Astronomy & Astrophysics manuscript no. output ©ESO 2026

May 27, 2026

Resolving stellar populations, star formation, and interstellar
medium conditions with JWST in a large spiral galaxy at z = 2

Eleonora Parlanti!-2*, Giulia Tozzi' *, Natascha M. Forster Schreiber!, Claudia Pulsoni!, Letizia Scaloni'**#, Stavros

Pastras' >, Pascal Oesch®’, Capucine Barfety', Francesco Belfiore®, Jianhang Chen', Giovanni Cresci’®, Ric Davies!,

Frank Eisenhauer'- !°, Juan M. Espejo Salcedo!, Reinhard Genzel" !, Rodrigo Herrera-Camus'?, Jean-Baptiste Jolly'.
Lilian L. Lee', Minju M. Lee’- 3, Daizhong Liu'#, Dieter Lutz!, Filippo Mannucci’, Giovanni Mazzolari', Thorsten
Naab®, Amit Nestor Shachar!®, Sedona H. Price!®, Alvio Renzini!’, T. Taro Shimizu!, Amiel Sternberg!’, Martina
Scialpi' 18199 Eckhard Sturm', Linda J. Tacconi', Hannah Ubler!, Stijn Wuyts°

(Affiliations can be found after the references)

ABSTRACT

Cosmic noon represents the prime epoch where today’s massive galaxies assembled most of their stellar masses, and it is an ideal period for
observations with both the space-based James Webb Telescope (JWST) and ground-based near-IR integral-field unit (IFU) spectrographs. This
work analyzes JWST NIRSpec Micro Shutter Array (MSA) and NIRCam Wide Field Slitless Spectroscopy (WFSS) observations of K20-ID7,
a large spiral, star-forming (SF) galaxy at z = 2.224 with evidence of radial gas inflows. Leveraging ground-based IFU ERIS observations, we
conducted a comprehensive and resolved study of the interstellar medium and stellar properties of this galaxy, covering the rest-frame optical to
near-IR. Our analysis — using several emission-line diagnostics, resolved spectral energy distribution (SED) fitting of high-resolution imaging, and
Pag line detection in NIRCam WFSS data — reveals massive SF clumps (M, = (0.67 — 3.5)x10° M) with star formation rates (SFRs) of 3 — 24
M, yr~!, low dust attenuation (Ay=~0.4), electron densities (1,<300 cm™), and ionization parameter (log(U)~~-3.0). The central bulge is modestly
massive (M, =(7+3)x10° My), heavily obscured (Ay=6.43+0.55), and likely formed most of its stellar mass in the past (SFR=82+42 M, yr~! over
the last ~100 Myr). Yet, it continues to form stars at a lower rate (SFR= 12 + 8 M, yr™! over the last ~10 Myr). We infer a relatively low sulfur
abundance of log(S/O)=-1.9, which may have implications for sulfur production via type I supernova explosions. Moreover, all distinct galaxy
regions feature a metallicity of 12+log(O/H)~8.54, likely due — along with the enhanced N/O abundance (i.e., log(N/O)~—1.0) — to dilution effects
from radial inflows of metal-poor gas. Lastly, we find tentative evidence of a negative gradient in stellar age, suggesting possible inside-out growth

for K20-1D7.
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1. Introduction

Present-day massive galaxies assembled half their current mass
at z~1-3 — the so-called “cosmic noon” epoch — when the
star formation rate (SFR) density of the Universe reached its
peak (z~2; Madau & Dickinson 2014), due to the large amount
of available gas (Tacconi et al. 2020; Walter et al. 2020). At
this epoch, gas-rich, turbulent star-forming disks represent the
bulk of the massive main-sequence galaxy population (Forster
Schreiber & Wuyts 2020). These galaxies commonly feature
central compact bulges, accreting black holes, galactic winds,
and giant star-forming complexes on kiloparsec scales (Genzel
etal. 2011, 2014; Wuyts et al. 2012, 2013; Lang et al. 2014; Tac-
chella et al. 2018; Forster Schreiber et al. 2018, 2019; Ferreira
et al. 2023; Espejo Salcedo et al. 2025b; Kalita et al. 2025). Star-
forming galaxies at z = 2 represent a perfect laboratory for prob-
ing how galaxies grow and self-regulate and for investigating the
origin of the tight scaling relations between the global properties
of star-forming galaxies observed in the local Universe and up to
high redshifts (e.g., Speagle et al. 2014; Maiolino & Mannucci
2019).

While James Webb Space Telescope (JWST) observations
have mostly focused on the z>4 Universe — yielding extraor-
dinary discoveries and new questions (e.g., Finkelstein et al.

* These authors contributed equally to this work.

2023; Curtis-Lake et al. 2023; Carniani et al. 2024; Naidu et al.
2026) — cosmic noon remains the key epoch to explore for ulti-
mately addressing the processes driving galaxy evolution. Un-
like z>4, z~2 offers a unique advantage: it is an ideal red-
shift for both JWST and ground-based near-IR integral-field
unit (IFU) observations with adaptive optics (AOs), such as
SINFONI (Spectrograph for INtegral Field Observations in the
Near Infrared; Eisenhauer et al. 2003) and its successor ERIS
(Enhanced Resolution Imager and Spectrograph; Davies et al.
2023) at the Very Large Telescope (VLT). While near-IR AO-
assisted IFU spectrographs can reach much higher spectral res-
olutions (R ~ 11000 with VLT/ERIS), uniquely enabling a thor-
ough study of gas kinematics via line emission, JWST’s unprece-
dented broad wavelength coverage and high sensitivity provide
imaging and spectroscopy of zx?2 galaxies across a continu-
ous rest-frame UV to near-IR wavelength range (Ferruit et al.
2022; Rieke et al. 2023). This gives us access to a wealth of in-
terstellar medium (ISM) and stellar population properties (e.g.,
metallicity, dust extinction, ionization state, and stellar mass).
Moreover, with their high spatial resolution (~ 0.1”), both facil-
ities can probe physical scales down to ~ 1 kpc, comparable to
the Toomre scale (Toomre 1964), the fundamental scale govern-
ing gravitational instabilities in gas-rich, rotationally supported
galactic disks at z~ 1 —3 (e.g., Genzel et al. 2011). Therefore, by
leveraging both JWST and ground-based AO IFU facilities, we
can now obtain a full picture of galaxies at cosmic noon, includ-
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ing gas kinematics, stellar properties, and ISM conditions (Park
et al. 2024; Ju et al. 2025; Nestor Shachar et al. 2025; Slob et al.
2025).

In this work, we present JWST observations of K20-
ID7 (GS4_29868; RA =03:32:29.1, Dec =—-27:46:28.5), a star-
forming main-sequence galaxy (M, ~4x 10 My; Forster
Schreiber et al. 2018) at z =2.224, featuring a large, well-defined
spiral morphology. This galaxy is an ideal laboratory for inves-
tigating many of the key mechanisms occurring at cosmic noon,
from bulge growth and the settling of morphological features to
star formation in kiloparsec-scale clumps and radial gas trans-
port. Located in GOODS-South, one of the most targeted ex-
tragalactic fields, K20-ID7 has a plethora of observations from
large space surveys and deep dedicated ground-based follow-
ups. It was indeed extensively observed from space with the
Hubble Space Telescope (HST) as part of the Great Observa-
tories Origins Deep Survey (GOODS; Giavalisco et al. 2004),
the Cosmic Assembly Near-Infrared Deep Extragalactic Legacy
Survey (CANDELS; Grogin et al. 2011; Koekemoer et al. 2011),
and the 3D-HST (Brammer et al. 2012; Skelton et al. 2014) sur-
veys. It was also observed at longer wavelengths with Spitzer
(Dickinson et al. 2003; Ashby et al. 2013; Whitaker et al. 2014)
and Herschel (Lutz et al. 2011) and benefits from deep ground-
based AO-assisted IFU observations at high spectral and spatial
resolutions. The first deep high-resolution IFU data were ob-
tained with VLT/SINFONI, as part of the AO SINS/zC-SINF
survey (Forster Schreiber et al. 2018), where the Ha kinemat-
ics revealed a globally ordered velocity field compatible with
disk rotation (Forster Schreiber et al. 2018; Espejo Salcedo et al.
2025a) and provided evidence of radial gas inflows along a spiral
arm (Genzel et al. 2023). More recently, K20-ID7 was observed
with VLT/ERIS at superior spectral (R~ 10500) and spatial res-
olutions as part of the Guaranteed Time Observation (GTO) pro-
gram GALPHYS (PI: N. M. Forster Schreiber). The detailed
Hea kinematics and morphology from ERIS data have enabled a
thorough study of kiloparsec-scale star-forming clumps (Forster
Schreiber et al. in prep.) as well as a robust characterization of
gas inflows (Pulsoni et al., in prep.).

For galaxies at z~2, JWST data provide continuous cover-
age from the rest-frame near-UV to the rest-frame near-IR. K20-
ID7 has a wealth of archival JWST spectroscopy and imaging,
including data from the GTO JWST Deep Extragalactic Survey
(JADES; Eisenstein et al. 2026) in the Hubble Ultra Deep Field
(HUDF) and surrounding GOODS-South (Bunker et al. 2024),
as well as from the Cycle 1 General Observer (GO) program
First Reionization Epoch Spectroscopically Complete Observa-
tions (FRESCO; Oesch et al. 2023).

In this work, we leverage the rich dataset available for K20-
ID7 to present a complete characterization of its ISM conditions
and stellar properties on scales down to ~ 1 kpc, thereby gain-
ing insights into its formation and evolution mechanisms. This
paper is structured as follows. In Sect. 2 we present all the data
analyzed in this work from JWST, HST/ACS, and ALMA and
provide details on the data reduction. In Sect. 3, we infer local
ISM properties for the different galaxy regions covered by dis-
tinct MSA shutters. In Sects. 4 and 5, we focus on resolved SED
fitting of NIRCam and HST imaging and discuss spatially map-
ping star formation via Pag in NIRCam WFSS data. We then
compare the resolved results with integrated SED analyses, in-
cluding available mid- and far-IR photometry. In Sect. 6, we in-
terpret the inferred results in the context of galaxy growth and
evolution scenarios, and in Sect. 7, we draw our conclusions.

Throughout this work, we use the following notation to refer
to key emission-line diagnostics:
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R2 = log([On]113726,29/HB);
R3 = log([Om]A5007/HB);

- 0302 =R3-R2;
— N2 = log([Nu]16584/Ha);
— O3N2 =R3-N2;

N202 = log([N11]16584/[0n]113727,29);

S2 = log[([Su]A6716 + [Su]16731)/Hal;

23 = log[([Su]A16716,31 + [Sm]119069,9533)/HA];
N2S2 = log([Ni]16584/[S1]A16716,31).

We adopted cosmological parameters from Planck Collabora-
tion et al. (2016) —i.e., Hy = 67.7 km s™! Mpc‘l, Q. =0.307,
and Qx= 0.691 — and a Chabrier initial mass function (Chabrier
2003).

2. Data

In this section, we present all data employed in this paper, mostly
from JWST, but also from HST (ACS images in five filters) and
ALMA (Band 6 continuum at 1.2 mm), along with the data re-
duction. The JWST data consist of: NIRCam imaging in 11 fil-
ters; NIRSpec MSA spectra at R ~ 100, R ~ 1000, and R ~2700;
and NIRCam WFSS F444W data (R ~ 1600).

2.1. JWST/NIRCam and HST/ACS imaging

K20-ID7 was recently observed as part of the JADES survey
(Eisenstein et al. 2026) in the Hubble Ultra Deep Field (Bunker
et al. 2024), which acquired NIRCam imaging in 11 differ-
ent broad- and medium-band filters (FO90W, F115W, F150W,
F182M, F200W, F210M, F277W, F335M, F356W, F410M, and
F444W), and NIRSpec MSA spectroscopy (presented in Sect.
2.2). Additional NIRCam data come from the Cycle 1 FRESCO
survey (PI: P. Oesch, program ID: 1895; Oesch et al. 2023) —
a NIRCam WFSS program, which obtained grism spectroscopy
(see Sect. 2.3) and F444W imaging, along with parallel medium-
band imaging in F182M and F210M. Among the HST imag-
ing available, we only used publicly released HST/ACS imag-
ing (F435W, F606W, F775W, F814W, and F850LP) from the
GOODS and CANDELS surveys (Giavalisco et al. 2004; Grogin
et al. 2011; Koekemoer et al. 2011) and discarded the WFC3/IR
images, since they cover the same wavelengths as the bluer NIR-
Cam filters but at a lower sensitivity and spatial resolution.

For five NIRCam filters (F182M, F210M, F277W, F356W,
and F444W), we adopted the high-quality reductions publicly
released on the DAWN JWST Archive' (DJA). These were ob-
tained using the grizli? reduction software (Brammer 2019,
2023), which performs standard calibrations, astrometric align-
ment with DrizzlePac?, and background subtraction optimized
to preserve faint emission and minimize noise (see details in
Valentino et al. 2023). Since the reduced NIRCam images in
the other six filters (FO90W, F115W, F150W, F200W, F335M,
F410M) have not yet been publicly released on DJA, we re-
trieved uncalibrated NIRCam data from the Mikulski Archive
for Space Telescopes (MAST) portal*, and reduced them us-
ing a custom-made reduction pipeline (see Espejo Salcedo et al.
2025b for a detailed description). This reduction leverages the
CrabToolkit®, which follows standard JWST image processing

! https://dawn-cph.github.io/dja/

2 https://github.com/gbrammer/grizli

3 https://www.stsci.edu/scientific-community/
software/drizzlepac

4 https://archive.stsci.edu/

5 https://github.com/1054/Crab.Toolkit.JWST
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Fig. 1. Images of K20-ID7 in four representative HST/ACS (F435W, F814W) and JWST/NIRCam (F150W, F444W) filters, tracing galaxy emis-
sion from the rest-frame UV to near-IR wavelengths. Redder NIRCam imaging unambiguously reveals a regular, unperturbed galaxy morphology
with well-defined spiral arms and a compact core, which is brightest in the F444W filter. All images are expressed in nanojansky.

steps®, and applies additional steps to improve the removal of
artifacts through a combination of manual masking and pub-
licly available templates’. The reduced images are then astro-
metrically corrected, improved with an additional flat back-
ground subtraction, and finally produced with a 0.025” pixel
scale aligned with a north up and east left orientation, consistent
with DJA reductions. Similarly, we also produced HST images
with the same northeast orientation and 0.025" pixel sampling.

Figure 1 displays four representative HST/ACS (F435W and
F814W) and JWST/NIRCam (F150W and F444W) images of
K20-ID7, each showing the morphology of the galaxy emis-
sion at different wavelengths, from the rest-frame UV to near-IR.
The comparison between JWST/NIRCam and HST/ACS images
immediately highlights how crucial it is to cover redder wave-
lengths with JWST/NIRCam to get a complete, unambiguous
view of this galaxy. At redder wavelengths, a well-defined spi-
ral structure clearly emerges, featuring three spiral arms, bright
clumps, and a compact red core that becomes particularly bright
in the reddest F444W filter. A first composite-color image of
K20-ID7, including the NIRCam F444W band, was presented
in Genzel et al. (2023), revealing the galaxy’s large outstanding
spiral and the central compact core for the first time.

2.2. NIRSpec MSA spectroscopy

In addition to NIRCam imaging, the JADES survey also ac-
quired deep NIRSpec MSA spectroscopy of targets in the HUDF
and surrounding GOODS-South field at low (R~ 100, with
PRISM/CLEAR), medium (R~ 1000, with G140M/FO70LP,
G235M/F170LP, and G395M/F290LP), and high resolution
(R ~ 2700, with G395H/F290LP). In particular, K20-ID7’s NIR-
Spec/MSA data were obtained as part of the JADES program
1210 (PI: N. Liitzgendorf) and consist of two distinct datasets
associated with different pointings (Fig. 2, left panel). The two
pointings were centered on the two UV-bright blue clumps vis-
ible in HST/ACS imaging (see Fig. 1), which were classified as
two separate entries (i.e., two distinct galaxies) in the CANDELS
and 3D-HST catalogs (Skelton et al. 2014).

® https://jwst-docs.stsci.edu/
jwst-science-calibration-pipeline/
stages-of-jwst-data-processing

7 https://jwst-docs.stsci.edu/
depreciated-jdox-articles/nircam-claws-and-wisps

K20-ID7’s NIRSpec/MSA data were publicly released as
part of the first JADES data release (Bunker et al. 2024), along
with a public reduced version of the spectra obtained using the
NIRSpec MSA GTO pipeline (Scholtz et al. 2025). This pipeline
applies a point-source path-loss correction and performs a local
background subtraction by measuring the background in lateral
shutters and subtracting it from the "science" spectrum of the
central shutter. While this standard procedure has widely proven
to work well for compact sources (e.g., more distant galaxies at
z >4; Bunker et al. 2024), it is not suitable for extended sources
such as K20-ID7, where the side shutters are also placed on emit-
ting regions of the galaxy. Therefore, if used for background
measurement, they result in line and continuum emission self-
subtraction. Moreover, an accurate path-loss correction is essen-
tial to properly account for both geometric losses (from galaxy
light partially falling outside the micro-shutter mask) and diffrac-
tion losses (from light lost along the NIRSpec optical path). The
standard pipeline performs reliable path-loss correction for ei-
ther point-like sources or uniformly illuminated micro-shutters.
Since K20-ID7’s MSA data do not match any of these options,
the standard path-loss correction in the public reduced data likely
produced incorrect fluxes and altered the global spectral shape
due to the wavelength dependence of the correction.

For all these reasons, we implemented a custom reduction of
K20-ID7’s NIRSpec/MSA spectra, which i) performs improved
background subtraction and path-loss correction and ii) extracts
science spectra from all MSA shutters showing galaxy emission.
In the following, we describe the main steps of our adopted re-
duction procedure. We retrieved the count rate data from the
MAST archive to extract the 2D trace of each spectrum for each
visit, apply the wavelength calibration and flat-field correction,
and skip the path-loss correction and background subtraction
steps. After rectifying the 2D traces, we obtained 2D rectified
spectra relative to each grating and filter configuration, nod, and
exposure.

By visually inspecting the resulting 2D rectified spectra, we
detected galaxy emission in most of the MSA shutters in the
PRISM/CLEAR configuration (seven in total; the colored shut-
ters in the right panel of Fig. 2). We therefore created a master
background, which we subtracted from each shutter spectrum
using the following procedure. Using the MSA pipeline, we re-
duced the data from all the shutters left open in the MSA mask
for the same visit, focusing on specifically selected source-free
regions, and created the corresponding rectified background 2D
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Fig. 2. NIRSpec MSA spectroscopy of K20-ID7. Left: Location of the two distinct MSA mask arrays, with open shutters overlaid on a NIRCam
RGB image of K20-ID7 composed of F356 W +F444W (red), F182M+F200W+F277W (green), and FOOOW+F115W+F150W (blue) filters. Right:
PRISM/CLEAR spectra extracted from the seven colored MSA shutters (showing galaxy emission, color-coded as in the left panel), using our
custom reduction pipeline (described in Sect. 2.2). The white shutters contain no galaxy emission. The spectra from different regions exhibit
different continuum shapes and line intensities across the rest-frame near-UV to near-IR wavelength range. For clarity, each spectrum is vertically

shifted by an arbitrary constant.

spectra. For each visit, we then generated a unique 2D master
background — computed as the median of the 2D rectified back-
ground spectra — and removed it from the 2D rectified science
spectra previously obtained for K20-ID7. By combining all 2D
background-subtracted spectra of K20-ID7, we obtained the fi-
nal 2D PRISM spectra for each visit. From these, we extracted
the 1D spectra for each shutter using a 5-pixel wide slit. We also
adopted the same procedure for the "error" extension of the ob-
served data. For medium- and high-resolution data, we followed
a different procedure for background subtraction, since galaxy
emission is detected in fewer shutters (i.e., five) than in the
PRISM/CLEAR configurations. In particular, since we do not
detect galaxy emission in the light blue and pink shutters shown
in the left-hand panel of Fig. 2, unlike in the PRISM data, we
used these to separately measure the background for each point-
ing. From these two background shutters, we therefore extracted
1D background spectra using a 5-pixel-wide slit and subtracted
them from the 1D science spectra extracted from the other shut-
ters of the same visit. This yielded medium- and high-resolution
spectra for four distinct regions of K20-ID7. We note that, with
this approach, the expected self-subtraction effect on the Har flux
is at most ~ 10%, while it is negligible for other emission lines.

Finally, to correct all MSA spectra for path losses, we mea-
sured the flux in the NIRCam images of K20-ID7 for the region
encompassed by each shutter. We then used these flux values
to rescale the NIRSpec/MSA spectra via a linear fit to the ratio
of the observed NIRCam fluxes to the observed NIRSpec/MSA
counterparts in each shutter.

In summary, with our custom MSA reduction, we obtain
in total seven PRISM/CLEAR spectra (see Fig. 2) and five
spectra for each medium- and high-resolution grating and fil-
ter configuration. All together these spectra probe seven distinct
galaxy regions: clumps (labeled as Clump-N and Clump-S), spi-
ral arm (Arm), inter-arm (Inter-Arm), and more external dif-
fuse regions (Ext-N, Ext-SW, and Ext-SE). Both low-resolution
PRISM (R ~ 100) and all medium-resolution spectra (R ~ 1000)
cover a total spectral range from 0.6 um to 5.2 um, correspond-
ing to rest-frame near-UV to near-IR wavelengths at z~2. In
contrast, high-resolution observations (R ~2700) were only ob-
tained with the reddest grating (i.e., G395H/F290LP) and are,
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Table 1. NIRSpec/MSA observations of K20-ID7 used in this paper.

Dataset AA [um] R texp [ks]
PRISM/CLEAR 0.6-5.3 30 -300 33.6
G140M/FO70LP 0.7 — 1.9 500 — 890 8.4
G235M/F170LP 1.7-32 720 — 1340 8.4
G395M/F290LP 29-52 730 - 1315 8.4
G395H/F290LP 29-52 1930 - 3615 8.4

Notes. The columns list the wavelength coverage, nominal spectral res-
olution (Ferruit et al. 2022), and exposure time of the observations
in each distinct grating and filter comnfigurations. The #., values re-
ported here refer to the central shutter for each visit. *The nominal
wavelength range is 0.7 — 1.3 um. However, as in JADES (Bunker
et al. 2023), we recover the spectrum up to 1.9um, effectively acting
as G140M/FO70LP+F100LP.

therefore, limited to the 2.9 — 5.2 um wavelength range en-
compassing K20-ID7’s rest-frame near-IR emission. Details on
the covered wavelength range, spectral resolution, and exposure
time relative to each MSA gratingand filter configuration are
summarized in Table 1. The exposure time reported refers to the
central shutter of each array; the exposure time decreases to 2/3
and 1/3 with increasing distance from the central shutter.

2.3. NIRCam WFSS data

In this work, we used JWST/NIRCam WFSS F444W observa-
tions of K20-ID7 from FRESCO (Oesch et al. 2023), obtained
with an exposure time of 7 ks. These consist of grism spec-
tra covering the range 3.8 — 5.0 um at a spectral resolution of
R ~ 1600, which probe rest-frame near-IR wavelengths at z ~ 2.
Slitless spectra of K20-ID7 were acquired with the grism disper-
sion axis at a 90° position angle (i.e., aligned WE, with increas-
ing wavelengths toward E). All FRESCO NIRCam WFSS data,
including those of K20-ID7, were reduced using the publicly
available grizli code (Brammer et al. 2012; Brammer 2023).
Continuum-subtracted spectra were then produced by running
a median filter along each row of the 2D grism spectra, adopt-
ing a 12-pixel central gap in the filtering to minimize line self-
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Fig. 3. Continuum-subtracted NIRCam F444W WFESS data of K20-ID7,
zoomed-in over 3.95 — 4.40 um, encompassing Pag line emission. In the
2D slitless spectra (upper panel), the Pag line emission is clearly spa-
tially resolved perpendicular to the dispersion axis and extended along
the parallel direction. This results in a double-peaked Pag line profile
in the total 1D spectrum (lower panel), a consequence of resolved spa-
tial offsets combined with velocity gradients along the grism dispersion
axis (discussed in Sect. 5).

subtraction (Kashino et al. 2023). For further details on the ob-
servational design and reduction of FRESCO observations, we
refer the reader to the main papers of the survey (e.g., Oesch
et al. 2023; Nelson et al. 2024; Neufeld et al. 2024).

As shown in Fig. 3, the continuum-subtracted spectra of
K20-ID7 clearly exhibit Pag line emission. The Pag line is de-
tected with a total S/N of 7, computed as the ratio between the
integrated line flux and the noise level estimated from the er-
ror spectrum. We derived the total flux by fitting the spectrum
with a model consisting of a linear continuum and two Gaus-
sian components. The error was estimated using two Gaussian
components with the same line widths and amplitudes equal to
the error level. No additional emission lines are detected. Com-
pared to optical Balmer emission lines (e.g., He and HB), near-
IR Paschen lines are less affected by dust attenuation and, there-
fore, can probe recent (~ 10 Myr) star formation in a more ob-
scured regime. In the 2D slitless spectra (upper panel), Pag ap-
pears spatially resolved along the spatial axis (i.e., perpendicu-
lar to the grism dispersion axis) and extended along the spectral
axis. This results in a double-peaked Pag line profile in the total
1D spectrum (lower panel). As later addressed in Sect. 5, this
is a consequence of real spatial offsets combined with velocity
gradients along the grism dispersion axis.

2.4. ALMA data

We reduce the available ALMA Band 6 1.2 mm continuum data
(PI: J. Scholtz, program ID 2018.1.01044.S) using CASA. We re-
trieve the raw visibilities from the ALMA archive, and calibrate
them by executing the script delivered with the data. We then
clean the data by using the task tclean in CASA, and image
them using natural weighting and a pixel scale of 0.1” to obtain
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the best sensitivity. The final continuum image has an angular
resolution of 0.5”x0.6”and a sensitivity of 28uJy beam™'. We
compute the continuum flux by summing all pixels within a cir-
cular aperture of radius 2”’. The uncertainty on the observed flux
is estimated via a Monte Carlo approach: we randomly placed
5000 apertures of the same size in regions free of galaxy emis-
sion and measured the flux in each, hence we assumed as an er-
ror the standard deviation of the resulting distribution. Following
this analysis we obtain a 1.2 mm continuum flux of 0.36 +0.11
mly.

3. Local ISM properties from spectroscopy

The wavelength range covered by the NIRSpec MSA data (~ 0.7
— 5.2 um) encompasses several emission lines, which we used
to infer the properties of the galactic ISM via various emission-
line diagnostics. In particular, we derived nebular dust attenua-
tion, the ionization parameter, electron density (Aypep, log(U),
ne), and chemical abundances (O, N, S) for the galaxy regions
where the key emission lines are detected at S/N>3. In Ap-
pendix A, we describe the spectral fitting of the MSA spectra and
summarize the best-fit results. For shutters where the same emis-
sion lines were detected with more than one spectral setup, we
adopted the line fluxes from the medium-resolution data as fidu-
cial. These have a higher S/N than the high-resolution data and
resolve close spaced emission lines (e.g., H3 + [Om], Ha + [N1],
[Su] line doublet) well, unlike the PRISM data. Therefore, when
available, we only used the medium-resolution line fluxes to de-
rive ISM properties, thereby also avoiding issues related to possi-
ble inaccuracies in the absolute flux calibration (D’Eugenio et al.
2025).

3.1. Dust attenuation, ionization, and electron density

The first important physical property to derive is the (nebular)
dust attenuation (Aypep), Which allows us to correct all observed
line fluxes and then measure the other ISM properties. Within
the broad spectral range covered by the NIRSpec MSA data of
K20-ID7, there are several hydrogen emission lines (i.e., Ho, Hy,
Hp, Ha, Pay, Pag3), which can be used to infer multiple measure-
ments of Ay,,ep from distinct line ratios. In Table 2, we report our
derived Ay, measurements, obtained by combining the highest
S/N hydrogen lines (i.e., HB, Ha, PaB, when detected). We as-
sumed the Calzetti et al. (2000) dust attenuation law and adopted
theoretical line ratios of 2.86, 0.0569, 0.163 — as predicted for
warm ionized gas (T = 10* K; Osterbrock & Ferland 2006) —
for Ha/HB, PaB/Ha, and PaB/Hp, respectively. For the inter-arm
region, we derived Aypep, from the Pag/Ha ratio only, since no
measurements for the HB flux are available in this shutter®. For
the clump regions (Clump-N and Clump-S), where all three hy-
drogen lines are detected, we obtain consistent measurements
of Aynep from different hydrogen line ratios within 20~. Small
differences in the derived Ay values using different line ratios
may be due to the different shapes of attenuation curves at high
redshift (Markov et al. 2025) compared to local ones. To verify
this, we also computed Ay,,e, by adopting the high-z attenuation
curve by Reddy et al. 2026, finding values comparable within
the uncertainty with our estimates reported in Table 2. In the rest
of this section, we adopt as fiducial values the weighted aver-
ages of the available measurements for each region, as reported

8 For the inter-arm region, HB is only detected in the PRISM spec-
trum but appears blended with [On]445007,4959. Therefore, it cannot
be disentangled.
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Table 2. ISM properties inferred from NIRSpec MSA spectra for the
three higher-S/N shutters of K20-ID7.

Diagnostic ‘ Arm ‘ Inter-Arm Clump-N Clump-S
Avpen [mag]
Ha/HB - - 067 <0.9
Pag/Ha - 1 .3f8:‘5‘ O.2fg:} 0.6f8:2
Pap/Hp - - 0451 0.3*93
Fiducial - 1 .3fg:‘5‘ O.4fg:i 0.4f8§
ne [em™]
sm [ - | <1900 2607129 <310
log(U)
[Su], [Smi] - —3.3f83 -3.05+0.05 | -3.0+£0.2
[On], [Om] - -3.1%93 | —2.97+0.02 | -3.1+0.1
Fiducial - -33+03 | -3.01+0.03 | -3.1+0.2
12+log(O/H)
Fiducial | 8.57°020 | 8.58°0% | 8490% | g51:00
log(N/O)
N202 - -0.8+02 | -0.95+0.05 | -1.1+0.1
N2S2 - -09+02 | -0.95+0.10 | -1.2+0.2
Fiducial - -09+02 | -0.95+0.08 | -1.2+0.2
12+log(S/H)
s3 | - | ee3 | 663 | 67
log(S/0)

Notes. Top to bottom: Nebular attenuation Ay, derived from differ-
ent hydrogen line ratios (Calzetti et al. 2000); electron density n. de-
rived from the [Su] line ratio (Sanders et al. 2016); ionization param-
eter log(U) using sulfur- and oxygen based diagnostics (Dfaz et al.
2000); gas-phase metallicity (12+log(O/H)) derived by combining var-
ious strong-line diagnostics (Sanders et al. 2025); log(N/O) abundance
(Hayden-Pawson et al. 2022); 12+log(S/H) abundance (Diaz & Zamora
2022); log(S/O) abundance, derived by combining the 12+1log(S/H) and
the fiducial 12+log(O/H) values. All upper limits correspond to 20-.

| 20+02 | -19:02 | -18+03

in Table 2°. For the Arm region, Ha is the only hydrogen line
detected, so we cannot estimate Ay,,.,. However, this is not cru-
cial, since [Nu] and Ha are the only emission lines detected in
this region. Thus, we can only use the [Ni]/He emission-line di-
agnostic (discussed in Sect. 3.3 to derive metallicity), for which
dust extinction is negligible due to the proximity of these lines
in wavelength. We reiterate that the Ay, values inferred in this
section from hydrogen line ratios refer to nebular dust attenua-
tion, which might be higher than the attenuation affecting stellar
continuum (Ay,g,, inferred from SED modeling in Sect. 4), since
HII regions are typically more embedded in dust.

Following Sanders et al. (2016), we then measured n. from
the dust-corrected [Su]A16716,31 line doublet. For Clump-N,
we find an electron density of n ~ 260 cm™3, consistent with the
typical values inferred for z~2 star-forming regions (Sanders
et al. 2016; Davies et al. 2021; Topping et al. 2025). Unfortu-
nately, the [Su] 16717/16731 ratio for the other two regions (i.e.,
Clump-S and Inter-Arm) yields nonphysical (negative) values of
ne; therefore, we adopted a conservative 20" upper limit.

° For Clump-S, we consider only the two inferred Ay, estimates, ex-
cluding the upper limit derived from Ha/Hp.

Article number, page 6 of 23

Given the high sensitivity and the wide wavelength cover-
age of K20-ID7’s NIRSpec/MSA spectra, we derived two in-
dependent measurements of the ionization parameter from the
[On]/[Om1] and [Su]/[Sui] line ratios, respectively, for each high-
S/N galaxy region. The [Sm]A9069 emission line is detected
in the medium-resolution grating only in the Clump-N spectra.
However, we can estimate it for the inter-arm and Clump-S re-
gions using the dust-corrected flux of the [Sm]A9533 line, as-
suming a theoretical ratio of [Sm]29533/[Sm]19069 = 2.61 (Os-
terbrock & Ferland 2006). We note that for Clump-S, we have
a measurement of the [Sm]19069 from the PRISM spectrum.
However, most of the PRISM data are affected by a bad fea-
ture near this emission line (see Fig. A.1). Finally, we obtain a
dust-corrected flux of [Sur]A9069 of ~2.7 x 10719 erg s7! em™
and 3.2 x 107!? erg s~! for the inter-arm and Clump-S regions,
respectively. Using the [Ou]/[Omi]- and [Su]/[Sui]-based calibra-
tors from Diaz et al. 2000, we thus infer two independent values
of log(U) for each region. All inferred measurements indicate
log(U)=~—-3.0 for both Clump-N and Clump-S, with a similar
value — albeit with larger uncertainties — for the inter-arm re-
gion. This value is low, yet consistent with findings for other
high-z galaxies (Reddy et al. 2023a).

3.2. Gas phase metallicity

In this work, we used metallicity calibrations from Sanders et al.
(2025), based on six distinct diagnostics, namely R2, R3, 032,
N2, O3N2, and S2 (see the end of Sect. 1 for all definitions). For
the inter-arm region, where direct flux measurement of the HS
emission lines needed for four diagnostics were unavailable, we
estimated the HB flux from our fiducial dust-extinction-corrected
Ha flux (i.e., measured from medium-resolution data and cor-
rected for Aype, = 1.3*0%; see Table 2). We assumed a theo-
retical Ha/HB line ratio of 2.86 (Osterbrock & Ferland 2006),
yielding an HB flux of 2.75x107'7 erg s~! cm™2 for the inter-arm
region. In the Arm region, we only used N2, since Ha and [Nu]
are the only detected emission lines.

Following an approach similar to that described in Curti et al.
2020a, we derived the metallicity that simultaneously minimizes
the y? between the observed line ratios and the expected value
according to each calibrator using the python library 1mfit.
The resulting best-fit metallicity values, including their errors
(which account for the intrinsic scatter of the calibrators), are re-
ported in Table 2. We find no statistically significant difference in
metallicity between the various regions. The values are consis-
tent within the uncertainties and indicate slightly subsolar metal-
licities, with 12 + log(O/H) = 8.49—-8.58 (i.e., ~ 0.60—0.80 Z,'7).
Nonetheless, it is interesting that the star-forming clumps, where
newborn stars are expected to inject metals into the ISM, do not
exhibit higher metallicity than the other regions. We speculate
that any more prominent intrinsic differences (if present) may
be smoothed out by the spatial extent of the shutters, which en-
compass emission from physically distinct regions. Indeed, the
Clump-N shutter is not perfectly centered on the clump, and the
Inter-Arm shutter may be contaminated by emission from the
clump close by (see Fig. 2). Interestingly, all the derived metal-
licities are consistent with that expected from the fundamental
metallicity relation (FMR; Mannucci et al. 2010) for K20-1D7,
given its stellar mass and SFR (M, ~ 4 x 10'° M and SFR ~ 120
M, yr~', inferred later in Sects. 4 and 5). Using the parameter-
ization by Curti et al. (2020b), the FMR predicts a gas-phase

10 We assumed a solar metallicity 12 + log(O/H),, = 8.69 (Asplund et al.
2021).
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metallicity of 12 +1log(O/H) ~8.57. As discussed in Sect. 6.2,
this is connected to the presence of gas inflows (Genzel et al.
2023; Pulsoni et al., in prep.).

3.3. Chemical abundances: N/O, S/H, S/O

Among chemical elements, nitrogen is one of the most exten-
sively studied, from the local Universe up to high redshifts (Pi-
lyugin et al. 2012; Shapley et al. 2015; Masters et al. 2016; Strom
et al. 2018; Stiavelli et al. 2025; Sanders et al. 2025). In star-
forming galaxies, its abundance can be derived from the rela-
tively bright [Nu] and [Omn] emission lines, via the N202 di-
agnostic (e.g., Steidel et al. 2016; Strom et al. 2018; Hayden-
Pawson et al. 2022). Since these lines originate from nearly the
same ionization zones and have similar ionization potentials,
their ratio minimally depends on ISM ionization conditions. Al-
ternatively, one can infer N/O using the N2S2 diagnostic, which
assumes a constant S/O abundance. This method is less affected
by dust extinction, since the lines involved are closer in wave-
length than [Nu] and [On] in N202. Yet, the [Su] emission lines
have a lower ionization potential (10.4 eV) and, therefore, may
be emitted from regions with softer radiation fields. Moreover,
the assumption of a constant S/O abundance, which is neces-
sary to use [Su] as a proxy for oxygen, may not always be true.
For all these reasons, we provide two independent measurements
of N/O in the various galaxy regions, adopting the calibrations
from Hayden-Pawson et al. (2022) (see Table 2). For each re-
gion, N202- and N2S2 diagnostics deliver consistent, values-
based N/O ratios. We adopted their average as the fiducial value.
The N/O abundance in Clump-S is 0.3 dex higher than in the
Inter-Arm, with the Clump-N lying between the two. We obtain
similar results by also using the calibrations for N202 and N2S2
presented in Strom et al. (2018).

Similar to oxygen, sulfur is produced by massive stars; there-
fore, the relative S/O abundance is expected to remain constant
at about the solar value (i.e., log(S/O); = —1.57; Asplund et al.
2021). A sulfur abundance of 12 +1log(S/H) has been studied
only for a handful of galaxies at z>1 (e.g. Sanders et al. 2020;
Rogers et al. 2024, 2026) and can be derived from the opti-
cal [Su] and [Smi] emission lines. Compared to the [On] and
[Om] lines used to infer 12 +1og(O/H), the sulfur lines have
a milder (albeit exponential) dependence on electron tempera-
ture, due to their lower ionization potential, which makes them
detectable even at solar or supersolar abundances (Diaz et al.
2007). For K20-ID7, we estimated 12 + log(S/H) from the S23
diagnostic (Diaz & Zamora 2022; see Table 2). Interestingly,
all three examined galaxy regions consistently feature a subso-
lar S/H abundance (12 + log(S/H), = 7.12; Asplund et al. 2009),
that is 12 + log(S/H) ~ 6.6—6.8. By finally combining these mea-
surements of 12 +log(S/H) with our derived fiducial values of
12 +1og(O/H), we estimate a relative log(S/O) abundance of
about —1.9, consistent for all regions, which is systematically
lower than the expected nearly constant (solar) value of -1.57
+ 0.05 (Asplund et al. 2021). In Sect. 6.3, we investigate the
implications of this result, discussing possible formation and de-
pletion channels for sulfur.

4. Resolved SED fitting

In this section, we present a spatially resolved SED model of
high-resolution JWST/NIRCam and HST/ACS imaging to de-
rive 2D maps of the main galaxy’s physical properties (e.g., stel-
lar mass, age, dust attenuation, and SFR). We then compare the
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resolved results with those obtained from integrated SED fit-
ting, which includes low-resolution photometry at longer wave-
lengths, as well as those inferred from NIRSpec MSA in Sects.
3.

4.1. PSF matching and SED modeling with CIGALE

We matched all reduced 6” X 6" cutouts to the spatial resolution
of the F444W band (FWHM =0.15"). For JWST/NIRCam and
HST/ACS data, we used WebbPSF models and empirical PSFs
from 3DHST (Skelton et al. 2014) to create F444W matching
kernels using the python package photutils.psf.matching
and thus convolved each image to the F444W PSF. To estimate
the background noise to adopt as the error on pixel fluxes while
accounting for spatial correlations between pixels introduced by
the data reduction, PSF matching, and instrumental features, we
created a segmentation map for each cutout and performed flux
measurements in 100 randomly placed "empty" apertures. These
measurements were taken for a suite of aperture sizes with vari-
able linear sizes of N pixels (up to N =10; see also Tacchella
et al. 2015b). We derived the effective rms from the flux distribu-
tion as a function of aperture size and quantified the rms within
one pixel. Since the effective rms is expected to be spatially con-
stant at a fixed aperture size, we associated this error with the
flux of all pixels in a given cutout. An additional contribution
comes from Poisson noise, which might be significant in bright
regions. From the reduced HST and JWST images of K20-ID7
(in counts), we find that Poisson noise varies across the galaxy
and with spectral band, ranging from negligible to 30% —60%
above the background noise. This translates to relative Poisson
uncertainties in pixel flux from approximately 0.1% to a few per-
cent. To account for this additional variable noise contribution,
we conservatively included an additional 10% error on all pixel
fluxes in our SED model.

To model the SED of individual pixels, we used the SED fit-
ting code CIGALE (Boquien et al. 2019) and only fit the SED of
pixels with S/N > 7 on the F444W band, based on the noise esti-
mate inferred above. This adopted S/N threshold enables contin-
uous mapping of the whole galaxy and guarantees a S/N > 2 in
the bluer NIRCam filters, which indeed yields good reduced y?
values (,\/fe 4~ 1) in individual pixel fits (see Fig. 4, bottom right
panel). The SED of each S/N(F444W) > 7 pixel was then mod-
eled independently from the other pixels under the same set of
assumptions. For all pixels, we fixed the redshift to z =2.224, as
measured from Ha (Forster Schreiber et al. 2018), and assumed
a decaying exponential star formation history (SFH). We allowed
ages since the onset of star formation to range from 50 Myr
and 2900 Myr (i.e., the age of the Universe at z =2.224), with
e-folding timescales 7 spanning 10 Myr to 8000 Myr (i.e., ap-
proximately corresponding to a constant SFH). We adopted the
Bruzual & Charlot (2003) stellar population synthesis models,
assuming a Chabrier (2003) initial mass function, and fixing the
metallicity to Z=0.008'', to reduce the number of free param-
eters and avoid degeneracy with other physical quantities. This
metallicity value (corresponding to 0.4 Z) is slightly lower than
that inferred in Sect. 3.2. Yet, we find it delivers better results
compared to fixing the metallicity to the solar value (Z =0.02).
In addition, we assumed the Calzetti et al. (2000) attenuation
law and included nebular emission. We adopted suitable priors
consistent with the ISM properties inferred in Sect. 3, while al-
lowing a sufficiently large parameter space to also reproduce the

' CIGALE only provides limited metallicity values (i.e., Z =0.008 and
Z =0.02), with no intermediate value in between.
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properties of regions across the full system, including those that
may differ from the regions for which we have measurements
from the MSA spectra. Among these, we set a two-value grid
for n. (100 cm™ and 1000 cm™) and allowed log(U) to vary
from —3.4 and —2.0. With all these ingredients, our resolved
SED model reproduces the variety of single-pixel SED shapes
well, which reflect the different intrinsic natures and properties
of distinct galaxy regions, such as clumps, spiral-arm regions,
and inter-arm regions (see Appendix B for representative exam-
ples of best-fit SEDs).

4.2. 2D maps of host galaxy properties

Figure 4 displays the resulting spatially resolved maps of rele-
vant galaxy parameters, computed in CIGALE as the likelihood-
weighted mean of the following priors: stellar mass (M), aver-
age SFRs computed over the last 10 Myr and 100 Myr (SFR10
and SFR100, respectively); stellar dust attenuation (Avy,r); stel-
lar age (f,ge); and reduced x?. Table 3 summarizes the main
physical properties for the most relevant regions (i.e., bulge and
clumps), extracted using dedicated apertures (Fig. 5), and for the
whole galaxy. In particular, for the central red compact core, we
adopted a 0.25”-diameter aperture, corresponding to twice its
effective radius. This was measured by modeling the F444W
image with GALFIT (Peng et al. 2002), using a double Sér-
sic profile (Caon et al. 1993) (Pulsoni et al., in prep.). One of
the two components was used to reproduce the extended disk
(Sérsic index ngix = 0.35 £ 0.01, Regix = 6.5 = 0.2 kpce),
while the other was used to reproduce the central mass concen-
tration (fgore = 1.16 £ 0.06, Recore = 1.01 £ 0.14 kpc). With
neore = 1.16 % 0.006, the central core is best classified as either a
disky- or pseudo-bulge (Kormendy & Kennicutt 2004; detailed
discussion will be presented in Pulsoni et al., in prep.). In the
remainder of the paper, we simply refer to this central compo-
nent as “bulge,” with no attempt to interpret its dynamical nature,
which is beyond the purpose of this paper.

The most prominent feature in the stellar mass map is the
central bulge (M, puge = (7 £3) % 10° Mg), which is then fol-
lowed by the brightest and largest star-forming clump, Clump A
(Muea=35+£0.7)x 10° M. With a total galaxy stellar mass of
(M, =(3.7+1.0)x 10'° My,), we find that the bulge and Clump
A contribute by 19% and 9%, respectively. The SFR10 map fol-
lows the clumps and the spiral arms well, whose locations are
visually highlighted by the dashed contours and reveal recent ac-
tive star formation in the central bulge (SFR10gyge = 128 Mg,
yr~1). Averaged over a longer time frame, the SFR100 map dis-
plays a different morphology: Clump A has been forming stars
intensely for the last 100 Myr, while Clump-B and the spiral
arms show weaker past activity than the bulge and Clump A, ex-
cept for the spiral arm region between them. Interestingly, the
bulge and its surroundings appear to have experienced enhanced
star formation over the last 100 Myr (SFR100pyjge = 82 +42 Mg
yr~), suggesting that the bulge formed its stars mostly in the
past.

In terms of dust extinction, the stellar attenuation map
(Aygar) indicates the highly obscured nature of the nuclear
region (Aysar =2.83+0.24). If we account for extra nebu-
lar line emission attenuation (i.e., Ayneb = Ayar / 0.44; Calzetti
et al. 2000), we obtain Ay, = 6.43 +£0.55. Significant extinc-
tion (Aysar = 1.5=2.0) is also found in regions of intense star
formation, such as along the spiral arms, in Clump B, and around
Clump A. The core of Clump A, in contrast, appears less attenu-
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ated (Aygar = 0.5), consistent with the fact that it is also detected
in the rest-frame UV.

Finally, the stellar age map suggests a trend toward the inner
galaxy regions: younger stars (f,ge = 50 — 100 Myr) preferentially
lie in the clumps, while older populations dominate the bulge and
the inter-arm regions (#yge ~ 400 — 2000 Myr). The relatively old
ages inferred for the bulge, combined with its elevated SFR100,
furthermore indicate that it formed most of its stellar mass in the
past, while continuing to maintain low star formation activity.
However, stellar age is more uncertain than the other inferred
parameters, with typical uncertainties of 50% —70% on single
pixels.

An alternative scenario could involve an unattenuated, qui-
escent bulge with extremely old stars and no recent star forma-
tion, which would still explain its observed red color. To test
this hypothesis, we extracted the bulges integrated SED using
our adopted 0.25” aperture and fit it with CIGALE, following the
same prescriptions as in Sect. 4.1 but with Ay, =0. With this
assumption, we obtain a poor best-fit ()(fe 4=12), as the model
fails to reproduce the observed SED at redder wavelengths. The
observed slope is much steeper than the best-fit Ay, = 0 model,
which flattens and does not reproduce most of the NIRCam pho-
tometry.

In Appendix D, we validate the results from our resolved
SED fitting, by comparing the 2D He distribution inferred from
the dust corrected SFR with the observed Ha flux observed with
ERIS. Figure D.1 show that the Ha flux expected from the SED
fitting is overall in good agreement with the observed ERIS Ha
line map at similar angular resolutions (Pulsoni et al., in prep.).

4.3. Integrated SED fitting

In this section, we discuss our SED modeling of integrated
HST/ACS and JWST/NIRCam photometry, using the same as-
sumptions as in Sect. 4.1, to compare the resolved and integrated
results. To extract the total HST and JWST photometry from
the reduced cutouts, we summed the flux contained in all pixels
within the S/N(F444W) > 7 region defined in Sect. 4.1 and es-
timated the corresponding error by summing pixel uncertainties
in quadrature. Results from this integrated SED fitting, including
up to NIRCam F444W photometry, are summarized in Table 3
(see the column labeled Galaxys 4,m; the best-fit model is shown
in Appendix B).

Among all physical parameters, M, is the most robustly con-
strained based on the available rest-frame optical HST/ACS and
near-IR JWST/NIRCam photometry, whereas the other quan-
tities would require coverage at longer mid- and far-IR wave-
lengths to constrain dust emission. As reported in Sect. 4.2, the
total stellar mass of K20-ID7, computed as a sum of all pixels,
is M, =(3.7+1.1) x 10'° My, This total value is slightly higher
than the integrated result (M, =(2.3 £0.5) X 10" M) by about
a factor of 1.6, yet the two agree within the uncertainties. This
difference likely reflects outshining effects from a young stel-
lar population, which lead to underestimated mass-to-light ratios
in integrated SED modeling (e.g., Maraston et al. 2010; Wuyts
et al. 2012; Giménez-Arteaga et al. 2023). Previous studies (e.g.,
Sorba & Sawicki 2018; Giménez-Arteaga et al. 2023, 2024) in-
dicate that stellar masses can indeed be underestimated by up
to a factor of 5 in integrated SED fitting, with larger offsets for
higher specific SFRs. In the case of K20-ID7, outshining seems
to play a minor role, given the smaller discrepancy between the
resolved and integrated result. This discrepancy is more consis-
tent with that found for star-forming galaxies of similar mass at
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Fig. 4. 2D maps at a 25 mas pixel scale of the main galaxy properties derived from our resolved SED fitting with CIGALE of HST/ACS and
JWST/NIRCam images. Left to right, top: Maps of stellar mass and SFRs averaged over the last 10 Myr and 100 Myr. Bottom: Ay, star, stellar
age, and x2 . The y2, map shows the goodness of our pixel-by-pixel SED model, with values ~ 1 across the entire galaxy. The solid contours
correspond to 10 and 1000 levels of F444W continuum emission, highlighting the locations of the bright Clump A and of the bulge. The dashed
lines trace the spiral arms and represent the 30~ contours of the residual F444W emission, obtained by subtracting the F444W image from a
Gaussian-smoothed version with a kernel of 10 pixels. The location of the three main star-forming clumps is highlighted in the SFR10 map.

Table 3. Physical properties of the bulge, clumps, and whole galaxy, derived from our SED fitting and analysis of the Pag line emission.

Resolved Integrated

Bulge Clump A Clump B Clump C Galaxy Galaxys4,m  Galaxy;omm
d[”] 0.25 0.8 0.5 0.3 3 3 3
M, [10° M] 7+3® 35+0.7 1.5+0.3 0.67 +0.19 37+ 10 23+5 36+ 8
tage [Myr] <850 123 +75 136 + 103 <483 288 + 178 <223 413 +294
Aygar [mag] 283+024 077+0.11 150+0.16 1.58+021 1.01+0.22 | 1.19+0.07 1.01 £0.09
SFR10 [Mg yr™'] 2+£8™ 21+6 13+4 28+13 109 + 66 93 +20 71+ 19
SFR100 [Mg yr™'] 82 +42™ 54 +17 18+6 6+3 288 + 178 384 + 143 146 + 130
SFRyy. [Moyr'] - - - - - - 105 = 17
SFR&W Mo yr '] 1.2+1.0% 21+5 102 3+1 - 66 + 22
SFRps [Mo yr'] 7.6:88 24+ 1172 3.4%16 - 120*70
Avneb 6.43 + 0.55 0.4+ 04701 04703 - 2.0+ 0.6

Notes. For the galaxy, we provide SED-based results from resolved maps (Galaxy) and integrated models, including photometry up to 4.4 um
(Galaxyy 4ym) and 1.2 mm (Galaxy opmm). From top to bottom, we list: the diameter (d) of the apertures (shown in Fig. 5) used to sum or average
pixel values in resolved maps, and for the integrated analysis; the SED-based physical parameters (Sect. 4), i.e., stellar mass (M), age (fage),
and stellar dust attenuation (Ay,r); SFRs averaged over the last 10 Myr and 100 Myr (SFR10 and SFR100), and those derived from UV plus IR
luminosity (SFRyv.1r); PagB-based SFRs, inferred by assuming no dust attenuation (SFRg aﬁ) and corrected for nebular attenuation (SFRp,s), using
the Ay, values reported in the last row (see Sect. 5.2 for details). *) M, and SFRs of the bulge were computed by summing over the pixels within
the bulge aperture and multiplying the resulting sum by two (see Sect. 4.2).

z=~2(Shen et al. 2024) and at z ~4 — 6 (Li et al. 2024; Lines et al.
2025).

we adopted the integrated photometry from Lutz et al. 2011. we
also included ALMA Band 6 data at 1.2 mm, introduced in Sect.

To better constrain SFRs, stellar age, and dust attenuation,
we performed an additional integrated SED fitting,. This in-
cluded the available photometry at longer wavelengths from
Spitzer IRAC (5.8 um and 8 ym) and MIPS 24 um, using the val-
ues reported by Dickinson et al. 2003 and Whitaker et al. 2014,
as well as mid-IR data from Herschel/PACS 160 um, for which

2.4. In CIGALE, we modeled dust emission using dust templates
from Dale et al. (2014) (see Appendix B for more details on the
best-fit model).

As shown in Table 3 (see the column labeled Galaxy; omm),
including mid- and far-IR photometry yields excellent agree-
ment between the integrated M, and its sum over pixels, as well
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as consistent Ay, values. By contrast, the inferred SFR10 and
SFR100 values are systematically lower than those from both
resolved SED fitting and integrated modeling with photometry
up to 4.4 um. In particular, the resulting SFR10 is lower than
the other two inferred total SFR10 values and the most accurate
values previously published in Forster Schreiber et al. (2009)
(SFR=101 — 190 Mg yr!; see Sect. 5 for details on previ-
ously published SFRs). Yet, the wide coverage of this photo-
metric dataset, extending up to far-IR, allowed us to estimate the
total SFR from the UV and IR luminosities of the SED best-fit
model (Kennicutt 1998). Doing so, we obtained a higher SFR
(SFRyy4r =105+ 17 My yr™!), consistent with the sum over
pixels. Investigating the causes of the systematic lower SFR10
derived from the integrated SED analysis with photometry up to
1.2 mm is beyond the scope of this paper.

5. 2D spatial distribution of Pag line emission
5.1. Correction of PaB line map for velocity gradients

Compared to long-slit spectroscopy, slitless grism observations
allow us to recover the overall 2D emission line distribution af-
ter removing continuum emission (e.g., Nelson et al. 2016, 2024;
Matharu et al. 2022). For high-resolution grism data of extended
sources, such as NIRCam WEFSS (R~ 1600, FWHM =~ 190
km s~1), the emission-line morphology along the dispersion axis
combines spatial and velocity displacements. In contrast, low-
resolution spectral data (e.g., HST/WFC3 or JWST/NIRISS,
R ~100, FWHM =~ 2000 km s~!) contain only spatial informa-
tion along this dispersion axis. Consequently, accounting for this
velocity-position degeneracy is a crucial, necessary step to re-
cover the intrinsic 2D emission-line distribution or 1D line ve-
locity profile from NIRCam WFSS data.

The left panel of Fig. 5 shows the continuum-subtracted
Pap emission line map of K20-ID7, reconstructed by
the FRESCO team using grizli (Brammer 2023; see
Oesch et al. 2023; Neufeld et al. 2024 for more details).
This map was matched to the spatial resolution of the
VLI/ERIS AO-assisted data (FWHM =0.16"'2, compared to
FWHM =0.13" for NIRCam F444W), using the python pack-
age photutils.psf.matching. The comparison with the con-
tinuum emission in the direct F444W image (white contours)
clearly reveals a relative spatial offset with respect to Pag line
emission along the horizontal WE direction. Such offsets are
fairly systematic and consistent with expectations, given the ob-
served kinematics and orientation of the grism dispersion axis
(with increasing wavelengths toward E). K20-ID7 indeed fea-
tures a kinematic position angle of 25 deg (i.e., roughly aligned
with the NE-SW direction) and a substantial velocity gradient
(ranging from -300 to +300 km/s; Forster Schreiber et al. 2018;
Genzel et al. 2023, Pulsoni et al. in prep.), as seen in the Ha kine-
matics from high-resolution IFU data. It follows that the largest
offsets are observed at greater distances from the galaxy cen-
ter along the kinematic major axis, where the velocity gradient
is strongest. This can be well appreciated for the northernmost
clump (i.e., Clump B, circled in red in the left and middle pan-
els of Fig. 5). The fact that these offsets between the continuum
and line emission are not observed in VLT/ERIS Hea data fur-
thermore supports their nonphysical origin.

12 The Ha line map used in this work was smoothed to a spatial reso-
lution of FWHM =0.16" (Pulsoni et al., in prep.), whereas the nominal
resolution of the ERIS AO-assisted data is FWHM =0.105" (Forster
Schreiber et al., in prep.).
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To break the spatial and kinematic degeneracy and recover
the intrinsic Pag spatial distribution, we relied on the (smoothed)
Ha velocity map obtained from ERIS AO observations (Pulsoni
et al., in prep.). Since Pa and Ha emission originate from the
same gas phase, we can reasonably assume the same kinemat-
ics for Pag as for Ha. The mapping in NIRCam grism data is
only weakly depends on wavelength and position, with a scale
of 10.0 A per NIRCam F444W pixel (i.e., 10.0 A/0.063”). Given
the 50 mas pixel scale of the 2D reconstructed Pa map, a one-
pixel shift results in a 7.9 A wavelength-shift, which corresponds
to 57 km s~ at 1 ~4.13 um (i.e., the observed PaB wavelength
for K20-ID7). To a first approximation, the velocity-corrected,
intrinsic position along the spectral axis (i.e., Xijy) of a given Pag
emitting pixel at a position xps in the reconstructed image can
be recovered as

Xint = Xobs — V(Xiny)/(57 km Sil)a (1

where v(xi,) is the velocity for each pixel from the rotating disk
model based on the ERIS Ha data (Pulsoni et al., in prep.).

The middle panel of Fig. 5 displays the reconstructed Pas
emission line map, after shifting each pixel along the horizon-
tal (dispersion) axis according to Eq. 1. Although approximate,
our velocity correction provides a much better spatial correspon-
dence between the PaB and continuum emission: the Pa8 emis-
sion of the northernmost clump and the galaxy spiral arms now
align well with the continuum emission seen in the F444W direct
image. The Pag line distribution reveals that most of the emission
arises from the clumps and spiral arms. The S/N = 7 detection
of the integrated Pag line allows us to recover its spatial distribu-
tion with a significance of ~5¢ in the clumps and ~30- along the
spiral arms, while the bulge and the other regions of the galaxy
remain undetected in Paf emission.

5.2. Star formation traced via PaB line emission

We used the velocity-corrected PaB map to spatially map re-
cent star formation (with a timescale of ~ 10 Myr), probing
a more obscured regime compared to optical Balmer emission
lines (e.g., Ha or HB). Following Reddy et al. (2023b), the SFR
can be inferred from the dust-corrected Pag luminosity (Lpyg) us-
ing their Eq. 2 (assuming Z = 0.02, the closest metallicity to our
measurements):

SFRpys[Mo/yr] = 7.67 x 107*' Lpyglerg/s]. 2)

Since we lack a full 2D map of nebular line attenuation and
using Ay, may introduce per-pixel correction errors (due to as-
trometric misalignments), in a first approximation we assumed
negligible attenuation at the 1.28 um Paf wavelength and de-
rived a SFR map from the observed (i.e., without dust correc-
tion) Pag luminosity, through a pixel-by-pixel application of the
equation above. The resulting Pas-based SFR map is shown in
the rightmost panel of Fig. 5. It has been rebinned to a 0.025”
pixel scale (to enable direct comparison with the SFR maps in
Fig. 4) and smoothed with a Gaussian kernel of o =1 pixel. Ta-
ble 3 reports the resulting total Pag-based, not dust-corrected,
SFRs (i.e., SFR?, aﬁ) obtained by summing the Pag flux within
dedicated circular apertures for Clumps A, B, and C (in cyan;
diameters of 0.8”, 0.5”, 0.3”, respectively), as well as for the
bulge (in red; diameter of 0.25”). A comparison of the SFR10
values derived from our resolved SED fitting (see Fig. 4 with
those reported in Table 3) indicates that Pag traces recent star
formation in the clumps and spiral arm well, where extinction is
low and the star formation is indeed recent. A major difference,
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Fig. 5. 2D spatial distribution of Pag in K20-ID7 from NIRCam grism F444W observations. Left: Pag line map, as reconstructed by grizli
(Brammer 2023), with white contours tracing the F444W continuum emission. The Paf3 emission appears offset, with respect to the continuum
emission, along the x-axis (i.e., the grism dispersion direction), due to velocity gradients. This is particularly evident for the northernmost clump
(circled in red). Middle: Pag line map after correcting for the Ha velocity-field model inferred from VLT/ERIS AO data (Pulsoni et al., in prep.).
Here, the Paj and continuum emission align more closely, as highlighted by their good spatial correspondence with the bright star-forming clumps
detected at S/N = 5. Right: Paf-traced SFR map, obtained by assuming negligible dust attenuation. Cyan circular apertures (diameters of 0.8”,
0.5”, and 0.3”) and a central blue aperture (0.25”) are used to infer the PaS-based SFRs for the three brightest clumps and the bulge, respectively.
The two Pag maps have a 0.05” pixel scale, while the SFR map is rebinned to a 0.025” pixel scale and smoothed with a Gaussian kernel of o = 1

pix.

however, arises for the central bulge, where the Pag line emis-
sion is very weak. Consistent with the picture outlined in Sect.
4.2, this results from recent, low-level star formation and heavy
extinction in the inner bulge regions, which remain significant
even at the Pa§ wavelength.

To place a robust lower limit on the Pag flux in the bulge,
we computed its expected value within our adopted bulge aper-
ture, based on the SFR10 value from our SED modeling. We
adopted two distinct values for dust attenuation: 1) stellar atten-
uation only, with Ay, =2.83 £0.24, and 2) extra nebular atten-
uation computed as Aypneb = Aygar/ 0.44 =6.43 £0.55 (Calzetti
et al. 2000). We thus obtain lower limits for the expected ob-
served Pag flux, which translate into lower limits of 1.78 Mg
yr~! and 0.076 M, yr~! for the intrinsic PaB-based SFR, both
consistent with our SFRg a5 estimate obtained for the bulge aper-
ture.

Finally, by fitting two Gaussian components to the 1D NIR-
Cam WEFSS spectrum (shown in Fig. 3), we infer a total Pag
flux of Fpy = (2.2 = 0.7) X 1077 erg s™! em™2 for the whole
galaxy, which yields a global SFRgaﬂ = (66 + 22) My yr~!. This
total 1D Pag flux is more reliable than the sum of the Pag fluxes
over all pixels of the (velocity-corrected) Pag line map, which
adds noise from more diffuse galaxy regions. Compared to pre-
vious published estimates (Forster Schreiber et al. 2009), our in-
ferred total SFRgaﬂ is systematically lower than the values de-
rived from IR luminosity and integrated HST-based SED mod-
eling (SFRig ~ 101 My yr~! and SFRggp =~ 110 Mg yr~!, re-
spectively). Moreover, it is closer to the total Ha-traced SFR,
which is corrected for stellar attenuation (SFRy, =~ 73 Mg yr™!).
This latter estimate is known to underestimate the true nebular
attenuation (e.g., Calzetti et al. 2000; Price et al. 2014; Tacchella
et al. 2018). By accounting for extra attenuation of nebular line
emission, Forster Schreiber et al. (2009) found SFRy, =~ 190
M, yr~!. This result furthermore indicates that Pag still suffers
from substantial attenuation in more deeply obscured regions,
such as the bulge. Therefore, neglecting extinction or improp-
erly accounting for extra nebular attenuation at the 1.28 um Paj

wavelength underestimates the intrinsic SFR of more obscured
regions and, consequently, of the entire galaxy.

In Table 3, we report the local and total Pag-based SFRs
(SFRp,p) obtained by correcting for nebular attenuation derived
from the hydrogen line ratios. Specifically, for Clumps A and B,
and separately Clump C, we report the values respectively in-
ferred for Clump-N and Clump-S from MSA spectra (see Table
2); for the bulge, we report the Ay value inferred from Avygy;
and for the whole galaxy, we report an average estimate based
on medium- and broadband imaging (see Appendix C). As ex-
pected, the SFRp,s of the clumps have not changed much with
respect to the SFRg values, due to their low extinction, whereas

for the bulge and the whole galaxy, we obtain values consistent
with those for SFR10. In particular, we note that the total SFRpygs
of the galaxy now also matches the global SFRyy,r estimate
better.

6. Implications on the evolution of the galaxy disk
6.1. Hints for inside-out galaxy growth

As indicated in Sect. 4.2, the 2D stellar age map inferred from
our resolved SED fitting reveals a relatively older stellar popu-
lation in the bulge and the nearby regions and younger stellar
populations in the clumps. Despite the large non-axisymmetry,
we derived radial profiles for each physical parameter (Fig. 6)
to better investigate radial trends of the various SED-inferred
properties. These profiles are based on the resolved SED maps
shown in Fig. 4, using six elliptical annuli at the galaxy’s cen-
ter and computed from the F444W image. Each annulus has a
width of 0.25”and is characterized by a semiminor to semimajor
axis ratio of b/a=0.72 (Genzel et al. 2023) and a position angle
of 25° (counterclockwise from N to E; Forster Schreiber et al.
2018). As shown in Fig. 6, we computed the median value of
the examined property in each elliptical annulus and associated
it with an error equal to a +10 scatter. To also better appreciate
azimuthal scatter, for each property we show the values of in-
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Fig. 6. Radial profiles of galaxy properties, as derived from our 2D SED-based maps. Left to right, top: Radial profiles of M, SFR10, and SFR100.
Bottom: Ay, tage, and specific SFR (sSFR = SFR10/M,.). The big markers show the median value computed for each ring, with the error bars
showing the +1¢ scatter. In the background, we plot the distribution of individual pixel values. The vertical dashed gray lines correspond to the
de-projected radii of Clump A (~9 kpc) as well as Clumps B and C (~ 12 kpc).

dividual pixels as a function of their de-projected distance from
the galaxy center, by correcting for the galaxy inclination (122°,
Genzel et al. 2023).

The radial profiles overall highlight the presence of a mas-
sive, highly obscured yet star-forming bulge as also seen in other
cosmic noon galaxies (Arriagada-Neira et al. 2025). Except for
the specific SFR (sSFR = SFR10/ M,) and stellar age, all prop-
erties exhibit a declining median radial trend, with the clumps
(vertical dashed lines) breaking down the azimuthal symmetry
of the 2D SED maps and creating peaks in the scatter distribu-
tion. On the contrary, the sSFR features a slightly increasing me-
dian profile, reaching peaks in the scatter at the location of the
clumps. The stellar age radial profile appears globally flat within
the 1o scatter, with typical uncertainties on pixel values of 50-
70%. Yet, the stellar age radial profile tentatively exhibits a neg-
ative gradient, suggesting an older stellar population in the inner
galaxy regions. We also notice that the stellar age map shown
in Fig. 4 displays asymmetry between the northern and southern
parts of the galaxy, which could furthermore contribute to wash-
ing out any possible age gradient. If this negative gradient is real,
this would imply an inside-out growth for K20-1D7.

Even though our SED-based results cannot prove the inside-
out growth of this galaxy, the available NIRSpec MSA spec-
troscopy independently supports this possible scenario. The de-
tection of both He and the adjacent continuum emission in the
PRISM/CLEAR data indeed allows us to locally estimate the
rest-frame Ha equivalent width (EW), which is indicative of stel-
lar population age (e.g., Levesque & Leitherer 2013). In particu-
lar, higher EWs indicate younger populations (Forster Schreiber
et al. 2009, 2011; Reddy et al. 2018), since EW(Ha) depends
on the ratio between the Ha line luminosity (a proxy of the cur-
rent SFR) and the continuum luminosity (a proxy of the past star
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formation activity). Therefore, we can use the EW(Ha) as an
independent age diagnostic to compare the stellar age trend re-
sulting from our SED-based 7,5, map and radial gradient. In Fig.
7, we display the EW(He) as a function of the sSFR for each
MSA shutter (same color code as in Fig. 2). In Fig. 7 we note a
correlation between EW(Ha) and sSFR, such that regions with
larger sSFRs also have higher EWs, as previously observed in
individual galaxies at z~ 1 — 3 (Reddy et al. 2018).

In terms of stellar age, the Clump-N and Ext-N regions ex-
hibit higher EW(He) values (EW(Ha) = 200 A), hinting at the
presence of a younger stellar population, compared to the inter-
arm and Ext-SW shutters (EW(Ha) ~ 90 — 100 A). The Clump-S
and Arm regions display intermediate values (despite the large
EW(Ha) uncertainty for the latter) of EW(Ha) ~ 140 — 170 A.
This relative trend is consistent with the tentative trend showed
in our t,e. map from resolved SED fitting (see Fig. 4). The older
stellar population of the inter-arm region is also confirmed by
the strong Balmer break in the corresponding PRISM/CLEAR
spectrum (see Fig. 2). Although the distinct shutters probe
galaxy regions of different natures (e.g., clumps, spiral arms, and
inter-arm regions), considering their distance from the galaxy
center, we find higher EW(Ha) values with increasing radii.
Specifically, EW(Ha)mer-am < EW(Ha)am < EW(Ha)cump-N-
This supports an “inside-out” formation scenario for K20-ID7
(Tacchella et al. 2015a; Nelson et al. 2016).

6.2. Connection with gas inflows

Exploiting high-resolution He SINFONI AO-assisted observa-
tions of K20-ID7, Genzel et al. (2023) find kinematic residuals
indicative of rapid gas inflows at speeds of 87 km/s. More recent
ERIS AO observations at higher spectral and spatial resolutions
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Fig. 7. Rest-frame EW(Ha) as a function of sSFR for the various galaxy
regions probed by distinct MSA shutters. The EW(He) measurements
are derived from PRISM/CLEAR data, while the sSFRs are derived
from our SED-based SFR10 and M, maps. The plot highlights a corre-
lation between the two quantities, with higher EW(Ha) values scaling
with higher sSFRs, indicative of younger stellar populations.

have confirmed the fast radial inflows and enabled a more ac-
curate association with the spiral arms seen in NIRCam imaging
(Pulsoni et al., in prep.). The detection of such radial gas inflows,
along with the results inferred in this work, supports the scenario
of inflowing gas funneled from the galaxy outskirts toward the
central bulge, which dilutes the metal content of the galaxy. Ra-
dial gas inflows detected along spiral arms may be fueled by
gas transport from the very outskirts of the disk and by external
accretion from the circumgalactic medium (CGM). If the inflow-
ing gas is pristine or metal-poor, this process is expected to leave
imprints on the galaxy properties, as discussed in the following
subsections.

6.2.1. “Diluted" gas phase metallicity

As mentioned in Sect. 3.2, the FMR predicts a metallicity of
12 +1og(O/H) ~ 8.57 (Curti et al. 2020b) for a galaxy with the
same stellar mass and SFR as K20-ID7 (i.e., M, ~4x 10'° M,
SFRps ~ 120 M yr~!). At such a high SFR, the relation between
metallicity and M, steepens. This has been interpreted to result
from prominent dilution effects caused by large inflows of metal-
poor gas (Curti et al. 2020b).

Additional evidence supporting dilution effects due to gas in-
flows comes from nitrogen abundance. The N/O derived in Sect.
3.3 (Table 2) is interestingly 0.3 dex higher at fixed metallicity
than the best-fit relation measured for the local galaxies reported
in Hayden-Pawson et al. (2022) and consistent with the large
scatter observed a z~2 (Shapley et al. 2015; Hayden-Pawson
et al. 2022). In contrast to oxygen and sulfur — o elements mainly
produced on shorter timescales as core collapse supernovae (CC-
SNe) explode — nitrogen has two different creation channels (see
Kobayashi & Taylor 2023, for a review): a primary, metallicity-
independent channel, in which nitrogen is expelled by CCSNe
(Maiolino & Mannucci 2019), and a secondary channel, in which
nitrogen originates from intermediate-mass, metal-rich stars in
the asymptotic giant branch phase, which dominate nitrogen pro-
duction at high metallicity (e.g., Vincenzo et al. 2016). Given the
different formation mechanisms of nitrogen compared to oxy-
gen, measuring its abundance provides insights into the star for-

mation and chemical enrichment histories of the galaxy (Sanders
et al. 2023).

With the advent of JWST, nitrogen enhancement is found to
be common in very metal-poor (Z~0.1Z) and high-z (z>4)
star-forming galaxies (e.g., Bunker et al. 2023; Cameron et al.
2023; Isobe et al. 2023; Topping et al. 2024), though it is not
ubiquitous (Rogers et al. 2024). Various mechanisms were pro-
posed to explain such nitrogen enhancement, including an ex-
cess of Wolf-Rayet stars (Flury et al. 2025; Welch et al. 2025),
varying IMFs (Arellano-Cérdova et al. 2025), and enrichment
by population III stars (Nandal et al. 2024). Considering the in-
flow detection in K20-ID7 (Genzel et al. 2023, Pulsoni et al. in
prep.), we may be witnessing an overall gas—metallicity dilution,
as traced by O/H, rather than a nitrogen enhancement (e.g., Sti-
avelli et al. 2025). The overabundance of N/O relative to subsolar
O/H may arise from lower-metallicity gas from the disk outskirts
or external accretion, which dilutes the gas-phase oxygen abun-
dance in the disk while preserving the relative N/O abundance.

6.2.2. Low-metallicity clumps

Cosmological simulations show that gas inflows from the CGM
are often associated with off-center star-forming clumps, bright
in Ha and poor in metals (Ceverino et al. 2016). As reported in
Sect. 3.2, we find no significant difference in the metallicity of
the clumps compared to that in the other probed galaxy regions.
Yet, we note that prominent metallicity gradients are smoothed
due to the spatial extent of the MSA shutters. In particular, we
expect a large amount of metals to be ejected during the explo-
sion of massive stars in Clump-N due to intense star formation
(~20 Mg yr!), contrary to observations. Indeed, Clump-N is
found in the same region as the strongest inflow detection (Gen-
zel et al. 2023; Pulsoni et al., in prep.). This suggests the clump
may have an intrinsic metallicity lower than that inferred from
the Clump-N MSA data, which reduces the O/H abundance due
to pristine gas accretion, while replenishing the star-forming re-
gion with gas.

Estimating the amount of pristine gas needed to produce a
given observed decrease in metallicity involves assuming an in-
fall model, where the pristine inflowing gas is responsible for
diluting metallicity and boosting star formation. By using Eq. 8
from Mannucci et al. (2010) and assuming a decreased metallic-
ity of only 0.1 dex for Clump-N, we find that the accreted pris-
tine gas in the clump should account for 20% of the mass of the
gas. This would explain such a decrease in metallicity. Assum-
ing a gas fraction of Mg,s/M, =1.8 (Genzel et al. 2023), and
considering our inferred stellar mass (M, ~ 4 X 1010 M), we es-
timate that the pristine gas accreted on the clump is on the order
of 10° M. Clump-S is also located in a region where kinematic
residuals indicate the presence of gas inflows. Applying similar
reasoning for Clump-N, accretion of ~ 103M,, of pristine gas
would be required to account for a 0.1 dex dilution.

6.3. Sulfur abundance atz=2.2

The detection of the [St] and [Smi] emission lines in the NIRSpec
MSA spectra allowed us to locally measure the sulfur abundance
of K20-ID7 (in Sect. 3.3), which had previously been determined
only for a handful of galaxies at z>1 (e.g., Sanders et al. 2020;
Rogers et al. 2024, 2026). Before the advent of JWST, detect-
ing the [Smi] emission lines at z> 1.5 was indeed challenging,
because they are emitted at the boundary between optical and
near-IR wavelengths; hence, they are redshifted outside the at-
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mospheric transmission windows accessible from the ground.
Sulfur is an @ element (similar to oxygen), mainly produced in-
side the core of massive stars and returned to the ISM on short
timescales through the explosion of CCSNe. Contrary to nitro-
gen, S/O typically does not depend on galactic metallicity or
SFH, but rather on supernova yields only. Hence, it is usually
assumed to be constant throughout cosmic time and close to the
solar value (log(S/O)s ~ —1.7; Asplund et al. 2009).

In Sect. 3.3, we reported a value of log(S/O) —2.0 = 0.2 and
—1.9 + 0.2 for the inter-arm and Clump-N regions of K20-ID7.
The measured value is systematically lower than the solar value
of log(S/O)s ~ —1.6 (Asplund et al. 2021). For Clump-S, we still
obtain a subsolar S/O abundance compatible with the solar value
within the large uncertainties. A low S/O abundance is also ob-
served in other z> 2 galaxies (Rogers et al. 2024, 2026) at both
low- and high-metallicities. The inferred abundance pattern may
result from a secondary (subdominant) sulfur production channel
through type Ia SNe (Kobayashi et al. 2020), which produces dif-
ferent oxygen and sulfur yields, thereby altering the relative S/O
abundance. The subsolar nature of these high-z sources, hence,
might indicate that type Ia SNe have not had time to explode
yet. Another possible explanation for the low S/O values is that
sulfur may be captured by ice and dust grains (Hily-Blant et al.
2022; Pérez-Diaz et al. 2024). Studies of local galaxies and indi-
vidual HII regions have found large scatters for S/O abundance
(e.g., Diaz & Zamora 2022; Pérez-Diaz et al. 2024), with some
studies revealing tentative evidence of lower S/O at increasing
12 +1log(O/H) (Diaz & Zamora 2022), while others find no such
trend (Izotov et al. 2006). However, a similar decreasing trend
with metallicity is also observed for other @ elements, which
may be ascribed to the depletion of oxygen into dust grains (Izo-
tov et al. 2006). In light of this, our measurements of abundance
patterns in K20-ID7 highlight the need for caution when using
nitrogen or sulfur to infer 12 4+ log(O/H) gas-phase metallicities
(Pérez-Diaz et al. 2024). In particular, larger samples of z> 1
galaxies with available S/O measurements are needed to validate
the assumption of constant S/O abundance at high redshifts.

7. Conclusions

Relying on a novel set of JWST observations of K20-ID7, in-
cluding both NIRSpec and NIRCam data, this work presents a
comprehensive resolved study of the ISM and stellar population
properties of K20-ID7, a large star-forming galaxy at z=2.224
with an outstanding spiral morphology. In doing so, our analysis
leverages the synergy between JWST and ground-based IFU AO
observations and introduces two key novelties in the data reduc-
tion of NIRSpec MSA spectra and in the post-processing of NIR-
Cam WEFSS data: 1) the extraction of science spectra from mul-
tiple MSA shutters — not just the central one (as in the standard
reduction procedure) — thereby probing seven distinct galaxy re-
gions in total; the recovery of the intrinsic 2D spatial distribution
of the Pag line emission, achieved by correcting the Pag line map
reconstructed from NIRCam WESS data for velocity gradients.
This correction uses the Ha velocity-field model derived from
IFU ERIS AO data at a high spectral resolution (R ~ 10500) and
comparable spatial resolution (Pulsoni et al., in prep.). Below,
we summarize the main results of this work:

— By means of different emission-line diagnostics, we investi-
gated the ISM properties in three distinct galaxy regions, i.e.,
two clumps and an inter-arm region. Overall, we found the
clumps to exhibit lower dust attenuation (Aypep ~0.4), and
feature relatively low electron densities (1. <300 cm™3) and
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ionization parameters (log(U) =~ —3.0). As inferred from our
resolved SED analysis, the clumps are found to be massive
(M, =0.67-3.5x10° My) and have SFRs ranging from
3-20 M, yr~!. The inter-arm region is more dust-attenuated
(Aynep = 1.3) and has similar ionization conditions to those
of the clumps. For this region, we derived a 20" upper limit
on the electron density of 7, < 1900 cm™>.

— In the same regions, we also explored the gas-phase metal-
licity 12 +1og(O/H), by using strong-line diagnostics as
well as nitrogen and sulfur chemical abundances. We also
obtained a metallicity measurement for a fourth region,
corresponding to a spiral arm. We find no statistically
significant difference in metallicity between the various
regions, featuring 12 +1log(O/H) values in the 8.49 — 8.58
range and uncertainties of about 0.1 — 0.2 dex overall.

— We find evidence of metallicity patterns that are likely
imprints of the known gas inflows detected in K20-ID7
(Genzel et al. 2023; Pulsoni et al., in prep.). Our inferred
metallicity values are compatible with the FMR-expected
metallicity (i.e., 12 +1log(O/H) ~ 8.57) for a galaxy with the
same stellar mass and SFR as those derived for K20-ID7
(i.e., My~4x10"" Mg, SFRpys~120 My yr~!). At such
high SFRs, the steepening of the Z — M, relation indicates
dilution effects due to gas inflows of metal-poor gas.
Similarly, such diluted metallicity could also explain the
observed 0.3 dex enhancement in the log(N/O) abundance
(i.e., =-1) in the log(N/O) — 12 + log(O/H) plane.

— Given the [Su] and [Sm] emission lines detected in the
NIRSpec MSA data, we measured the sulfur abundance in
the inter-arm and clump regions (12 +log(S/H) of 6.6’:8:%
for the first two, and 6.7’:83 for the third one). When com-
bined with the 12 +1log(O/H) values, these yield a relative
log(S/0)=-1.9, which is lower than the expected constant
(solar) value (i.e., log(S/O) ~ —1.7), yet consistent within the
uncertainties. This might indicate a secondary production
channel for sulfur via the explosion of type I SNe on longer
timescales.

— The 2D map of stellar age, derived from our resolved SED
fitting, and the extracted radial profile tentatively show a
negative gradient, with older stellar populations on average
closer to the center (fye 400 — 2000 Myr) and younger
ones in the outer regions (particularly in the clumps,
tage =50 — 100 Myr). This trend is also supported by an
inverse increasing trend in sSFR, and the Hoe EWs inferred
from the NIRSpec MSA spectra for distinct galaxy regions.

— Our resolved SED analysis, along with the velocity-
corrected Pag line map, reveals a central moderately mas-
sive (M, = (7 +3) x 10° M) bulge, which is highly obscured
(Aypnep = 6.43 +£0.55) and undetected in line emission at the
1.28 um PaB wavelength. The bulge exhibits recent (~ 10
Myr) star formation (SFR10pyjge =12 + 8 Mg yr~ 1), and even
a higher activity in the past (SFR100py1ge = 82 £ 42 Mg yr™').
Together with the relatively older stellar ages in the inner
galaxy regions (¢,ge ~ 400—2000 Myr), the enhanced SFR100
of the bulge supports the scenario that it assembled most of
its stellar mass in the past, while maintaining some level of
active star formation.

Taking advantage of the synergy between deep ground-based
AO IFU observations, this work showcases the crucial role that
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JWST can play in investigating key galaxy formation and evolu-
tion processes at cosmic noon. Moreover, the successful analy-
sis of K20-ID7 presented in this work paves the way for similar
studies of larger samples of galaxies at cosmic noon, leveraging
available spectroscopy from JWST and ground-based IFU facil-
ities. This will enable an accurate, complete, and resolved char-
acterization of the ISM and stellar population properties. More-
over, the discovery of the deeply obscured yet star-forming bulge
in K20-ID7 underscores the importance of future high-resolution
millimeter continuum observations with ALMA. Such observa-
tions would detect obscured star formation activity in the bulge
and pin down its current growth rate.
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Appendix A: Spectral fitting of NIRSpec MSA data

In this appendix, we provide details on the spectral fitting of
the NIRSpec MSA spectra of K20-ID7, at low spectral resolu-
tion and separately for the medium- and high-resolution grat-
ings. In the PRISM/CLEAR spectra, stellar continuum is well
detected and close emission lines are blended together (e.g.,
HB + [Om], Ha + [Nu], [Su] line doublet). On the contrary, in
medium- and high-resolution data continuum emission is faint
and the emission lines are separately detected, although spec-
trally resolved only with the high-resolution (R ~2700) grat-
ing G395H/F290LP. The best-fit results obtained for the emis-
sion lines detected at S /N > 3 are listed in Table A.1, separately
for data at different spectral resolution. Lines simultaneously
observed with different gratings have mostly fluxes consistent
within the errors, or they differ by less than ~20%, compatible
with the known (undesired) differences in the flux calibration at
different resolution (e.g., D’Eugenio et al. 2025). For this rea-
son, we caution on the absolute value of the inferred line fluxes,
which should preferably be used for a relative comparison be-
tween different galaxy regions.

Appendix A.1: Low-resolution spectra

As shown in Fig. 2, the PRISM/CLEAR spectra of K20-ID7
exhibit a prominent continuum emission (especially Clump-N,
Clump-S, and Inter-Arm), in addition to numerous (spectrally
unresolved) emission lines. We fit the full (continuum plus emis-
sion lines) spectra by means of the Penalized PiXel-Fitting code
(pPXF; Cappellari 2023), which models continuum emission
through a linear combination of simple stellar population (SSP)
models, and emission lines by means of Gaussian components.
We use stellar templates from the MILES SSP library (Vazdekis
et al. 2010), and constrain all emission lines to have the same
kinematics (i.e., velocity and velocity dispersion). The line ratios
of [Om1]45007/[0Om]A4959 and [Nu]A6584/[Ni]16548 are also
fixed to 2.98 and 2.94, respectively, according to atomic physics
prescriptions (see Osterbrock & Ferland 2006). The best-fit con-
tinuum emission is then used as a continuum input for the sub-
sequent fitting of the emission lines.

After this first fitting with pPXF, we subtract the best-fit
continuum model from the data and perform a refined model-
ing of the emission lines only, with a custom python script to
properly account for the poor and variable spectral resolution
of the PRISM/CLEAR data (varying from R~30 at ~1.1um to
R~400 at the reddest wavelength; see Jakobsen et al. 2022),
and accurately estimate the flux of the emission lines and the
relative error. As done in the previous fitting with pPXF, we
constrain all lines to the same velocity and fit [Om] and [Nu]
line doublets with a fixed line ratio. To account for the varying
spectral resolution of the PRISM data, we tie the velocity dis-
persion only between lines that are close in wavelength (e.g.,
[Om] and HB). Moreover, due to the poor spectral resolution
of PRISM data (i.e., R=100), [Nu] and Ha emission lines ap-
pear blended together. Since they are separately resolved in the
medium-resolution spectra and we aim to estimate the Ha flux
for computing the Ha equivalent width (EW(Ha); see Sect. 6.1),
we fixed the [Nu]16584/Ha line ratio to either the value mea-
sured in the corresponding G235M/F170LP data from the same
shutter (if detected) or to that measured in the G235M/F170LP
data from the adjacent shutter. The [On]443727,29 and the
[Su]A126716, 31 line doublets are also unresolved in the PRISM
spectra. For simplicity, we fit each doublet with a single Gaus-
sian component.

JWST view of K20-ID7

Following all the prescriptions above, we perform the spec-
tral fitting using the python package LMFIT, which delivers the
best-fit values of the amplitude, line width, and velocity of each
emission line, which minimize the y2. In Fig. A.1, we show all
PRISM spectra available along with their best-fit model, given
by the sum of the continuum model obtained with pPXF and
Gaussian emission lines from LMFIT. Stellar continuum and
emission lines are detected in all spectra but the External-SE
shutter (in pink in Fig. 2), where only continuum emission is de-
tected. To accurately estimate line fluxes and errors, we follow a
Monte Carlo approach. Therefore, we perturb the observed spec-
trum with its associated noise spectrum (from the "error" exten-
sion of the data) and repeat the emission-line fitting 200 times,
with the line setting described above. In Table A.1, we report the
median flux value and the 1o uncertainty obtained via a Monte
Carlo technique for all emission lines detected with a S/N > 3.

Appendix A.2: Medium- and high-resolution spectra

Following slightly different prescriptions, we fit the medium-
and high-resolution spectra (each grating separately). Unlike in
the PRISM data, continuum emission is only barely detected in
R =1000 and R =2700 data, and does not show significant stel-
lar features to require accurate modeling with SSPs. Therefore,
there is no need to use pPXF, and directly perform the emission
line modeling with LMFIT, including a second-order polynomial
to reproduce the faint detected continuum emission. Since the
spectral resolution has a smaller variation with wavelength in
the medium- and high-resolution grating (see Jakobsen et al.
2022) (also because each grating covers a total smaller wave-
length range), we constrain all lines within the same grating to
have the same velocity and velocity dispersion. We still fix the
flux ratios of the [NuJand [Omi]line doublets to the theoretical
ratios, whereas we fit each line of the [Su]116716,31 doublet
with two separate Gaussian components, since the two lines are
here resolved. The [On]A43727,29 line doublet, unfortunately,
falls into the detector gap of the G140M/FO70LP data; hence it
is not detected. As for the PRISM data, in Table A.1 we report
the median flux values and the 1o errors for each emission line
with a §/N > 3, as resulting from a Monte Carlo simulation.

Given that the velocity dispersion measured for K20-ID7
ranges from 20 to 140 km s~! (see Forster Schreiber et al. 2018,
Pulsoni et al. in prep), the lines remain spectrally unresolved
in the medium-resolution data at R ~ 1000 (corresponding to a
FWHM of ~ 300 km/s) but are resolved at R ~2700. Table A.1
lists their intrinsic velocity dispersions, derived after correcting
the observed values for instrumental resolution.

Appendix B: Resolved SED best models

Figure B.1 shows the observed SEDs and the best-fit models, re-
sulting from our resolved SED fitting with CIGALE (performed
in Sect. 4.1), for four individual pixels representative of distinct
galaxy regions (top and middle panels), namely: Clump-N (or
Clump A), the bulge, the spiral arm and the inter-arm region
southeast and north of the bulge, respectively. Bottom panels
show the best fits of the integrated SED modeling (obtained in
Sect. 4.3), including photometry up to NIRCam F444W (left)
and ALMA Band 6 1.2 mm (right).

Appendix C: Nebular Ay from NIRCam imaging

In addition to the stellar Ay, map inferred from SED fitting
in Sect. 4, we derive an independent map of nebular Ay
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Fig. A.1. NIRSpec MSA PRISM/CLEAR spectra (R =100) of K20-ID7, from all six shutters. Data are shown in black, with the best-fit model
overplotted in red. All spectra exhibit both stellar continuum and emission lines, except for the External-SE spectrum, where we only detect

continuum emission.

from PaB/Ha ratios, as inferred by combining available medium-
band NIRCam imaging containing Ha and Pag (i.e., F210M and
F410M, respectively), and broadband NIRCam filters (see also
Lorenz et al. 2025). We first fit a third-degree polynomial to the
broadband photometry of each pixel, considering only filters at
longer wavelengths than the Balmer break (i.e., F150W, F200W,
F277W, F356W, and F444W), to derive the continuum emis-
sion. In the polynomial fitting, we assigned a small uncertainty
(i.e., 1%) to the flux of filters with no significant line emission.
For the F200W and F444W filters, we assigned larger uncer-
tainties of 10% and 5%, respectively, to account for the con-
tribution of Ha and Pag emission lines to the total broadband
emission. Then, we convolve the continuum best-fit model of
each pixel with the F210M and F410M filter transmission, re-
spectively, and integrate the convolved continuum model over
the wavelength range of the corresponding filter, thus separately
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obtaining the contribution of continuum emission to the F210M
and F410M bands. By removing the inferred continuum level
from the total observed F210M and F410M flux in each pixel,
we end up with residual line emission, including also contribu-
tions from emission lines other than Ha and Pag. In particular,
line emission of K20-ID7 in the F210M and F410M filters is
mostly due to Ha +[Nm] and Pag +[Fen], respectively. There-
fore, to obtain an estimate of the Ha and PagB fluxes only, we
correct the resulting total line fluxes by adopting Ha/[Nu] and
Pap/[Fen] line ratios, as measured from the MSA spectra. In par-
ticular, for the northern clumps (i.e., Clump-N and the smaller
northernmost clump) we adopt the flux measurements obtained
for Clump-N (Ha/[Nu] =5.1 and Pag/[Fen] = 14); while for all
the rest of the galaxy (i.e., spiral arms, inter-arm regions, and
bulge), we rely on the line ratios inferred for the Inter-Arm
and/or Arm region, when available (i.e., Pag/[Fen] =8.4 from
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Inter-Arm spectra; Ha/[Nu] = 3.0, computed as average between
line ratios measured from the Inter-Arm and Arm regions).

In Fig. C.1, we show the resulting maps of observed (i.e.,
not dust corrected) Ha and PaB flux, along with the nebular
Avneb map, as obtained from pixel-per-pixel Pag/Ha line ra-
tios, according to a Calzetti et al. (2000) dust attenuation law
(Ry =4.05). Unfortunately, due to faintness of the Pag line emis-
sion compared to the continuum, this approximate procedure al-
lows us to recover only Pag line flux in part of the most actively
star-forming regions (i.e., clumps and spiral arms). Apparently
Pag is also detected in the bulge, as opposed to the NIRCam
WESS PaB map (shown in Fig. 5). For this reason, we caution
on the reliability of the Pag detection in the inner central re-
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gions. The right-hand panel of Fig. C.1 displays the resulting
Avyneb map inferred from PaS/Ha line ratios, after masking pix-
els with (nonphysical) negative Ayep values. Due to the sparse
Avynep map, we estimated the average Aypep value after mask-
ing pixels within the 0.25”-diameter bulge aperture (subjected
to the large uncertainties in the Pag line flux). We adopted this
value as the global dust attenuation of the galaxy, assuming an
uncertainty of 30% (i.e., Aypep = 2.0 £0.6).

Appendix D: Validating resolved SED fitting results

To check on the reliability of the results of our spatially resolved
SED fitting, we recover the expected observed Ha flux by com-
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Table A.1. Best-fit results for emission lines detected at S/N > 3 in the NIRSpec MSA spectra of K20-ID7 at different spectral resolution.

PRISM/CLEAR G140M/FO70LP, G235M/F170LP, G395M/F290LP
Line (G395H/F290LP)

Arm Inter-Arm Clump-N Ext-N Clump-S Ext-SW Arm Inter-Arm Clump-N  Clump-S  Ext-SW

[On]213727,29 - 85+33®  917+43®™ - 184 +34 ™ - - - - - -

Ho - - - - - - - 111 + 14 - -

Hy - - 20+ 1 - - - - - 191 £ 16 - -

HpB - - 380 + 31 - - - - - 525+18 102+ 15 -

[Om]A5007 - - 997 + 35 - 192 + 24 - - 112+£23 972+18 15517 -
Ha 606 + 190 350 + 16 1782 +22 83+ 14 355+ 13 65+10 | 332+45 293+13 1792+12 28110 4110

[N] - 70 £ 4 357 +4 - 713 - 136 £+40 82+ 10 351+9 40+9 -

[Su]A6717 - 122+£19® 424 +£20® - 108 + 15 ™ - - 37 +11 171 +9 47+ 10 -

[S]A6731 - - - - - - 24+ 11 148 £ 10 20+9 -

[Si]29069 - - 153+9 - 30+ - - - 76 +8 - -

[Sm]19533 - 34 +12 325+ 10 - 61 + - - - 249 + 8 65+ 15 -

- - - - - - 39+5) 218+6) (33+4) -

Her11.083 - 41+10 1757 - 40+6 - - 33+6 146 £5 11+£4 -

- - - - - (24 £5) (144 +£6) (24+06) -

Pay - - 60 + 6 - 20+ 4 - - - 59+4 - -

- - - - - - (46 £5) (22 £3) -

Pas - 35+7 1517 - 29+5 - - 30+ 6 112+ 4 225 -

- - - - - (20 £5) (127+5) (264 -

O gas - - - - - - (79 £ 10) (55+2) (44 £3) -

Notes. All fluxes are in units of 1072° erg s~ cm™2. For the reddest G395M and G395H gratings, we provide line fluxes measured at both medium
and high spectral resolution (the latter in brackets). The last row reports the intrinsic velocity dispersion o, (i.€., corrected for instrumental broad-
ening) in units of km s~!, as measured in high-resolution G395H data. * Total fluxes computed as the sum of the flux of the two [On]113727,29
and [Su]A16716, 31 doublet components, which are unresolved in PRISM/CLEAR spectra (R = 100).

bining the SFR10 and Ay, maps. As we discussed in Sects. 5-6,
nebular line emission is expected to be subject to extra attenu-
ation compared to the stellar populations in regions of intense
star formation (e.g., Calzetti et al. 2000; Price et al. 2014; Tac-
chella et al. 2018). Therefore, as a first approximation, we used
the Ay,gar map — the only full Ay map available — while acknowl-
edging that it may locally underestimate the true attenuation of
the Ha line emission. In particular, we first convert the SFR10
into He intrinsic luminosity according to the Kennicutt & Evans
(2012) relation, which is in turn converted into the observed Ha
flux by (de-)correcting for dust attenuation (Calzetti et al. 2000)
law, using the Ay values previously inferred for each single
pixel. In Fig. D.1 we show the comparison of our recovered ob-
served Ha flux (left-hand panel) with the real observed one from
ERIS observations (right-hand panel, same color scale; Forster
Schreiber The two Ha maps overall show a good agreement, es-
pecially in correspondence of the two northern Ha-bright clumps
(i.e., Clumps A and B), while the similarity is less evident in the
regions of fainter Hao emission, due to the lower S/N of ERIS
data. However, the ERIS Ha map displays increased emission at
the southernmost clump (Clump C), and along the spiral arm east
of the bulge. The overall good similarity between the two Ha
maps points to the reliability of our SFR10 map, although some
degeneracy might still be present between SFR10 and Ay, val-
ues for a given observed He flux. By summing over all pixels,
we obtain a total recovered Ha flux of 2.0 x 10~1¢ erg s~lem™2,
which is consistent with the total Ha flux measured from ERIS
and SINFONI data (Forster Schreiber et al. 2009). We note that,
although in principle it is possible to insert as input in CIGALE
also emission-line fluxes, we do not do it because of the difficul-

ties in correctly aligning (on a pixel level of 0.025”) the NIR-
Cam, ACS, and ERIS data. This test highlights that we are able
not only to correctly recover the total He flux, but also its spa-
tial distribution, showing the reliability of our spatially resolved
SED analysis.
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Fig. B.1. Best-fit models and observed SEDs as obtained from our resolved (top and middle panels) and integrated (bottom) SED modeling with
CIGALE. Top and middle. Resolved results are shown for four representative pixels from four different regions, namely: Clump-N, the bulge, spiral
arm, and inter-arm regions. The difference in the SED shape and in the relative intensities between distinct spectral components highlights the
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Fig. C.1. Line emission from medium-band F210M and F410M NIRCam imaging. From the left, we show maps of recovered Ha and Pag line
flux (not corrected for dust attenuation), and finally of nebular Ay, as inferred from PaB/Ha line ratios. The solid and dashed black contours are
the same as in Fig. 4.
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Fig. D.1. Expected observed Ha flux (left), as recovered from the SFR10 and Ay, maps resulting from our spatially resolved SED fitting (see
Fig. 4), and the real observed Ha flux from VLT/ERIS observations (right). The gray contours trace NIRCam F444W emission at 5%, 10%, 35%,
50% of the emission peak. Both maps have the same color scale and a 0.025” pixel scale.
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