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A B S T R A C T 

Over the past few years James Webb Space Telescope ( JWST) has been a major workhorse in detecting and constraining 

the metal enrichment of the first galaxies in the early Universe and finding the source of the ionization of their interstellar 
medium. In this work, we present new deep JWST /NIRSpec spectroscopy of GS-z11-1, a galaxy at z = 11.28, in which we 
report the detection of multiple rest-frame UV and optical emission lines: CIII] λλ1907,09, CIV] λλ1548,51, [OII] λλ3726,29, 
[NeIII] λ3869, H γ and tentative evidence for HeII λ1640. The ionization properties of GS-z11-1 are consistent with star formation, 
with potential contribution from an active galactic nucleus (AGN). We estimate a galaxy stellar mass of log(M� /M�) = 7.8 ± 0.2 

and log(SFR/(M� yr−1 )) = 0.32 ± 0.11 for the fiducial SF-only models. We measured C/O from the SED modelling of C/O 

= 1.20 ±0 . 15 × solar. This is one of the highest C/O abundances at z > 10, and it is consistent with either PopII and PopIII 
enrichment paths. Despite this source being extremely compact, with a half-light radius of 73 ± 10 pc, we see no increased 

equivalent width of NIV] and NIII] emission lines as seen in some other compact sources at similar redshifts, a potential signature 
of second-generation stars in GCs. Overall, this galaxy exhibits low metallicity and high ionization parameter consistent with 

intense star-formation or AGN activity in the early Universe, possibly observed before the enrichment by the second generation 

of stars in proto-globular clusters in the core of the galaxy. 
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 I N T RO D U C T I O N  

ith the launch of JWST, we are now able for the first time to study
he physical properties of galaxies above z > 9 using their rest-
rame optical and UV emission (e.g. P. Arrabal Haro et al. 2023 ; A.
. Bunker et al. 2023 ; E. Curtis-Lake et al. 2023 ; S. Carniani et al.
024 ; M. Castellano et al. 2024 ; F. D’Eugenio et al. 2024 ; T. Y.-Y.
siao et al. 2024 ; R. Maiolino et al. 2024 ; B. Robertson et al. 2024 ).
hese observations challenge our predictions of the high-redshift
niverse based on the knowledge of the lower redshift universe,
hether through increasing ISM density (N. A. Reddy et al. 2023 ),

onization parameter (A. J. Cameron et al. 2023a ), temperature (M.
urti et al. 2023 ), star-formation burstiness (K. Boyett et al. 2024 ;
. Dressler et al. 2024 ; R. Endsley et al. 2024 ; T. J. Looser et al.
025 ) or decreasing metallicity (D. Schaerer et al. 2022 ; K. Nakajima
t al. 2023 ; M. Curti et al. 2024 ). Specifically, extrapolation of the
xpected trends to galaxies at z > 9 do not fully explain the new
opulation of galaxies, characterized by high UV luminosities (S.
arniani et al. 2024 ; M. Castellano et al. 2024 ; R. P. Naidu et al.
025 ), metallicities (M. Castellano et al. 2024 ; S. Carniani et al.
025 ), and hints of settled discs (J. Scholtz et al. 2025a ). 
Furthermore, observations of high-z galaxies have found evidence

or peculiar chemical abundances. For instance, while there is a large
opulation of sources with decreasing carbon-to-oxygen abundance
t low metallicities (K. Z. Arellano-Córdova et al. 2022 ; T. Jones
t al. 2023 ; M. Stiavelli et al. 2023 ; M. Curti et al. 2025a ), as
xpected by simple chemical evolutionary models (R. Maiolino &
. Mannucci 2019 ), JWST studies have also found some galaxies
hat display enhanced C/O at low metallicity (M. Castellano et al.
024 ; F. D’Eugenio et al. 2024 ; K. Nakajima et al. 2025 ), which may
e connected to the chemical enrichment by the first generation of
tars (PopIII). Additionally, while most galaxies at low metallicities
how decreased N/O abundance ratios, again in line with chemical
volutionary models, JWST studies have also found a population
f galaxies with enhanced N/O (A. J. Cameron et al. 2023b ; M.
. Topping et al. 2024 ; Y. Isobe et al. 2025 ; R. P. Naidu et al.

025 ; J. Scholtz et al. 2025c ). The origin of this enhancement is
ebated: it could be connected with the metal enrichment by the
arly population of AGB stars (F. D’Antona et al. 2023 ), or Wolf–
ayet stars, possibly convolved with specific star formation histories

C. Kobayashi & A. Ferrara 2024 ; W. McClymont et al. 2025 ), or
ery massive stars (C. Charbonnel et al. 2023 ; J. S. Vink 2023 ),
nrichment by star formation that lacks feedback in the first few Myr
A. Renzini 2023 ), or differential outflows (F. Rizzuti et al. 2025 ).
egardless of the origin of the N/O enhancement, it seems that this
hemical enrichment pattern is connected with the early formation
f proto-globular clusters. Indeed, (X. Ji et al. 2025 ) found strong
imilarities with the chemical enrichment patterns of the second
eneration of stars in Globular Clusters (GCs). This is in line with
he finding of a chemical and density stratification in these early
alaxies, whereby the most nitrogen rich regions are associated with
he densest regions in the same galaxies (X. Ji et al. 2024 ; M. J. Hayes
t al. 2025 ; X. Ji et al. 2025 ), and it is also in line with the finding
hat nitrogen rich galaxies tend to be very compact (D. Schaerer
t al. 2024 ; M. W. Topping et al. 2024 ; Y. Harikane et al. 2025 ; R.
. Naidu et al. 2025 ). The finding that many of the nitrogen rich
alaxies host AGN (e.g. X. Ji et al. 2024 ; R. Maiolino et al. 2024 ;
. Napolitano et al. 2024 ) and, viceversa, the fact that most AGN

ound by JWST are nitrogen-rich (Y. Isobe et al. 2025 ), also suggests
 connection between black holes seeding and the early merging of
roto-globular clusters in the cores of early galaxies (A. Rantala et al.
025 ). 
NRAS 545, 1–17 (2026)
Many of these findings, however, remain tentative and are re-
tricted to the bright population of galaxies in the early Universe for
hich the detection of nebular lines is easier. It is important to explore

he properties of fainter systems, which are more representative
f the overall galaxy population, as well as to study more distant
alaxies that may probe the earliest stages of star and black hole
ormation. This is one of the main objectives of the Guaranteed Time
bserving programme called JWST Advanced Deep Extragalactic
urvey (JADES; M. J. Rieke et al. 2023 ; D. J. Eisenstein et al. 2023b ;
. J. Bunker et al. 2024 ; F. D’Eugenio et al. 2025 ). In this work,
e present deep PRISM and grating NIRSpec-microshutter array
bservations of GS-z11-1 originally identified through a Lyman-
reak in the NIRCam imaging in K. N. Hainline et al. ( 2024 ) and
bserved with NIRSpec/MSA as part of JADES and presented as
art of a larger sample of high-z galaxies in M. Tang et al. ( 2025 ). 
In Section 2 , we present our observations and data reduction, in

ection 3 , we describe our emission line fitting and SED fitting.
n Section 4 , we present our results, and finally in Section 5 ,
e summarize and discuss our results. Throughout this work,
e adopt a flat lambda cold dark matter ( � CDM) cosmology:
0 = 67.4 km s−1 Mpc−1 , �m 

= 0.315, and �� 

= 0.685 (Planck
ollaboration VI 2020 ). We use vacuum wavelengths for the emis-

ion lines throughout the paper. 

 OBSERVATI ONS  A N D  DATA  R E D U C T I O N  

.1 NIRSpec data 

he NIRSpec data used in this work are part of the Guaranteed Time
bservations program ID 1287 (PI: K. Isaak). The observations using

he microshutter array (MSA; P. Ferruit et al. 2022 ; P. Jakobsen et al.
022 ) mask were designed using EMPT software (N. Bonaventura
t al. 2023 ) and proceeded using the same method as described in
. J. Bunker et al. ( 2024 ) and F. D’Eugenio et al. ( 2025 ). During

he design of the mask, the pointing was optimized for the highest
riority sources in the catalogue, including GS-z11-1. The procedure
uarantees that all targets are located within ∼90 and ∼220 mas from
he centre of the MSA shutter (with a size of 0.2 arcsec × 0.46 arcsec)
n the dispersion and spatial directions, respectively. The spectra
f high-priority targets (GS-z11-1included) were protected against
ossible spectra overlap with other (lower priority) sources. 
The target was observed in three visits in 2024 January (Visit

 + 2) and 2025 January (Visit 3). The disperser-filter configurations
mployed in the programme were PRISM/CLEAR, G140M/F070LP,
235M/F170LP, G395M/F290LP, and G395H/F290LP. The first

our spectral configurations provided spectroscopic data with spectral
esolving power of R = �λ/λ ∼ 100 and R ∼ 1000 in the wave-
ength range between 0.6 and 5.5μm. This is done by performing a
inear fitting of the S-FLATs and F-FLAT curves between 5.2 and
.3μm and extending the profile up to 5.5 μm. The G395H/F290LP
isperser-filter configuration nominally covered the wavelength
ange 2.87–5.27μm with the spectral resolving power of R ∼ 2700 ,
owever, the wavelengths above 4.1μm fall outside of the detector.
n this work, we will focus our effort on the PRISM/CLEAR and
1000 observations. We applied a slit-loss correction appropriate

or point sources. We note that this slit-loss correction is optimized
or a 5-pixel aperture. In this work, we use the 3-pixel extraction due
o the higher SNR of the emission lines in the data. However, we
erified that fluxes measured from the 3-pix and 5-pix are consistent
ithin 1 σ . 
The PRISM observations were set up as four sequences of three

odding exposures at each visit, while one sequence of three nodded
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Table 1. Results of the ForcePho fit to the NIRCam imaging of GS-z11-1. 

Filter flux GS-z11-1 
(nJy) 

F090W 0 . 12 ± 0 . 60 
F115W −0 . 21 ± 0 . 62 
F150W 7 . 8 ± 0 . 75 
F200W 21 . 28 ± 1 . 02 
F277W 13 . 71 ± 0 . 68 
F335M 10 . 82 ± 1 . 8 
F356W 12 . 36 ± 0 . 73 
F410M 12 . 24 ± 1 . 45 
F444W 13 . 11 ± 0 . 99 

Morphological information 

PA deg−1 −31.11988 
rhalf arcsec−1 0.018 ± 0.0025 
rhalf pc−1 73 ± 10 
nsersic 2.13 ± 0.86 
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1 https://github.com/honzascholtz/Qubespec 
xposures was used for the spectral configuration of the gratings. 
ach nodded exposure sequence consisted of six integrations of 19 
roups in NRSIRS2 readout mode (B. J. Rauscher et al. 2012 ),
esulting in total exposure time of 99 788 and 24 947 s in PRISM
nd per R1000 grating, respectively. 

We made use of the NIRSpec GTO pipeline (J. Scholtz et al.
025b ) to process the data. The pipeline was developed by the
SA NIRSpec Science Operations Team and the NIRSpec GTO 

eam. A general overview of the data processing is reported in 
J. Scholtz et al. 2025b ). To optimize the signal-to-noise ratio of
he data, we used the 1D spectra extracted from an aperture of 3
ixels, corresponding to 0.3 arcsec, located at the target position in 
he 2D spectra. Unlike the standard pipeline version, we exploited the 
dditional data available on the detector that exists past the nominal 
.3μm red cutoff, extrapolating the calibration files to 5.5μm, which 
llows us to investigate the H γ and [O III ] λ4363 emission lines that
ould not be present in the standard data reduction. More information 

bout this procedure is covered in J. Scholtz et al. ( 2025b ). We note
hat when combining the individual exposures, we scaled the Visit 
 exposures to match the PRISM to the NIRCam photometry. We 
escribe the procedure in Appendix A . We show the final combined
RISM spectrum of the 72 individual exposures in the right panel of
ig. 1 , along with the NIRCam photometry and imaging. 

.2 Imaging data 

he imaging data was obtained with The Near-Infrared Camera 
NIRCam) on board from the James Webb Space Telescope ( JWST )
y JADES (PIDs: 1180, 1210, 1286 M. J. Rieke et al. 2023 ; D. J.
isenstein et al. 2023a , b ) and JEMS (PID: 1963 C. C. Williams
t al. 2023 ) and are processed through the JADES custom reduction
ipeline. 
The full description of the data reduction is in M. J. Rieke et al.

 2023 ). Here, we briefly summarize the procedure. The data was
educed with JWST Calibration Pipeline version 1.9.6, incorporating 
he latest Calibration Reference Data including dark frames, dis- 
ortion maps, bad pixel masks, read noise, superbias, and flat-field 
les. At the detector level, the pipeline performs a group-by-group 
orrection with dark subtraction, linearity calibration, and cosmic 
ay identification, followed by ramp fitting to recover count-rate 
mages. Furthermore, the pipeline performs further calibration steps, 
ncluding flat-fielding, photometric calibration, and background 
ubtraction to ramp-fitted images. The exposures are aligned using 
 custom version of TweakReg to align exposures and to match the
ources across images to calculate relative and absolute astrometric 
olutions. The calibrated, aligned exposures are then combined into 
osaics using the JWST Stage 3 pipeline. 
For the photometric analysis presented in this work, we fit GS- 

11-1using ForcePho (Johnson B. et al., in preparation, but also B.
. Robertson et al. 2023 ; S. Tacchella et al. 2023 ; W. M. Baker et al.
025a ). We report the final fluxes and morphological parameters 
rom the NIRCam imaging (using F090W, F115W, F150W, F200W, 
277W, F335M, F356W, F410M and F444W filters) in Table 1 , with

he full modelling results summarized in the Appendix Fig. A2 . 

 DATA  A NALYSIS  

.1 Emission line fitting 

e performed the emission line fitting in the PRISM and in the
1000 using multiple separate techniques to verify the detection of 
mission lines. Formally, the error on each parameter of the fit is
valuated by exploiting the output pipeline error spectrum. However, 
e also perform additional tests to assess the robustness of low-

ignificance detections in the PRISM spectrum by leveraging the 72 
ndividual exposures in the PRISM observations. 

The standard fitting was performed using QubeSpec ’s fitting 
outine 1 (J. Scholtz et al. 2025d ). We fitted the [N IV ] λλ1483,86,
N III ] λ1748-54, C IV λλ1548,51, [C III ] λλ1907,09, OIII] λ1663
nd He II λ1640, [O II ] λλ3726,29, [Ne III ] λ3869, H δ, H γ , and
O III ] λ4363 emission lines along with the continuum. The contin-
um was modelled as a single power-law assuming mean-density 
GM with a neutral fraction of xHI = 1 at the redshift of the
alaxy (see J. Witstok et al. 2025 for more details), while each
mission line was modelled as a Gaussian profile. As the emission
ines are unresolved in the PRISM observations, we set the intrinsic
WHM of each emission line to an arbitrary 100 km s−1 , which is

hen convolved with the line spread function (LSF) of the PRISM
t the wavelength of the emission line. The LSFs are estimated for
 point source as described in A. Graaff et al. ( 2024 ). We fit the
pectrum between 1 and 5.5μm, corresponding to 1000 and 4400 Å
n the rest-frame. We show the best-fit to the spectrum in Fig. 1 and
e report the measured fluxes, equivalent widths and SNR in Table 2 .
or the R1000 observations, we performed similar fitting, except we 
et the FWHM of the lines as a free parameter. We show the best fit of
he C IV λλ1548,51, [C III ] λλ1907,09, He II λ1640, [C III ] λλ1907,09
nd [O III ] λ1663 emission lines in Fig. 2 . 

We also estimate the fluxes and the SNR of the emission lines
sing bootstrapping of the individual 72 exposures. We generated 
000 bootstrapped spectra by randomly sampling (with replacement) 
ver the set of individual sub-spectra, after four passes of iterative
 σ -clipping to remove any remaining outliers not flagged by the
ipeline. For each iteration of the bootstrapped spectrum, we fitted 
he model described above to estimate the continuum shape and 

easured fluxes. The final measured fluxes of the emission lines 
rom the bootstrapping approach is the mean of the distribution, with
rror estimated as the standard deviation. These bootstrapped uncer- 
ainties are considered to be more conservative than the flux density
ncertainty estimates from the pipeline as they natively consider 
ll sources of noise, including correlated noise from resampling the 
IRSpec spectra (see also M. V. Maseda et al. 2023 ; K. N. Hainline

t al. 2024 ; F. D’Eugenio et al. 2025 ; M. Curti et al. 2025b ). A more
MNRAS 545, 1–17 (2026)
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M

Figure 1. Top left: NIRCam RGB (F150W, F277W, F444W) image image with shutters from Obs 1 + 2 and Obs 3 overplotted as while and blue regions. We 
show the scale bar showing a size of 1 kpc in the bottom right corner. Top right: 1D (bottom panel) and & 2D spectrum (top panel) of GS-z11-1. The magenta 
squares show the extracted NIRCam photometry with the filters’ transmission curves as coloured shaded regions. Bottom panel: Final 1D spectrum (black line) 
and its uncertainties (black shaded region) bootstrapped from the 72 exposures from our observations. We show the location of the main emission line of interest 
as coloured vertical dashed lines. Bottom panels: NIRSpec/MSA PRISM spectrum of the rest-frame UV emission and the best-fitting model. The data are shown 
as a black solid line with a shaded region showing the 1 σ uncertainties. The best-fitting model is shown as a red dashed line. We highlight the emission lines of 
interest as dashed vertical lines. 
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etailed discussion of the noise model in NIRSpec spectra will be
resented in a forthcoming paper (Jakobsen et al., in preparation). We
eport the measured fluxes, equivalent widths and SNR in Table 2 . 

Overall, the two methods give consistent SNR and measured
uxes with uncertainties. Although the bootstrapping technique is
upposed to be more conservative compared to the MCMC fitting.
owever, this shows that the scaling GTO pipeline error for the
RISM spectrum being intrinsically is sufficient to correctly account
or the correlation induced by the spectral resampling, as noted by

. Curti et al. ( 2025b ). 

.2 BEAGLE and BEAGLE-AGN SED fitting 

n order to derive the physical properties of GS-z11-1, we fit the
RISM spectrum using BEAGLE–AGN (A. Vidal-Garcı́a et al. 2024 ),
n extension to the Bayesian SED fitting code BEAGLE (J. Cheval-
NRAS 545, 1–17 (2026)

p  
ard & S. Charlot 2016 ) which incorporates a prescription for the
arrow line region (NLR) component (A. Feltre et al. 2016 ). We mask
he region around Ly α as our modelling does not properly account
or the (resonant) radiative transfer of Ly α photons, as well as [Ne III ]
ue to its known inconsistency with model coverage in many high
edshift galaxies (M. S. Silcock et al. 2024 , see also A. E. Shapley
t al. 2025 ). Owing to the blue β slope of GS-z11-1 (see Section 4.3 ),
e allow the Lyman-continuum photon escape fraction fesc to vary
etween [0.0–1.0] assuming a picket-fence model. We assume a G.
habrier ( 2003 ) initial mass function (IMF) with an upper mass
ut-off of 300 M�. The star-formation history (SFH) is described
s a delayed exponential function with the star formation rate as a
unction of time described by SFR ( t) ∝ t exp ( −t/τSFR ) where t is the
ge and τSFR is the characteristic timescale (both in yr). An additional
urst component of 10 Myr, during which the star-formation rate
s constant, constitutes the recent star formation history and is the
eriod over which the SFR is calculated. The maximum age of the
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Table 2. Emission line fluxes and equivalent widths in GS-z11-1 in PRISM & R1000 observations. 

PRISM MCMC PRISM bootstrapping R1000 
Emission line Flux EW SNR Flux EW SNR Flux SNR FWHM 

10−19 erg s−1 cm−2 Å 10−19 erg s−1 cm−2 Å 10−19 erg s−1 cm−2 km s−1 

[N IV ] λλ1483,86 < 1 . 4 < 2 . 3 – < 1 . 6 < 2 . 5 – < 2 . 7 – –

C IV λλ1548,51 2.21+ 0 . 38 
−0 . 44 6.7+ 1 . 4 

−1 . 3 5.7 2.25+ 0 . 71 
−0 . 51 6.7+ 1 . 7 

−1 . 5 4.26 < 2 . 4 – –

He II λ1640 < 1 . 11 < 4 . 5 – < 1 . 32 < 4 . 5 – < 1 . 05 – –

[O III ] λλ1661,66 < 0 . 96 < 2 . 7 – < 1 . 32 < 3 . 5 – < 1 . 6 – –

[N III ] λλ1748-54 < 0 . 9 < 3 . 6 – < 1 . 1 < 3 . 7 – < 1 . 5 – –

[C III ] λλ1907,09 1.56+ 0 . 27 
−0 . 25 8.6+ 1 . 5 

−1 . 4 5.9 1.23+ 0 . 51 
−0 . 27 8.1+ 1 . 6 

−1 . 7 4.7 1.37+ 0 . 47 
−0 . 43 3.13 520+ 190 

−170 

[O II ] λλ3726,29 0.56+ 0 . 15 
−0 . 15 20.9+ 5 . 7 

−6 . 1 3.8 0.57+ 0 . 22 
−0 . 16 21.0+ 7 . 1 

−7 . 2 3.0 < 0 . 72 – –

[Ne III ] λ3869 0.75+ 0 . 14 
−0 . 15 32.6+ 6 . 2 

−6 . 1 5.2 0.81+ 0 . 25 
−0 . 16 33.5+ 7 . 2 

−7 . 2 5.06 < 1 . 5 – –

H δ < 0 . 42 < 16 . 5 – < 0 . 33 < 17 . 5 – < 2 . 4 – –

H γ 0.75+ 0 . 21 
−0 . 19 43.0+ 10 

−12 3.9 0.73+ 0 . 22 
−0 . 20 43.0+ 56 

−30 3.68 < 2 . 3 – –

[O III ] λ4363 < 0 . 63 < 36 . 0 – < 0 . 72 < 44 . 2 – < 2 . 4 – –

Figure 2. G235M F170LP spectrum and the best fit covering the rest-frame UV emission lines: C IV λλ1548,51, He II λ1640, [O III ]1663 and [C III ] λλ1907,09. 
We report a 3.2 σ detection of [C III ] λλ1907,09 emission line doublet. 
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tars in the galaxy is denoted by log(tmax / yr) . This overall approach 
ttributes the strength of the (line and continuum) nebular emission to 
he recent 10 Myr SFH. The stellar mass log (M� / M�) includes mass
ormed during both the extended and recent star formation periods 
hilst accounting for the return fraction of stellar mass to the ISM

s the stars evolve. The total stellar mass formed, not accounting for
he return fraction, is denoted log (M tot / M�). 

The parametrization of the star-forming nebulae uses the pho- 
oionization model presented in J. Gutkin et al. ( 2016 ). We adopt
n effective galaxy-wide metallicity, log(Z ISM /Z �), and ionization 
arameter, log US , for the H II regions surrounding young stars. The 
etallicity of stars is set equal to log(Z ISM /Z �), in the absence of

eatures in the continuum able to independently constrain stellar 
etallicity. The interstellar metallicity log(Z ISM /Z �) is linked to 

he gas-phase form via the dust-to-metal mass ratio parameter ξd , 
hich we fix to 0.1, and accounts for the differential depletion of
eavy elements onto dust grains. To account for dust attenuation, we 
mploy the S. Charlot & S. M. Fall ( 2000 ) two-component model and
x the fractional attenuation due to the diffuse ISM to μ = 0 . 4. The
ust attenuation is parametrized by the effective V -band attenuation 
ptical depth, ˆ τV . We also account for a varying nebular carbon- 
o-oxygen abundance (C / O)H II / (C / O)� in the range [0.1–1.4], 
here we assume a solar carbon-to-oxygen abundance value of 

C / O)� = 0 . 44 . 
With BEAGLE-AGN , we can remove the NLR component such 

hat a galaxy with only a star-forming component is modelled (as
escribed so far), or include the NLR component should the galaxy
e considered to host an obscured AGN. In the latter case, both
 II and narrow-line region-associated parameters are constrained 

imultaneously. Given the ambiguity in the dominating ionizing 
ource for GS-z11-1, as expanded in Section 4.2 , we consider both
ases in our SED fitting. We perform one fit which includes both an
F and NLR component (named ‘SF + AGN’), and a version of this
hich omits the NLR component (named ‘SF-only’). 
MNRAS 545, 1–17 (2026)
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Table 3. Prior limits, fixed values and other parameters used in this work’s 
BEAGLE and BEAGLE–AGN fits to GS-z11-1. Priors described with N [ μ, σ 2 ] 
notation denote a Gaussian profile with mean μ and standard deviation σ . 

Parameter Prior 
ˆ τV Exponential ∈ [0 , 5] 
log (Z /Z �) Uniform ∈ [ −2 . 2 , 0 . 4] 
log UHII 

S Uniform ∈ [ −4 , −1] 
log (SFR/M�/yr) Uniform ∈ [ −4 , 4] 
log (τSFR /yr ) Uniform ∈ [6 , 12] 
log (Z 

NLR 
gas /Z �) Uniform ∈ [ −2 , 0 . 3] 

log UNLR 
S Uniform ∈ [ −4 , −1] 

log(Lacc / ergs−1 ) Uniform ∈ [43 , 48] 
z N [11 . 27 , 0 . 022 ], ∈ [0 , 20] 
log (M tot / M�) Uniform ∈ [6 , 12] 
fesc Uniform ∈ [0 . 0 , 1 . 0] 
μ Fixed to 0.4 
ξNLR 

d Fixed to 0.1 
ξd Fixed to 0.1 
mup /M� Fixed to 300 
(C / O)HII 

(C / O)� Uniform ∈ [0 . 1 , 1 . 4] 

αPL Fixed to −1.7 
(C / O)NLR 

(C / O)� Uniform ∈ [0 . 1 , 1 . 4] 

Table 4. Summary of the emission ratio line analysis (see Section 4.6 ) and of 
BEAGLE and BEAGLE–AGN fits to GS-z11-1. ‘SF + AGN’ is the NLR-inclusive 
fit and ‘SF-only’ is the version which omits an AGN component. 

Parameter Value 

RA 53.117 62 
Dec. −27.888 17 
MUV −19.4 
β −2.8 ± 0.1 

log (SFR/M�yr−1 ) (H γ ) 0.50 ± 0.15 
12 + log (O/H) 7.75 ± 0.30 
log (C/O) > −0.6 
log U −1.85 ± 0.15 
log (Mdyn /M�) 9.0 ± 0.5 

BEAGLE & BEAGLE–AGN SF + AGN SF-only 

ˆ τV 0 . 12+ 0 . 08 
−0 . 08 0 . 05+ 0 . 03 

−0 . 02 

log (Z 

HII 
gas /Z �) −1 . 66+ 0 . 28 

−0 . 30 −1 . 55+ 0 . 12 
−0 . 13 

12 + log (O/H)HII 7 . 14+ 0 . 28 
−0 . 30 7 . 23+ 0 . 13 

−0 . 13 

log UHII 
S −2 . 08+ 0 . 81 

−0 . 97 −1 . 55+ 0 . 25 
−0 . 26 

log (SFR/M�/yr) −0 . 09+ 0 . 36 
−0 . 13 0 . 32+ 0 . 11 

−0 . 10 

log(tmax / yr) 7 . 50+ 0 . 32 
−0 . 32 7 . 37+ 0 . 27 

−0 . 26 

log (M� / M�) 8 . 03+ 0 . 19 
−0 . 18 7 . 80+ 0 . 12 

−0 . 11 

log (M tot / M�) 8 . 09+ 0 . 20 
−0 . 19 7 . 84+ 0 . 13 

−0 . 11 

fesc 0 . 30+ 0 . 21 
−0 . 21 0 . 26+ 0 . 18 

−0 . 18 
(C / O)HII 

(C / O)� 0 . 95+ 0 . 36 
−0 . 13 1 . 20+ 0 . 15 

−0 . 15 

log (Z 

NLR 
gas /Z �) −0 . 73+ 0 . 37 

−0 . 39 −
12 + log (O/H)NLR 7 . 92+ 0 . 39 

−0 . 41 −
log UNLR 

S −2 . 12+ 0 . 39 
−0 . 36 −

log(Lacc / ergs−1 ) 43 . 77+ 0 . 20 
−0 . 19 −

(C / O)NLR 

(C / O)� 1 . 12+ 0 . 22 
−0 . 23 −
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For our ‘SF + AGN’ fit, we characterize the properties of the
LR using the models of A. Feltre et al. ( 2016 ), themselves updated

n M. Mignoli et al. ( 2019 ) to include better parametrizations for
he NLR inner-radius and internal microturbulence of the narrow
ine-emitting gas clouds. In this model, the thermal emission from
he AGN accretion disc is characterized by a broken power law,
ith the slope between 0 . 001 ≤ λ/μm ≤ 0 . 25 parametrized by αPL .
his can vary between −2 . 0 < αPL < −1 . 2 though here we fix it to
PL = −1 . 7 following the suggestions within A. Vidal-Garcı́a et al.
 2024 ). The integral under the broken power law provides an estimate
f the accretion disc luminosity, Lacc , a proxy for the bolometric
uminosity. Additional NLR-related parameters corresponding to the
. Feltre et al. ( 2016 ) models are NLR metallicity Z 

NLR 
gas /Z � and NLR

onizing parameter log UNLR 
S . Akin to the ISM metallicity, the NLR

etallicity is related to its gas-phase form via the NLR dust-to-metal
ass ratio ξNLR 

d , which we fix to 0.1. Within the framework of NLR
nd nebulae emission, the light emitted from the NLR is attenuated
y dust within the NLR itself (accounted for in the A. Feltre et al.
016 models) as well as dust in the diffuse ISM. Additionally to
arying the nebular carbon-to-oxygen abundance, we vary the NLR
arbon-to-oxygen abundance (C / O)NLR / (C / O)� in the same range
0.1–1.4]. Allowing variations of both nebular and NLR carbon-
o-oxygen abundances in our fitting facilitates a test to see what
bundances are required to reproduce the strength of the carbon
V lines in GS-z11-1. The parameters described here for both the

SF + AGN’ and ‘SF-only’ fits, and their corresponding priors, are
resented in Table 3 . Besides the accretion disc luminosity Lacc 

nd power-law slope αPL , parameters in Table 3 that are unique to
he ‘SF + AGN’ fit (in addition to the remaining parameters) are
ndicated with a ‘NLR’ superscript. 

 RESULTS  

n this section, we discuss the results based on the new NIRSpec
bservations. We present the redshift and the detection of rest-frame
V and optical emission lines Section 4.1 , we investigate the source
f ionization of the ISM in Section 4.2 and present SED modelling in
ection 4.4 . In Sections 4.5 and 4.6 , we present the ISM and carbon
bundances and, finally, in Section 4.7 , we present estimates of the
ynamical mass of GS-z11-1. 

.1 Overview of the detected lines 

e searched for emission lines in both PRISM and R1000 obser-
ations, and we fitted these lines as described in Section 3.1 . We
lso verified the significance of these detections by bootstrapping
he individual PRISM exposures as described in Section 3.1 . 

We detected the UV continuum and emission lines using NIR-
pec/MSA PRISM spectroscopy, reliably detecting C IV λλ1548,51,
C III ] λλ1907,09, and [Ne III ] λ3869 at > 4 σ and [O II ] λλ3726,29 at
 3 σ in the PRISM. With these emission lines, we confirmed the

pectroscopic redshift of this source to zspec = 11.275 ± 0.003. We
how the best fit of the emission lines and the continuum model in
ig. 1 . 
Furthermore, we detected [C III ] λλ1907,09 in the R1000 obser-

ations at 3.1 σ significance, with a redshift of 11.272 ± 0.0028,
onsistent with redshift from PRISM observations. The flux of
C III ] λλ1907,09 in R1000 is consistent with the flux estimated from
he PRISM observations, within 1 σ . The rest of the emission lines
etected in the PRISM are undetected in the R1000 observations, with
he upper limits on the fluxes from R1000 consistent with measured
uxes in the PRISM. We summarized the measured fluxes in Table 2 .
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Figure 3. UV and optical emission line diagnostics for GS-z11-1 (red star). 
Top panel: [C III ] λλ1907,09/He II λ1640 vs C IV λλ1548,51/[C III ] λλ1907,09. 
Middle panel: [C III ] λλ1907,09/([Ne III ] λ3869 + [O II ] λλ3726,29) versus 
C IV λλ1548,51/[C III ] λλ1907,09. Bottom panel: [O III ] λ4363/H γ versus 
[Ne III ] λ3869/[O II ] λλ3726,29 from F. D’Eugenio et al. ( 2024 ) and G. 
Mazzolari et al. ( 2024 ). The grid on the diagnostics diagrams is from A. 
Feltre, S. Charlot & J. Gutkin ( 2016 ) (AGN) & J. Gutkin, S. Charlot & G. 
Bruzual ( 2016 ) (SF) for varying C/O abundances (SF) and accretion disc 
slopes (AGN). We show the emission line ratios of UHZ2 (M. Castellano 
et al. 2024 ) and GN-z11 (A. J. Bunker et al. 2023 ) as green and purple points. 
rom now on, we will use the emission line fluxes from the PRISM
bservations for our analysis. 
We note that there is an excess of emission around Ly α when
odelling the continuum and emission lines using power-law + IGM 

ransmission and emission lines (see bottom panel of Fig. 1 ), with one
hannel being over 5 σ . This excess can be caused by inaccurate mod-
lling of the line spread function (LSF) that we used to convolve the
odelled spectrum or through complex radiative transfer around the 
y- α break. We see an excess of emission around Ly α at 2.7 σ signif-

cance in R1000 G140M observations; however, the excess resulting 
y α seen in R1000 would be easily detectable in the PRISM observa- 

ions at > 10 σ . unless the FWHM of the Ly α is broadened > 600 km
−1 . Therefore, these low significance residual features in the PRISM 

pectrum are most likely noise rather than actual detected emission. 
Furthermore, the two sets of observations performed in 2024 

anuary have an emission peak near the He II λ1640 at 2.7 σ . However,
his has not been confirmed by the additional observations in 2025 
anuary, and as such, we report only an upper limit on the He II λ1640
mission line. Future deeper observations are required to further 
nvestigate the [O III ] λ1663 and He II λ1640 emission lines. 

.2 Ionization source 

iven the high significance of the emission lines detected in our spec-
roscopic observations, we can investigate the source of ionization in 
his galaxy: star-formation, AGN, or even PopIII stars. The ratios and 
quivalent widths of the detected emission lines (either collisionally 
xcited or produced by recombination) can be modelled to determine 
he nature of the photoionization source in this galaxy. To identify 
he source of photoionization in GS-z11-1, we rely on models from
he literature: specifically, models from J. Gutkin et al. ( 2016 ), A.
eltre et al. ( 2016 ), and K. Nakajima & R. Maiolino ( 2022 ). The
quivalent widths and fluxes of the C IV λλ1548,51, [C III ] λλ1907,09
nd He II λ1640 emission lines used in theare given in Table 2 and
he derived properties in Table 4 . 

The high equivalent width of the C IV λλ1548,51 emission 
ine rules out sources requiring pristine gas such as Population 
II stars or direct collapse black holes in K. Nakajima & R.

aiolino ( 2022 ), which only occur in extremely low metallicity 
nvironments. The various line ratios (in particular the upper 
imit on He II /H γ and lower limit on C III ]/He II ) also exclude
he scenario of self-polluted PopIII recently proposed by E. 
usta et al. ( 2025 ). Therefore, here we focus on comparing our
bservations to the photo-ionization models and observations of 
tar-forming and AGN host galaxies. In Fig. 3 2 , we investigate the
ollowing line ratio diagnostics: [C III ] λλ1907,09/He II λ1640 ver- 
us C IV λλ1548,51/[C III ] λλ1907,09, 
C III ] λλ1907,09/([Ne III ] λ3869 + [O II ] λλ3726,29) versus
 IV λλ1548,51/[C II ] λ158 μm and [O III ] λ4363/H γ versus

Ne III ] λ3869/[O II ] λλ3726,29. These line ratios are compared
ith models with different C/O abundances for star-formation 
odels and AGN accretion disc slopes. In these diagnostics the 

mission line ratios observed in GS-z11-1 are consistent with AGN 

rids from A. Feltre et al. ( 2016 ) as well as star-forming grids with
igh C/O of > 50 per cent solar (log(C/O) = -0.65). 
In Fig. 4 , we show again the [C III ] λλ1907,09/He II λ1640 versus
 IV λλ1548,51/[C III ] λλ1907,09 where we now compare GS-z11-1to 
uasars and Type-2 AGN from the literature (T. Nagao et al. 2006 ;
MNRAS 545, 1–17 (2026)

 The diagnostics are plotted using https://github.com/fdeugenio/photoion
lot

https://github.com/fdeugenio/photoion_plot
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M

Figure 4. UV emission line diagnostics for GS-z11-1 (red star): 
[C III ] λλ1907,09/He II λ1640 vs C IV λλ1548,51/[C III ] λλ1907,09 and com- 
parison to other objects and observations. The green squares, grey diamonds 
show the type-2 AGN (T. Nagao, A. Marconi & R. Maiolino 2006 ) and 
all C IV λλ1548,51 detections from S. Mascia et al. ( 2023 ) as grey colour 
with squares and circles representing SF and AGN, respectively. The dark 
magenta circles show the local analogues of high-redshift galaxies (from 

CLASSY survey; D. A. Berg et al. 2022 ). The black contours show the 
narrow line emission of the SDSS quasars (H. Guo et al. 2020 ). The blue and 
light purple squares show the stacks of SF and AGN, respectively, from the 
JADES survey (J. Scholtz et al. 2025e ). We also show the black dashed and 
dotted demarcation lines between AGN, star-forming galaxies and composite 
line ratios from M. Hirschmann et al. ( 2023 ). 
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Figure 5. AGN, PopIII and evolved stars (PopI and PopII) diagnostics 
from K. Nakajima & R. Maiolino ( 2022 ); F. D’Eugenio et al. ( 2024 ). Top: 
EW of He II λ1640 versus C IV λλ1548,51/He II λ1640. Middle panel: EW 

of C IV λλ1548,51 versus C IV λλ1548,51/He II λ1640. Bottom panel: EW of 
[C III ] λλ1907,09 vs C IV λλ1548,51/[C III ] λλ1907,09. GS-z11-1 is marked as 
a red star, while we show AGN candidate UHZ2 (M. Castellano et al. 2024 ) 
as dark green square. The purple points show local dwarf analogues from 

CLASSY (M. Mingozzi et al. 2024 ). 
. Guo et al. 2019 ; S. Mascia et al. 2023 ; S. Tacchella et al. 2025 ),
DSS quasars at z ∼ (H. Guo et al. 2020 ), star-forming galaxies from
LASSY (M. Mingozzi et al. 2024 ) and stacked UV spectra of star-

orming and AGN host galaxies from JADES (J. Scholtz et al. 2025e ).
e also draw with dotted lines the demarcation between AGN, star

orming and composite galaxies according to M. Hirschmann et al.
 2019 ). Overall GS-z11-1 appears primarily consistent with AGN
bserved in the literature and in the composite region identified by
. Hirschmann et al. ( 2019 ). However, since the He II λ1640 is not de-

ected, our object can also lie in the star-forming part of the diagram.
We measured the rest-frame equivalent width (EW) of the
 IV λλ1548,51, [C III ] λλ1907,09 and He II λ1640 as 6.7 ± 1.4 Å and
.6 ± 1.3 Å and < 2 . 5 Å, respectively. We plot the EW of these lines
ersus UV emission line ratios in Fig. 5 . We compared the observed
W of C IV λλ1548,51 and He II λ1640 with photo-ionization models

rom K. Nakajima & R. Maiolino ( 2022 ) as well as local high-
 analogues from M. Mingozzi et al. ( 2024 ) and high-z galaxy
HZ-2 (M. Castellano et al. 2024 ). Similarly to the analysis of the

mission line ratios, GS-z11-1 is in the region of these diagnostics
iagrams consistent with both star-formation and AGN ionization.
verall, based on the slew of emission line ratio and equivalent width
iagnostics diagrams GS-z11-1 is consistent with both star-formation
nd AGN ionization. 

.3 β-slope and escape fraction 

rom the visual inspection of the spectrum (see Fig. 1 ), it is clear that
S-z11-1 is characterized by a very steep βUV slope. We fitted the
UV slope using multiple different procedures to verify its steepness,
ith either selecting the emission line free windows described in
etail in A. Saxena et al. ( 2024 ), which are based on the D. Calzetti
NRAS 545, 1–17 (2026)



GS-z11-1 9

e  

o
t  

i  

i  

m  

o  

β

(

f

U
w
i
(  

m  

J

4

A  

d
A  

T  

f  

o  

p
‘
p
r
fi
b
r  

‘  

o
w  

i  

i
G
e
a  

s
c
a  

b
 

c
T
f
w
l  

t  

t
t  

o
l
s  

l
b

i
p

 

o  

A  

r
N
i
d
z
S  

t
f

 

m
[  

fi  

r  

(
c
t
w
[  

T  

(
z  

d
s

 

r  

W
m  

s
r
o
w  

S
p
r  

m  

l  

h
(  

p  

i  

e  

(
w  

i  

R  

S  

n  

a  

o  

e  

w  

t

4

T  

p  
t al. ( 2000 ) spectral windows, modified for the low resolution
bservations with NIRSpec/PRISM. Furthermore, we also measure 
he slope as we fit the continuum and emission line model described
n Section 3.1 in both fitting the final spectra and bootstrapping the
ndividual 72 exposures (see Section 3.1 ). Using all the methods, we

easure the βUV = −2.8 ± 0.1. We note that, similar to the findings
f (W. M. Baker et al. 2025b ), we do not find a dependence of the
UV on the exact spectral windows used to estimate the βUV . 
We explore the measurement of βUV to estimate the escape fraction 

fesc ) based on the correlation described in J. Chisholm et al. ( 2022 ): 

esc = (1 . 3 ± 0 . 6) × 10−4 × 10(1 . 22 ±0 . 1) βUV . (1) 

sing this expression, we find the fesc of 0.44 ± 0.12, consistent 
ith fesc value from the BEAGLE SED fitting (see section below). The 

ncredibly low βUV value is steeper than most of the high-z galaxies 
see e.g. G. Roberts-Borsani et al. 2024 ; A. Saxena et al. 2024 ) and
ore consistent with those found in the napping galaxies such as

ADES-GS8-RL-1 (W. M. Baker et al. 2025b ). 

.4 BEAGLE–AGN Results 

s outlined in Section 3.2 , in order to explore additional parameter
erivations, we performed spectral fitting of GS-z11-1 using BEAGLE- 
GN with priors outlined in Table 3 , and summarize our results in
able 4 We show the results of fitting to GS-z11-1 using both the star-
orming and NLR models (‘SF + AGN’) and using the star-forming
nly models (‘SF-only’) in Fig. 6 . In the triangle and marginal
lots, contours and lines with blue and orange colours indicate the 
SF + AGN’ and ‘SF-only’ fit, respectively. Panels in the triangle 
lot of Fig. 6 which display 2D probability distributions for SF-only 
elated parameters, naturally include the ‘SF + AGN’ and ‘SF-only’ 
ts, as these both share those parameters in common. Parameter com- 
inations which include pairings of NLR and H II region parameters 
esult in panels including just the fiducial ‘SF + AGN’ in comparison.

At first glance, the posterior probability distributions for the 
SF + AGN’ fit are typically less constrained in comparison to those
f the ‘SF-only’ fit, although with posterior peaks often overlapping 
ith those of the ‘SF-only’ fit. This is to be expected given the

ncreased number of parameters in the SF + AGN fit (and therefore
ncreased number of degeneracies), as well as the spectrum of 
S-z11-1 not including many extremely high ionization potential 

mission lines. The spectrum indeed includes emission lines such 
s C IV λλ1548,51 and [C III ] λλ1907,09; however, in the absence of
ignificant emission lines with even higher ionizing potential that 
annot be explained by star-formation alone (for example [Ne V ] 
nd [Ne IV ] or significant He II λ1640 emission), the NLR parameters
ecome more challenging to constrain. 
Comparing the SF + AGN and the SF-only fit, all parameters in

ommon are consistent to within ±1 σ , except for log (M tot / M�). 
hese consistencies largely owe to the lesser constrained posteriors 

or the SF + AGN fit as discussed previously. The parameter 
ith the largest statistical difference between the two fits is indeed 

og (M tot / M�), for which the ‘SF-only’ fit is ∼1 . 9 σ lower than that of
he ‘SF + AGN’ fit. This occurs in concert with the SFR increasing in
he ‘SF-only’ fit (log(SFR/M�/yr)SF −only = 0 . 32+ 0 . 11 

−0 . 10 ) with respect 
o the ‘SF + AGN’ fit [log (SFR/M�/yr)SF + AGN = −0 . 09+ 0 . 36 

−0 . 13 ] in
rder to reproduce the emission line fluxes, thereby allocating more 
uminosity to the younger stellar populations and in turn lowering the 
tellar mass. When considering the maximum stellar ages in both fits,
og(tmax / yr)SF −only = 7 . 37+ 0 . 27 

−0 . 26 and log(tmax / yr)SF + AGN = 7 . 50+ 0 . 32 
−0 . 32 , 

oth suggest that the stellar contribution to the SED of GS-z11-1 
s dominated by younger stars, again indicating a younger stellar 
opulation. 
As described above, the GS-z11-1 emission line ratios do not rule

ut the AGN nature of this target. Given that this source may host an
GN, this work’s SF + AGN fit derives some parameter estimates

elating to the proposed AGN component. This includes a sub-solar 
LR metallicity (12 + log(O / H) NLR = 7 . 9+ 0 . 4 

−0 . 4 ), a moderate NLR 

onization parameter (log UNLR 
S = −2 . 1+ 0 . 4 

−0 . 4 ) and a moderate accretion 
isc luminosity (log(Lacc / ergs−1 ) = 43 . 8+ 0 . 2 

−0 . 2 ). The latter places GS- 
11-1 within the range of bolometric luminosity estimates from J. 
choltz et al. ( 2025e , 41.5 � log (Lbol / ergs−1 ) � 44.5) and below

he derived accretion disc luminosity of the Type-II AGN candidate 
rom M. S. Silcock et al. ( 2024 , log (Lbol / ergs−1 ) = 45 . 19+ 0 . 12 

−0 . 11 ). 
With our BEAGLE and BEAGLE–AGN fitting, we were able to explore
odel grids covering a range of C/O abundances ((C / O) /(C / O)� ∈ 

0 . 1 , 1 . 4]) for both the H II and potential NLR components. When
tting with a SF component only, a super-solar C/O abundance is
equired to reproduce the observed carbon emission lines in the UV
(C / O)HII 

SF −only /(C / O)� = 1 . 20+ 0 . 15 
−0 . 15 ). Even when including an AGN 

omponent, the derived NLR C/O abundance is also super-solar, 
hough consistent with solar to 1 σ ((C / O)NLR /(C / O)� = 1 . 12+ 0 . 22 

−0 . 23 ), 
ith the NLR component contributing 65+ 32 

−38 % and 67+ 32 
−50 % to the 

C III ] λλ1907,09 and C IV λλ1548,51 emission lines, respectively.
he H II region C/O abundance is less constrained in this fit

(C / O)HII 
SF + AGN /(C / O)� = 0 . 95+ 0 . 36 

−0 . 13 ). Therefore, regardless of if GS- 
11-1 is considered to be a definite Type-II AGN, or instead an SF
ominant object, carbon enhancement is the best explanation of the 
trength of the observed UV lines. 

The upper right plot of Fig. 6 includes a panel displaying the
esiduals from the SF + AGN and SF-only fits to GS-z11-1.

ith the horizontal grey shading denoting the ±1 σ region, the 
odelled spectra of both SF + AGN and SF-only fits appear

tatistically sound overall, especially when noting that the unmasked 
esiduals rarely go beyond the ∼2 σ level. Comparing the MULTINEST 

utput statistics between the fits, we note the Log-Evidence values 
ere −0 . 877 ± 0 . 339 and −0 . 875 ± 0 . 282 for the SF-only and
F + AGN fits, respectively, affirming their overall similarity in 
erformance. Focusing on the 1 . 5–2 . 0 μm rest-frame wavelength 
ange, however, we can consider some emission lines of interest in
ore detail. Here we note the [C III ] λλ1907,09 and C IV λλ1548,51

ines are well modelled by both SF + AGN and SF-only fits. The
ighest ionization potential of the carbon emission lines present 
47.89 eV, C IV λλ1548,51) can be difficult for standard stellar
opulations to reproduce (A. Feltre et al. 2016 ); however we suspect
ts reproduction by the SF-only fit to be facilitated by a compound
ffect of the super-solar C/O abundance, and a hard ionizing field
(log UHII 

S )SF −only = −1 . 55+ 0 . 25 
−0 . 26 ) from the stellar population (which 

as modelled to extend up to 300 M�). In the same zoom-in insert
s He II λ1640, which is a tentative feature in the spectrum at � 2.7 σ .
eaching this ionizing potential ( ∼54 . 42 eV) is more difficult for
F-only modelling, hence any future SF-only fit of deeper data would
ot be able to reproduce a confirmed He II λ1640 emission. Therefore
 deeper PRISM or R1000 spectra is essential to confirm the nature
f GS-z11-1. We caution, however, that our stellar models (J. Gutkin
t al. 2016 ) at present do not include X-ray binary prescriptions,
hich may otherwise have improved the modelling of He II λ1640 in

he absence of an AGN component. 

.5 ISM properties of GS-z11-1 

he detection of multiple emission lines allows us to study the ISM
roperties. In this section, we are assuming that the primary source
MNRAS 545, 1–17 (2026)
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Figure 6. Lower Left : A triangle plot displaying both ‘SF + AGN’ (dashed blue line and blue filled contours) and ‘SF-only’ (solid orange line and orange filled 
contours) BEAGLE–AGN fits to GS-z11-1. Central dark contours in the panels refer to the 1 σ (68 per cent) credible level, and the outer lighter contours refer 
to the 2 σ (95 per cent) credible level of the 2D posterior probability distributions. The uppermost panels for each column display the 1D posterior probability 
distributions for their corresponding parameters. Parameters shown are: stellar mass log(Mtot / M�) , H II region metallicity log(Z 

HII 
gas /Z �) , Lyman-continuum 

escape fraction fesc , star formation rate log (SFR/M�/yr), H II region ionization parameter log UHII 
S , H II region C/O abundance (C / O)HII /(C / O)�, effective 

V -band attenuation optical depth ˆ τV , accretion disc luminosity log(Lacc / ergs−1 ) , NLR ionization parameter log UNLR 
S , NLR metallicity log(Z 

NLR 
gas /Z �) and NLR 

C/O abundance (C / O)NLR /(C / O)�. Upper Right : A plot displaying the marginal SEDs for the same two fits as in the triangle plot, with the ‘SF + AGN’ fit 
shown in blue dashed line and the ‘SF-only’ fit shown in solid orange line; the 95 per cent error region for each of these lines is shown by light blue and light 
orange shading, respectively. Also included in the upper panel is the measured spectrum in dotted grey line with light grey shading for the 68 per cent error 
region. Areas that were masked when fitting, namely Ly α and [Ne III ], are indicated by lighter colours with respect to the rest of the spectrum. The 1 . 5–2 . 0μm 

restframe range is shown in a zoom-in insert, which highlights the C IV λλ1548,51, He II λ1640, [O III ] λλ1661,66, and [C III ] λλ1907,09 emission lines. Residuals 
attributed to these emission lines, as well as the remaining spectral range, are shown on the lower panel. This also contains horizontal grey shading for the 
±1 σ region and vertical dashed light grey lines assigned to the emission lines highlighted in the zoom-in insert, which extend to the upper panel for visual 
clarity. 
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f ionization in this galaxy is due to star formation rather than AGN.
o perform a more detailed modelling of the ISM conditions, ideally,
e need high-resolution observations to resolve the [C III ] λλ1907,09,

O II ] λλ3726,29 doublets to resolve the doublets sensitive to density
NRAS 545, 1–17 (2026)
nd temperature of the ISM (e.g. D. A. Berg et al. 2019 ; L.
. Kewley, D. C. Nicholls & R. S. Sutherland 2019 ). However,
ost of our detections are in the PRISM observations with low

esolution (R ∼30–300), which leaves these emission lines spectrally
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Figure 7. Mass–metallicity relation (MZR) plot of our target with other 
sources at z > 9 from the literature (various symbols A. J. Bunker et al. 
2023 ; M. Castellano et al. 2024 ; F. D’Eugenio et al. 2024 ; S. Carniani et al. 
2025 ) and MZR at z > 3 from M. Curti et al. ( 2024 ) (blue shaded region 
and blue circles), SDSS (black line M. Curti et al. 2020a ), and local high-z 
analogues (blueberries and greenpeas as blue green stars H. Yang et al. 2017 ) 
and from the CLASSY survey (D. A. Berg et al. 2022 ). 
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nresolved. Therefore, we are forced to use scaling relationships and 
alibrations used in the literature to derive ISM properties such as
etallicity and ionization parameter. 
We take advantage of the detection of the H γ emission line to

stimate the SFR of GS-z11-1independently of the SED fitting. In 
ur estimate, we assume Case-B ratio for the conversion of H γ to
 α of 6.085 (H γ /H β = 0.470 and H α/H β = 2.86). Given the

teep UV-slope and the SED fitting showing no evidence for dust
bscuration, we do not correct our Balmer lines for dust obscuration. 
e use the conversion from R. C. Kennicutt & N. J. Evans ( 2012 )

o convert H α (H γ ) luminosity to SFR. We finally estimate the
og(SFR/M�yr−1 ) from H γ 0.72 ± 0.15. However, using calibrations 
or low metallicity galaxies from N. A. Reddy et al. ( 2018 ) and R.
. Theios et al. ( 2019 ), we estimate the log(SFR/M�yr−1 ) of 0.50

0.15 and 0.35 ± 0.17, respectively. Given the range of estimated 
FR, we chose the central value using calibration from N. A. Reddy
t al. ( 2018 ). However, we note that there is systematic uncertainty
n the SFR of ∼0.25 dex from the different calibrations alone. 
We can estimate the ionization parameter using the detected 

arbon lines – [C III ] λλ1907,09 and C IV λλ1548,51, following 
he procedure outlined by (M. Mingozzi et al. 2024 ), who 
alibrated this ratio via the ionization parameter estimated 
hrough the [O III ] λλ5007,4959/[O II ] λλ3726,29measurements. 
imilarly to the [O III ] λλ5007,4959/[O II ] λλ3726,29, the 
 IV λλ1548,51/[C III ] λλ1907,09 is not sensitive to the abundance
f the individual abundances of different elements. The estimated 
onization parameter from the C IV λλ1548,51/[C III ] λλ1907,09 is log
 = −1.9 ± 0.1, with a systematic uncertainty of 0.3. Furthermore, 
e used calibrations from J. Witstok et al. ( 2021 ) to estimate the log
 from the [Ne III ]/[O II ] λλ3726,29 ratio of −1.93 ± 0.12, consistent
ith that estimated from C IV λλ1548,51/[C III ] λλ1907,09. 
In order to estimate the metallicity, we use the Ne3O2 
 [Ne III ] λ3869/[O II ] λλ3726,29 ratio, which is considered a pos-

ible tracer of oxygen abundance in the absence of other optical 
ines (e.g. R. Maiolino et al. 2008 ). We chose calibrations from M.
urti et al. ( 2020b ), which extends to lower metallicity expected in
ur object. We estimate a metallicity of 12 + log (O/H) = 7.5+ 0 . 4 

−0 . 4 ,
orresponding to Z = 0.1+ 0 . 1 

−0 . 09 Z�. As mentioned by L. Napolitano 
t al. ( 2024 ), the [O II ] λλ3726,29 may be suppressed by collisional
e-excitation at high density ( ∼8 000 cm−3 ), and hence we need
o explore additional calibrations. We utilize the detection of the 
C III ] λλ1907,09 emission line and calibrations from M. Mingozzi 
t al. ( 2024 ). Using the EW of the [C III ] λλ1907,09 we estimated
2 + log(O/H) of 8.0 ± 0.3, consistent with the Ne3O2 metallicity 
stimated above. Overall we can conclude that the metallicity of our 
bject is 5–20 per cent Z�. 
In Fig. 7 , we compare the metallicity of our target with the rest of

he high redshift sources in the literature (A. J. Bunker et al. 2023 ;
. Castellano et al. 2024 ; F. D’Eugenio et al. 2024 ; S. Carniani et al.

025 ; M. Curti et al. 2025b ), along with local high redshift analogues
uch as green peas and blueberries. The GS-z11-1 is consistent with 
he mass metallicity plane derived from M. Curti et al. ( 2024 ) for
igh-z galaxies, given its stellar mass derived from the BEAGLE SED
tting. This shows that this is a low metallicity galaxy with high

onization parameter, typical of strong C IV λλ1548,51 emitters such 
s GHZ2, RXCJ2248-ID and GN-z11 (M. Castellano et al. 2024 ; R.
aiolino et al. 2024 ; M. W. Topping et al. 2024 ). 

.6 C/O and N/O abundances 

ith GS-z11-1in this work, there are now three sources with 
etection of carbon emission lines at z > 11. Given the detection of
oth oxygen and carbon lines, we can constrain the C/O abundance 
atio and investigate the enrichment paths of this galaxy. 

To estimate the C/O, we use two separate approaches, using 
ifferent emission lines. First, we use the calibration described in E.
érez-Montero & R. Amorı́n ( 2017a ), specifically their equation (3),
sing the detection of C IV λλ1548,51, [C III ] λλ1907,09 and upper
imit on [O III ] λ1663. Using this calibration, we estimate the lower
imit on log(C/O) of > −0.6. The second method was adapted
rom M. Castellano et al. ( 2024 ) using PyNeb (V. Luridiana, C.

orisset & R. A. Shaw 2015 ), specifically using the function
etIonAbundance . We consider a range of electron densities 
 [102 , 103 , 104 , 105 ] cm−3 and electron temperature of 1–3 × 104 

. We assume that the C/O abundance can be estimated from the
2 + and O2 + abundance using the [C III ] λλ1907,09 and [O III ]. As
e do not have a detection of [O III ] λλ1661,66, we take advantage
f relation between [Ne III ] λ3869, [O II ] λλ3726,29and [O III ] λ5008
rom J. Witstok et al. ( 2021 ): 

log 10 

(
[Ne III ] 3869 

[O II ] λλ3726,29 

)
= 0 . 9051 log 10 

(
[O III ] λ5008 

[O II ] λλ3726,29 

)
− 1 . 078 , (2) 

o estimate the flux of [O III ] λ5008. The ionization potential of
2 + is 7 eV higher than C2 + , and as such, we need to apply the

onization correction factor (ICF). We use the calibration from D. A.
erg et al. ( 2019 ), which depends on the ionization parameter and
etallicity. For the metallicity of this object and ionization parameter, 
e estimate the ICF of 1.39. We show the C/O versus temperature

nd density in the top panel of Fig. 8 . The estimate of the C/O
ased on this method ranges from −0.18 to −1.22, an order of
agnitude difference. Overall, the C/O estimates are in agreement 

or the electron temperature of < 14 000 K, which is in agreement
ith the very loose constraint from the [O III ] λ4363 upper limit of
 27 000 K. 
In the bottom panel of Fig. 8 , we compared the C/O abundance of

S-z11-1with other sources at high redshift from the literature (A. J.
ameron et al. 2023b ; M. Castellano et al. 2024 ; K. Nakajima et al.
025 ; M. Curti et al. 2025b ) as well as various models theoretical
ield models (S. E. Woosley & T. A. Weaver 1995 ; N. Tominaga
t al. 2007 ; A. Heger & S. E. Woosley 2010 ; M. Limongi & A.
hieffi 2018 ; C. Kobayashi et al. 2020 ; I. Vanni et al. 2023 ). Our
alaxy has one of the highest C/O enrichment in the literature at
igh redshift, consistent with enrichment by either PopIII or PopII 
tars. We note that the lower C/O and higher O/H compared to GS-
12 (F. D’Eugenio et al. 2024 ) could potentially be due to dilution
MNRAS 545, 1–17 (2026)
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Figure 8. Top panel: Our C/O estimate using the two separate meth- 
ods. The grey region shows the lower limit by calibration from Perez- 
Montero & Amorin using [C III ] λλ1907,09, C IV λλ1548,51 and upper limit 
on [O III ] λ1663. The coloured lines show the C/O estimate from Pyneb using 
the [C III ] λλ1907,09 and [O III ] λ5008 estimate (the densities of 102 −3 cm−3 

are obscured by the 104 cm−3 line). The two methods agree for the electron 
temperature of � 14 000 K. Bottom panel: C/O vs O/H of our target (red stars) 
and comparison to values in the literature from z > 9 galaxies and local metal 
poor galaxies. We show theoretical yields of Pop II & III supernovae (black 
dashed line; yellow, red, blue and green shaded regions; S. E. Woosley & T. 
A. Weaver 1995 ; N. Tominaga, H. Umeda & K. Nomoto 2007 ; A. Heger & 

S. E. Woosley 2010 ; M. Limongi & A. Chieffi 2018 ; C. Kobayashi, A. I. 
Karakas & M. Lugaro 2020 ; I. Vanni et al. 2023 ). The dotted line shows the 
solar abundances as defined by J. Gutkin et al. ( 2016 ). 

o  

t  

g
 

w  

a  

C  

a  

e  

f  

a  

l  

Figure 9. [N IV ] λλ1483,86 equivalent width vs Size of JWST observed 
galaxies at z > 6. We split the sample from the literature those with 
(blue) and without (orange) detected [N IV ] emission line: Mom-z14 (R. 
P. Naidu et al. 2025 ), RXCJ2248-ID (M. W. Topping et al. 2024 ), GS-z14 
(S. Carniani et al. 2024 ), GN-z9p4 (D. Schaerer et al. 2024 ), GS-z12 (F. 
D’Eugenio et al. 2024 ), GN-z11 (A. J. Cameron et al. 2023b ), UHZ2 (M. 
Castellano et al. 2024 ), GS-z9p3 (M. Curti et al. 2025a ), CEERS-1019 (Y. 
Isobe et al. 2023 ), UNCOVER-45924 (A. Torralba et al. 2025 ), CEERS2-588 
(Y. Harikane et al. 2024 ) and GS3073 (X. Ji et al. 2024 ). We colour the 
comparison sample according [N IV ] detection, similar to R. P. Naidu et al. 
( 2025 ). 
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3 Exact definition of nitrogen loud/strong galaxies in the literature is uncertain, 
and most likely corresponds to whether [N IV ] or [N III ] is detected in the 
spectra. We adopt this approach in this work. 
f the PopIII encirhcment by subsequent generations of stars after
he initial burst PopIII stars. Hence, we are most likely looking at a
alaxy at a later evolutionary stage compared to GS-z12. 

Despite the strong detection of carbon, neon and oxygen lines,
e do not see any evidence of a detection of nitrogen lines such

s [N III ] and [N IV ]. Using the procedure outlined above for the
/O using pyneb , we estimated the upper limit on the log (N/O)
bundance of < −0 . 3. In Fig. 9 , we compare the [N IV ] λλ1483,86
quivalent width and size of our galaxy and a sample of galaxies
rom the literature. We find that the equivalent widths of the [N III ]
nd [N IV ] lines of GS-z11-1 ( < 2 . 3 and < 3 . 6Å, respectively) are at
east a factor of 3 lower than the nitrogen loud (or nitrogen strong)
NRAS 545, 1–17 (2026)
alaxies in the literature 3 , despite its size being consistent with that
f Mom-z14 (R. P. Naidu et al. 2025 ) and GN-z9p4 (D. Schaerer
t al. 2024 ). 

As shown recently by P. Senchyna et al. ( 2024 ); X. Ji et al.
 2025 ), the nitrogen enhancement in the above compact galaxies
ould potentially trace an early evolutionary stage of galaxies where
tar formation is dominated by dense star clusters. These star clusters
re chemically self-enriched and are progenitors of globular clusters
bserved in the local Universe (although in these galaxy cores are
ikely to merge to form nuclear star clusters). In these systems, the
tars born out of the gas enriched by the first-generation stars exhibit
ignificantly enhanced nitrogen abundances. These later generation
tars, however, typically do not exhibit enhanced C/O as carbon
s turned into nitrogen through the CNO cycle. Instead, the high
/N ( > 0 . 3 dex) and low O/H of GS-z11-1 is more similar to that
f carbon-enhanced metal poor stars (CEMPs, T. C. Beers & N.
hristlieb 2005 ) and might trace an even earlier chemical evolution

tage, although their origins remain unclear (J. E. Norris et al. 2013 ).
t the time of the writing, there are three sources with enhanced C/O

t z > 10 (GS-z11-1, GS-z12, LAP1B; F. D’Eugenio et al. 2024 ; K.
akajima et al. 2025 ), all of them without any direct evidence for

nhanced N/O, despite their compact sizes. With GS-z11-1 and GS-
12, it is possible we are looking at the evolutionary stage of high-z
alaxies with intense nuclear star-formation preceding the stage of
itrogen enhanced galaxies (i.e. before the star clusters became sig-
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ificantly self-enriched), potentially tracing the birth environments of 
EMPs. 

.7 Dynamical masses 

s noted above, we detect [C III ] λλ1907,09 emission line at 3.2 σ
ignificance in the R1000 spectrum. Fitting a single Gaussian profile 
o the [C III ] λλ1907,09 doublet showed an intrinsic FWHM of
he emission line of 520+ 193 

−170 km s−1 , indicating that the line is
esolved in the grating observations with LSF FWHM of 170 km 

−1 . Therefore, we fit the [C III ] λλ1907,09 emission line with two
aussian components, which corresponds to each emission line in 

he doublet, each having the same FWHM and redshift. We obtain 
he FWHM of 376+ 242 

−164 km s−1 . The ratio of [CIII] λ1907/CIII] λ1909
mission lines is unconstrained in the fit; therefore, we are unable to
onstrain the electron density based on the [C III ] λλ1907,09 doublet.

Given that we spectroscopically resolve the emission line in the 
1000 observations, we are now able to loosely constrain the dynam- 

cal mass (Mdyn ), assuming that the system is close to virialization, 
nd can compare it to the stellar mass from the BEAGLE SED fitting.
e estimated the dynamical mass following the approach described 

y H. Übler et al. ( 2023 ) using the equation: 

dyn = K ( n ) K ( q)
σ 2 Re 

G 

(3) 

here K(n) = 8.87–0.831n + 0.0241n2 and with Sérsic index n, fol-
owing M. Cappellari et al. ( 2006 ), K(q) = [0.87 + 0.38e−3 . 71 (1 −q) ]2 ,
ith axis ratio q following A. der Wel et al. ( 2022 ), σ is the integrated

tellar velocity dispersion, and Re is the effective radius. 
It is important to note that the above calibration is based on the

tellar kinematics of massive galaxies at lower redshift ( z = 0 . 8,
� = 109 - 1011 M�). However, as noted in S. Carniani et al. ( 2025 ),

 similar calibrations such as (e.g. M. Cappellari et al. 2013 ; E.
isnioski et al. 2018 ) provides similar answers, within 0.3 dex (see

.g. C. Marconcini et al. 2024 ). We apply a correction of −0.18 dex
ollowing H. Übler et al. ( 2023 ), since the stellar dispersion tends to
e lower than the ionized gas velocity dispersion (R. Bezanson et al.
018 ). We adopt a size (Re ) of 70 ± 10 pc from the Forcepho fitting.
or the serseic index (n), we adopt a range of values for the Sérsic

ndex and axis ratio (n = 0.8–2 and q = 0.3–1). Thus, we estimate a
og (Mdyn /M�) = 9.0 ± 0 . 5. 

This estimated value of Mdyn is ∼1.2 dex higher than the stellar
ass estimated from BEAGLE SED fitting, implying a fraction of gas 
ass and dark matter in this galaxy of 65–95 per cent. This would

mply a large gas reservoir in this galaxy, opposite to the recent
as estimates in another galaxy, GS-z14 (S. Carniani et al. 2025 ; J.
choltz et al. 2025a ). However, we note that this measurement is
ased on a single, barely spectrally resolved emission line doublet, 
nd future high-spectral-resolution JWST or ALMA observations are 
ecessary to further constrain the kinematics and dynamical mass of 
his system. 

 SU M M A RY  A N D  DISCUSSION  

e report the spectroscopic confirmation of GS-z11-1 at z = 11.18, 
ear Cosmic Dawn, based on new spectroscopic observations with 
IRSpec/MSA in the JADES programme. Using new data reduction, 
e were able to expand the nominal wavelength coverage of 
IRSpec/PRISM observations to a maximum wavelength to 5.5μm. 
e report detection of multiple emission lines from the rest frame UV

o the optical: C IV λλ1548,51, [C III ] λλ1907,09, [O II ] λλ3726,29,
Ne III ] λ3869 and H γ . This target, along with a growing number
f detections of emission lines at z > 10 (A. J. Bunker et al. 2023 ; S.
arniani et al. 2024 ; F. D’Eugenio et al. 2024 ) shows the ability to
etect emission lines even in high-z galaxies with JWST /NIRSpec- 
SA. 
The detection of several emission lines has enabled us to perform

 detailed comparison with photo-ionization models (A. Feltre et al. 
016 ; J. Gutkin et al. 2016 ; K. Nakajima & R. Maiolino 2022 )
o search for the dominant source of ionization in this galaxy.
n multiple UV line diagnostics GS-z11-1 can be reproduced by 
oth star-formation and AGN activity, outlining the difficulty of 
dentifying AGN at high redshift (M. Castellano et al. 2024 ; R.

aiolino et al. 2024 ; J. Scholtz et al. 2025e ). However, we note
hat if future observations confirm the 2.5 σ tentative detection of the
e II λ1640 line, then this could confirm GS-z11-1 as an AGN host
alaxy. 

We modelled the galaxy’s SED with BEAGLE SED fitting code. 
iven the ambiguity in the source of ionization we modelled it both

s a star-forming galaxy and as an AGN host galaxy with a modified
ersion of BEAGLE called BEAGLE–AGN . The galaxy is equally well
tted with both AGN and star-forming models. We have shown that

he SF model is a better fit model, due to fewer free parameters. 
We are able to constrain the stellar mass to log( Mtot /M�)
 7.84+ 0 . 13 

−0 . 11 . Furthermore, we estimated an SFR of 2.1 ±
.5 M� yr−1 , which is well in agreement with the estimated value
rom H γ of 4.1 ± 1.2 M�yr−1 , under an assumption that all of the
ux in the H γ line is due to ionization from star-formation and
V = 0. Furthermore, both the steep UV slope and the BEAGLE SED
tting indicates a large escape fraction in this galaxy in the range of
0–45 per cent. 
We estimated the physical ISM properties using the suite of 

mission lines detected or constrained by the PRISM spectrum. 
sing standard calibration from UV and optical emission lines 

rom M. Mingozzi et al. ( 2024 ) and J. Witstok et al. ( 2021 ) we
stimated the ionization parameters (log U) of −1.9 ± 0.1 and 
1.93 ± 0.12, respectively, within an excellent agreement. Using 
etallicity calibrations from M. Curti et al. ( 2020b ) and M. Mingozzi

t al. ( 2024 ), we estimated the metallicity (12 + log (O/H)) of 7.5–
.0 (5–20 per cent Z�), indicating a metal-poor high ionization ISM
onditions, similar to other high-z galaxies (A. J. Bunker et al. 2023 ;
. Castellano et al. 2024 ; M. Curti et al. 2025b ). We compared
S-z11-1 on the mass metallicity plane (see Fig. 7 ) to other z > 9
alaxies, showing that the metallicity of GS-z11-1 is consistent with 
ther galaxies at z > 10. 
The detection of the strong carbon emission lines compared to 

he non-detection of [O III ] λλ1661,66 and weak [O II ] λλ3726,29
ndicates high C/O abundance in this system. We investigate the 
bundance using multiple different approaches to estimate the C/O. 
n Fig. 8 . Using the calibration from E. Pérez-Montero & R. Amorı́n
 2017b ) based on the carbon lines along with an upper limit on
O III ] λλ1661,66 gives a lower limit on the log (C/O) of −0.6, con-
istent with the estimate from BEAGLE SED fitting of −0.28 ± 0.15.
lthough this is a higher C/O abundance ratio relative to other sources

t high-z (K. Z. Arellano-Córdova et al. 2022 ; T. Jones et al. 2023 ; M.
tiavelli et al. 2023 ; A. J. Cameron et al. 2023b ; M. Castellano et al.
024 ; M. Curti et al. 2025b ), we find that the high C/O in this galaxy
s still consistent with PopII core-collapse SNe yields from S. E.

oosley & T. A. Weaver ( 1995 ); J. Lian et al. ( 2018 ); however, given
he high C/O we cannot exclude some contribution to the carbon
nrichment from PopIII stars. Despite the compactness (73 ± 10 pc) 
nd high C/O abundances, we see no evidence of an increased
quivalent widths of UV nitrogen lines such as [N III ] and [N IV ] or
n increase in N/O abundance. Given the evidence that the increase
MNRAS 545, 1–17 (2026)
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f N/O is linked to the second generation of stars in a globular
luster and the lower C/O compared to other extreme C/O sources
F. D’Eugenio et al. 2024 ; K. Nakajima et al. 2025 ), we hypothesize
hat the previous carbon enrichment from PopIII stars has been
iluted by the later population of stars. However, it is too early
n the evolution of the galaxy for the second generation of globular
luster stars to make an appearance and enrich this galaxy with
itrogen, possibly witnessing the birth of CEMP stars in the early
niverse. 
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érez-Montero E. , Amorı́n R., 2017b, MNRAS , 467, 1287 
lanck Collaboration VI , 2020, A&A , 641, A6 
antala A. , Lahén N., Naab T., Escobar G. J., Iorio G., 2025, MNRAS , 543,

29 
auscher B. J. et al., 2012, AIP Advances , 2, 021901 
eddy N. A. et al., 2018, ApJ , 869, 92 
eddy N. A. , Topping M. W., Sanders R. L., Shapley A. E., Brammer G.,

2023, ApJ , 952, 167 
enzini A. , 2023, MNRAS , 525, L117 
ieke M. J. et al., 2023, ApJS , 269, 16 
izzuti F. , Matteucci F., Molaro P., Cescutti G., Maiolino R., 2025, A&A ,

697, A96 
oberts-Borsani G. et al., 2024, ApJ , 976, 193 
obertson B. et al., 2024, ApJ , 970, 31 
obertson B. E. et al., 2023, Nat. Astron. , 7, 611 
usta E. , Salvadori S., Gelli V., Schaerer D., Marconi A., Koutsouridou I.,

Carniani S., 2025, ApJ , 989, 9 
axena A. et al., 2024, preprint ( arXiv:2411.14532 ) 
chaerer D. , Marques-Chaves R., Barrufet L., Oesch P., Izotov Y. I., Naidu

R., Guseva N. G., Brammer G., 2022, A&A , 665, L4 
chaerer D. , Marques-Chaves R., Xiao M., Korber D., 2024, A&A , 687, L11
choltz J. et al., 2025a, MNRAS , 544, L8 
choltz J. et al., 2025b, preprint ( arXiv:2510.01034 ) 
choltz J. et al., 2025e, A&A , 697, A175 

enchyna P. , Plat A., Stark D. P., Rudie G. C., Berg D., Charlot S., James B.
L., Mingozzi M., 2024, ApJ , 966, 92 

hapley A. E. et al., 2025, ApJ , 980, 242 
ilcock M. S. et al., 2024, MNRAS , 541, 3822 
tiavelli M. et al., 2023, ApJ , 957, L18 
acchella S. et al., 2023, MNRAS , 522, 6236 
acchella S. et al., 2025, MNRAS , 540, 851 
ang M. , Stark D. P., Mason C. A., Gelli V., Chen Z., Topping M. W., 2025,

preprint ( arXiv:2507.08245 ) 
heios R. L. , Steidel C. C., Strom A. L., Rudie G. C., Trainor R. F., Reddy

N. A., 2019, ApJ , 871, 128 
ominaga N. , Umeda H., Nomoto K., 2007, ApJ , 660, 516 
opping M. W. et al., 2024, MNRAS , 529, 3301 
orralba A. et al., 2025, preprint ( arXiv:2505.09542 ) 

¨ bler H. et al., 2023, A&A , 677, A145 
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PPENDI X  A :  APPENDI X  A :  C O M PA R I S O N  O F  

BSERVATI ONS  A N D  N I R C A M  

n this section of the appendix, we compare the flux calibrations
etween the different multiple NIRSpec-MSA visits and NIRCam 

maging. We combine the spectra from visits 1 and 2 taken using the
ame MSA configuration on 2024 January (see slit positions on Fig.
 ) and visit 3 with a separate MSA configuration on 2025 January
nd we show the combined spectra in the top row of Fig. A1 . 

The 2025 January (visit 3) has a significant discrepancy at the
μm region between the PRISM spectrum and the NIRCam pho- 

ometry. For more quantitative evaluation we extracted the synthetic 
hotometry from the PRISM spectrum. While all other filters are 
onsistent within 1 σ , we see that the F200W filter flux in the PRISM
s factor of ∼1.5 lower than in the NIRCam photometry and the visits
 and 2. We plot the ratios of the of the synthetic photometry from
RISM between the observations in the bottom panel of Fig. A1 .
urthermore, we fitted a power-law model with a IGM absorption 
fully described in Section 3.1 ) and we plot the ratio of the continuum
est fit of the Visit 1 + 2 and Visit 3. We see that the deficiency of
ux at 2 μm causes the the UV slope to change from the −2.9 ± 0.1
Visit 1 + 2) to −2.5 ± 0.1 in Visit 3. The fact that the Visit 1 + 2
grees with NIRCam photometry establishes that those observations 
re the ‘truth’. As such we use the ratio between the fitted continuum
n Visits 1 + 2 and Visit 3 to scale the Visit 3 spectrum to match the
IRCam photometry and Visit 3. 
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Figure A1. Comparison of the NIRSpec-MSA PRISM calibration between individual visits and NIRCam imaging. Top panels: Comparison of visits 1 + 2 
from January 2024 (left) and visit 3 from January 2025 with different slit placement (right). While the Visits 1 + 2 agree well with NIRCam photometry, there 
is a significant offset in F200W filter between the visit 3 and NIRCam photometry. Bottom panel: Compairson of the mock photometry from NIRSpec PRISM 

observations and NIRCam for different visits. The red solid line indicates the ratio between the best-fitting models of visits 1 + 2 and visit 3. We use the ratios 
to normalize the visit 3 to be consistent with visits 1 + 2. 

Figure A2. Forcepho morphological fitting of our sources. Top row: The 3 ×3 arcsec stamps for each available filter. Middle row: Residuals in each filter from 

our fitting. Bottom row: Best-fitting model for each of the filters. 
NRAS 545, 1–17 (2026)
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APPEN D IX  B:  F O R C E P H O  FITTING  

In Fig. A2 , we show the results of the Forcepho fitting across each 
available NIRCam filter, showing the data, residuals and the best- 
fitting model. 
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