (top) and circles (bottom) indicate the observational constraints for
U37126, with the shaded regions representing the 1o~ uncertainties, except for EW, (Her), which represents the 30~ upper limit.

along with young ages, ~2—10 Myr for constant star formation
or ~1-3 Myr for single-burst models. Thus, our results indi-
cate that the lack of nebular emission in the MIRI/LRS spec-
trum is primarily driven by an exceptionally high f.s. and very
young stellar populations and not by an evolved population
with reduced LyC production. While single stellar population
models (dashed red in Fig. 3) with ages >6 Myr can match
the observed EWy(Ha) upper limit, they cannot simultaneously
reproduce the observed steep UV slope and weak Balmer break.
As a simple estimate, we considered a 5Myr constant-SFH
BPASS model redshifted to z = 10.255 and scaled to match
the observed spectrum. This scaled BPASS model, shown in
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Figure 5 (violet), has log(Qu/s™') =~ 54.4 (delensed) and a = 1.5x10°K
high ionizing photqn production efficiency, log(&ion /Hz erg”!) ~ A 25x10%K 5 Myr-old (CSFH)
25.75. For comparison, if we had used the Ha limit assum- 0.0 ks e i .
ing fie = 0, we would obtain log(&,n/Hzerg™)) < 25.02 1074 1073 1072

(20), that is, we would underpredict its true &, by >0.73 dex.
Together with our upper limit on the Ha luminosity (L (Ha) <
4.5 x 10" ergs~!, delensed), our results indicate an fu. > 86%
at 30 for U37126, assuming a stellar metallicity of 15% Z.
Figure 4 shows the corresponding 3¢ limits on the LyC escape
fraction derived using the same method across a range of stel-
lar metallicities (0.5% to 100% Zs) and gas electron tempera-
tures (1.0-2.5 x 10* K). At low metallicities (<0.15 Z), we find
Jese = 86-91% (30), whereas at higher metallicities (~0.5—
1.0 Zy), the limits decrease to fise = 69-80% (307). We note,
however, that other independent indicators (e.g., Byv) still favor
high escape fractions at higher metallicities (fese = 90%; see
Figures A.1 and A.2).

Stellar metallicity [Z]

Fig. 4. Limits (30) on the Lyman continuum escape fraction derived
from the upper limit on the observed (delensed) He luminosity as
a function of stellar metallicity (from 0.5% to 100% solar) assum-
ing a 5 Myr constant-SFH. Different symbols and colors correspond to
assumed gas electron temperatures of 10* K (blue), 1.5x10* K (orange),
and 2.5 x 10* K (green).

In summary, our results indicate a high LyC escape frac-
tion that is largely independent of the assumed stellar popula-
tion properties (fese = 86% at 30 for our fiducial model). We
emphasize that given the limited observational constraints, these

A301, page 5 of 13



Marques-Chaves, R., et al.: A&A, 711, A301 (2026)

103 N T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[ e CIGALE (fesc=94+6%) @ NIRCam phot. NIRSpec/PRISM 0.3} e (LyC) = 0.94 % 0.06
[ mm = BPASS (fosc = 100%) ® MIRIsyn. phot. —— MIRI/LRS
w 0.2F
[a)]
a.
0.1}
> 0.0 —r——y — 1
c 00 02 04 06 08 1.0
— 102+ J
X [ - fesc (LyC)
= [ 1 -
[N —
1 4 1
' - - [
~ || N -
a - 1 N =
101 N N . . 1 . . N . 1 . . . . 1 1 | N N A 1 N N N 1 [ A N N
1 2 3 4 5 6 7 8

Observed wavelength [um]

Fig. 5. Best-fit SED of U37126 derived with CIGALE (solid black curve) and a pure stellar 5 Myr old BPASS model (CSFH with Z/Z, = 15%,
dashed violet line). The NIRSpec/PRISM and MIRI/LRS spectra are shown in gray and red, respectively, and NIRCam photometric measurements
and MIRI/LRS synthetic photometry are indicated by blue and red circles. The inset panel displays the posterior probability density function of

the Lyman continuum escape fraction.

conclusions are also somewhat agnostic to the nature of the ion-
izing source. In particular, regardless of whether the ionizing
radiation is dominated by a young stellar population or includes
a contribution from an AGN, the combination of a hot ionizing
source (Byv =~ —2.9) and the lack of detectable nebular emission
implies that only a small fraction of ionizing photons is absorbed
by the interstellar medium.

3.3. Spectral energy distribution and global properties

We fit the SED using the SpectroPhotometric version of the code
CIGALE (V.2022.1; Burgarella et al. 2005; Boquien et al. 2019;
Burgarella et al. 2025), incorporating all NIRCam photometry,
the NIRSpec/PRISM spectrum, and MIRI/LRS measurements
of the [O11] 15008 and He upper flux limits and the contin-
uum emission between Agps = 4.8—5.6 um, 5.85-6.73 um, and
>7.0um (see Section 3.1). We excluded all observations below
Arest < 1400 A from the fit since they may be affected by IGM
absorption and the effect is not properly handled by CIGALE.

The star formation history (SFH) was modeled assuming
constant star formation with ages varying from 1 to 20 Myr
in steps of 1 Myr. We adopted stellar population models from
Bruzual & Charlot (2003), assuming a Chabrier (2003) IMF and
metallicities from Z/Z; = 2-20%. The ionization parameter
ranged from log(U) = —3.0 to —1.5 in 0.5 dex steps. We adopted
the Milky Way dust extinction law from Cardelli et al. (1989)
with Ry = 3.1 as the dust attenuation law for the nebular emis-
sion and the Calzetti et al. (2000) for the stellar emission. The
color excess of the nebular gas was allowed to vary from 0O to
0.5 mag. The escape of LyC photons was allowed to vary from 0
to 0.999. Finally, we added an uncertainty of 10% to all dataset
points to account for cross-calibration systematics between NIR-
Spec, NIRCam, and MIRL.

Our best-fit SED model (/\/3 = 0.64), shown in Figure 5, is
characterized by a stellar population with a constant star forma-
tion rate SFR = 9.6 + 4.6 My yr~! (10 Myr weighted), a stellar
mass log(M, /My) = 7.77 + 0.06, and an age of 6.8 + 1.6 Myr
(where global properties are corrected for magnification, assum-
ing ¢ = 2.19). This yields a specific star formation rate sSSFR =
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160 + 80 Gyr~!. The color excess is negligible, E(B — V) =
0.01 + 0.01 mag., as expected given the very steep UV slope of
the best-fit model, Byy = —2.85 + 0.05 (and consistent with our
measurements in Section 3.1). The nebular metallicity is found
tobe Z/Zy =7.8 +7.1%.

The best-fit model also provides a very high LyC escape frac-
tion, fese = 0.9420.06 (Figure 5, inset panel), consistent with the
results obtained in Section 3.2. Finally, using the demagnified
size of reg = 61 + 6 pc derived next in Section 3.4, we obtained
a stellar mass and SFR surface densities of 10g(Zys« /Mo pc™2) =
3.40 + 0.10 and log(Zspr /Mo yr’1 kpc’z) =2.61 +0.22, respec-
tively. These values are substantially higher than those of typi-
cal star-forming galaxies at high-z (e.g., Morishita et al. 2024)
and are instead comparable to those found in young massive
star clusters and globular clusters (e.g., Vanzella et al. 2023) and
in some of the most extreme sources at the highest redshifts
(Castellano et al. 2022; Tacchella et al. 2023; Naidu et al. 2026).
These properties are summarized in Table 1.

3.4. Morphology and size

The morphology of U37126 is compact in the NIRCam imaging,
as illustrated in the top panels of Fig. 6. To quantify its structural
properties, we modeled the light distribution using PySersic
(Pasha & Miller 2023). PySersic performs forward modeling
of galaxy morphologies with Sérsic profiles convolved with a
supplied point spread function (PSF) and employs a Bayesian
framework to explore the posterior distribution of all parameters
and their degeneracies.

Empirical PSFs from the UNCOVER DR4 release
(Suess et al. 2024; Weaver et al. 2024) are available for all
NIRCam bands, but only at a pixel scale of 0.04” pix~'.
Because the short-wavelength NIRCam images (e.g., F150W
and F200W) have been resampled in UNCOVER DR4 to a pixel
scale of 0.02” pix~!, we generated PSFs for these bands using
STPSF? (Perrin et al. 2014). We followed Morishita et al. (2024)
and Weibel et al. (2024) and set the jitter_sigma parameter

3 https://stpsf.readthedocs.io/en/latest/
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Data

Model Residuals

Fig. 6. NIRCam F150W (top) and F200W (bottom) 1” X 1” cutouts of
U37126. The middle and right panels show the Sérsic best-fit models
obtained with PySersic and the corresponding residuals, respectively.
The PSFs are shown in the left panels.

F150W

F200W

in WebbPSF to 0.022, which has been shown to reproduce the
observed NIRCam PSFs best.

We fit 2D Sérsic models, allowing the Sérsic index to vary
between 0.5 and 6.0, while leaving the total flux, effective radius,
ellipticity, and position angle free. Given the significantly higher
S/N in the NIRCam broadband filters relative to the medium
bands, we restricted our morphological analysis to the broad-
band imaging alone and also excluded the F444W image for the
same reason (low S/N). Each fit was performed on a 1" x 1”
cutout, and all fits were centered on U37126.

For the short-wavelength NIRCam images, we measured
effective radii of reg = 24 + 2mas in F150W and reg = 22 +
2 mas in F200W, respectively (Figure 6), and a Sérsic index of
n = 1.64 + 0.26. We adopted the F200W value, as this band
probes the rest-frame UV at ~1750 A. Because U37126 is mod-
erately magnified by A2744, with u = 2.19 + 0.05 (Furtak et al.
2023; Price et al. 2025), we obtained a demagnified radius of
reg = 61 = 6pc at z = 10.255. At longer wavelengths, the best-
fit models yield reg < 0.5 pix (or reg < 0.02”). Thus, U37126
appears to be unresolved in the rest-optical with 7. < 160 pc (or
<100 pc after lensing correction).

4. Discussion

4.1. Comparison with other confirmed strong LyC emitters
and z > 6 candidates

Our results strongly support a scenario in which U37126 pro-
duces and leaks large numbers of LyC photons. These constraints
are driven by the combination of its extremely steep UV contin-
uum and the nondetection of nebular emission, and indirectly,
from the very sharp Lya break. Although extreme, similar prop-
erties have been identified with JWST in a small number of
sources at z ~ 6—10 (Topping et al. 2022; Hainline et al. 2024;
Yanagisawa et al. 2025; Giovinazzo et al. 2026; Jecmen et al.
2026). These galaxies share comparably blue UV continua
and unusually weak nebular emission, which indicates very
young stellar populations with very high LyC f.. Interest-
ingly, several of these galaxies also show high SFRs within
extremely compact morphologies (reg < 260 pc). This results
in a very high Xgpr, comparable to that inferred for U37126,
log(Zspr /Mo yr~' kpe™?) =~ 2.6, and it is consistent with expec-
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Fig. 7. Effective radius (r.g) as a function of star formation
rate surface density (Zgpr) for galaxies at z > 10 with MIRI
constraints on EW, (HB+[O1i1]) (color-coded, from Castellano et al.
2022; Goulding et al. 2023; Tacchella et al. 2023; Calabro et al. 2024;
Carniani et al. 2024; Alvarez-Marquez et al. 2025; Helton et al. 2026;
Zavala et al. 2025; Harikane et al. 2026, and /:\lvarez-Mérquez et al.
2026). The symbols denote individual sources, and the open
symbols indicate sources without available EW, measurements
(Arrabal Haro et al. 2023; Naidu et al. 2026). U37126 (star) occupies
the compact high-Xgpg regime, but shows unusually weak nebular emis-
sion with EW, (HB+[O111]) < 296 A (30) compared to other compact
systems (e.g., GNz11 and GHz2), consistent with a high LyC escape
fraction.

tations for strong LyC leakage (Sharma et al. 2017; Naidu et al.
2020).

Recent JWST studies have further suggested a
dichotomy among galaxies at z > 10 (Harikane et al. 2025;
Roberts-Borsani et al. 2026), separating extended systems with
relatively weak emission lines, in some cases, accompanied by
Balmer breaks (Harikane et al. 2026; Alvarez-Mérquez et al.
2026), which might be undergoing a recent decline in star
formation (e.g., Helton et al. 2026), from very compact galaxies
(reg < 100pc) experiencing recent bursts and exhibiting
strong UV and/or optical emission lines (e.g., Bunker et al.
2023; Castellano et al. 2024; Alvarez-Mérquez etal. 2025;
Zavala et al. 2025). Figure 7 shows the effective radius and
star formation rate surface density of the small sample of
z > 10 sources with MIRI constraints on the rest-optical
emission. The color scale encodes the rest-frame equivalent
width EWy(HB+[O 111]). Compact systems generally occupy the
regime of high Xspr and large equivalent widths. U37126 lies
in this compact high-Xgpg regime, but shows unusually weak
nebular emission, which is naturally explained by its very high
LyC escape fraction.

To further place U37126 in context, we compared its
observed properties with those of confirmed LyC emitters at
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lower redshifts (z < 4), where LyC escape can be mea-
sured directly. We first note that the majority of known LyC
emitters exhibit relatively modest escape fractions and UV
slopes Byv > —2.5 (e.g., Izotov et al. 2018; Steidel et al. 2018;
Marques-Chaves et al. 2021; Flury etal. 2022; Kerutt et al.
2024). Only a small subset shows fesc > 50%, and nearly all of
them exhibit strong nebular emission, with typical HS equivalent
widths of ~100-300 A (de Barros et al. 2016; Izotov et al. 2016;
Vanzella et al. 2016; Izotov et al. 2018; Rivera-Thorsen et al.
2019; Flury et al. 2022). An exception is the strong LyC leaker
J1316+2614 at z = 3.6, which has a measured fosc =~ 87%,
EWy(HB) =~ 35 10\, and Byy =~ —2.6 (Marques-Chaves et al.
2022) although it is much brighter. It represents the closest
known analog to U37126 and to other z > 6 strong LyC emitting
candidates with steep UV slopes and weak nebular emission.

At face value, the observed high f.. and strong nebular emis-
sion in some confirmed strong LyC emitters appear to be at
odds with the predictions and with the properties of U37126
(Fig. 3). However, these observations are not necessarily con-
tradictory. The measured fs. in low-z LyC emitters probes LyC
escape along the line of sight toward the young stars, whereas
nebular emission traces a more global 4r-averaged escape frac-
tion. Strongly anisotropic LyC leakage can therefore result in
high apparent f.,. values while still producing prominent neb-
ular emission (e.g., Flury et al. 2022; Jaskot et al. 2024a). In
addition, LyC flux measurements close to the Lyman limit
may be boosted by nebular bound-free emission (Inoue 2010;
Simmonds et al. 2024b), potentially leading to an overestimation
of the stellar f.s.. As recently shown by Izotov et al. (2025), this
effect appears to be significant in J1243+4646, the strongest LyC
emitter at z =~ 0.3 that is also a strong line emitter (fese = 72%
and EWy(HB) = 221 ;\, Izotov et al. 2018).

These results thus suggest that sources such as U37126,
which are characterized by very steep UV slopes with faint nebu-
lar emission, may be rare or absent at z < 4. However, it remains
unclear whether this reflects a genuinely low number density at
lower redshifts, possibly due to the specific physical conditions
required to form such systems (see Section 4.2), or if they have
been systematically overlooked in LyC surveys due to selection
effects (e.g., Bergvall et al. 2013), as the confirmation of spec-
troscopic redshifts generally relies on strong nebular emission.

4.2. Conditions for forming ISM-naked starbursts with a LyC
escape fraction of nearly unity

The nature of sources such as U37126 is intriguing because typ-
ical starburst galaxies are gas rich and exhibit strong nebular
emission. The stringent 30~ upper limits on the equivalent widths,
together with the very steep UV continuum and a weak or flat
Balmer break strength, indicate that nebular emission is intrinsi-
cally weak and that a small fraction of LyC photons at most is
being reprocessed by the surrounding gas.

To obtain a rough estimate of the characteristic size of the
ionized region associated with U37126, we computed the Strom-
gren radius,

13
Rs = [&) i

2
4 ag n;

where Oy ~ 10°**s7! (Section 3), ny is the hydrogen number
density of the surrounding gas, and ap is the case-B recombination
coefficient. For typical electron temperatures T, ~ (1-2) x 10*K
and gas densities ny ~ 10°-10° cm™, we infer Stromgren radii
of Ry ~ 50—200 pc. These scales are comparable to or exceed the
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size of the stellar emission (r.¢ =~ 61 pc; Section 3.4). Under such
extreme conditions, any substantial gas reservoir located within or
around U37126is expected to be efficiently ionized, and therefore,
most likely detectable in the NIRSpec and MIRI spectra.

One possible exception is a scenario in which the ionized
gas is extremely diffuse, because the line luminosities scale
as L o n?. Even if all LyC photons were fully reprocessed
within HII regions, the nondetection of Ha emission might, in
principle, be explained by an extremely low electron density
(n. < 1072cm™%). However, such conditions are rarely observed
and are particularly unlikely for U37126 (z = 10.255), given the
expected increase in the electron density toward higher redshifts
(e.g., Isobe et al. 2023). Moreover, the extreme stellar mass and
SFR surface densities of U37126 would instead favor high elec-
tron densities (e.g., Reddy et al. 2023a,b). Consistent with this
expectation, nearly all sources at z > 10 with sizes comparable
to that of U37126 (r.¢ = 61 pc) exhibit evidence for extremely
high gas densities (Harikane et al. 2025), several of them shown
in the bottom right corner of Figure 7 (e.g., GNz11 and GHz2).
Taken together, the absence of detectable nebular emission in
U37126 suggests that the galaxy is largely depleted of its inter-
stellar medium. U37126 thus behaves as an ISM-free starburst,
raising the question of how such conditions can be achieved.

One possibility is that during its intense star formation
episode, the bulk of the natal gas in U37126 was rapidly and
efficiently converted into stars, leaving little residual gas avail-
able to absorb and reprocess LyC photons. Dekel et al. (2023)
(see also Li et al. 2024) predicted that extremely high gas sur-
face densities (Zgqs 2 3 X 10° M pc™?) can lead to the formation
of feedback-free starbursts (FFB), in which gas clouds col-
lapse on very short free-fall timescales (~1 Myr). This makes
star formation very efficient, since the cloud collapse occurs
before the onset of mechanical feedback (e.g., SNe). While the
gas surface density of U37126 cannot be measured directly,
the observed stellar mass surface density, log(Z«/Mypc™?) =
3.40 + 0.10, suggests a pre-star formation gas surface density
of at least comparable magnitude, thus satisfying the condi-
tion for an FFB. Observationally, high star-formation efficien-
cies have been inferred (>40%; Dessauges-Zavadsky et al. 2025)
and predicted (>70%; Marques-Chaves et al. 2024) to explain
the strong LyC escape that was directly measured in the strong
leaker J13164+2614 at z = 3.6 with fo,c = 87% and EW, (HB) ~
35A (Marques-Chaves et al. 2022).

An alternative but not mutually exclusive scenario is that
strong feedback has removed gas and dust from the stellar core
of U37126, and potentially to larger distances*. In this con-
text, Ferrara et al. (2023) proposed that radiation pressure on
dust and gas can drive powerful radiative feedback during super-
Eddington phases. These conditions are expected in the early
stages of a starburst, when the sSFR exceeds a critical thresh-
old of >25 Gyr’1 (Fiore et al. 2023), which is satisfied in this
source (=160 Gyr~!). These phases can also facilitate substan-
tial LyC leakage, as shown recently by Ferrara et al. (2025).
Furthermore, recent hydrodynamic simulations have shown that
strong radiative outflows can only be efficiently launched in
very dense systems with high star formation efficiencies, lead-
ing simultaneously to strong LyC leakage (Menon et al. 2025).
Observational evidence of extreme outflows like these has been
reported in a handful of powerful starbursts with an elevated

4 Given the widths of the NIRSpec/MSA and MIRI/LRS apertures of
~0.2"” and 0.5”, respectively, within which no nebular emission appears
detected. This corresponds to ~0.8 kpc and ~2.1kpc at z = 10.25, i.e.,
much larger than the size of U37126 (r.¢ ~ 61 pc).
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sSFR (Crespo Gomez et al. 2025; Marques-Chaves et al. 2026),
including in confirmed low-z LyC emitters (e.g., Komarova et al.
2025). However, these systems still exhibit intense nebular emis-
sion, unlike U37126.

In summary, the absence of detectable gas in U37126 might
reflect an evolutionary sequence in which exceptionally effi-
cient star formation rapidly consumes the natal gas, followed
by intense feedback that expels the remaining material, includ-
ing dust, from the stellar core. In the absence of subsequent gas
accretion, U37126 might then evolve rapidly into a post-starburst
or recently quenched system, such as the systems recently iden-
tified by JWST at high-z (e.g., Looser et al. 2024).

4.3. Implications for cosmic reionization

The discovery of powerful ionizing sources such as U37126
has important implications for cosmic reionization. The ioniz-
ing photon budget is commonly expressed through the comov-
ing ionizing emissivity, 7y, defined as fiion = pPuv Eion feses
where pyy is the integral of the UV luminosity function
(Robertson et al. 2013). Observations indicate that the aver-
age galaxy population in reasonably complete samples down
to Myy ~ —17 at z 2 6 exhibits log(&o,/Hzerg™!) =
25.2-25.3 (e.g., Choustikov et al. 2024; Mascia et al. 2024;
Simmonds et al. 2024a; Pahl et al. 2025; Begley et al. 2026),
which is consistent with or only marginally higher than pre-
JWST canonical values (e.g., Robertson et al. 2015). For these
&ion, reionization models typically require population-averaged
escape fractions of fisc =~ 10-20% (Robertson et al. 2015),
which is broadly supported by inferences using indirect LyC
indicators (Mascia et al. 2023; Jaskot et al. 2024b; Jecmen et al.
2026), but with large scatter and sensitive to assumptions about
the faint-end slope and cutoff of the UV luminosity function
(e.g., Finkelstein et al. 2019; Korber et al. 2026). For simplicity,
we adopted a fiducial scenario in which reionization is sustained
by an averaged galaxy population characterized by foc = 15%
and log(&ion/Hz erg‘l) = 25.25.

We now consider a simple illustrative scenario in which the
ionizing budget is fully dominated by sources similar to U37126.
Owing to their exceptionally high &, and near-unity f.., such
systems might contribute disproportionately to 7., even though
they are rare. Requiring the ionizing emissivity contributed by
these extreme sources to match that of the fiducial galaxy popu-
lation yields

() (o) = v (st ()

where fy is the fraction of such extreme sources relative to
the total galaxy population. Adopting the properties inferred
for U37126, log(&ion/Hz erg‘l) ~ 25775 and fesc = 86% (30
Section 3), we find fy < 6%.

While this scenario is intentionally simplistic, implicitly
assuming that such extreme values of &, and f.s are inde-
pendent of UV luminosity and populate the full luminosity
function, it nevertheless illustrates that even a tiny fraction of
powerful ionizing sources such as U37126 might contribute sig-
nificantly, or might even dominate the ionizing photon budget
during reionization. This picture is consistent with the results of
Papovich et al. (2026), who reported that the majority (~82%) of
galaxies at z ~ 5-8 exhibit negligible LyC escape (fesc < 1%),
while only a small subset are strong LyC emitters, suggesting a
highly bimodal distribution in f.s. Where reionization might be
driven by rare but efficient leakers.
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Fig. 8. Relation between the UV slope (Byy) and the ionizing photon
production efficiency (o) for stellar population synthesis models with
(red) and without (blue) the contribution of nebular emission, i.e., rep-
resenting the extreme cases of foc = 0 and foc = 1, respectively. The
filled and open circles indicate &, derived from the SED fitting and
from the Ha flux limit assuming f.s. = 0, respectively.

In this regard, recent JWST observations have revealed a
progressive steepening of UV slopes with increasing redshift
(e.g., Topping et al. 2022; Cullen et al. 2024; Austin et al. 2025;
Dottorini et al. 2025), with several sources at z > 6 exhibit-
ing extremely blue continua (Byy < —2.8). As illustrated in
Fig. 8, such UV slopes require very young stellar popula-
tions, implying elevated ionizing photon production efficiencies,
Eion 2 1029 Hzerg™!, together with high LyC escape fractions
(fese = 50%; see Fig. 3). Moreover, the statistical analysis of
Topping et al. (2024b) identified a small but non-negligible frac-
tion (~3.4%) of high-redshift sources with Syy < —2.8 and indi-
cations of weak nebular emission, closely resembling U37126,
which is comparable to the fy < 6% of extreme LyC emitters
required in our illustrative scenario. If spectroscopically con-
firmed, such systems might already account for a substantial
fraction (250%) of the total ionizing photon budget during cos-
mic reionization.

5. Summary and conclusions

We have presented very deep (=11h on-source) JWST/MIRI
LRS rest-frame optical spectroscopy of U37126, a Myy =
—20.10 mildly lensed (u ~ 2.2) galaxy at z = 10.255 previously
identified with NIRSpec spectroscopy by Fujimoto et al. (2024).
The source exhibits an exceptionally steep UV continuum slope,
Buv = —2.9, a weak Balmer break, a sharp Lyman-a break, and
intrinsically faint nebular emission. Despite the clear detection
of the continuum in the NIRSpec/PRISM and MIRI/LRS spec-
tra, no recombination or metal emission lines are detected. We
derived stringent 30 rest-frame equivalent width upper limits
of <64 A, <174 A, and <400 A for HB, [0 11] 25008, and He,
respectively.

Combining these observational constraints with synthetic
stellar population models, we showed that the spectral proper-
ties of U37126 require extremely young stellar ages and a very
high Lyman-continuum escape fraction. Our results indicate

A301, page 9 of 13



Marques-Chaves, R., et al.: A&A, 711, A301 (2026)

ages <2 Myr for instantaneous bursts or <10 Myr for constant
star formation, implying a very high ionizing photon production
efficiency (log(&ion/Hzerg™!) > 25.6). From the Ha luminosity
limit, we derived a conservative lower limit of fisc > 86% (30),
while an independent SED fitting favored fes. = 0.94 + 0.06.

U37126 is extremely compact, with a delensed effective
radius of reg =~ 61pc. The best-fit SED yields a (delensed)
stellar mass of M, =~ 1078 My and a star formation rate
SFR =~ 10 M, yr~!. This yields very high stellar mass and star-
formation-rate surface densities of 10g(Z /. /Mg pc~2) =~ 3.4 and
log(Zspr /Mo yr~' kpe™2) =~ 2.6, respectively, which are only
comparable to those found in young massive star clusters and
the most extreme sources at the highest redshifts.

Together with the lack of detectable nebular emission, these
properties suggest that U37126 is undergoing an ISM-free star-
burst phase, in which the ISM is strongly depleted and only a
small fraction of ionizing photons are reprocessed by surround-
ing gas. These conditions may result from an extremely effi-
cient gas-to-star conversion and/or strong feedback that has effi-
ciently cleared the ISM from its stellar core. While our results
indicate that LyC photons escape efficiently from the ISM of
U37126, recent constraints on the neutral hydrogen column den-
sity from the Lya break (log(Nyi/ cm™2) = 19.2 + 1.5) indicated
that substantial neutral gas may still be present along the line of
sight. Therefore, while our observations favor a very high escape
fraction from the galaxy itself, it remains unclear whether the
escaping LyC radiation has already reached and ionized its sur-
rounding environment on larger scales.

Although systems such as U37126 are likely rare, their
extreme properties that combine a high production and escape
of LyC photons suggest that they might contribute disproportion-
ately to the ionizing photon budget during cosmic reionization.
Even a small fraction of such sources (~3-6%) can account for
a substantial share (~50-100%) of the required ionizing emis-
sivity. This scenario is consistent with emerging JWST evidence
of increasingly blue UV continua and weak nebular emission
among galaxies with the highest redshifts. If confirmed in larger
statistical samples, compact highly efficient LyC emitters such
as U37126 may represent a key population for driving and sus-
taining cosmic reionization.
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Appendix A: BPASS predictions for different metallicities

Figures A.1, A.2, A.3, and A.4 show the model predictions of the UV slope, EW, (Ha) and the Balmer break strength as a function
of age (top) and their combination (bottom) for stellar metallicities of Z = Z, Z/Z, = 50%, Z/Zs = 5%, and Z/Z; = 0.5%,
respectively.
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Fig. A.1. Same as Figure 3 but for BPASS models with stellar metallicity of Z = 0.02 (or Z/Z, = 100%).
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Fig. A.2. Same as Figure 3 but for BPASS models with stellar metallicity of Z = 0.01 (or Z/Z, = 50%).
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Fig. A.3. Same as Figure 3 but for BPASS models with stellar metallicity of Z = 0.001 (or Z/Z;, = 5%).
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Fig. A.4. Same as Figure 3 but for BPASS models with stellar metallicity of Z = 0.0001 (or Z/Z, = 0.5%).
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