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ABSTRACT

Understanding the sources that power nebular emission in high-redshift galaxies is fundamentally important not only for shedding
light on to the drivers of reionization, but to constrain stellar populations and the growth of black holes. Here, we focus on
an individual object, GS9422, a galaxy at zZgpec = 5.943 with exquisite data from the JWST Advanced Deep Extragalactic
Survey (JADES), JWST Extragalactic Medium-band Survey (JEMS), and First Reionization Epoch Spectroscopically Complete
Observations (FRESCO) surveys, including 14-band JWST/NIRCam photometry and deep NIRSpec prism and grating
spectroscopy. We map the continuum emission and nebular emission lines across the galaxy on 0.2-kpc scales. GS9422
has been claimed to have nebular-dominated continuum and an extreme stellar population with top-heavy initial mass function.
We find clear evidence for different morphologies in the emission lines, the rest-ultraviolet and rest-optical continuum emission,
demonstrating that the full continuum cannot be dominated by nebular emission. While multiple models reproduce the spectrum
reasonably well, our preferred model with a type-2 active galactic nucleus (AGN) and local damped Ly« (DLA) clouds can
explain both the spectrum and the wavelength-dependent morphology. The AGN powers the off-planar nebular emission, giving
rise to the Balmer jump and the emission lines, including Lyc, which therefore does not suffer DLA absorption. A central,
young stellar component dominates the rest-UV emission and — together with the DLA clouds — leads to a spectral turn over.
A disc-like, older stellar component explains the flattened morphology in the rest-optical continuum. We conclude that GS9422
is consistent with being a normal galaxy with an obscured, type-2 AGN — a simple scenario, without the need for exotic stellar
populations.
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depends on a wide range of parameters, including the stellar age,

1 INTRODUCTION metallicity, the number of young stars [star-formation rate (SFR)],

Nebular emission both in the form of lines and its continuum provides
crucial information on the fundamental physical processes occurring
within the galaxy (e.g. Kewley, Nicholls & Sutherland 2019a). The
emission lines can be used as diagnostics for the abundance of
elements in the gas, the gas density, and the pressure of the interstellar
medium (ISM; e.g. Maiolino & Mannucci 2019; Kewley et al.
2019b). Different sources and mechanisms can power the nebular
emission, including shocks (from, e.g. winds driven by stars or black
holes, or galaxy—galaxy interactions) or radiation from stars and
accreting supermassive black holes. The ionizing spectrum of stars

* E-mail: st578 @cam.ac.uk

© 2025 The Author(s).

the stellar binarity fraction, the rate of rotation in stars, and the initial
mass function (IMF; e.g. Leitherer et al. 1999; Bruzual & Charlot
2003; Choi, Conroy & Byler 2017; Lecroq et al. 2024). The emission
from an accreting supermassive black hole is complex, depending
significantly on viewing-angle effects, details of the dust geometry
around the accretion disc, and black hole properties such as mass and
spin (e.g. Greene & Ho 2005; Reynolds 2021). Even if the ionizing
source is known, radiative transfer effects are important and high-
energy photons can — in addition to ionizing gas — also be absorbed
by gas or escape the galaxy (e.g. Steinacker, Baes & Gordon 2013;
Katz et al. 2018; Tacchella et al. 2022a).

JWST has opened up a new window: we are now able to study
the rest-frame optical emission of galaxies and their black holes
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out to redshift z > 10. JWST/NIRSpec is the first near-infrared
spectrograph with a high-spectral resolution (R > 1000) in space.
Tracing the intensities and shapes of key optical emission lines
allowed us to constrain, in galaxies at z &~ 4-11, the black hole
population and their growth rates (e.g. Harikane et al. 2023; Kocevski
et al. 2023; Kokorev et al. 2023; Larson et al. 2023; Scholtz et al.
2023; Ubler et al. 2023; Greene et al. 2024; Maiolino et al. 2024a, c),
the ISM conditions (e.g. Brinchmann 2023; Cameron et al. 2023),
the early chemical enrichment (e.g. Curti et al. 2023, 2024; Tacchella
et al. 2023a; D’Eugenio et al. 2024b), the stellar populations (e.g.
Schaerer et al. 2022; Looser et al. 2023; Cameron et al. 2024;
Maiolino et al. 2024b), the outflow properties (e.g. Belli et al.
2024; Carniani et al. 2024; Davies et al. 2024; D’Eugenio et al.
2024a; Maiolino et al. 2024a), the ionized gas kinematics (e.g. de
Graaff et al. 2024; Nelson et al. 2024; Ubler et al. 2024), and the
production and escape of ionizing photons (e.g. Simmonds et al.
2023,2024; Tang et al. 2023; Endsley et al. 2024; Saxena et al. 2024).
While emission lines can dominate the photometry for actively star-
forming galaxies and can therefore be easily detected (Stark et al.
2013; Faisst et al. 2019; Tacchella et al. 2022b; Trussler et al. 2023;
Williams et al. 2023), the nebular continuum is more challenging to
identify.

The nebular continuum arises from three different processes (Os-
terbrock 1989; Reines et al. 2010; Byler et al. 2017): (i) two-photon
emission, (ii) free~bound emission (recombination continuum), and
(iii) free—free emission (Bremsstrahlung). The two-photon contin-
uum is the result of a bound-bound process, where the excited 2 s
state of hydrogen decays to the 1 s state by the simultaneous emission
of two photons. The two-photon continuum can be important in the
ultraviolet (UV), peaking at rest-frame wavelength of Ay ~ 1430
A, but is typically smaller in magnitude than the stellar UV emission;
additionally, the two-photon continuum has low critical density
(7 x 10° cm™3; Mewe, Lemen & van den Oord 1986), hence can
only be observed in low-density ionized regions. The free—bound
continuum is produced when a free electron recombines into an
excited level of hydrogen, followed by the radiative cascade that
produces recombination lines. The resultant continuum spectrum
has a sharp jump at the ionization energy, followed by continuous
emission to higher energies. For the hydrogen Balmer line series
(recombinations to level 2), this gives rise to the Balmer jump at
Arest = 3645 A. The free—free continuum, which is the result of a
free electron scattering off of an ion or proton, produces a roughly
power-law distribution of photon energies and is only important at
longer wavelengths (beyond 1 wm), but typically outshone by dust-
reprocessed stellar emission.

Nebular continuum emission is the strongest at high-ionization
parameters and low metallicity (e.g. Byler et al. 2017). Spec-
troscopic data of Hilregions or galaxies in the local Universe
show the presence of Balmer jumps (Peimbert & Costero 1969;
Guseva, Izotov & Thuan 2006; Higele et al. 2006). Reines et al.
(2010) found that the nebular continuum contributed significantly
(~ 40 per cent) to the near-ultraviolet (NUV)-near-infrared (NIR)
broad-band flux of young (< 3 Myr) massive star clusters. Im-
portantly, the harder ionizing spectra associated with young stel-
lar populations, shocks or an AGN further enhance the nebular
continuum strength. It is therefore not surprising that nebular
continuum emission (including Balmer and Paschen jumps) have
been detected in the photometry and spectroscopy of local AGN
(Baldwin 1975; Grandi 1982; Kovacevi¢, Popovi¢ & Kollatschny
2014; Guo et al. 2022). Furthermore, AGN monitoring results have
suggested a substantial or even dominant contribution from nebular
continuum emission to AGN optical variability (Chelouche, Pozo
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Nufiez & Kaspi 2019; Cackett, Zoghbi & Ulrich 2022; Netzer
2022).

At higher redshifts, finding and constraining nebular continuum
emission is more challenging. JWST photometry, in combination with
spectral energy distribution (SED) modelling, indicates the presence
of nebular continuum emission (Tacchella et al. 2023a; Endsley et al.
2024; Topping et al. 2024b). To fully pin down the nebular con-
tinuum, deep spectroscopic data are necessary. Recently, Cameron
etal. (2024) reported the first clear spectroscopic detection of nebular
continuum in a galaxy at z > 4 (JADES-GS+53.12175—-27.79763;
hereafter GS9422) and interpret this as an indication of a top-heavy
IMF. They claim that the rest-frame UV-to-optical spectrum, which
shows a clear Balmer jump and a steep turn over in the UV continuum,
is dominated by nebular continuum emission. By interpreting the UV
turn over as caused by two-photon emission, they derive an ionizing
emissivity that is = 10x than that of a typical star-forming galaxy at
this epoch. The weak He 11 emission makes them disfavour an origin
from an AGN or X-ray binaries, concluding that this galaxy contains
star clusters dominated by low-metallicity stars of 2 50 My, where
the IMF is 10 — 30x more top-heavy than typically assumed. In
contrast, Scholtz et al. (2023) selected GS9422 to be an AGN based
on line ratios involving He 11 11640 and He 11 A4686.

In this work, we use detailed imaging and spectroscopic data for
this galaxy, GS9422, to provide further insights into the nature of the
putative nebular emission first discussed by Cameron et al. (2024).
The inclusion in our analysis of 14-band imaging data (including
medium bands), allows us to confirm the presence of a Balmer jump,
while also finding clear evidence for different morphological features
in the nebular emission lines, rest-optical and rest-UV continuum
emissions. The morphological information challenges the idea that
the whole NIRSpec spectrum is dominated by nebular emission
because, in that case, one would expect continuum and emission
lines to be cospatial. Furthermore, key emission-line diagnostics
indicate that this galaxy lies in a parameter space that is common
for AGN. While we explore a range of different models (including
pure stellar emission, pure AGN emission, and a combination of
both), our preferred model includes a galaxy with a type-2 AGN
and damped Lya (DLA) clouds. This model can explain both the
spectrum and the wavelength dependence of the morphology. The
AGN powers the off-planar nebular emission, giving rise to the
Balmer jump and emission lines. A centrally concentrated, young
stellar component dominates the rest-UV emission, and together with
the DLA clouds leads to a turn over of the spectrum towards shorter
wavelengths. The older stellar component in a disc-like configuration
can explain the observed flattened morphology in the rest-optical. In
summary, we find that GS9422 is consistent with being a normal
galaxy with an AGN - a simple scenario that can explain its
properties, without the need for stellar populations with extreme
IMFs.

This paper is structured as follows. Section 2 summarizes the
NIRCam and NIRSpec observations and presents the basic properties
of GS9422. Section 3 analyzes the morphology of GS9422. In
Section 4, we discuss UV and optical emission line diagnostics
diagrams. Section 5 focuses on the SED modelling and discusses
this in the context of the morphology analysis. We summarize and
conclude in Section 6.

Throughout this work, we use the AB magnitude system and
assume the Planck18 flat Lambda cold dark matter (ACDM)
cosmology (Planck Collaboration VI 2020) with €, = 0.315 and
Hy = 67.4 kms~' Mpc~'. In this cosmology 1 arcsec corresponds
to a transverse distance of 5.863 proper kpc at spectroscopic redshift
of GS9422 of z = 5.943.



2 GS9422: OBSERVATIONS AND BASIC
PROPERTIES

2.1 GS9422 in the Hubble Ultra Deep Field

GS9422 (RA = 53.121757° and Dec = —27.797638°) is mentioned
the first time in the literature by Coe et al. (2006), who performed
a Bayesian photometric redshift analysis in the Hubble Ultra Deep
Field (HUDF; Beckwith et al. 2006). They classified GS9422 as
a high-redshift galaxy candidate with a photometric redshift of
z ~ 1.1. In 2015, with better photometry thanks to Hubble Space
Telescope’s (HST) Wide Field Camera 3 (WFC3), GS9422 has been
firmly put at z > 5, with Finkelstein et al. (2015) and Bouwens
et al. (2015) determining a photometric redshift of 5.89 and 5.76,
respectively. Their photometric redshift estimates are close to the
spectroscopic redshift of zge. = 5.943 obtained with NIRSpec
(Bunker et al. 2024) and NIRCam grism observations.

2.2 JWST NIRCam and NIRSpec data sets

Lying in the HUDF region and being a high-redshift galaxy
candidate, GS9422 has been extensively observed with JWST. In
particular, the JWST Advanced Deep Extragalactic Survey (JADES;
PIs Rieke and Liitzgendorf; Eisenstein et al. 2023a) is a Guaranteed
Time Observation (GTO) programme of the NIRCam and NIRSpec
instrument teams with a goal to build synergies between imaging
and spectroscopy. JADES provides imaging of an area of ~ 175
arcmin in the the Great Observatories Origins Deeps Survey South
and North (GOODS-S and GOODS-N) extragalactic fields with
an average exposure time of 20 h spread over 8-10 filters.The
NIRCam observations are complemented with NIRSpec multi-object
spectroscopy of over 5000 HST and JWST-detected sources with five
low, medium, and high-resolution dispersers covering 0.6-5.3pum.

GS9422 was observed in the JADES survey with all five spectral
modes, receiving 28 h integration in Prism/CLEAR and 7 h integra-
tion in each of G140M/FO70LP, G235M/F170LP, G395M/F290LP,
and G395H/F290LP. In addition, GS9422 was imaged (NIRCam
ID 113585) in the following nine JWST/NIRCam filters as part of
JADES: FO90W (20 h integration), F115W (34 h), F150W (20 h),
F200W (14 h), F277W (20 h), F335M (14 h), F356W (14 h), F4A10M
(20 h), and F444W (20 h). Parts of these data have been released
( Rieke et al. 2023; Eisenstein et al. 2023a, b; Bunker et al. 2024),
and we use the reduced spectra released as part of the JADES Public
Data Release. The spectroscopic data are the focus of Cameron et al.
(2024), while we expand upon that analysis by including also the
imaging data.

The colour composite (red = F444W, green = F200W, and
blue = FO90W) of GS9422 is shown in Fig. 1. The galaxy is
indeed compact, though we see hints of a colour gradient, with a
green-bluish extension in the northwards direction. We also overplot
the slit NIRSpec Micro Shutter Assembly (MSA) shutters, which
shows that the NIRSpec spectrum captures the majority of the
galaxy’s emission. The path-loss corrections (including slit losses)
are estimated assuming a point-source geometry, as described in
Bunker et al. (2024). The assumption of the point-source geometry
is expected to hold well given the compact nature of GS9422 (Fig. 1
and Section 3).

Crucially, we include in the analysis here the observations from
the survey JWST Extragalactic Medium-band Survey (JEMS; Pls
Williams, Maseda & Tacchella; Williams et al. 2023). JEMS is
the first public medium-band imaging survey carried out using
JWST/NIRCam. These observations use the following ~2 and ~4
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Figure 1. Colour composite of GS9422, highlighting the position of the
three NIRSpec/MSA shutters (RA = 53.121757° and Dec = —27.797638°;
the five-shutter overlay covers the nodding sequence). The colours correspond
to the NIRCam filters FOOOW (B: blue), F200W (G: green), and F444W (R:
red). GS9422 lies at a spectroscopic redshift of zgpec = 5.943.

pm medium-band NIRCam filters: F182M, F210M, F430M, FA60M,
F480M, with exposure times of 3.9, 3.9, 1.9, 1.9 and 3.9 h, respec-
tively. For GS9422 at z = 5.943, the medium-band filter F460M
probes the Ho+[N 1] emission line complex, while the medium-
bands blueward (F430M) and redward (F480M) probe the underlying
rest-frame optical continuum (Fig. 2). As we see in Section 3, this is
key to constraining the difference in morphological structure of the
emission lines with respect to the underlying continuum, highlighting
the power of medium-band imaging with JWST.

We also note that this source is covered by a full suite of Mid-
infrared Instrument (MIR]) filters from 5 to 21 wm from the Sys-
tematic MIRI Legacy Extragalactic Survey (SMILES) programme
(PI Rieke; Alberts et al. in preparation; Lyu et al. 2024).Our source
is not detected in any of the filters, although this is not surprising
owing to the relatively shallow depth of the data, the faintness of the
continuum, and the blue colour of our source.

Finally, we make use of the survey First Reionization Epoch Spec-
troscopically Complete Observations (FRESCO; PI Oesch; Oesch
et al. 2023). While GS9422 is clearly detected in the F444W grism
observations, we do not include this because the grism spectrum is
shallower and lower resolution than the available NIRSpec spectra.
Importantly, the grism spectrum is fully consistent with the NIRSpec
one. We use the two medium-band images in the short-wavelength
filters (F182M and F 210M), each of which adds an additional 3.3 h
of depth in those filters.

In summary, by combining data from JADES, JEMS, and
FRESCO, GS9422 has imaging in 14 different NIRCam filters
and spectroscopy with 5 different spectral modes. Fig. 2 shows
the NIRSpec prism spectrum together with the medium- and wide-
band NIRCam photometry (Table 1). The NIRSpec spectrum puts
this galaxy firmly at a redshift of zge. = 5.943. In the rest-frame
optical, we find that the galaxy has strong emission lines, which
imprint themselves on to several medium- and wide-band filters.

MNRAS 540, 851-870 (2025)
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Figure 2. JWST/NIRSpec prism spectrum and the JWST/NIRCam 14-band photometry from JADES and JEMS. The photometry traces the spectrum well:
several filters (e.g. F335M, F356W, F444W, FA60M) have a significant contribution from emission lines. The transmission curves of the NIRCam filters are
plotted at the bottom. The shaded transmission curves indicate the seven medium bands. The stamps are ordered by wavelength from left to right. The contours
indicate the 90th, 98th, and 99.9th percentiles of the flux. The filters that have a significant contribution of emission lines are shown at the bottom. We find clear
morphological differences for the filters that are dominated by the emission lines to the ones dominated by the continuum, while for the latter ones, we also find

a wavelength dependence (rest-frame UV versus optical bands).

Table 1. Kron aperture photometry of the 14 bands from JADES and JEMS.
The table lists the filters, exposure times, fluxes (in nJy), and key emission
lines traced by the different filters. The Kron radius is 1.23 arcsec.

Filter Exposure time Flux Key emission lines
() (nJy)

FO90W 19.9 449+ 1.1 Lyo

F115W 33.6 64.5+0.8 C1v,Hen

F150W 19.9 51.7£0.9 C]

F182M 72 57.6+1.9 none

F200W 13.7 540%£09 none

F210M 7.5 51.3£2.1 none

F27TW 19.8 52.7+£0.3 [O1], Hy, HS, He, Hel

F335M 13.7 201.0£0.5 [Om], HB

F356W 13.7 108.9 £ 0.3 [Om], HB

F410M 19.8 29.8£0.5 Hel

F430M 1.9 229+2.4 none

F444wW 20.2 65.4£04 Ho, [N11]

FA60M 1.9 204.6 3.6 Ha, [N11]

F430M 3.9 28.6 £2.4 none
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Specifically, F335M is strongly affected by [O11] and HB, while
FA460M is dominated by Ha and [N 11] . Importantly, the two medium
bands F430M and F480M are free of strong emission lines, probing
the rest-frame optical continuum. F277W, F356W, F410M, and
F444W do contain both a mixture of emission lines and continuum
emission. The rest-frame UV continuum is probed by the F182M,
F200W, and F210M filters, while the FOOOW, F115W, and F150W
have contributions from Ly«, C111], C1v and He 11. Specifically, Ly
contributes 32 per cent of the flux to the F090W band. Furthermore,
Fig. 2 plots the cut-outs of the 14 bands, which show distinct
morphological features, which we quantify and discuss in Section 3.

2.3 Basic properties of GS9422

GS9422 has a UV magnitude of Myy = —19.45 + 0.17 mag, which
means that it is about 1.5 mag fainter than the knee of the Schechter
UV luminosity function at z ~ 6 (M{, ~ —21.0; Bouwens et al.
2015). We estimate the rest-frame equivalent width (EW) for the
Ho + [N 11] emission line complex from the medium-band photom-



etry with

EW(Ho + [N11]) = (F460M — C) x BW’ )
Cx(1+2)

where BW is the bandwidth of the F460M filter (0.228 wm) and C
is the flux density of the continuum, which we estimate by taking the
average of F430M and F480M. This gives a rest-frame equivalent
width of EW(Ha + [N11]) = 22847150 A, which is consistent within
the uncertainties (dominated by estimating the continuum flux level)
with the direct estimate from the prism spectrum, which is 1566 £
110 A (when estimating the continuum from the prism itself) and
2254 + 54 A (when estimating the continuum from F444W; Boyett
et al. 2024). Similarly, we obtain a [O111] + HB EW for GS9422 of
EW([O 1] + HB) = 342072% A from photometry, while the prism
spectrum gives 2923 & 57 A (when estimating the continuum from
the prism itself) and 3290 & 73 A (when estimating the continuum
from F444W). These are high EWs, but not unseen at these redshifts.
GS9422 lies at the upper envelope of the ED distribution at z ~ 6
(Smit et al. 2015; Matthee et al. 2023; Endsley et al. 2024).

As we discuss below, since large parts of the spectrum and
photometry are dominated by nebular emission (nebular emission
lines and nebular continuum), it is difficult to infer the stellar
mass and stellar population parameters of the underlying galaxy.
Assuming standard SED modelling (stellar emission, processed by
gas and dust), Simmonds et al. (2024) used Prospector (Johnson
et al. 2021) to infer for GS9422 a stellar mass of M, = 10° Mg, a
star-formation rate of SFR = 40 Mg yr™!, a stellar age of t59 = 13
Myr, and a significant attenuation with ty & 1. On the other hand,
Scholtz et al. (2023) used Beagle (Chevallard & Charlot 2016)
to infer a stellar mass of 10”7 My and a star-formation rate of
SFR = 5.4+ 0.1 Mg yr~'. This shows that the uncertainties are
large, with roughly an order of magnitude when it comes to the
stellar mass. This large difference in the stellar mass comes from
the assumed star-formation history (SFH; and the associated dust
attenuation): Simmonds et al. (2024) assume a ‘non-parametic’ SFH,
while Scholtz et al. (2023) assume a ‘delayed exponential 4 burst’
SFH. The non-parametric SFH allows hiding a lot of mass in older
phases of star formation, outshone by more recent stars (Whitler et al.
2023; Tacchella et al. 2022b, 2023a).

Helton et al. (2024) reported the finding of 17 high-redshift galaxy
overdensities in GOODS-N and GOODS-S with JWST/NIRCam,
using imaging from JADES and JEMS alongside wide field slit-
less spectroscopy from FRESCO. One of these overdensities,
JADES—GS—0D—5.928, contains 14 galaxies with S/N > 3 de-
tections of He, including GS9422. This protocluster candidate (with
a mean location of RA = 53.13527, Dec. = —27.78893) is centred
2~ (.89 arcmin (= 2.2 cMpc) away from GS9422 and represents an
overdensity around 5.9 =+ 0.8 times that of arandom volume. Further-
more, Witstok et al. (2024) found that roughly a third of their Lyman-
o emitters (LAEs) coincided with large-scale galaxy overdensities in
GOODS-S at z & 5.9, potentially corresponding to ionized bubbles
with sizes of Rj,, & 3.6 — 6.4 cMpc (roughly corresponding to half
of the physical diameter of JADES—GS—0OD—5.928, whichis ~ 9.6
cMpc). This is consistent with the idea that once Ly escapes
GS9422, it will be able to propagate towards us and is not absorbed
by the neutral intergalactic medium.

2.4 Photometric confirmation of the Balmer jump

The prism spectrum clearly shows a spectral discontinuity at an
observed wavelength of ~ 2.530 um in the continuum, which
corresponds to the Balmer jump at rest-frame wavelength of 3645 A.
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Cameron et al. (2024) estimated the Balmer jump to be 15.0 £ 0.9
nly.

Estimating the Balmer jump strength from the photometry alone
is challenging because of the contamination of emission lines.
Specifically, F277W, F335M, F356W, FA10M, FA44W, and FA60M
do all trace emission lines and are therefore not suited for estimating
the continuum. We use F182M, F200W, and F210M to estimate
the UV continuum slope by fitting a simple power law to those
bands and extrapolate this best-fit to Ay = 3645 A. Redwards
of the Balmer jump, we use F430M and F480M to estimate the
continuum level, assuming a simple constant in f,. Propagating
the uncertainties gives an estimate of the Balmer jump strength
of 17.4 £+ 1.9 nlJy, which is consistent with the estimate from the
prism spectrum within the uncertainties. We also estimate the Balmer
jump as a fraction, finding for F(4200A)/F(3500 A) a value of
0.57 £ 0.04.

3 MORPHOLOGY: DIFFERENCE BETWEEN
EMISSION LINES AND CONTINUUM

We assess the morphological structure of GS9422. While GS9422 is
compact (Fig. 1), we find that the morphology changes as a function
of wavelength (Fig. 2). In this section, we perform an isophotal
analysis (Section 3.1) and parametric modelling (Section 3.2) in order
to assess the morphology of GS9422 in the rest frame UV continuum,
in the rest-frame optical continuum, and of the rest-optical emission
lines. The main goal is to understand whether these emissions are
cospatial or not. As we show below, there are clear morphological
differences, which challenge the interpretation that the full spectrum
is dominated by nebular emission.

3.1 Isophotal analysis

We start with a non-parametric morphological analysis, where we
directly measure the light distribution on images. We perform a
simple average stack to trace the rest-UV continuum emission (stack
of F182M, F200W, and F210M), rest-optical emission lines (stack of
F335M, FA10M, and F460M), and rest-optical continuum emission
(stack of F430M and F480M). We show those stacks in Fig. 3.
Already by eye, we can see that the rest-UV continuum stack and
the emission line dominated stack both show a rather circular light
distribution (possibly slightly elongated in N-S direction), while the
rest-optical continuum shows a clear elongation in the E-W direction.

To quantify this further, we fit elliptical isophotes to those three
stacks using the iterative method described by Jedrzejewski (1987) as
part of ASTROPY. The centre was determined from the F277W image
and held fixed during the fitting. The best-fitting ellipses are shown
in Fig. 3. While the rest-UV continuum stack and the emission line
dominated stack show a similar ellipticity (¢ = 1 — b/a, where a
and b are semimajor and semiminor axis lengths) and position angle
(PA), the rest-optical has a higher ellipticity and a PA that is ~ 90°
rotated.

Fig. 4 plots the ellipticity (left panel) and PA (right panel; plotted
with +30° for clarity) as a function of the semimajor axis length.
The ellipticity is ¢ = 0.3 — 0.6 for the rest-optical emission in the
central 0.03 — 0.1 arcsec (0.18 — 0.59 kpc), which is significantly
larger than what we find for the rest-UV and emission line dominated
stacks (¢ < 0.1). The fact that the optical continuum has such high
ellipticity is consistent with the idea that it is tracing an edge-on stellar
disc. Those differences persist beyond 0.6 kpc, though they are less
significant. We also confirm the stark difference in the orientation of
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F430M+F480M
rest-optical continuum

F335M+F410M+F460M
emission line dominated

F182M+F200W+F210M
rest-UV continuum

Figure 3. Stack of the rest-UV continuum-dominated bands (F182M, F200W, and F210M; left panel), the emission-line-dominated bands (F335M, FA10M
and F460M; middle panel), and the rest-optical continuum-dominated bands (F430M and F480M; right panel). The ellipses in each panel are from the elliptical
isophotal analysis (Fig. 4) and mark the ellipses with the semimajor axis lengths of 0.06, 0.12, and 0.18 arcsec (corresponding to 0.35, 0.71, and 1.1 kpc,
respectively). The circle in the bottom left indicates the size of the PSF of the longest-wavelength band of the stack. The rest-optical continuum emission has a
different spatial orientation and extent than the rest-UV continuum and line emission. Consistent with this, we find the EW(Ha + [N 11]) to decrease from the
centre of the galaxy outwards along the E-W direction, while it increases along the N-S direction (Fig. 5).
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Figure 4. Elliptical isophotal analysis of the stacked images (Fig. 3) that probe the rest-UV continuum emission (F182M, F200W, and F210M; blue), emission
lines (F335M, FA10M, and FA60M; purple), and rest-optical continuum emission (F430M and F480M; red). We plot the ellipticity (¢ = 1 — b/a; left panel)
and position angle (PA; right panel) as a function of semimajor axis length. We have added 30° to the PA for clarity. The rest-optical continuum emission
(e = 0.301'8:(')?) shows a factor of 3 larger ellipticity than the emission line dominated light (¢ = 0.071’8:85). The orientation (i.e. PA) of the ellipses are rotated
from each other by ~ 90°. The rest-UV and line emission only show minor differences. The horizontal lines and shaded regions indicate the best-fitting values
and 16th—84th percentiles from the pysersic analysis that takes into account the PSFs (Table 2). We find overall good agreement between the isophotal
analysis and the profile-forward modelling approach: as expected, since the PSF circularizes the appearance of galaxies, the isophotal approach leads to lower
ellipticities than the forward-modelling approach.

the ellipses: while the rest-optical stack is consistent with a PA of
0° (E-W direction), ellipses of both the rest-UV and emission lines
stacks have a PA of ~ 100° (N-S direction).

Since the rest-optical continuum and the emission lines are probed
by medium-band filters in a similar wavelength range, this indicates
that the different morphologies and orientations are intrinsic and
largely independent of point spread function (PSF) variations. In
particular, F460M (probing Ho + [N11]) has a very similar PSF as
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F430M and F480M used to probe the nearby optical continuum. Also
when considering PSF effects (i.e. fitting a PSF-convolved Sérsic
model with pysersic to those images; see below for details),
we find consistent results regarding ellipticities and PAs. In Fig. 4,
the best-fit and 16th—84th ellipticity and PA from pysersic are
shown as dashed lines and shaded regions, respectively. As expected,
the ellipticities increase when correcting for the PSF (i.e. the PSF
circularizes images), but we still find a larger ellipticity for the rest-



optical continuum emission than for the rest-UV and the emission
line dominated emission.

Given these differences in the emission line dominated bands and
the continuum dominated bands, we expect to find a gradient in
EW across GS9422. Fig. 5 indeed confirms an EW(Ha + [N 11])
gradient across GS9422. We obtain EW(Ha + [N1I1]) using our
JEMS medium bands (equation 1). The central region has an EW
of ~ 2000 10\, which is consistent with the one from the integrated
photometry (EW(Ha + [N11]) = 2284715 A). We find that the EW
decreases towards the east and west directions, while it increases
towards the north and south directions. We highlight these cone-
like behaviours with dashed lines. Consistently, we confirm EW
gradients using the NIRSpec data (Tripodi et al. 2024), though these
gradients are rather weak because the shutters are aligned along the
West-Northwest (WNW) direction (Fig. 1); this way, the opposite
radial trends of EW in the N-S and E-W direction are blended and
effectively washed out. Importantly, the EW map in Fig. 5 is not
corrected for PSF effects. However, our results are not due to PSF
effects because F430M, FA60M, and F480M all have very similar
PSFs. On the contrary, PSF effects mean even sharper and more
pronounced intrinsic EW gradients.

3.2 Parametric modelling

In order to account for the varying PSF in NIRCam [full width at
half-maximum (FWHM) of 0.033 arcsec in FO90W to 0.164 arcsec
in F480M), we forward model and fit for the light distribution.
We assume a Sérsic (1968), axis-symmetric light profile. Our
fiducial approach for the profile fitting is pysersic (Pasha &
Miller 2023), but we also compare our results with ForcePho
(Johnson et al. in preparation). Both codes are Bayesian frameworks,
allowing us to understand the degeneracies between different shape
parameters.

As in Section 3.1, we are primarily interested in understand-
ing if different filters, which trace different rest-frame emission
features, have different morphologies. Therefore, we fit a Sérsic
profile to the stacks discussed in the previous section. Specifically,
we separately fit the Lya emission (FO9OW filter), the rest-UV
continuum emission (stack of F182M, F200W, and F210M filters),
optical emission lines (stack of F335M, F410M, and FA60M filters),
and rest-optical continuum emission (stack of F430M and F480M).
Within the pysersic framework, we use the No-U-Turn-Sampling
(NUTS) sampler to estimate the posterior distributions and supply
model PSFs (mPSFs). These mPSFs are derived following the
method of Ji et al. (2024), where we inject WebbPSF models
(Perrin et al. 2014) into JWST level-2 images and mosaic them
using the same exposure pattern as our JADES and JEMS ob-
servations to provide a composite star field. An mPSF for each
band (and observing programme) is then constructed from these
PSF-mosaics.

The best-fitting morphological parameters are tabulated in Table 2
and their posterior distributions are plotted in Fig. 6. We confirm
the overall compact nature of GS9422, with half-light sizes ranging
from 90 to 200 pc for the different wavelength ranges probed.
Specifically, we find that Lyo is the most extended component
with Ryjgn; = 1841’{2 pc, while the most compact component is
the rest-UV continuum with Ryjgn = 90ﬁ pc. The Sérsic index
of both components is consistent with n = 4. This is consistent
with the ubiquitous Lya haloes found around z = 3 — 6 galaxies
(Wisotzki et al. 2018). Furthermore, we find that the rest-frame
optical continuum emission is more extended than the rest-UV and
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emission lines. However, the profile of the rest-optical component is
disc-like with n = 1.57}7.

In addition to these differences in the extent of Lywx, rest-
UV and rest-optical continuum, and emission lines, we find
clear differences in the ellipticity and PA, which is consistent
with the isophotal analysis in Section 3.1. Specifically, we find
a high ellipticity of & =0.67703% at a PA of 1075 deg for
the rest-optical continuum emission, while all other components
have a lower ellipticity and a PA of ~ 100° (specifically ~
IOOfg). The PAs of the optical continuum and optical emission
lines are orthogonal and inconsistent at several sigmas, further
and unambiguously indicating that the optical continuum can-
not be nebular dominated. This is overall consistent with the
picture obtained from the EW map in Fig. 5, where the rest-
frame optical continuum emission is a disc-like component in
the horizontal direction, while the emission lines are vertically
extended.

The ellipticities inferred from pysersic are overall larger than
what we obtained from the isophotal analysis (see Fig. 4). This
is expected since the isophotal analysis does not correct for the
PSF and the PSF circularizes the flux distribution, i.e. lowers the
ellipticity. Importantly, we find excellent agreement for the PA
between pysersic and the isophotal analysis.

We compared our morphological analysis with ForcePho (John-
son et al., in preparation). Specifically, because of the compact nature
of this source, ForcePho has the advantage of being able to work
on individual exposures, thereby making better use of the sub-pixel
information than when working on the mosaics themselves. We find
ForcePho half-light sizes are in the range of 11-30 mas, consistent
with the ones from pysersic. Within ForcePho, we also tested
whether this galaxy warrants a two-component fit (compact core plus
extended component; Tacchella et al. 2023b; Baker et al. 2025), but
those fits did not run successfully, and no evidence for a second
component could be found.

In summary, we find clear differences in the morphologies at wave-
lengths tracing different emission features. Specifically, while Lyo
is the most extended component, the rest-UV continuum emission
is compact. The rest-optical continuum emission is consistent with
being an extended edge-on disc. The rest-frame optical emission
lines are extended perpendicular to this disc, leading to a cone-
like He + [N11] equivalent width. In addition to radiative transfer
effects that can lead to some differences in the extent of certain
emissions (for example Lye; Dijkstra, Haiman & Spaans 2006; Smith
et al. 2022), the stark differences between the rest-optical continuum
and the optical emission lines suggest that different sources power
these emissions. In particular, the different morphologies between the
rest-UV continuum, rest-optical continuum, and rest-optical nebular
emission lines provide an indication that not all of the continuum
is of nebular origin, for which we would expect a more cospatial
distribution of the full emission.

4 EMISSION-LINE DIAGNOSTICS

4.1 UV and optical emission lines

Before performing a detailed modelling of GS9422’s spectrum
(Section 5), we investigate the ionization source of this galaxy
by studying UV and optical emission-line diagnostic diagrams.
Importantly, the NIRSpec MSA spectrum contains light from the
entire galaxy, given the compact nature of the galaxy (Fig. 1).
He 11emission is of particular interest, as this line was interpreted
by Cameron et al. (2024) as a sign of an absence of AGN ionization.
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Figure 5. Ho + [N11] equivalent width (EW) map, estimated by using
equation (1) on a pixel-by-pixel basis. We find that the EW(Ho + [N 11])
decreases from the centre of the galaxy outwards along the E-W direction,
while it increases along the N—S direction. This is consistent with a cone-like
structure that is indicated with the dashed lines.

The He 11 11640 is detected at 8.5¢ in the R1000 NIRSpec data (see
Appendix A), while He Il 14686 at 5.30 in the PRISM observations
(Fig. 2). We estimate the EW . of the He 11 24686 and He 11 11640
as 17.6 £3.8 A and 6.3 +0.7 A, respectively. These high EW of
the He1r lines of GS9422 are consistent with AGN (Nakajima &
Maiolino 2022), but similar He11 EW can be achieved with X-ray
binaries (Schaerer, Fragos & Izotov 2019) and binary star models
(Saxena et al. 2020).

In Fig. 7, we compare the optical emission line diagnostics
(Hemr A4686/HpB versus [Net]/[O11] and He1l A4686/HB versus
[Om)/[O1]) of our target (red diamond) against local galaxies
(SDSS, blue contours are AGN, orange contours are star-forming
galaxies), the type-1.8 AGN GS-3073 (green circle) at z ~ 5.5
(similar to GS9422, and for which we have only taken the narrow line
components), which has been thoroughly studied both with JWST
and ground-based observations (e.g. Vanzella et al. 2010; Grazian
et al. 2020; Ubler et al. 2023), the stacks from the JADES survey
for AGN (cyan square) and the upper limit for SF galaxies (orange
square) and photo-ionization models from Feltre, Charlot & Gutkin
(2016), Gutkin, Charlot & Bruzual (2016), and Nakajima & Maiolino

(2022), where blue symbols are for AGN models and orange symbols
are for SF models. As shown by Scholtz et al. (2023), GS9422 has
relatively strong He IT 14686 compared to the HB emission, and it is
located in the region of the parameter space that is solely occupied
by AGN rather than typical star-forming galaxies (Feltre et al. 2016;
Gutkin et al. 2016; Nakajima & Maiolino 2022). Most interestingly,
the line ratios observed in GS9422 are identical to those seen in the
thoroughly studied AGN GS3073 at z = 5.5 (Ubler et al. 2023).

In Fig. 8, we investigate this galaxy via rest-frame UV emission
line diagnostics (e.g. Hirschmann et al. 2019). We show GS9422 on
the CmJ/He1tA1640 versus C1v/C1i], as a red diamond, and we
compare this galaxy to the models of AGN and star-forming galaxies
as blue and orange points, respectively, from Feltre et al. (2016),
Gutkin et al. (2016), and Nakajima & Maiolino (2022), with other
AGN with deep rest-frame UV spectroscopy from the VIMOS All-
sky Deep Lens Survey (VANDELS; grey diamonds; Mascia et al.
2023), Narrow Line Regions of high-z quasars (blue diamonds;
Guo et al. 2020), and compilation of type-2 AGN and quasars from
Nagao, Maiolino & Marconi (2006, green squares). We also show
again the stacks from the JADES survey for AGN (cyan square) and
the upper limit for SF galaxies (orange square). GS9422’s strong
He 11 A1640 emission (with the C 11]/He 1 A1640 = 0.07) and strong
C1v emission (C1v/C11] = 0.66), make it fully consistent with the
AGN photo-ionization models and with the Narrow Line Regions of
AGN spanning a wide range of redshifts and properties, while it is
hard to reconcile with SF models and observations of SF galaxies.

Overall, both rest-frame UV and optical emission line diagnostics
show that GS9422 is fully consistent with ionization by an AGN,
without the need for stellar populations with a top-heavy IMF.
Consistent with this, Li et al. (2024b) uses Cue (Li et al. 2024a),
a flexible neural net emulator for CLOUDY, to infer the shape of
the ionizing spectrum, and the [O/H], [N/O], [C/O], gas density, and
total ionizing photon budget directly from the observed emission line
fluxes. They find that GS9422 can be well described by a combination
of young, metal-poor stars and a low-luminosity AGN, with a young
metal-poor stellar population contributing 64 per cent of the ionizing
photons and a power-law AGN contributing the remainder.

4.2 Gas-phase Fe abundance from [Fe V] 14227

We note there is another interesting spectral feature at Ay & 4227
A (Aobs &~ 2.93 um) detected at 3o in the NIRSpec/PRISM spectrum
as shown in Fig. 2. Below (Section 5.2 and Fig. 10), the pure AGN
model produces an emission line at a similar location but with a lower
flux. The line predicted by the model is [Fe v] A4227. The ionization
potential of Fe3t is 54.91 eV, close to the ionization potential of He ™,
which is 54.42 eV. Therefore, the presence of [Fe V] A4227 (requiring
the production of Fe** by ionizing Fe3*) is not unexpected and,

Table 2. The best-fitting morphological parameters, including half-light radius (Riign), Sérsic index (n), ellipticity (¢ = 1 — b/a), and PA. The half-light radii
are in milliarcsec (mas), where 1 mas = 5.9 pc at z = 5.943. The full posterior distributions of these parameters are shown in Fig. 7, which highlights significant
differences between the rest-UV continuum, emission lines, and rest-optical continuum for n, €, and PA (the relative consistency implied by the uncertainties in

this table stems from looking at 1D marginalized posteriors).

Tracer Filters Half-light radius Riign Half-light radius Riignc Sérsic index n ellipticity ¢ PA
(mas) (pc) (degree)
Lya FO90W 31.4733 18413 37103 0.33750 12517
Rest-UV continuum F182M, F200W, F210M 153793 90+3 4.3%0:1 0.28+0:%8 100+22
Emission lines F335M, FA10M, FA60M 19.733 116121 2.6%07 0.587915 10078
Rest-optical continuum FA30M, F480M 28.67413 16878 15704 0.67751¢ 10718
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Figure 6. Posterior distributions of half-light size (Ryign.), ellipticity (¢ = 1 — b/a), position angle (PA), and Sérsic index obtained from the morphological
analysis with pysersic. The red, blue, purple, and pink contours show the posteriors for the rest-optical continuum emission, rest-UV continuum emission,
emission lines (incl. He, HB and [O111]), and Ly emission. While the extent (i.e. half-light sizes) of these different emission tracers are similar with about
0.03 arcsec (0.18 kpc), there are clear differences regarding the shape (ellipticity, PA, and Sérsic index). Specifically, the rest-optical emission shows a disc-like
morphology with a high ellipticity and at ~ 90° relative to the rest-frame UV emission and the emission lines. This is overall consistent with the isophotal

analysis presented in Fig. 4.

similar to that of He 11, indicates the ionizing spectrum should be hard
enough to produce sufficient photons at energies greater than ~ 54
eV. Thus, the observations of [Fe V] A4227 are fully consistent with
AGN as the source of the nebular lines, but we note that [Fe v] 14227
is also found in some metal-poor blue compact dwarf galaxies in the
local Universe (e.g. Thuan & Izotov 2005). The reason that our model
underpredicts this line is likely due to the assumed abundance ratio
of Fe/O, which is set to the solar value.

Due to the similar ionization potentials of Fe’™ and He™,
[Fev]A4227, and Hell 24686 should arise in a similar zone
within the gas cloud and we can use their observed flux ratio
to estimate the actual abundance of Fe in GS9422. Assuming
the kinematics of [Fe v]A4227 are tied to those of other optical
emission lines bluewards to HB, we measured its flux to be
(0.76 £ 0.25) x 107" erg s~! cm™2 from the PRISM spectrum using
PPXF (Cappellari & Emsellem 2004; Cappellari 2017). The reason
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Figure 7. Optical emission line diagnostics diagrams for GS9422. Left: He 1 A 4686/Hp versus [Ne I11] A3869/[O 11] AA3727,29. Right: He 1 A4686/Hp versus
[O 11]5008/[O 11] AA3727,29. We show GS9422 as a red diamond, while the green points indicate a well-studied, luminous type-1.8 AGN at z ~ 5.5 (Ubler et al.
2023), whose line ratios are fully consistent with GS9422. We compare our observed line ratios to AGN and star-forming galaxies from SDSS (blue and orange
shaded contours) and results from the photo-ionization models for AGN and star-forming galaxies (orange and blue points) from Feltre et al. (2016), Gutkin
et al. (2016), and Nakajima & Maiolino (2022). We also show the AGN and SF stacks from JADES (Scholtz et al. 2023) as cyan and orange squares (upper limit
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C1)/Hen 11640 versus C1v/C1ir] with GS9422 shown as a red diamond.
For comparison we show the measurements of the Narrow Line Regions of
other AGN from the literature at high redshift: quasars with VLT/MUSE
observations (blue diamonds; Guo et al. 2020), AGN from VANDELS
survey (grey diamonds; Mascia et al. 2023), compilation of type-2 AGN
from Nagao et al. 2006), type-1 AGN at z~5.5 (green circle; Ubler et al.
2023 and Ji et al. in preparation) and results from the photo-ionization
models for AGN and star-forming galaxies (orange and blue points) from
Feltre et al. (2016), Gutkin et al. (2016), and Nakajima & Maiolino (2022).
We also show the AGN and SF stacks from JADES survey (Scholtz et al.
2023) as cyan and dark orange squares.

to tie the kinematics of blue optical lines is to mitigate the effect
of the difference between the assumed spectral resolution and the
actual spectral resolution of the observation, and to avoid slight
uncertainties in the wavelength calibration due to the potential
offset of the sources within the shutter that, given the uncertainty
in the target acquisition, can be up to 0.05 arcsec. We checked
different tying methods and found that this treatment generally fits
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the stronger blue optical lines including Hy and H$ better than
other configurations. From the medium resolution spectrum G395M,
by tying the kinematics of optical lines and setting the underlying
continuum to a flat line to avoid overfitting, we obtained the flux
of [Fev]14227 to be (1.0 £0.4) x 107 ergs~! cm™2, which is
broadly consistent with the measurement in PRISM.

With PYNEB (Luridiana, Morisset & Shaw 2015), we calculate the
emissivities for [Fe V] 14227 and He 11 14686 assuming a tempera-
ture of T, =2 x 10* K and an electron density of n, = 103 cm™>.
We used the CHIANTI atomic data set during the calculation (Dere
et al. 1997; Young et al. 2016). Combining the emissivities with
the observed flux ratio of [Fe v]A4227/Hell A4686, we obtained
an abundance ratio of log(Fe**/He?") = —4.31%)13 from PRISM,
for the region where [FeVv]14227 and Hell 24686 both arise.
Considering within the region where He is fully ionized, Fe can have
ionization species other than Fe**, this makes the above estimation
a lower limit for the abundance ratio of Fe/He. Using the abundance
ratio of He/H derived by Cameron et al. (2024), we obtained
log(Fe/H) — log(Fe/H)o > —0.77+355. From the G395M spectrum,
where the noise level is much higher, the constraint becomes
log(Fe/H) — log(Fe/H)o = —O.61fgég. ‘We note that the metallicity
derived by Cameron et al. (2024) is log(O/H) — log(O/H)g =
—1.10 £ 0.01, meaning log(Fe/O) — log(Fe/O)s ~ 0.5 dex. We
caution that the derivation of the helium abundance by Cameron et al.
(2024) does not include correction for self-absorption of He I, which
might introduce systematic uncertainties when translating Fe/He into
Fe/H using He/H. Alternatively, if we simply assume the abundance
of He as a function of metallicity follows the relation given by
Dopita et al. (2000), the resultant relative abundance of Fe would
be log(Fe/O) — log(Fe/O)s ~ 0.2 dex. Even if Fe is not depleted
on to dust grains at all (as opposed to the typical depletion that only
leaves ~ 1 percent of Fe in the gas phase; Jenkins 2009), one still
needs a supersolar Fe/O to reproduce the observed line fluxes.

In the ISM, Fe is typically enriched by Type Ia supernovae with a
typical delay time of ~ 1033 — 10° yr, which is broadly comparable



to the age of the Universe at the redshift of GS9422. In addition, the
first Type Ia supernovae can happen ~ 3 x 107 yr after the initial star
formation (see e.g. Fig. 1 in Maiolino & Mannucci 2019). Therefore,
the enhanced Fe/O in GS9422 could be a result of recent enrichment
by Type la supernovae. However, the enrichment dominated by Type
Ia supernovae would also produce a significantly subsolar Ne/O
(Nomoto, Thielemann & Yokoi 1984; Iwamoto et al. 1999), which
is inconsistent with the near-solar Ne/O derived by Cameron et al.
(2024). Therefore, another enrichment mechanism is needed to boost
Ne/O. While it is possible that the Ne/O is maintained by previous
enrichment of core-collapse supernovae (CCSNe), whether the Fe/O
can remain high with the CCSNe pollution requires more quantitative
calculations. Itis also possible that the supersolar Fe/O and near-solar
Ne/O are produced by a combination of metal-poor hypernovae and
Type la supernovae, as speculated for some extremely metal-poor
but Fe-enhanced galaxies in the local Universe (Kojima et al. 2021;
Isobe et al. 2022; Watanabe et al. 2024).

5 SED MODELLING

In this section, we use CLOUDY (Ferland et al. 1998; Chatzikos et al.
2023) modelling to understand the nature of the observed emission.
As highlighted in the previous section, the observed emission line
ratios of GS9422 are consistent with AGN ionization (Figs 7 and
8). Nevertheless, given that high ionization emission can also be
caused by a low-metallicity population of massive stars with a normal
Salpeter (1955) IMF, we start out by exploring a pure stellar model
(Section 5.1). We then move to a simple, type-2 AGN model that
dominates the full spectrum, i.e. the nuclear spectrum and broad
lines are absorbed along the line of sight, and we are observing
the spectrum of the Narrow Line Region that is fully nebular (Sec-
tion 5.2). Both the pure stellar and the pure AGN model reproduce the
spectrum overall well, though it is difficult to explain the different
morphologies in continuum and emission lines, including the EW
gradients (Section 3). Additionally, the AGN model struggles to
reproduce the low emission line strength of the [O11] AA3726, 3729
doublet. To address these issues, we assess whether we can add stellar
emission (represented by an older stellar population) to the AGN
model in sufficient amounts to change the morphology, highlighting
that this is challenging (Section 5.3). Finally, in Section 5.4, we
model the AGN emission together with an old and young stellar
component and a DLA. This brings the morphological measurements
in agreement with the observed spectrum (including the strength of
the [O 11] doublet).

The SEDs for all stellar components in our modelling are taken as
an instantaneous starburst simple stellar population (SSP) from BPASS
v 2.1 with Salpeter (1955) IMF with a 300 M cut-off and including
binaries (Eldridge et al. 2017). The model parameters which we
present in this section are not a result of fitting our models to the
PRISM spectrum or to emission line fluxes, rather they are physically
reasonable values that we have selected to show that each type of
model can reproduce the observed spectrum well.

5.1 Pure stellar model

We create our pure stellar model with a spherical geometry within
CLOUDY with a constant density. The calculation stops when an
electron fraction of 0.01 is reached, or if the temperature falls
below 1000 K. In this model, we assume the stars have an age of
1.75 Myr and the ionization parameter (i.e. ratio between hydrogen-
ionizing photons and total hydrogen density; log U) is —1. The
gas density is set to n = 10°cm™ and the gas-phase metallicity
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is logZ/Z, = —1.0, with the carbon abundance set separately as
logZc/Zc o = —1.2. We find that a high gas density allows for
more reasonable ionization parameters to be adopted while still
reproducing the observed emission line ratios. We note that this
density strongly suppresses the two-photon continuum, however we
found that even at lower densities, we were unable to produce a
strong turn over. Such high gas densities have been inferred at these
redshifts (e.g. Topping et al. 2024a).

Fig. 9 shows the observed PRISM spectrum of GS9422 and the
pure stellar model as black and purple lines, respectively. This shows
that the pure stellar model is able to describe the observed spectrum
well (see x values as a function of wavelength in the bottom panel).
Notable exceptions are the Ly and the Mg  11AA12796,2803 emission
lines. This is not surprising given that both of those lines are resonant
lines. The middle panel of Fig. 9 shows the fractional contribution
of stellar and nebular emission of the model. While the rest-UV is
dominated by stellar emission, the emission lines, and rest-optical
are dominated by the nebular emission.

The UV turn over is reproduced with a DLA. To model the
DLA,! we use the Voigt approximation of Tasitsiomi (2006) for
the cross-section profile, with a correction to the Voigt profile
itself based on quantum-mechanical calculations by Lee (2013), and
parametrize the DLA profile in frequency rather than wavelength
space (Webb, Carswell & Lee 2021). We obtain a column density
of log(NHI/cm*Z) = 22.9 £ 0.1. Since, in this scenario, the DLA is
a local absorber (possibly located at the outer parts of the galactic
disc) that uniformly obscures the stellar UV light, the Ly emission
would likely come from off the disc and is unaffected by the
DLA (consistent with its elongated morphology as estimated from
F0O90W), either through recombination emission (the reprocessing
of absorbed ionizing photons that also contributes to the nebular
continuum) or collisionally excited emission.

We emphasize the good agreement between the observed spectrum
and our pure stellar model with a standard, Salpeter IMF. While the
two-photon processes powered by exotic stellar populations (IMF
that is 10 — 30x more top-heavy) was the interpretation of GS9422
proposed by Cameron et al. (2024), here we show that we can
reproduce the UV turn over with a DLA. Nevertheless, there are
two reasons why this is not our preferred model. First, this scenario
predicts that the emission lines and the rest-optical continuum
should have the same morphology. However, as we have shown
above (Section 3), clear morphological differences exist in GS9422.
Second, the model assumes that the spectrum arises from solely
young stars with an age 1-2 Myr and a total mass of ~ 1073 M.
While this amount of stellar mass can be formed over such a short
time-scale (i.e. implied star-formation rate is SFR &~ 10 Mg, yr™}),
the spatial synchronization over a scale of 100s of pc is more
challenging to explain. Specifically, assuming that the region needs
to be physically connected, we can compare this region to the sound
speed and the sound crossing time. The sound speed in the typical
ISMis 10kms~! (~ 10 pc Myr~!), but can be lower in higher density
gas (0.1 kms™' & 1 pc Myr™!). This shows that this region is not
dynamically connected. This motivates us to look into alternative
models, thereby including AGN.

5.2 Pure AGN model

Since the emission line diagnostic diagrams are consistent with AGN,
we now consider an AGN as the powering source for the nebular

Uhttps://github.com/joriswitstok/lymana_absorption
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Figure 9. Top: the JWST/NIRSpec prism spectrum of GS922 (black) compared to the pure stellar model (purple) with a DLA, which leads to the turn over in
the rest-UV. The continuum shape is well reproduced as well as most emission lines. Mg 11 AA2796,2803 is not well fit, which may be due to subsolar Mg/O
abundance or the resonant nature of the line. Middle: fractional contribution of nebular (emission lines and continuum) and stellar continuum emission to the
model spectrum. The stellar emission dominates in the rest-frame UV, while the nebular emission dominates in the rest-frame optical. Bottom: absolute value
of x between data and model. We find a median |x | of 0.95, which indicates that the model is able to reproduce the data well.

emission. Specifically, we assume a type-2 AGN, where the source
of ionization (i.e. the accretion disc) and the broad-line region are
hidden from our line of sight. We model the AGN emission with
a spherical geometry CLOUDY model of constant temperature and
density. The gas is illuminated with a power-law SED with three
spectral ranges. The low energy (>1 pum) slope is f, = v>/2, the high
energy (>50 keV) slope is f, = v>/2. The mid-range slope is a free
parameter of the model, f, = v* (e.g. Groves, Dopita & Sutherland
2004, Feltre et al. 2016).

Only the diffuse light which is emitted from the gas is observed.
All models are iterated to convergence. There are six free parameters,
defining the ionizing SED (power-law slope and ionization param-
eter) and the gas properties (temperature, density, metallicity, and
carbon abundance).

Defining an appropriate stopping condition can be difficult for
a constant temperature model at the very high temperatures which
we consider (~ 20000 K). This is because the gas is hot enough
to collisionally ionize a significant fraction of hydrogen, causing a
breakdown in usual stopping conditions such as electron fraction.

MNRAS 540, 851-870 (2025)

However, from the photometric modelling we expect that both the
UV continuum and the emission lines are emitted from the compact
central source which we are attempting to model. Under this model,
both the UV continuum and emission lines are due to nebular
emission from the same gas. We can leverage this information
to create a stopping condition based on the equivalent width of
He 11 11640 relative to the nebular continuum, which naturally gives
our models the correct strength of nebular emission relative to
the (helium) emission lines. This stopping condition tends to lead
to density-bounded nebulae emission, which have recently been
invoked to explain sub-Case B Balmer ratios, such as those observed
in GS9422 (McClymont et al. 2024).

The model parameters are provided in Table 3, and the fit is shown
in Fig. 10. Our model is well fit to the nebular continuum and to
most emission lines. However, the fit to [O11] A3727 is notably
poor. A high [O1]/[O1I]ratio generally indicates an ionization
parameter which is too low, however, in this case, it is a side-effect
of our modelling assumptions. This could be alleviated by selecting
a different stopping condition which terminates the calculation
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Figure 10. Top: the JWST/NIRSpec prism spectrum of GS922 (black) compared to the AGN model (orange). The continuum shape and most of the emission
lines are well reproduced. In particular, the He 1111640 and He 11 14686 lines are well-fit relative to the nebular continuum. Mg 11 A12796,2803 is poorly fit,
which may be due to subsolar Mg/O abundance or the resonant nature of the line. [O 11] AA3726, 3729 and [S 11] AA6716,6731 are poorly fit due to the constant
temperature assumption and choice of stopping condition. Bottom: absolute value of x between data and model. We find a median |x | of 1.14, which indicates

that the model is able to reproduce the data well.

Table 3. The parameters for theCLOUDY AGN model. The gas density and gas
temperature define constant gas properties. The overall metallicity is scaled
to the oxygen abundance, log Zp/Zs, except for the carbon abundance,
log Z¢ /Z, which is fit separately. The power-law slope defines the incident
radiation field between >1 pm and >50keV as f, = v*, and the intensity of
the incident radiation is set by the ionisation parameter. The gas temperature
is well within the estimated electron temperature range from [O III] A 4364
(18,300 £ 1, 500 K).

Parameter Value
Gas density 103cm™3
Gas temperature 19 000 K
logZ/Z, —1.0
logZc/Zc, o —1.2
Power-law slope —-23
Ionization parameter 0.5

earlier, however, this would also reduce the strength of the two-
photon continuum and therefore sacrifice the quality of our fit to
the continuum. We may be able to solve this issue by removing the
constant temperature assumption, as this has been shown to cause
excessive [O11] emission (Dors et al. 2020). However, it is difficult
to achieve sufficiently strong two-photon emission when allowing
the gas temperature to be set by thermal equilibrium as there is not
enough hot gas.

The overprediction of [S11] A16716,6731 is likely caused by the
same factors as [O1I] AA3726,3729. O° and S° have ionization

energies of 13.6eV and 10.4 eV respectively, which means that S*
abundance generally traces O abundance. Therefore, [S I1] emission
will be similarly affected by a change in stopping condition or via
more refined temperature modelling. However, some of the excess
[S 1] emission could be explained by the depletion of sulphur on to
dust grains, which is not modelled here (Jenkins 2009).

Additionally, the Mg 11 A12796,2803 doublet is not present in the
spectrum of GS9422, however, it often appears in the modelling. As
noted in Cameron et al. (2024), this is not unexpected as the line is
resonant, however, it could also be explained by a subsolar Mg/O
abundance (Kobayashi, Karakas & Lugaro 2020).

5.3 AGN model with stellar emission

Given the indication of separate optical and UV/emission line
morphologies, it is desirable to create a two-component model,
with one component dominating the UV continuum and emission
lines, and the other one dominating the optical. We assume that the
optical-dominated component is due to a spatially extended stellar
emission. The SED for this stellar model is taken to be a 50 Myr old
instantaneous starburst. As we are representing a dusty, older stellar
population, we apply an SMC dust screen with A, = 0.5 (Gordon
et al. 2003). This is not vital, but it aids the fitting by flattening the
spectral slope and allows additional stellar mass to be included in the
old stellar component.

By adding this stellar model to our AGN spectrum, we can get an
indication of how much flux can be attributed to stellar emission in

MNRAS 540, 851-870 (2025)
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Figure 11. Top: the JWST/NIRSpec prism spectrum of GS922 (black) compared to a two-component AGN-stellar model (yellow). The two-component model
is made of the AGN model (orange) and the maximum contribution from 50 Myr stellar population obscured by dust (dark magenta). Middle: fractional
contribution to the emission from the AGN (orange) and the stars (dark magenta). While some flux from stars can be added in the 4 — 5 micron range while
remaining within reasonable uncertainties, it is insufficient to match the observed morphology. Bottom: absolute value of x between data and model. We find
median |x | of 3.46, which indicates that the model is able to reproduce the data well.

the rest-frame optical regime. We show in Fig. 11 that we can add a
population of 50 Myr stars to our best-fitting AGN model to achieve a
~ 20 per cent stellar contribution to the optical continuum, while still
remaining within reasonable uncertainties. However, adding more
flux than this causes the optical emission to become too strong and
the Balmer jump to be washed out by the stellar Balmer break. This
tension makes it impossible to satisfy both the continuum shape
from the PRISM and the two-component morphology implied from
the photometry with this model.

5.4 AGN model with stellar emission and DLA

As highlighted above, the pure AGN model (Section 5.2) fits the
spectrum overall well, but two issues remain. First, the wavelength
dependence of the structure requires that the emission lines and the
rest-optical continuum are emitted by different regions. Secondly,
the [O11] doublet is poorly fitted by the pure AGN model. We
tried to address the wavelength-dependent morphological demands
in Section 5.3, where we added an old stellar population which
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is responsible for the offset optical continuum emission. However,
this model can only sustain ~ 20 per cent of the optical flux from
old stars, which is insufficient, and the issue of the poorly fit [O11]
doublet remained.

‘We can address both issues by adding a young stellar population. In
this scenario, the turn over in the UV at A &~ 1430 A is not caused
anymore by the two-photon processes, but by a local DLA, which is
associated with the ISM of the galaxy and/or the outer gaseous disc
of the galaxy. Since the young stellar component outshines the AGN
in the rest-UV, this leads to more flexibility in the modelling of the
AGN. Specifically, we can now reduce the two-photon continuum of
the AGN (by using a different stopping condition which terminates
the calculation earlier) without sacrificing the quality of our fit to the
continuum. This leads both to a much better fit to the [O 11] doublet
and to additional freedom to increase the strength stellar continuum
and, hence, match the morphology.

In particular, we add a young stellar population with a steep UV
continuum slope that outshines the aforementioned AGN model,
similar to the scenario that can explain the SED of the ‘little red



dots’ (LRDs; Matthee et al. 2024). An alternative possibility is to
have leaking UV emission from the obscured AGN (e.g. Greene
et al. 2024), but we do not consider this further here. For our young
stellar population, we use 1Myr instantaneous starburst. We do
not explicitly include the nebular emission from the 1 Myr stellar
population in this particular model. However, since the power-
law slope of the AGN ionizing spectrum is a free parameter,
the AGN photo-ionization model can be interpreted as effectively
encompassing the joint contribution of both an AGN and a young
stellar population. That is, by adjusting the slope appropriately, the
combined ionizing spectrum can remain consistent with the observed
line ratios. As we have already shown in Fig. 9, the young stars
alone are capable of producing similar line diagnostics. While we
could redistribute the emission line flux between the AGN and
stellar contributions, this would depend on the assumed stopping
conditions, especially given that the system likely hosts density-
bounded nebulae. In such cases, the relative contributions become
underconstrained and somewhat arbitrary. We therefore chose to
illustrate one representative and physically plausible configuration,
rather than attempt an exact decomposition.

We then change our AGN CLOUDY model stopping condition,
which was previously set to ensure the sufficient strength of the
nebular continuum. We now set the stopping condition to be based
on the [O 11] /[O 111] line ratio. We again note that this leads to density-
bounded emission, which is consistent with the non-Case B Balmer
line ratios in GS9422 (McClymont et al. 2024). The AGN CLOUDY
model is otherwise unchanged.

The two-photon turn over is now outshone by the bright young
stars. This means that we require a DLA to create the observed
turn over with a damping wing. We find that a neutral hydrogen
column density of log(Ny;cm™2) = 22.9 4 0.1 sufficiently damps
the 1 Myr stellar population in the optical to recreate the observed
turn over. While this column density is high, it is consistent with
other observed DLAs (see below). The DLA in our scenario could
simply be an extended H 1disc that we are looking through given our
edge-on view of the galaxy, and/or cold, dense gas streams piercing
the halo into the central stellar disc (as in, e.g. Bennett & Sijacki
2020).

We find that our modelled stellar populations correspond to masses
of 10"°Mg and 1084Mg for the 1Myr and 50 Myr population,
respectively. These numbers should not be taken as a fit due to
the modelling limitations, however, they do demonstrate that it is
possible to accommodate a reasonable stellar mass alongside the
AGN-driven nebular emission. We note that, in contrast, the model
presented in Section 5.1 includes a young stellar component of
similar age and mass, but as the sole contributor to the observed
emission. Here, instead, the young stellar component is part of a
composite emission scenario that may include contributions from an
AGN and older stellar populations. In this framework, the physical
coordination requirements are relaxed, and the role of the young
stars is to augment — not entirely explain — the observed line ratios.
This makes the model both more flexible and more physically
plausible.

The rest-optical continuum in this model approaches the observed
flux density. In this case, the old stellar component contributes
roughly half of the observed rest-optical light — the maximum allowed
before exceeding the data, but still consistent within uncertainties.
Importantly, this model also better reproduces the observed rest-
optical morphology: the older stellar population, distributed in a
flattened configuration, naturally explains the extended emission
seen in the rest-optical imaging. The inclusion of a young stellar
component helps preserve the Balmer jump, which would otherwise
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be diminished by the older stars alone. We also note that the slit-loss
correction is optimized for compact sources and may underestimate
the true flux density in more extended systems like GS9422, which
could contribute to small residual differences. Thus, while this model
pushes toward the edge of acceptable parameter space, it remains a
physically viable scenario.

We lay out the geometry in Fig. 13, which can reproduce both the
observed spectrum and the wavelength-dependence of the morphol-
ogy. In particular, our analysis suggests that GS9422 hosts a young
and older stellar population: the centrally concentrated, young stellar
population dominates in the UV, while the older stellar population
in a disc-like structure dominates in the optical. The DLA absorbs
the UV light, giving rise to the UV turn over. The Lyo emission
(and all other emission lines) and the Balmer jump are emitted off-
planar and, hence, are unabsorbed by the DLA. This ionization cone
is powered by the AGN, which explains the nebular continuum (e.g.
Balmer jump), the emission line strengths and their ratios. The older
stellar component in a disc-like configuration explains the observed
flattened morphology in the rest-optical bands.

In the scenario presented here, the nebular continuum — including
the Balmer jump — arises from low-density, off-planar ionized gas
illuminated by the AGN. Although the AGN is obscured along our
direct line of sight, its ionizing radiation can escape along the polar
direction and photoionize surrounding gas. This results in extended
emission line and continuum features, consistent with an ionization
cone. Such off-planar structures are observed in many local AGN host
galaxies (e.g. NGC 1068) and provide a natural explanation for how
nebular continuum emission can remain visible even in systems clas-
sified as type-2. In GS9422, this off-planar nebular continuum is not
blocked by the DLA absorber, allowing it to contribute significantly
to the observed rest-optical continuum. While nebular continuum is
more commonly studied in type-1 AGN due to the ease of detection,
its physical production is not restricted to such geometries. Given
the compactness of the emission region and the observed Balmer
jump strength, this component is competitive with — and in our
model, partially dominates over — the older stellar continuum in
the rest-optical bands. Therefore, it is not surprising that we find a
galaxy with such a configuration also at high redshifts, particularly
since GS9422 is one out of hundreds observed as part of the JADES
survey.

5.5 Further assessing the DLA scenario

Some of the scenarios discussed in the previous sections interpret
the turn over near Ly as a local DLA, i.e. associated with the ISM
in the outer part of the galactic disc, seen edge-on. Here, we discuss
the plausibility of the inferred column density.

We first note that several DLAs with column densities approaching
10 cm™2 have been observed at high redshift, specifically with
log (Ny/cm™2) up to 23.8 4 0.3 (Jakobsson et al. 2006; Watson
et al. 2006; Prochaska & Wolfe 2009; Selsing et al. 2019), despite
their identification being biased towards lower column densities.

We also note that even assuming the most conservative case that
the gas is confined to the stellar disc radius, i.e. 180 pc, the observed
column would imply a gas density of only ~ 100 cm~3, which is
actually low compared with the gas densities inferred for the compact
galaxies found by JWST. This is very conservative, as the bulk of
the absorbing gas is likely located in the outer disc, hence at radii
larger than the stellar disc. In summary, a scenario in which the
ISM of the galaxy seen edge-on, even with modest gas densities,
results in column densities even well in excess of 10>} cm™2 is quite
reasonable.

MNRAS 540, 851-870 (2025)
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Figure 12. Top: The JWST/NIRSpec prism spectrum of GS9422 (black) compared to a three-component AGN-stellar model (yellow). The three-component
model is made of the AGN model (orange), a 1 Myr population stellar population (purple), and the maximum contribution from 50 Myr stellar population
obscured by dust (dark magenta). The 1 Myr population is used here to show how introducing a steep slope can increase the freedom to add optical flux from
older stars while still maintaining the overall continuum shape. However, the significant UV flux of these stars outshines the nebular two-photon turn over,
requiring a DLA to recover the observed UV continuum shape. Middle: fractional contribution to the emission from the AGN (orange), young stars (purple)
and older stars (dark magenta). Bottom: absolute value of x between data and model. We find a median |x | of 1.00, which indicates that the model is able to

reproduce the data well.

One can explore what would be the dust extinction associated with
the local DLA’s gas column density. This can be simply inferred,
through the following equation:

A ZpLa  apLa
A = v N, s 2)
v-pLA (Nm )MW Zvw Sd MW fr.DLA

where (A, /Nui)mw is the extinction-to-gas ratio in the Milky
way, i.e. 4.6 x 10722 cm~2 (Zhu et al. 2017). Zyw is the average
metallicity of the ISM in the Milky Way, which is about solar
(averaged among most of the lines of sight probed by Zhu et al.
2017 and reference therein). Zppa is the metallicity of the local
DLA, which we do not know, but we can conservatively assume to
be lower than the metallicity probed by the nebular lines in the
ISM of the galaxy. This is likely a conservative assumption, as
the bulk of the absorption comes from the outer disc. Therefore,
Zpia < Zism ~ 0.1 Zo. Ed,MW = 0.46 is the dust-to-metal mass
ratio in the Milky Way (Konstantopoulou et al. 2024), and &3 pra
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is the dust-to-metal ratio in the DLA that, for high-z absorbers
with metallicity similar metallicity to our object, is about 0.207913
(Konstantopoulou et al. 2024); the latter is the largest source of
uncertainty. We note that since we only have an upper limit on the
DLA metallicity, this implies that also &4 b is an upper limit.
Combining the information above, we can, therefore only infer an

upper limit on the amount of dust extinction as
A,pLa < 125770, (3)

Essentially, the extinction associated with the DLA can well be as
low as the dust attenuation inferred from the spectral fitting discussed
above (A, = 0.1 — 0.5). While dust attenuation is necessarily higher
than extinction (the latter does not include scattering and re-emission
into the line of sight), the uncertainties in the above calculation are
much larger than this effect. We further note that the vast majority of
the DLAs observed at high redshift with the largest column densities
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Figure 13. Global schematic of the AGN ionization cone in GS9422, with a compact young stellar component and an extended older component (not to scale).
The AGN ionization cone gives rise to the Balmer jump and the observed emission lines. The UV is dominated by the young stellar component, where the UV
turn over is caused by DLA clouds, which could simply be an extended H1disc that we are looking through given our edge-on view of the galaxy, and/or cold,
dense gas streams piercing the halo into the central stellar disc. The disc, dominated by older stars, contributes significantly to the rest-frame optical continuum
emission. This set-up self-consistently explains the spectrum (Balmer jump, strength of emission lines, and emission line ratios) and the morphological variation
as a function of wavelength (in particular morphological differences between emission lines, rest-UV continuum and rest-optical continuum emission).

(Ny > 102 cm™2) have A, < 0.2 (Heintz et al. 2024; D’Eugenio
et al. 2024b).

6 SUMMARY AND CONCLUSIONS

The nebular continuum and nebular emission lines contain a wealth
of information regarding galaxy properties and physical processes
taking place within galaxies. Here, we focus on a galaxy (GS9422) at
the tail end of cosmic reionization at a redshift zs,.. = 5.943. Because
of the observed Balmer jump and steep UV continuum turn over,
Cameron et al. (2024) suggest that GS9422 is completely dominated
by the nebular continuum, and that the UV turn over is caused by two-
photon emission. They conclude that this would require the galaxy to
be dominated by low-metallicity stars of 2> 50 M, which can only be
produced by an IMF 10 — 30x more top-heavy than those typically
assumed. In this work, we use detailed imaging and spectroscopic
data from the JADES and JEMS surveys for this galaxy, GS9422,
in order to resolve the nature of the galaxy and putative nebular
emission.

The photometry confirms the Balmer jump detected in the prism
spectrum, and we find clear variations in the galaxy morphology as
a function of wavelength (Fig. 2). Specifically, we find that the rest-
frame optical continuum emission is consistent with an elongated
disc, while the rest-frame UV is centrally concentrated. On the other
hand, the emission from the nebular lines extends perpendicular to the
disc (Figs 3, 4, and 6). This leads to variations of the Ho 4+ [N 1] EW
across the galaxy, with a higher EW along the poles of the galaxy
(cone-like structure; Fig. 5).

We model the prism spectrum with a range of approaches. First
(Fig. 9), we fit the spectrum with a pure stellar emission model,
where young stars (with an age of 1 —2 Myr) drive the nebular
continuum emission. A DLA is needed to reproduce the turn over in
the rest-UV. While this model is able to reproduce the spectrum well
without invoking a top-heavy IMF and exotic stars, it is inconsistent
with the morphological constraints: it cannot explain the strong
morphological difference between nebular emission lines and nebular
continuum.

Motivated by rest-frame UV and optical emission line diagnostics
that are fully consistent with AGN (Figs 7 and 8), we explore models
with AGN. Similar to the pure stellar model, the pure type-2 AGN
model is able to reproduce the spectrum well (Fig. 10). This time,
no DLA is needed, and the UV turn over can be modelled by the
two-photon process. This model, however, does not account for the
morphological differences in the rest-UV, rest-optical, and emission
lines. Adding an older stellar component to this model does not
solve this problem, since the continuum is dominated by the nebular
emission of the AGN (Fig. 11).

Therefore, our preferred model includes a galaxy with an obscured,
type-2 AGN and DLA clouds associated with the galaxy’s ISM
or its outskirts (Figs 12 and 13). This model can explain both the
spectrum and the wavelength dependence of the morphology, without
resorting to IMF changes. The AGN powers the oft-planar nebular
emission, giving rise to the Balmer jump and the emission lines,
while a centrally concentrated, young stellar component dominates
the rest-UV emission and together with the DLA clouds leads to a
turn over of the spectrum towards shorter wavelengths. The older
stellar component in a disc-like configuration explains the observed

MNRAS 540, 851-870 (2025)
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flattened morphology in the rest-optical. In summary, we find that
GS9422 is consistent with being a normal galaxy with an AGN — a
simple scenario that can explain its properties, without the need for
exotic or extraordinary stellar populations.

This work highlights the importance of combining imaging
(JWST/NIRCam) and spectroscopic data (JWST/NIRSpec), and the
great potential for NIRSpec/IFU observations. While spectroscopy
delivers detailed insights into a range of galaxy properties, spa-
tially resolved information helps with breaking some of the de-
generacies regarding the mechanisms that can power the observed
emission.
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APPENDIX A: HE 11 11640 LINE

We present the spectrum of the He1r A1640 and O 111] A11660,66
in the G140M grating in Fig. Al. The plot shows the data and the
best fit to the observed spectrum. We find a flux for He1r 21640
of (5.540.6) x 107! ergs~! cm™2, while Cameron et al. (2024)
found (5.1 £0.9) x 107" ergs~! cm™2, which is consistent within
the uncertainty.
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Figure Al. Spectrum of the He 1111640 and O 111] AA1660,66 in the G140M
grating. The plot shows the data (blue line) and the best fit (red line) to the
observed spectrum.
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