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A B S T R A C T 

A majority of JWST /NIRSpec integral field unit (IFU) studies at high redshifts to date have focused on UV-bright or 
massive objects, while our understanding of low-mass galaxies at early cosmic times remains limited. In this w ork, w e 
pr esent NIRSpec/IFU high-r esolution observ ations of two low -mass ( M ∗ < 10 

9 M �), low -metallicity ( [12 + log ( O / H )] < 

8 ) galaxies at z ∼ 7 . 66 , one of which we identify as hosting a Type-II active galactic nucleus (AGN). We measure flat 
str ong -line metallicity gradients, suggestiv e of int erst ellar medium redistribution by outflows or past merging, but also 

identify tension with the direct- T e metallicity gradient in one galaxy. We find the ionized gas phase in both galaxies to 

be dispersion-dominat ed, consist ent with previous observations of low er rotational support at early cosmic times. We 
identify broad kinematical components decoupled from galactic rotation with velocities of ∼ 250 − 500 km s −1 and argue 
these components trace outflows, for which we infer mass outflow rates of ∼ 8 − 14 M � yr −1 . We compare our findings to 

r esults fr om the new large-volume aesopica simulations, which fully incorporate different models of black hole growth 

and AGN feedback. We find that our observationally measured ratios of outflow to escape velocity are consistent with 

those of the simulated dwarf AGN population, hinting that AGN-driven feedback may contribute to quenching in early 

low-mass galaxies such as our targets. This novel study illustrates the necessity of deep IFU observations to decompose the 
complex kinematics and morphology of high- z galaxies, trace outflows, and constrain the effects of feedback in the early 

Universe. 

Key words: ISM: abundances – ISM: jets and outflows – galaxies: evolution – galaxies: high-redshift – galaxies: kinemat- 
ics and dynamics. 
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 INTRODUCTION  

he launch of the James Webb Space Telescope ( JWST ), with
ts powerful near-infrared spectrograph (NIRSpec, T. Böker et 
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l. 2022 ; P. Jakobsen et al. 2022 ), has enabled observations of 
est-fr ame ultr aviolet (UV) and optical emission above z > 3 , and
pened a new window for studying the physical properties of 
igh- z g alaxies (e.g . P. Arrabal Har o et al. 2023 ; E. Curtis-Lake
t al. 2023 ; T. Y .-Y . Hsiao et al. 2023 ; M. Castellano et al. 2024 ; B.
obertson et al. 2024 ; S. Carniani et al. 2024a ; R. Maiolino et al.
024a ; F. D’Eugenio et al. 2024b ; C. T. Donnan et al. 2025 ; R.
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. Naidu et al. 2025 ). These observations have shown that high-
 edshift g alaxies have pr operties fundamentally differ ent to those
f local galaxies: lower metallicities (D. Schaerer et al. 2022 ; D.
angeroodi et al. 2023 ; K. Nakajima et al. 2023 ; M. Curti et al.
024 ), high ionization parameters (A. J. Cameron et al. 2023 ; R.
. Sanders et al. 2023 ) and electron temperatures (M. Curti et
l. 2023 ), increasing int erst ellar medium (ISM) densities (N. A.
eddy et al. 2023 ; Y. Isobe et al. 2023 ; C. Marconcini et al. 2024 ),
nd bursty star formation histories (SFHs; R. Endsley et al. 2023 ;
. Dressler et al. 2024 ; D. Langeroodi & J. Hjorth 2024 ; T. J. Looser

t al. 2025 ; C. Witten et al. 2025c ). 
Observations with the JWST NIRSpec Integral Field Unit (IFU)

ave placed key constraints on spatially-resolved ISM properties,
nd traced the chemical enrichment of galaxies at high- z (S. Ar-
ibas et al. 2024 ; B. Rodríguez Del Pino et al. 2024 ; J. Scholtz et al.
025c ). For example, radial metallicity gradients, which bear the
mprint of gas mixing by various galaxy evolutionary processes,
ave now been studied out to z ∼ 8 (e.g. X. Wang et al. 2022 ; G.
enturi et al. 2024 ; R. Tripodi et al. 2024 ; S. Fujimoto et al. 2025 ; Z.
i et al. 2025 ), finding a significant diversity of negative, flat, and
ositive gradients. Such results are consistent with the diverse
radients measured by other studies up to Cosmic N oon (e.g . A.
. Swinbank et al. 2012 ; P. Troncoso et al. 2014 ; E. Wuyts et al.

016 ; X. Wang et al. 2017 ; M. Curti et al. 2020b ; R. C. Simons et al.
021 ; A. Acharyya et al. 2025 ); these gradients encode the com-
ination of inflows, outflows and mergers with underlying evo-

utionary processes and physical conditions in their host galaxies
L. J . Kewley, D . C. Nicholls & R. S. Sutherland 2019 ; R. Maiolino
 F. Mannucci 2019 ), reflecting the diverse early galaxy popula-

ion. How ev er, r esults fr om simulations acr oss a wide range of 
umerical methods and input physics suggest increasingly neg-
tive gradients at high redshift (e.g. Z. S. Hemler et al. 2021 ; A.
. Garcia et al. 2025b ), in tension with observational results. As

oted by A. M. Garcia et al. ( 2025a , b ), ther e ar e curr ently no
imulations which include how unresolved turbulence can redis-
ribute mass and metals through throughout the galaxies, which

ay drive this tension. An comprehensive understanding of the
nderlying gas kinematics in high- z galaxies is therefore crucial
 o accurat ely modelling their chemical ev olution and addressing
he current tension between simulations and observations. 

Spatially resolved spectroscopic surveys have demonstrated
hat many high- z galaxies have complex kinematics, including

ergers or outflows (e.g. O. Le Fèvre et al. 2020 ; R. Herrera-
Camus et al. 2025 ). Additionally, the observ ed v elocity dispersion

f disc-like galaxies appears to increase with redshift (e.g. E. Wis-
ioski et al. 2015 ; H. Übler et al. 2019 ; F. Rizzo et al. 2024 ; A. L.
anhaive et al. 2025 ), with the ionized gas phase typically show-

ng higher dispersion than the cold/molecular gas phase (e.g. M.
irard et al. 2021 ). While some evidence for early dynamically

old discs has been found (F. Rizzo et al. 2020 ; F. Lelli et al. 2021 ;
. E. Rowland et al. 2024 ; J. Scholtz et al. 2025a ), other NIR-
pec/IFU observations have also revealed evidence of small-scale
erging (e.g. C. Marconcini et al. 2024 ; G. C. Jones et al. 2025a ; J.

choltz et al. 2025c ). Differences in sample selection, kinematical
r acers, and spectr al and angular r esolution r esult in significant
hallenges to reliably comparing kinematics measured by exist-
ng studies. To build a full picture of galaxy kinematics in the early
niverse, it is ther efor e crucial to complement e xisting studies of 

old gas kinematics with those of warm, ionized gas, traced with
WST observations of [O iii ] λ5007 or H α emission lines (e.g. A.
raaff et al. 2024 ; A. L. Danhaive et al. 2025 ). 
NRAS 546, 1–28 (2026) 
R ecent observ ations with JWS T ha ve found a large fraction
f early low-mass ( M ∗ � 10 9 M �) galaxies to exhibit bursty star
ormation (SF; R. Endsley et al. 2023 ; A. Dressler et al. 2024 ; T. J.
ooser et al. 2025 ), while others are found to be ‘mini-quenched’

or napping, e.g. V. Strait et al. 2023 ; T. J. Looser et al. 2024 ;
. Witten et al. 2025a ; W. M. Baker et al. 2025b ; A. Covelo-Paz
t al. 2026 ). High-mass galaxies ( M ∗ � 10 9 M �) have also been
ound fully quenched at high redshift (A. C. Carnall et al. 2023b ,
 ; K. Glazebrook et al. 2024 ; T. Nanay akkar a et al. 2024 , 2025 ;
. Weibel et al. 2025 ; C. Turner et al. 2025 ; W. M. Baker et al.
025a , c ). Theoretical models argue that massive, fully quenched
alaxies cannot result from supernovae feedback alone; feedback
riven by active galactic nuclei (AGNs) is likely necessary to ex-
lain their observed quenching (V. Gelli et al. 2024 ). Observations
f quasar -host galaxies ha ve indeed found results consistent with
onized outflows producing significant feedback even at z > 4 . 5
E. Parlanti et al. 2024 ; M. Bischetti et al. 2024 ; A. Vayner et al.
025 ; Y. Zhu et al. 2025 ). How ev er, simulations are able t o r epr o-
uce quenching in low-mass galaxies, with bursty SF found to
e particularly important in the low-mass regime (T. Dome et al.
024 , 2025 ; S. Martin-Alvarez et al. 2026 ). Interestingly, JWST has
nveiled an abundance of AGN at high redshift, both Type I (Y.
arikane et al. 2023 ; D. D. Kocevski et al. 2023 ; M. Onoue et al.

023 ; H. Übler et al. 2023 ; L. J. Furtak et al. 2024 ; J. E. Greene
t al. 2024 ; J. Matthee et al. 2024 ; R. Maiolino et al. 2024a , b ; G.
azzolari et al. 2024a ; I. Juodžbalis et al. 2025 ; A. J. Taylor et al.

025 ) and Type II (J. Brinchmann 2023 ; G. Mazzolari et al. 2025 ;
. Tacchella et al. 2025 ; J. Scholtz et al. 2025d ), supporting claims
hat AGN feedback is already operating at early cosmic times.
his raises an intriguing question: is AGN feedback contributing

o the quenching of early low-mass galaxies? 
Despite the abundance of AGN in the early Universe, finding

vidence of AGN-driven feedback (e.g. outflows or hard ionizing
adiation) remains difficult due t o limit ed spectral and spatial
esolution, as well as the complex morphologies of early galaxies
at z > 7 ; J. S. Kartaltepe et al. 2023 ; T. Treu et al. 2023 ), all of 
hich limit our ability to accurately distinguish outflows from
ergers, inflows or early discs. Efforts t o inv estigat e the presence

f AGN- and SF-driven outflows in such high- z galaxies have
een limited (S. Carniani et al. 2024b ; Y. Xu et al. 2025 ), even
hough ionized gas outflows are known to be ubiquitous features
f low- z AGN and high-luminosity quasi-stellar objects (QSOs; C.
. Harrison et al. 2016 ; M. Bischetti et al. 2017 ; D. Kakkad et al.

020 ; G. Cresci et al. 2023 ; M. Perna et al. 2023 ; M. A. Marshall
t al. 2025 ; M. Perna et al. 2025 ). 

With JWST , it is now possible to e xplor e ionized g as outflows,
raced by H α and [O iii ] λ5007 emission, in galaxies at high- z,
ven on spatially resolved scales. Indeed, numerous studies have
ound evidence for outflows, primarily by using NIRSpec in its
ntegral field spectroscopy (IFS) mode, but also with its micro-
hutter assembly (MSA) spectroscopy mode (e.g. M. A. Marshall
t al. 2023 ; E. Parlanti et al. 2023 ; M. Perna et al. 2023 ; H. Übler
t al. 2023 , 2024 ; X. Ji et al. 2024 ; I. Lamperti et al. 2024 ; B. Ro-
ríguez Del Pino et al. 2024 ; F. D’Eugenio et al. 2024a ; G. C. Jones
t al. 2024a ; S. Carniani et al. 2024b ; E. Bertola et al. 2025 ; P. G.
érez-González et al. 2025 ; S. Zamora et al. 2025 ; J. Scholtz et al.
025c ). How ev er, most of these studies focus on bright targets
reviously det ect ed by HS T and ALMA, r esulting in an observa-
ional bias towards starburst galaxies or mergers (e.g. G. C. Jones
t al. 2024a ; E. Parlanti et al. 2025 ; J. Scholtz et al. 2025c ). In fact,
he new population of early int ermediat e- t o low-luminosity AGN
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ound by JWST appears to show little evidence for AGN-driven 

eedback in their host galaxies (R. Maiolino et al. 2025b ; J. Scholtz
t al. 2025d ; F. D’Eugenio et al. 2026 ). In particular, low-mass star-
orming galaxies (SFGs) exhibit fewer outflows than expected, 
specially considering that JWST is probing the earliest phases 
f galaxy formation, when feedback processes were expect ed t o
e strongest according to some models (S. Carniani et al. 2024b ;
. McClymont et al. 2025b ). In contrast to these observations,

ne possibility that has emerged fr om r ecent simulations is that
GN feedback ma y pla y an important role in low-mass galaxies

S. K oudmani, N . A. Henden & D. Sijacki 2021 ; R. S. Sharma et al.
023 ; E. Arjona-Gálvez, A. Di Cintio & R. J. J. Grand 2024 ), partic-
larly in the early Universe, but that our observations are failing
 o det ect this feedback. It could be that the observ ed deficit of 
utflows in low-mass galaxies may arise from MS A spectroscopy -
ased studies lacking the spatial resolution required to reliably 
ecompose the complex kinematics of high-redshift galaxies and 

eliably identify outflow signatures. Deep, high-resolution IFS is 
ertainly a more adequate tool to investigate the potential weak 

utflows in low-mass galaxies with low-luminosity AGN. 
This study focuses on two galaxies observed by JWST as 

art of the Early Release Observations (PID: 2736, K. M. Pon-
oppidan et al. 2022 ), as presented in A. C. Carnall et al.
 2023a ) and J. R. Trump et al. ( 2023 ). Specifically, we discuss
MACS J0723.3 −7327 NIRSpec-ID6355 and -ID10612 (hence- 
orth ID6355 and ID10612, respectively), which belong to a spec- 
r oscopically confirmed pr ot oclust er at z ∼ 7 . 66 (N. Laport e et al.
022 ; C. Witten et al. 2025b ). Both of these g alaxies ar e weakly
ensed (magnification μ ∼ 1 . 2 ; derived from the lens model of G.

ahler et al. 2023 by M. Curti et al. 2023 ), with stellar masses
f log (M ∗/ M �) = 8 . 72 ± 0 . 04 and 8 . 08 ± 0 . 04 in ID6355 and
D10612, respectively (M. Curti et al. 2023 ), classifying them as
ow-mass galaxies, as the knee of the galaxy mass function is al-
eady 10 10 M � at z ∼ 6 (A. Weibel et al. 2024 ). Both g alaxies wer e
ollowed up with NIRSpec/IFU observations as part of the GO 

959 programme (PI: Scholtz), obtaining the higher resolution 

 2700 spectra, which form the core of this work. 
Furthermor e, both g alaxies discussed in this work are AGN- 

ost candidates. Previous studies using the NIRSpec/MSA R 1000 
pectra of these targets have detected [Ne iv ] λλ2422 , 2424 emis-
ion in ID6355 (J. Brinchmann 2023 ; M. S. Silcock et al. 2025 );
his high ionization-energy emission line ( ∼ 63 eV) is often as-
ociated with AGN activity (A. Feltre, S. Charlot & J. Gutkin
016 ), and indicates that ID6355 hosts some source of ionization 

tronger than SF alone. While there was no direct detection of 
his line in ID10612, J. Brinchmann ( 2023 ) found by comparison
hat a majority of Sloan Digital Sky Survey (SDSS) galaxies with
 [O iii ] λ4363 /H γ ratio within 1 σ of that of ID10612 were classi-
ed as AGN based on the BPT diagnostic. This demonstrates there 

s a strong source of heating in ID10612, hinting at the presence of 
n AGN. We will further inv estigat e this claim using our higher-
esolution NIRSpec/IFU spectra and established AGN diagnostic 
iagrams. 
Furthermor e, by e xploring the spatially r esolved ISM pr oper-

ies and kinematics of our targets, we will investigate and char-
cterize their outflows (if any). In doing so, we will take an im-
ortant step towards quantifying the potential impact of AGN- 
riven feedback on the kinematics and evolution of early low- 
ass galaxies. 
This paper is structured as follows: in Section 2 , we describe

he details of the observations and data reduction, then outline 

d

ur analysis in Section 3 . A characterization of galaxy properties,
oth int egrat ed and spatially resolv ed, is present ed in Section 4 .
hen, in Section 5 , we analyse the kinematics of our targets. Our
esults will be discussed and situated within in a wider context
n Section 6 . Throughout this w ork, w e assume a flat Lambda-
old dark matter model with H 0 = 70 km s −1 Mpc −3 , �m, 0 = 0 . 3
 and ��, 0 = 0 . 7 . We additionally take solar metallicity as [12 +
og ( O / H )] � = 8 . 69 (M. Asplund et al. 2009 ), and use the term
ow-metallicity to refer to [12 + log ( O / H )] < 8 . Finally, we adopt
he lensing factors μ = 1 . 23 ± 0 . 01 and 1 . 34 ± 0 . 01 for ID6355
nd ID10612, respectively, as derived by M. Curti et al. ( 2023 ). 

 O B S E RVAT I O N S  AND  DATA  REDUCTION  

.1 NIRSpec data 

ur target galaxies w ere observ ed with JWST /NIRSpec in IFS
ode (T. Böker et al. 2022 ; P. Jakobsen et al. 2022 ). The NIRSpec

ata were taken on the 2024 May 29–30, with a medium cycling
attern of eight dither positions and a total integration time of 
2.4 ks per galaxy (6.2 h on-source) with the high-resolution
rating/filter pair G 395 H / F 290 LP , covering the wavelength range
 . 87 − 5 . 27 μm (spectral resolution R ∼ 2000 − 3500 ; P. Jakobsen
t al. 2022 ). 

Raw data files of these observations were downloaded from the 
arbara A. Mikulski Archive for Space Telescopes (MAST) and 

hen processed with the JWST Science Calibration pipeline 1 ver- 
ion 1.15.0 under the Calibration Reference Data System (CRDS) 
ontext jwst_1293.pmap. We use the same modification of the 
ipeline as described in detail by M. Perna et al. ( 2023 ) in order to

ncrease the data quality. We briefly summarize the steps here. 
ount-r ate fr ames ar e corr ected for 1 / f noise thr ough a poly-
omial fit based on an algorithm from M. Perna et al. ( 2023 ).
urthermor e, we r emove r egions affected by failed-open MSA
hutters during Stage 2 calibration, along with other artefacts 
uch as snowballs. We also remove regions with strong cosmic ray
esiduals in several exposures. Any remaining outliers are flagged 

n individual e xposur es using an algorithm similar to lacosmic
P. G. Dokkum 2001 ): w e calculat e the derivative of the count-rate

aps along the dispersion direction, normalize by the local flux 
or by three times the root mean square (rms) noise; whichever is
ighest], and reject the 95th percentile of the resulting distribu-

ion (see F. D’Eugenio et al. 2024a , for details). The final cubes are
ombined using the ‘drizzle’ method. All analysis in this paper is
ased on the combined cube with a pixel scale of 0 . 05 arcsec . 

We perform back gr ound subtraction of our data cubes by first
xtracting an int egrat ed spectrum from all non-target spaxels, 
 x cluding spax els containing noise spikes via visual inspection.
his back gr ound spectrum is smoothed with a median filter of 
5 pixels to reduce its remaining noise, then subtracted from the
pectrum of each spaxel in our data cube. The estimated average
ack gr ound levels are ∼ 9 × 10 −20 and ∼ 6 × 10 −20 erg s −1 cm 

−2 

−1 arcsec −2 in the ID6355 and ID10612 cubes, respectively. 

.2 Err or e xtension corr ection 

. Übler et al. ( 2023 ) report that uncertainties on flux measure-
ents in the err extension of the IFU data cubes are under-
MNRAS 546, 1–28 (2026) 

ocumentation/introduction.html 
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stimated compared to the noise estimated from the rms of the
pectrum. How ev er, the err extension still carries crucial infor-
ation about outliers and the correlated noise between channels.
ence, whenever extracting a spectrum, we also retrieve the un-

ertainty from the err extension and scale it so that its median
ncertainty matches the spectrum’s σ -clipped rms in emission-

ine fr ee r egions on each det ect or. The scaling for each det ect or
oes not have a wavelength dependence. We utilize the corrected
ux uncertainties to estimate sensitivities of ∼ 5 × 10 −21 and
3 × 10 −21 erg s −1 cm 

−2 Å−1 in the spectral region of H β and
O iii ] λλ4959 , 5007 for the ID6355 and ID10612 cubes, respec-
ively. 

.3 NIRCam imaging 

n this w ork, w e also make use of NIRCam images from the
riginal ERO programme of the SMACS J0723.3 −7327 cluster
see Introduction); the data comprise imaging in six NIRCam
ands ( F 090 W , F 150 W , F 200 W , F 277 W , F 356 W , and F 444 W ). A
ull description of the data reduction, including determination of 
he astrometry, is presented in S. Tacchella et al. ( 2023 ). 

.4 Astr ometry r ealignment 

s the field of view (FoV) of the NIRSpec/IFS observations is only
 ×3 arcsec , we lack the multiple stars or point sources necessary
o perform an accurate astrometry calibration. Therefore, we used
IRCam images (Section 2.3 ) to align the NIRSpec/IFS data to

he correct astrometry, allowing us to reliably compare the loca-
ion of the stellar continuum and emission lines. To do so, we
rst create a mock F 444 W image from the NIRSpec cube using

he python package sedpy (B. D. Johnson 2019 ). We identify the
rightest pixel in the NIRCam F 444 W image, and match the WCS
oordinat es of the bright est mock-NIRCam spaxel t o those of the
 444 W pixel. Later, when using the NIRSpec/IFU data cube for
pax el-by-spax el fitting, the header of the cube is edited to capture
his astrometric realignment. 

We adopt an astr ometry r ealignment based on the NIRCam
 444 W images for two key reasons. First, this filter contains the

O iii ] λ5007 emission that is the main focus of our kinematical
tudy, and so this method guarantees alignment between the lo-
ation of the peak [O iii ] λ5007 flux in the NIRSpec and NIRCam
ata. Secondly, both galaxies appear bright in this filter with good
ignal-to-noise ratios (SNR). Although the F 356 W filter has a
maller point spread function (PSF) and could, in theory, yield
 more accurate realignment, our goal is to guarantee the best
lignment for [O iii ] λ5007 emission specifically, so the limitation
ies with the IFU data rather than NIRCam. 

As all NIRCam filters are aligned with respect to each other,
nly a single astrometric realignment is required for each galaxy.
e additionally check the astrometry corrections based on the
 356 W filt er, as w ell as those based on a single star in the FoV of 
D6355 observations (see Appendix A ). All methods yield consis-
ent astrometric realignments within the errors. 

 DA  T  A  ANAL  Y S I S  

.1 Emission-line fitting 

o determine the emission-line properties of our sources, we
rst extract their int egrat ed spectra from a circular aperture
 r ∼ 0 . 25 arcsec ), centred on the [O iii ] λ5007 -brightest spaxel
NRAS 546, 1–28 (2026) 
n each g alaxy. This apertur e is chosen as it is sufficiently
arge t o av oid apertur e loss fr om PSF sampling without r educ-
ng the SNR of emission lines in the spectrum. We then fit
hese int egrat ed spectra using a least-squares fitting code, mod-
lling the emission lines as a series of Gaussian profiles. We fit
he following emission lines: H β, H γ , H δ, [O iii ] λλ4959 , 5007 ,
O iii ] λ4363 , [O ii ] λλ3727 , 29 , and [Ne iii ] λλ3869 , 3968 . As He ii
λ4686 falls right on the edge of the det ect or gap in the spectra
f both galaxies, it has not been included in either full spec-
ral fit. We additionally include a linear component to model
he continuum, which is t oo w eak in either galaxy to be reli-
bly fit with a stellar continuum, and which may contain some
 esidual back gr ound. As our analysis focuses on the emission
ines, modelling the continuum in this way does not impact our
esults. 

Our primary (‘narrow-line’) model consists of a single Gaus-
ian per emission line; the redshift and intrinsic full width half-
aximum (FWHM) of each Gaussian pr ofile ar e tied together

o reduce the number of free parameters, but the flux of each is
eft free unless a specific line ratio is applied due to underlying
tomic physics. The [O iii ] λλ4959 , 5007 flux ratio is fixed to 2.99
M. S. Dimitrijevi ́c et al. 2007 ) and the [Ne iii ] λλ3869 , 3968 flux
atio is fixed to 3.32 (e.g. G. C. Jones et al. 2024a ), while the
O ii ] λλ3727 , 29 flux ratio is allowed to vary to reflect its depen-
ence on electron density (R. L. Sanders et al. 2015 ). For each
mission line, the FWHM is conv olv ed with the NIRSpec line
pread function, as retrieved from the JDox. 2 

We also fit each spectrum with a ‘two-Gaussian model’, which
s identical to the primary model but additionally includes a broad
aussian profile in H β and [O iii ] λλ4959 , 5007 . This model in-

ludes an FWHM threshold at 200 km s −1 as an upper limit on
he narrow component, ensuring that the fitted broad component
s always broader than the fitted narrow component. Similarly
o the primary model, the broad components of the H β and
O iii ] λλ4959 , 5007 lines have the redshift and FWHM of their
aussian profiles tied together, but the broad parameters vary

ndependently from the narrow ones. H β and [O iii ] λλ4959 , 5007
re the only lines in our spectra with sufficient SNR to enable
etection of a broad component in the line profile. The minimum
NR thr eshold consider ed for the [O iii ] λ5007 emission line in a
t is 3. We show the galaxy-int egrat ed spectra and their best fits,
ith both models, in Fig. 1 . 
We repeat the spectral fitting, now spaxel by spaxel, in the

 egion cover ed by each target, using the same models and overall
ethod as described above. When fitting each spaxel, we first

verage its spectrum and combine its errors with those of the
ight surrounding spaxels (i.e. within a radius of 0 . 07 arcsec ). As
he spaxel size oversamples the PSF of our observations, this in-
reases the SNR of the det ect ed emission lines without reducing
he spatial resolution. 

Whether the fit to a given spaxel accepts a broad component is
tatistically determined through two criteria: first, when compar-
ng the Bayesian information criterion (BIC) of the narrow-line
nd two-Gaussian models we r equir e �BIC < −10 (i.e. �BIC =
IC 2 −Gaussian − BIC narrow 

); and secondly, the broad component
ust have velocity-integrated SNR > 5 . Both criteria must be

atisfied to favour the two-Gaussian model. This pr ocedur e pr e-
 ents ov erfitting of the data by only allowing an additional broad
omponent to be fit if its inclusion is statistically favoured. The

https://jwst-docs.stsci.edu/jwst-near-infrared-spectrograph/nirspec-instrumentation/nirspec-dispersers-and-filters
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Figur e 1. Summary of back gr ound-subtract ed int egrat ed spectra, fitt ed models, and model residual comparisons in both target galaxies. Top panels: full 
R 2700 int egrat ed spectr a from the NIRSpec/IFU observ ations, extr acted fr om cir cular apertur es of radius 5 pix els (0.25 ar csec), centr ed on the [O iii ] λ5007 
brightest spaxel in each galaxy. The background-subtracted integrated spectrum is plotted in blue, and the fitted narrow-line model (see Section 3.1 ) in 
r ed. The ax es have been cut to eliminate the detector gap in each spectrum from the plots. The spectra shown here have not been continuum-subtracted, 
as the spectral fitting accounts for the weak continuum with a linear continuum model. Middle panels: a zoom-in on the H β and [O iii ] λλ4959 , 5007 
emission lines, showing how these lines are now fitted with the two-Gaussian model. (a)Shows the fitted broad component in ID6355 is clearly offset 
from the narrow-line component, suggesting the presence of non-rotational kinematics such as an outflow or merger. The small feature visible blueward 
of H β in the spectrum of ID6355 is a noise feature close to the detector gap, and our analysis based on SNR and BIC also shows that this feature does 
not meet our criteria for a det ect ed emission-line wing. (b) Shows the offset between the broad and narrow components is less distinct in ID10612. 
Bottom panels: a comparison of narrow-line and two-Gaussian model χ residuals, illustrating the necessity of including broad components for H β and 
[O iii ] λλ4959 , 5007 in our fit. 
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paxels with evidence for a broad component hence robustly map 

he spatial extent of this component. For simplicity, the region of 
paxels in each galaxy fitting with an additional broad compo- 
ent will henceforth be r eferr ed to the ‘outflow region’ of that
alaxy. We further discuss the origin of this broad component in
ection 5.4 . 

We present flux maps of the fitted forbidden and Balmer emis-
ion lines in Figs 2 and 3 , and note that the narrow and broad
omponents of [O iii ] λ5007 int egrat ed flux are mapped in panels
i) and (ii) of Figs 7 (a) and (b) later in the paper. [O iii ] λ5007 and
 β are the brightest detections in both galaxies, with all other

mission lines about an order of magnitude fainter. The centroid 

f each emission line appr o ximately coincides with the centroid
f [O iii ] λ5007 emission as indicated in Figs 2 and 3 , though H β

mission in particular appears to be extended away from this 
entroid in both galaxies. 
t  
Our resolv ed det ections of [O iii ] λ4363 emission in each galaxy
re particularly important, as [O iii ] λ4363 is a key emission line
n AGN diagnostics effective at high-redshift (see Section 4.1 ). 
he extended ( r > 0 . 1 arcsec ), spatially resolved detections of the
mission lines shown in Figs 2 and 3 also allow us to investigate
he metallicity profiles of our targets (see Section 4.3 ). From the
 esults of our spax el-by-spax el fitting, we will also pr esent the
O iii ] λ5007 -derived kinematics maps of our targets later on in
ection 5.1 . 

.2 Dust corrections and gas metallicity calibration 

efore estimating metallicity, it is important to first take into ac-
ount any dust reddening affecting the emission lines. We use the
vailable Balmer emission lines to perform this correction, in par- 
icular the H γ /H β ratio, when both lines are det ect ed with SNR
MNRAS 546, 1–28 (2026) 
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Figure 2. Resolved ( SNR > 3 ) emission-line maps of ID6355. Int egrat ed flux es, measur ed per spax el, ar e plott ed in log space t o illustrat e the relativ e 
brightness of each line. The magenta hatched ellipse in the bottom left of each plot illustrates the JWST /NIRSpec PSF of the relevant emission line. 
The red cross on each figure corresponds to the centroid of [O iii ] λ5007 int egrat ed flux. Fluxes are uncorrected for dust attenuation. Top row: detected 
forbidden lines, from left to right: [O ii ] λλ3727 , 29 , [Ne iii ] λ3869 , and [O iii ] λ4363 . Bottom row: det ect ed Balmer lines, from left to right: H β, H γ , and 
H δ. 

Figure 3. Resolved ( SNR > 3 ) emission-line maps of ID10612. Integrated flux es, measur ed per spax el, ar e plotted in log space to illustrate the relative 
brightness of each line. The magenta hatched ellipse in the bottom left of each plot illustrates the JWST /NIRSpec PSF of the relevant emission line. 
The red cross on each figure corresponds to the centroid of [O iii ] λ5007 int egrat ed flux. Fluxes are uncorrected for dust attenuation. Top row: detected 
forbidden lines, from left to right: [O ii ] λλ3727 , 29 , [Ne iii ] λ3869 , and [O iii ] λ4363 . Bottom row: det ect ed Balmer lines, from left to right: H β, H γ , and 
H δ. 
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Figure 4. [O iii ] λ4363 -based AGN diagnostic diagrams (G. Mazzolari et al. 2024b ). ID6355 and ID10612 are plotted as the pink and purple stars, 
r espectively. Orange points corr espond t o high- z AGN, blue points t o low - z SF Gs, and grey points to high- z sources not classified as AGN; the sample 
shown in these plots is compiled from Y. I. Izotov & T. X. Thuan ( 2007 ); R. Amorín et al. ( 2015 ); O. L. Dors et al. ( 2020 ); K. Nakajima et al. ( 2022 ); V. 
Kokorev et al. ( 2023 ); K. Nakajima et al. ( 2023 ); H. Übler et al. ( 2023 , 2024 ); I. Juodžbalis et al. ( 2024 ); M. W. Topping et al. ( 2024 ); and J. Scholtz et al. 
( 2025c ). The low-OH compilation comprises sources from Y. I. Izotov et al. ( 2006 , 2018 , 2019 ); D. A. Berg et al. ( 2012 ), and S. A. Pustilnik et al. ( 2020 , 
2021 ). Orange and blue contours show the distribution of SDSS AGN and SFGs, respectively, including the 90 per cent, 70 per cent, 30 per cent, and 10 
per cent of the populations. Demarcation lines between AGN-only and SFR/AGN regions are plotted as dashed black lines. Fluxes were not corrected 
for dust attenuation. 
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 3 . We assume the theoretical extinction-free H γ /H β intrinsic
 atio of 0.466, v alid for case-B recombination and an electron
emperature of T e ∼ 10 4 K (D. E. Osterbrock & G. J. Ferland 2006 ),
ypical of warm ionized gas emitting rest-frame optical lines such 

s [O iii ] λ5007 (and consistent with T e measured for these galax-
es by M. Curti et al. 2023 ). To evaluate the dust attenuation A V ,
e adopt a method similar to the Balmer decrement approach 

e.g. D. Calzetti, A. L. Kinney & T. Storchi-Bergmann 1994 ; A.
omínguez et al. 2013 ), replacing the H α/H β relations with those

pplicable for H γ /H β: 

 V = −2 . 5 log 10 

(
F H γ /F H β

0 . 466 

)
R V 

k H γ − k H β

, (1) 

here R V = 4 . 05 , and k H γ and k H β correspond to the relevant
ust att enuation curv e evaluat ed at the rest-fr ame w avelengths
f H γ and H β, respectively. In this work, we apply the dust
tt enuation curv e present ed in D. Calzetti et al. ( 2000 ), with R V =
 . 05 , which is suitable for high- z, low-metallicity galaxies at the
av elengths of int er est her e (I. Shivaei et al. 2020 ), and similar to

he approach adopted in G. Venturi et al. ( 2024 ). 
We note that the Balmer line ratio may also be affected by

tellar absorption (B . Gr oves, J. Brinchmann & C. J. Walcher
012 ), and it is possible to account for this through knowledge
f stellar populations obtained from spectral energy distribution 

SED) fitting (e.g. as done by S. Tacchella et al. 2023 ). How ev er,
he difference in spectral resolution between the MSA and IFU 

bserv ations makes accur ate spectr al comparison difficult, so we
eglect potential stellar absorption effects for the purposes of this 
ork. 
In the case of an int egrat ed spectrum, dust correction is based

n the int egrat ed H γ /H β ratio, as the aperture is sufficiently large
o render PSF effects negligible. In the case of spax el-by-spax el
MNRAS 546, 1–28 (2026) 
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M

Figur e 5. Str ong -line metallicity maps of each g alaxy calculated fr om [O iii ] λ5007 PSF-matched cubes, using calibrations from E. Cataldi et al. ( 2025 ) 
and the line ratios from Table 1 , in spaxels where SNR > 3 for all relevant emission lines. The [O iii ] λ5007 flux centroid of each galaxy is indicated by a 
black cross on the relevant plot. The morphological centre obtained from PySersic fitting (see Section 3.3 ) is shown as the white-outlined cross on each 
plot. The annular regions from which the metallicity gradients are derived (Fig. 6 ) are highlighted by the red dashed circles on each plot. The average 
error in metallicity for an individual spaxel is ∼ 0 . 25 dex for ID6355 and ∼ 0 . 16 dex for ID10612; hence, both maps are consistent with flat metallicity 
profiles. 
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easurements, we first PSF match our data cubes to the worst
SF, i.e. the PSF at the wavelength of [O iii ] λ5007 . This is done to
itigate the effects of PSF variation across different wavelengths

n spatially resolved metallicity measurements. We then apply
ust corrections to spectra extracted from the PSF-matched cube
ccording to their measured H γ /H β ratios. After dust correction,
 e estimat e metallicity from the corr ected flux es using two sepa-

ate methods: str ong -line calibrations (e.g . M. Curti et al. 2020a ;
. Cataldi et al. 2025 ; see Table 1 ) and the so - called direct- T e 
ethod. 
We use updated str ong -line calibrations, as presented by E.

ataldi et al. ( 2025 ) for z ∼ 2 − 3 , to e xplor e the spatial metal-
icity variation across each galaxy. While these calibrations are
ased on observations at lower redshifts than our objects, they
r e still mor e appr opriat e t o study z ∼ 7 . 6 galaxies than calibra-
ions based on local-Universe measurements (e.g. M. Curti et al.
020a ). In general, we find assuming different metallicity cali-
rations (e.g. see R. Maiolino & F. Mannucci 2019 for ext ensiv e
iscussion; M. Curti et al. 2020a ; K. Nakajima & R. Maiolino
022 ; R. L. Sanders et al. 2023 ; I. H. Laseter et al. 2024 ) can
ntroduce systematic uncertainties of � 0 . 2 dex. Furthermore, all
tr ong -line calibrations are based on radiation fields typical of 
tar-forming r egions; if AGN ar e pr esent, line ratios can deviate
ignificantly from the SF calibrations due to the hardness of AGN
adiation. This can result in inaccurate measurements of overall

etallicities and false metallicity gradients. As str ong -line mea-
ur ements ar e highly uncertain, especially at high r edshift, we
tilize all five of the str ong -line calibrations shown in Table 1 to
btain the best possible constraint on str ong -line metallicity. 

For the direct- T e method, we derive the temperature of the
O iii ]-emitting gas (O 

++ ) by exploiting the high SNR detection of 
O iii ] λ5007 and [O iii ] λ4363 in the R 2700 spectra. We simultane-
usly derive gas density using the [O ii ] λλ3727 , 3729 doublet ra-
NRAS 546, 1–28 (2026) 
io, whose lines are det ect ed with SNR > 3 in the R 2700 int egrat ed
pectrum of ID6355. The temperature of the O 

+ emitting region
hereafter t 2 ) is assumed to follow the temper ature-temper ature
 elation fr om Y. I. Izotov et al. ( 2006 ), i.e. t 2 = 0 . 693 t 3 + 2810 ,
here t 3 is the temperature of the O 

++ emitting gas. 
With the derived temperature and density of the O 

++ gas, we
hen estimate the relative ionic abundances of o xy gen and hydro-
en using the intensity of each species, taking into account the
iffer ent temperatur e- and density-dependent volumetric emis-
ivity of the transitions using PyNeb (V. Luridiana, C. Morisset &
. A. Shaw 2015 ). With this method, we derive the O 

++ /H and
 

+ /H ratios from the [O iii ] λλ4959 , 5007 /H β (assuming t = t 3 )
nd [O iii ]/H β (assuming t = t 2 ) ratios, respectively, and compute
he total o xy gen abundance as O/H = O 

+ /H + O 

++ /H. The direct-
 e metallicity is then computed as [12 + log ( O / H )] . 
Using the int egrat ed and spatially resolved emission-line prop-

rties, w e estimat e the metallicity pr operties of our g alaxies on
oth int egrat ed (Section 4.2.3 ) and spatially resolved (Section 4.3 )
cales. Our main approach to studying spatially resolved metal-
icity is to fit spectr a extr acted from concentric elliptical annuli
nd obtain radial gradients. We also map str ong -line metallicity
n a spax el-by-spax el basis using the [O iii ] λ5007 PSF-matched
ubes. 

On a spax el-by-spax el basis, it is not always possible to correct
 given spaxel for dust extinction, as H γ is not as extended as
 β in either galaxy (see Figs 2 and 3 ). How ev er, w e only r equir e

patially resolved dust correction for our metallicity analysis. In
he case of metallicity gradients, these are derived from spectra
nt egrat ed across multiple spaxels so each line is det ect ed with
ufficient SNR to enable correction. For the strong-line metal-
icity maps, the metallicity associated to a given spaxel is only
alculated when both H β and H γ are det ect ed with SNR > 3 in
ts spectrum. 
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Figure 6. Metallicity gradients for our targets, determined from binned 
spectr a extr acted from the elliptical apertures shown in Fig. 5 . Top two 
panels: (a) str ong -line and (b) direct- T e gradients in ID6355. Bottom 

panel, (c): str ong -line metallicity gradient for ID10612. Flux es ar e cor- 
rected for dust attenuation (Section 3.2 ), and str ong -line metallicity is 
calculated using the E. Cataldi et al. ( 2025 ) calibrations with all five diag- 
nostic ratios shown in Table 1 , where SNR > 3 for the relevant emission 
lines. The horizontal grey dashed line on each plot illustrates the corre- 
sponding central metallicity value, while the solid black line indicates 
the best-fitting linear profile. The shaded region shows the uncertainty 
associat ed t o the best fit. The calculated metallicity gradient, along with 
errors quoted at the 68 per cent confidence level, are quoted together on 
each plot. 
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.3 Estimating morphological parameters 

o obtain the morphological parameters of each source, we fit 
he NIRCam F 444 W filter images (see Section 2.3 ) with a one-
omponent Sérsic model using the Bayesian code PySersic (I. 
asha & T. B. Miller 2023 ). The fitted parameters include elliptic-

ty ( e ), Sérsic index ( n ), effective radius ( R e ), and position angle
 θ). From these paramet ers, w e then estimat e further physical
roperties of the galaxies, including their inclination ( i ). While 
erforming the morphological fitting assumes the galaxy has a 
érsic brightness profile, no assumptions were made about the 
ocation of the photometric or kinematic centre of the galaxy. 

The fitted and derived galaxy properties are summarized to- 
ether in Table 2 ; the models, residuals and posterior corner plots
r oduced fr om our PySersic fit are presented in Appendix C .
he fitted morphological centres are illustrated in Fig. 5 later 

n the paper, and we find the fitted morphological centr es ar e
lightly offset from the [O iii ] λ5007 flux centroids. Interestingly,
e identify half-light radii R e > 1 kpc in both galaxies, which are
nexpectedly large for low-mass galaxies at such high redshifts 
T. Morishita et al. 2024 ; L. Westcott et al. 2025 ; N. Allen et al.
025 ; T. B. Miller et al. 2025 ; W. McClymont et al. 2025c ). 

The axis ratio q = b/a (ratio of scale height to scale length) is
elat ed t o the ellipticity by 

 = 1 − e. (2) 

alaxy discs are widely thought to be thicker at high redshifts (A.
er Wel et al. 2014 ), so the inclination i of the disc is calculated
r om the measur ed axis ratio q , as demonstrated in R. B. Tully
t al. ( 1998 ): 

cos i = 

(
q 2 − q 2 0 
1 − q 2 0 

)1 / 2 

, (3) 

here q 0 is the intrinsic axial ratio of a perfectly edge-on disc
alaxy; typically q 0 ∼ 0 . 2 for a thin disc. We note that the choice
f q 0 within its typical range, 0 . 0 − 0 . 2 , does not strongly impact
nferr ed kinematical pr operties (S. H. Price et al. 2020 ; N. M.
örster Schreiber & S. Wuyts 2020 ). 

 GAL AXY  P RO P E RT I E S  

.1 Auroral line AGN diagnostics 

revious works (J. Brinchmann 2023 ; M. S. Silcock et al. 2025 )
ave concluded there is evidence to support the presence of AGN

n our target g alaxies. Her e, w e further inv estigat e this claim by
tilizing [O iii ] λ4363 auroral line-based diagnostics from G. Maz-
olari et al. ( 2024b ), which have been shown to reliably identify
GN at high redshift (I. Juodžbalis et al. 2025 ; G. Mazzolari et al.
025 ). 

We present the [O iii ] λ4363 diagnostics in Fig. 4 , where it can
e seen that ID6355 nominally falls in the AGN-only region in two
ut of three diagrams. Although the points cross the demarcation 

ines within their uncertainties, given the additional evidence of 
 high-ionization source from the det ect ed [Ne iv ] emission in
his galaxy (J. Brinchmann 2023 ; M. S. Silcock et al. 2025 ), the
iagnostics are consistent with the interpretation of ID6355 as 
osting an AGN. Furthermore, as the H β emission line does not
how evidence for broadening outside of the broad component 
lso associated with the [O iii ] λλ4959 , 5007 emission, this sug-
ests ID6355 hosts a Type-II (narrow-line) AGN. 

On the other hand, the line ratios of ID10612 are consistent
ith either SF or AGN activity across all three diagrams; there-

ore, we still lack conclusive evidence for an AGN being the dom-
nant source of ionization in this galaxy. How ev er, w e not e that G.

azzolari et al. ( 2024b ) have emphasized that their demarcation
ines are very conservative, and that the AGN-only region likely 
xtends by 0.25–0.5 dex below the lines they provide (see further
iscussion in G. C. Jones et al. 2025b ). 
To estimate an upper limit on bolometric luminosity, we uti- 

ize the dust-corrected narrow-line H β fluxes from the galaxy- 
nt egrat ed spectra. With the calibrations reported in H. Netzer
 2009 ), w e estimat e log 10 (L bol / erg s −1 ) ∼ 45 . 7 − 46 . 2 in our tar-
ets. How ev er, these calibrations assume the lines used to derive
 bol are dominated by the AGN emission. This assumption is not
ecessarily true as we are considering the galaxy-int egrat ed spec-

ra, and ther efor e the estimated L bol r epr esent upper limits. Fur-
hermore, depending on the calibration adopted (e.g. A. Lamastra 
t al. 2009 , Hirschmann et al., in preparation), uncertainties in
he estimated L bol can go up to ∼ 1 dex. 
MNRAS 546, 1–28 (2026) 
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M

Figure 7. [O iii ] λ5007 kinematic maps of each galaxy, comparing the narrow (left column) and broad (right column) components in each galaxy. These 
are plotted for all spaxels with [O iii ] λ5007 SNR > 5 for the respective component. The magenta hatched ellipse in the bottom left of each plot indicates 
the size of the NIRSpec/IFS PSF at the wavelength of the [O iii ] λ5007 emission line, and a 2 kpc scale bar is also included. The black cross on each 
figur e corr esponds to the centroid of [O iii ] λ5007 int egrat ed flux. Individual panels in each figure show the following maps: (i) narrow component of 
[O iii ] λ5007 int egrat ed flux; (ii) broad component of [O iii ] λ5007 int egrat ed flux; (iii) v nar , rel , the narrow-line v elocity relativ e t o the syst ematic galaxy 
v elocity; (iv) �v , the v elocity offset betw een the narrow and broad components; (v) σnar , the intrinsic velocity dispersion of the narrow component; and 
(vi) σbroad , the intrinsic velocity dispersion of the broad component. 

Table 1. Emission-line diagnostic ratios used in this w ork, t ogether with 
their compact notation. For further discussion of these calibrations, see 
e.g. M. Curti et al. ( 2020a ). 

Name Emission-line ratio 

R 2 [O ii ] λλ3727 , 3729 /H β

R 3 [O iii ] λ5007 /H β
ˆ R 0 . 47 R 2 + 0 . 88 R 3 
O 3 O 2 [O iii ] λ5007 /[O ii ] λλ3727 , 3729 
Ne 3 O 2 [Ne iii ] λ3869 / [O ii ] λλ3727 , 3729 
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Table 2. Summary of galaxy parameters obtained by fitting NIRCam 

F 444 W imag es of our targ ets with PySersic . Top segment: parameters 
obtained dir ectly fr om the PySersic fits. Bott om segment: deriv ed galaxy 
par ameters. The axis r atio and inclination ar e calculated fr om the fitted 
ellipticity; see Equations (2) and (3). Errors are quoted at the 68 per cent 
confidence level and are derived from the PySersic fitting posteriors. The 
uncertainties quoted her e e x clude systematic errors not accounted for by 
the modelling and should ther efor e be taken as a lower limit. 

Parameter Unit Value 
ID6355 ID10612 

e 0 . 54 ± 0 . 01 0 . 53 ± 0 . 01 
n 0 . 95 ± 0 . 03 2 . 63 +0 . 13 

−0 . 14 
R e pixel 5 . 75 +0 . 05 

−0 . 04 6 . 45 +0 . 19 
−0 . 18 

R e kpc 1 . 45 ± 0 . 01 1 . 63 ± 0 . 05 
θ ◦ 93 . 4 ± 0 . 6 65 . 3 ± 1 . 1 

q 0 . 46 ± 0 . 01 0 . 47 ± 0 . 01 
i ◦ 65 . 0 ± 0 . 7 64 . 3 ± 0 . 7 
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.2 Int egrat ed galaxy properties 

e report the galaxy-int egrat ed best-fitting paramet ers of the nar-
 ow and br oad components of a two-Gaussian model fit to each
alaxy (see Section 3.1 ) in the upper segment of Table 3 . Impor-
antly, w e not e that uncertainties in the derived quantities are
ominated by systematic uncertainties from the calibrations used

n our analysis, rather than from the random flux uncertainties
n our measurement. As our quoted uncertainties on the final
erived values are determined from the random uncertainties,
hey should be considered as a lower limit on the true error. In
able 3 , we additionally present some derived galaxy properties,
s described across the following subsections. 
NRAS 546, 1–28 (2026) 
.2.1 Dust attenuation 

able 3 shows the observed r atio of integr ated H γ /H β fluxes
 F H γ /F H β) calculated from our spectral fitting, from which we also
alculat e the att enuation A V and its associat ed error (see Section
.2 ). We estimate A V in ID6355 as 0 . 3 +0 . 6 

−0 . 3 , indicative of low dust
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Table 3. Summary of galaxy properties, derived from int egrat ed spectra extracted from the apertures described in 
Section 3.1 , with the e x ception of SFR, which is determined from an integrated spectrum extracted from a circular 
apertur e of radius 0 . 5 ar csec (ID6355) or 0 . 4 ar csec (ID10612). Err ors wer e bootstrapped fr om the spectr al fit ting 
uncertainties and are quoted at the 68 per cent confidence interval. We note that errors will always be dominated 
by systematics, including systematic uncertainties on the flux calibration of the instrument ( ∼ 10 per cent , J. Scholtz 
et al. 2025b ), so the errors quoted here and throughout the rest of this work represent a statistical lower bound on the 
true error. Quoted fluxes have been corrected for dust correction where possible. 

ID6355 ID10612 

Redshift 7 . 66360 ± 0 . 00003 7 . 65883 ± 0 . 00002 
FWHM narrow km s −1 189 ± 4 70 ± 4 
FWHM broad km s −1 522 ± 47 275 ± 12 
�v km s −1 79 ± 21 25 ± 4 
F [O iii ] λ5007 , narrow 10 −18 erg s −1 cm 

−2 25 . 6 ± 0 . 8 6 . 8 ± 0 . 3 
F [O iii ] λ5007 , broad 10 −18 erg s −1 cm 

−2 7 . 1 ± 1 . 5 4 . 2 ± 0 . 4 
F H β 10 −18 erg s −1 cm 

−2 4 . 4 ± 0 . 2 1 . 5 ± 0 . 1 
F H γ 10 −18 erg s −1 cm 

−2 2 . 0 ± 0 . 1 0 . 8 ± 0 . 1 
F [O ii ] λλ3727 , 3729 10 −19 erg s −1 cm 

−2 18 . 0 ± 1 . 1 2 . 7 ± 0 . 6 
F [O iii ] λ4363 10 −19 erg s −1 cm 

−2 7 . 2 ± 1 . 1 2 . 9 ± 0 . 5 
H γ /H β 0 . 45 ± 0 . 03 0 . 54 ± 0 . 04 
A V 0 . 3 +0 . 6 

−0 . 3 0 
SFR log [M � yr −1 ] 1 . 73 ± 0 . 03 1 . 17 ± 0 . 02 
T e ([O iii ]) 10 4 K 1 . 6 ± 0 . 2 1 . 8 ± 0 . 4 
n e cm 

−3 790 +410 
−250 1000 (assumed, see Section 4.2.3 ) 

12 + log (O / H) Str ong -line 7. 81 ± 0 . 11 (see Section 4.3 ) 7 . 41 ± 0 . 15 
12 + log (O / H) Direct T e 7 . 90 +0 . 30 

−0 . 21 7 . 70 +0 . 22 
−0 . 20 

N otes. Upper segment: �v r epr esents the velocity offset of the br oad component r elativ e t o the narrow component. 
Low er segment: deriv ed int egrat ed pr operties of our targets. The str ong -line metallicities ar e estimated using all 
five diagnostic ratios shown in Table 1 . The str ong -line metallicity of ID6355 may be affected by AGN ionization, 
as discussed later in Section 4.3 . Note that A V is quoted as 0 for ID10612 as the H γ /H β ratio indicates no dust in this 
galaxy. 
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ontent, though non-negligible extinction is also possible within 

he uncertainties. 
We note that the integrated spectrum of ID10612 exhibits a 
 γ /H β ratio significantly larger than intrinsic, resulting in an 

nphysical A V ; such anomalous Balmer line ratios in early galax- 
es have been shown in simulations (e.g. W. McClymont et al. 
025a ) and can also be seen in stacks of Type-II AGN spec-
ra (J. Scholtz et al. 2025d ). The anomalous line ratios cannot
e explained by dust attenuation alone, indicating that density- 
ound nebulae depart from Case -B physics. Furthermore, Case - 
 ionization is highly dependent on particular temperatures and 

ensities, and may only apply to specific regions within a galaxy. 
ence, w e can attribut e the anomalous Balmer ratio in this galaxy

o peculiar gas conditions; non-subtracted stellar continuum or 
ther contaminants are unlikely to play a role due to the weakness
f the continuum. As we cannot estimate A V directly in ID10612 
rom the Balmer line ratios, we assume no dust, consistent with
he findings of M. Curti et al. ( 2023 ) and S. Tacchella et al. ( 2023 ).
 significant caveat to this approach arises as it does not allow

orrection for absorption of ionizing photons by dust before they 
onize hydrogen, but this will have a negligible effect on our
esults at the low A V values we find. 

.2.2 Star formation rates 

tar formation rates (SFRs) are typically calculated from H α lu- 
inosity, but this emission line is outside of the NIRSpec/IFU 

 avelength r ange at the redshifts of our targets. In this w ork, w e
nstead employ dust-corrected H β luminosity as a pr o xy for H α

uminosity, based on the case-B intrinsic ratio between the lines 
 H α/ H β = 2 . 86 ; D. E. Osterbrock 1989 ). This ratio is dependent
n both temperature and density, and as mentioned in Section 

.2 , the Balmer-line ratio does not trace the entire dust content of 
he galaxy. How ev er, due t o the low dust attenuation we observe
n these galaxies, we deem this approach sufficiently reliable for 
ur purposes. 

To ensure we account for SF in the full extent of each galaxy, we
xtr act integr ated spectr a fr om 0 . 5 and 0 . 4 ar csec radius cir cular
pertures for ID6355 and ID10612, respectively (see Fig. B1 in 

ppendix B ), and calculate the int egrat ed flux of the H β narrow-
ine component. After correcting for dust attenuation, we esti- 

ate L H β by combining these results with luminosity distance as 
stimated from our fitted redshifts. We ultimately estimate SFRs 
y adapting the H α–SFR relation from R. C. Kennicutt & N. J.
vans ( 2012 ), 

log 10 ( SFR [M � yr −1 ]) = log 10 (2 . 86 × L H β [ erg s −1 ]) − 41 . 27 . (4) 

e thus identify overall lensing -corr ected SFRs of 
og ( SFR M � yr −1 ) = 1 . 73 ± 0 . 03 and 1 . 17 ± 0 . 02 in ID6355
nd ID10612, respectively. We note that the Balmer-to- 
FR conversion was calibrated for normal SFGs and solar 
etallicities, meaning that a non-zero ionizing photon escape 

raction, or the presence of an AGN (as is likely the case for our
argets), will introduce further systematic errors � 0 . 15 dex in
he measured SFRs (i.e. R. C. Jr Kennicutt 1998 ; R. L. Theios
t al. 2019 ). 

.2.3 Electr on temperatur e, density, and integrated metallicity 

n ID6355, the individual [O ii ] λλ3727 , 3729 and [O iii ] λ4363
mission lines are each det ect ed with SNR > 3 , so electron den-
ity ( n e ) and temperature ( T e ) may be measured directly us-
MNRAS 546, 1–28 (2026) 
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ng PyNeb . We estimate a galaxy-integrated electron density of 
90 +410 

−250 cm 

−3 in ID6355, consistent with other densities measured
t high- z, i.e. n e ∼ 300 − 1000 cm 

−1 (Y. Isobe et al. 2023 ; C. Mar-
oncini et al. 2024 ; J. Scholtz et al. 2025c ). We also measure an
lectr on temperatur e of (1 . 6 ± 0 . 2) × 10 4 K. 

How ev er, ev en in the galaxy-int egrat ed spectrum of ID10612,
he individual [O ii ] λλ3727 , 3729 lines are not det ect ed with suf-
cient SNR for direct calculation of electron density to be possi-
le. Inst ead, w e assume n e of this galaxy is comparable to ISM
lectron densities found by studies of other JWST galaxies at
 ∼ 7 − 9 , i.e. n e ∼ 1000 cm 

−3 (Y. Isobe et al. 2023 ), leverag-
ng this assumed electron density together with the measured
O iii ] λ4363 /[O iii ] λ5007 ratio to calculate T e . Hence, we estimate
n electr on temperatur e of (1 . 8 ± 0 . 4) × 10 4 K in ID10612. We
ote that measured T e does not have a strong dependence on

he choice of density estimation provided n e � 1000 cm 

−3 , so
ssuming a lower n e has a negligible impact on the measured
irect- T e metallicity. 3 
We present the galaxy-int egrat ed metallicities in Table 3 .
e measure strong-line metallicities of 12 + log ( O / H ) = 7 . 81 ±

 . 11 ( 0 . 13 +0 . 04 
−0 . 03 Z �) and 7 . 41 ± 0 . 15 ( 0 . 05 +0 . 02 

−0 . 01 Z �) in the cen-
ral region ( r ∼ 1 . 25 kpc) of ID6355 and ID10612, respectively.
dditionally, w e estimat e the ov erall direct- T e metallicity of 

D6355 as 7 . 90 +0 . 30 
−0 . 21 ( 0 . 16 +0 . 11 

−0 . 08 Z �). For ID10612, the assumption of 
 e ∼ 1000 cm 

−3 yields a direct- T e metallicity of 7 . 70 +0 . 22 
−0 . 20 ( 0 . 10 ±

 . 05 Z �). We note that for each galaxy, both methods yield values
f metallicity consistent within the associated errors. 

.3 Metallicity profiles 

aving measured the int egrat ed chemical properties of the two
alaxies, we now utilize our spatially resolved detection of the
mission lines (Figs 2 and 3 ) to study the spatial variation of their
etallicities. 
We first inv estigat e the variation of metallicity on a spaxel-by-

paxel basis, utilizing the PSF-matched cubes to present strong-
ine metallicity maps of ID6355 and ID10612 in Figs 5 (a) and (b),
espectively. The metallicity variation is irregularly distributed in
oth galaxies (Fig. 5 ). At the same time, the error in each metallic-

ty for a given spaxel ( ∼ 0 . 2 dex) is comparable to the magnitude
f metallicity variation across the entire galaxy, indicating that
oth galaxies have flat metallicity profiles overall. We stress that
hese maps should be int erpret ed with caution, as the strong-line

etallicity calibrations are based on observations at z ∼ 2 − 3 (E.
ataldi et al. 2025 ) and may not be reliable at z ∼ 7 . 6 . Further-
or e, as pr eviously discussed (see Section 3.2 ), the presence of an
GN in a galaxy will affect its measured line ratios and hence also
ny inferred strong-line metallicity (M. Curti et al. 2017 , 2020a ; N.
umari et al. 2021 ), meaning these maps do not necessarily trace
etallicity variation alone. 
A mor e r obust appr oach lies in calculating metallicity gradi-

nts using radially binned spectra. We choose to radially bin spax-
ls in elliptical annuli uniformly spaced along the semimajor axis
width ∼ 0 . 08 arcsec , see Fig. 5 ), obtaining spectra with higher
NR than available from individual spax els. A differ ent choice
f bin (e.g. non-uniformly spaced) does not significantly impact
ur science results. The elliptical bins were defined using the
NRAS 546, 1–28 (2026) 

 Assuming n e ∼ 790 cm 

−3 , i.e. comparable to the density of ID6355, re- 
ults in changes of ∼ 0 . 01 dex for the inferred T e and direct- T e metallicity 
f ID10612, insignificant relative to the inferred uncertainties). 

k
 

g  

k  

(  
orresponding position angle and ellipticity of each galaxy, as ob-
ained by morphological fitting (Table 2 ), and flux uncertainties
er e appr opriately combined during the binning process. Once

gain, we utilize all five diagnostic emission-line ratios from Table
 , only calculating the metallicity in a particular annulus if all
ecessary emission lines are det ect ed at SNR > 3 . Metallicities
r e measur ed as a function of the distance along the elliptical
emimajor axis, and we present these gradients in Fig. 6 . We
easur e str ong -line metallicity gradients of −0 . 01 ± 0 . 01 and
0 . 00 ± 0 . 02 dex kpc −1 in ID6355 and ID10612, respectively (see

he panels a and c of Fig. 6 ), consistent with both galaxies hav-
ng flat metallicity gradients. How ev er, it must again be stressed
hat calculating str ong -line metallicities inv olv es the inherent as-
umption that observed photoionization is driven by SF. The AGN
resent in ID6355 may affect observed line ratios independently
f metallicity, with implications for its inferred strong-line metal-
icity gradient. Hence, direct- T e metallicity gradients would offer
 better probe of the metallicity variation in ID6355. 

In ID6355, there is sufficiently good detection of 
O ii ] λλ3727 , 3729 (SNR > 3 for each line in the doublet) to

ap electron density in concentric annuli around the centre of 
he galaxy, though the region we can derive direct- T e within is
imited by the spatial extent of [O iii ] λ4363 detection (see Fig. 2 ).

hen inspecting each annulus-binned spectrum, we identified
 small feature blueward of [O iii ] λ4363 , which grows more
rominent and contaminates the [O iii ] λ4363 emission at larger
adii. We rule out [Fe ii ] emission as a cause of this feature,
nd determine it is most likely caused by a residual outlier that
as missed by the data reduction pipeline. Though we masked
ut the wavelength channels corresponding to this residual
eature, it is only possible t o av oid its associat ed [O iii ] λ4363
ontamination and inv estigat e the direct- T e metallicity gradient
n ∼ 1 kpc scales. We present the calculated direct- T e metallicity
rofile of ID6355 in Fig. 6 (b); we identify a negative gradient of 
0 . 11 ± 0 . 03 dex kpc −1 , in tension with the flat gradient found

y str ong -line measur ements; this tension will be discussed
urther in Section 6.2 . 

 GAL AXY  K I N E M AT I C S  

.1 Kinematical maps 

e present an overview of the narrow- and broad-component
O iii ] λ5007 kinematics in Figs 7 (a) and (b). We include inte-
rated [O iii ] λ5007 flux and velocity dispersion maps of each
omponent ( σnar and σbroad , respectively), as well as the narrow-
ine relative velocity ( v nar , rel ) and the velocity offset between the
omponents ( �v ). 

While several different lens models for the SMACS
0723.3 −7327 clust er hav e been published (G. B. Caminha
t al. 2022 ; M. Pascale et al. 2022 ; G. Mahler et al. 2023 ), these
odels yield consistent magnification factors of μ ∼ 1 . 2 − 1 . 7

or our targets, and we conclude that overall lensing factors
f this magnitude would have a negligible influence on the
nferr ed g alaxy kinematics (e.g . S. Arribas et al. 2024 ; G. C. J ones
t al. 2024b ). Hence, an exploration of the effect lensing model
hoice might have on the systematics introduced to estimated
inematical properties is beyond the scope of this paper. 
Figs 7 (a-ii) and (b-ii) show that the broad component in each

alaxy is spatially extended beyond the size of the PSF ( r ∼ 1
pc) and centr ally concentr ated. In ID6355, there is a ∼ 0 . 1 arcsec
 ∼ 0 . 5 kpc) offset between the narrow and broad [O iii ] λ5007
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Figure 8. The evolution of v rot /σv , as traced by ionized gas, across cosmic 
time. We compare ID6355 and ID10612 to a compilation from the litera- 
ture, including observations of ionized gas: JWST /NIRCam (Z. Li et al. 
2023 ; gold sample from A. L. Danhaive et al. 2025 ), ground-based IFU 

(E. Wisnioski et al. 2015 ; N. M. Förster Schreiber et al. 2018 ), MOSFIRE 

(S. H. Price et al. 2020 ), ALMA z ∼ 6 (E. Parlanti et al. 2023 ), NIRSpec (A. 
Graaff et al. 2024 ; S. Arribas et al. 2024 ); and simulations: illustris-TNG 

(A. Pillepich et al. 2019 ) and serra (M. Kohandel et al. 2024 ). ID10612 
only has a lower error bar in this plot, as its estimated rotational velocity 
is an upper limit. 
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4 We note that this approach w as calibr ated for the stellar kinematics of 
massive ( M ∗ ∼ 10 9 − 10 10 M �) galaxies at z ∼ 0 . 8 , but other calibrations 
provide similar answers, within ∼ 0 . 3 dex (C. Marconcini et al. 2024 ). 
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ux centroids, while the two components’ flux centroids spatially 
oincide in ID10612. The velocity offsets, �v , between the narrow
nd broad components are fairly small ( < 100 km s −1 ) in both
alaxies. The fitted velocity dispersion is also significantly higher 
or the broad component than for the narrow component, as can 

e seen from a comparison of panels (v) and (vi) in Figs 7 (a) and
b). 

F rom the w avelength resolution of the cubes and the mean
O iii ] λ5007 SNR of individual pixels, we estimate the velocity
esolution of our observations as ∼ 15 km s −1 . From Fig. 7 (a-
ii), we thus identify a resolved asymmetric velocity gradient in 

D6355, but Fig. 7 (b-iii) shows there is no clearly resolved rotation
n ID10612. Although these galaxies are not rotating axisymmet- 
ic discs, we can estimate a constraint on the projected rotational
elocities ( v obs ) in each galaxy. For ID6355, this is done by cal-
ulating the average of the maximum and minimum v nar , rel , as
dentified at R e in the v nar , rel map. As ID10612 lacks a resolved
 elocity gradient, w e inst ead estimat e the upper bound on its
r ojected r otational velocity as the resolution of our observations,

.e. 15 km s −1 . How ev er, v obs must be corrected to account for
alaxy inclination, using 

 rot = v obs / sin (i ) , (5) 

here v rot is the deprojected rotational velocity. We therefore 
alculated v rot at the effective radius in ID6355 and ID10612 as
5 ± 26 and < 17 km s −1 respectively. 

To measure the intrinsic velocity dispersion σ , fr ee of r esolved
otions, we adopt an approach similar to that of E. Wisnioski

t al. ( 2015 ), measuring the velocity dispersion of the narrow
omponent in the outer regions of the galaxies. This approach 

educes the effect of beam smearing, which mainly affects the 
entral region and can be significant when a galaxy has a pro-
ounced velocity gradient (as is the case for ID6355). Using the
alaxy-int egrat ed spectra, w e measure intrinsic velocity disper- 
ions of 103 ± 40 and 48 ± 11 km s −1 in ID6355 and ID10612,
espectively. 

We assess the relative importance of rotational and disper- 
ional support in each galaxy through the ratio v rot /σ , mea- 
ured within the effective radius R e . We measure v rot /σ as 0 . 66 ±
 . 36 and < 0 . 36 in ID6355 and ID10612, respectively, indicating
hat ID6355 exhibits a small degree of rotational support, while 
D10612 is entirely dispersion-dominated. Our observation that 
D6355, the higher mass of our two galaxies, is also the galaxy
 xhibiting mor e r otational support, is as e xpected fr om the r esults
f studies at Cosmic Noon (e.g. E. Wisnioski et al. 2015 ). 

In Fig. 8 , we compare our v rot /σ to those from other ionized
 as studies acr oss cosmic time. Pr evious studies of ionized (E.
arlanti et al. 2023 ; A. Graaff et al. 2024 ; S. Arribas et al. 2024 ; A.
. Danhaive et al. 2025 ) and cold (L. E. Rowland et al. 2024 ) gas at
igh redshift have indicated that highly turbulent systems such as 
ur targets are not uncommon at early cosmic times, though we 
ote that cold gas kinematics are known to be different from those
f ionized gas. Our results are in tension with serra simulations
f ionized gas for galaxies in a stellar mass range similar to that
f our targets (M. Kohandel et al. 2024 ), which predict higher
 rot /σ across early cosmic times. We instead find our results are 
onsistent with an expected increase in σ and decrease in rota- 
ional support towards early cosmic times, as predicted by some 
ther simulations such as TNG (A. Pillepich et al. 2019 ) and now
bserved in many galaxies at z � 4 (A. L. Danhaive et al. 2025 ). 
.2 Dynamical masses 

o constrain the dynamical mass of our targets, we follow the
ame approach as other works (e.g. H. Übler et al. 2023 ; S. Carni-
ni et al. 2025 ), using the relation from A. der Wel et al. ( 2022 ): 4 

 dyn = β( n ) K( q ) 
σ 2 

∗ R e 

G 

, (6) 

here σ∗ is the stellar velocity dispersion. β(n ) = 8 . 87 −
 . 831 n + 0 . 0241 n 

2 and K(q ) = 

[
0 . 87 + 0 . 38 e −3 . 71(1 −q ) ]2 are cor-

ection factors for galaxy profile and inclination, following M. 
appellari et al. ( 2006 ) and A. der Wel et al. ( 2022 ), respectively. σ∗

s inferred from σ using the best-fitting relations from R. Bezan- 
on et al. ( 2018 ), σ∗ � 1 . 26 × σ . M dyn r epr esents twice the mass
nside the sphere of radius R e (M. Cappellari et al. 2006 ); in the
ollowing analysis, we treat M dyn as the total mass, even though
MNRAS 546, 1–28 (2026) 
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Table 4. Summary of derived dynamical properties of each galaxy, along 
with bootstrapped errors quoted at the 68 per cent confidence interval. 
v rot been corrected for galaxy inclination; see Equation ( 5 ). For the com- 
parison of dynamical to stellar mass, we note that M. Curti et al. ( 2023 ) 
measure stellar masses of log (M ∗/ M �) = 8 . 72 ± 0 . 04 and 8 . 08 ± 0 . 04 in 
ID6355 and ID10612, respectively. 

Property Unit Value 
ID6355 ID10612 

v rot km s −1 65 ± 26 < 17 
σ km s −1 103 ± 40 48 ± 11 
σ∗ km s −1 130 ± 50 61 ± 14 
v rot /σ 0 . 63 ± 0 . 36 < 0 . 36 
log 10 (M dyn / M �) 10 . 6 +0 . 2 

−0 . 6 9 . 9 +0 . 2 
−0 . 3 

M ∗/M dyn 0 . 013 ± 0 . 010 0 . 015 ± 0 . 007 
v esc km s −1 480 ± 190 210 ± 50 
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t r epr esents an e xtrapolation and the true total mass can thus be
uch larger. 
We report measured dynamical masses of ID6355 and ID10612

s log 10 (M dyn / M �) = 10 . 6 +0 . 2 
−0 . 6 and 9 . 9 +0 . 2 

−0 . 3 , respectively (see Ta-
le 4 ). It is also interesting to investigate the M ∗/M dyn ratio, as
his gives an indication of the gas (and dark matter) fraction in
 galaxy. Taking M ∗ as measured by M. Curti et al. ( 2023 , see
he caption of Table 4 ), we find M ∗/M dyn = 0 . 013 ± 0 . 010 and
 . 015 ± 0 . 007 in ID6355 and ID10612, respectively. These low
atios of stellar to dynamical mass indicate both galaxies have
igh gas fractions and/or high dark matter fractions in their cen-

ral regions, which have also been found for other distant, low-
ass galaxies (A. Graaff et al. 2024 ; A. L. Danhaive et al. 2026 ).

n galaxies with low stellar masses (i.e. log (M ∗/ M �) ≤ 9 . 5 − 10 ),
igh gas fractions such as these combine with shallow potential
 ells t o promot e central starbursts. Gas inflows t o the central

egions (A. Dekel & A. Burkert 2014 ; K. El-Badry et al. 2016 ; S.
NRAS 546, 1–28 (2026) 

igure 9. Velocity channel maps of ID6355, created by collapsing the spectral
eak of the [O iii ] λ5007 emission line. The [O iii ] λ5007 flux centroid is shown a
orrespond to the 3 σ , 5 σ , and 10 σ flux levels of the fitted narrow and broad co
acchella et al. 2016 ; P. F. Hopkins et al. 2023 ), and outflows
riggered by SF (e.g. S. Carniani et al. 2024b ), disrupt disc settling,
nd inject turbulence into the ISM. Low-mass g alaxies ar e also
ore unstable to disruption from gravitational instabilities. The

nterplay of these disruptive mechanisms can help explain the
ow degree of rotational support measured in our two galaxies
nd other galaxies in the early Universe (A. L. Danhaive et al.
025 ). 

.3 Identification of high-velocity gas 

y mapping the kinematics of the [O iii ] λ5007 emission line in
ach galaxy, w e hav e identified a resolv ed v elocity gradient in
D6355 and a lack of resolv ed v elocity gradient in ID10612 [see
igs 7 (a-iii) and (b-iii), respectiv ely]. We hav e also found broad
omponents in both ID6355 and ID10612, which are redshifted
elativ e t o their narrow-line count erparts. We now seek t o dis-
ntangle the broad components in each galaxy from systemic
isc emission, to show clearly that the broad components are
ot associated with galactic rotation but rather have a separate
inematical origin, such as an outflow or merger. 
To more clearly illustrate the motion of gas, we create velocity

hannel maps for each galaxy (see Figs 9 and 10 ) by collapsing the
FU cubes into velocity channels of 100 km s −1 , centred around
he observed peak of [O iii ] λ5007 emission. If these galaxies ex-
ibit pure rotation, we would expect the peak flux to be symmet-
ic across the 0 km s −1 boundary in Figs 9 and 10 . How ev er, w e
nst ead observ e a faint flux in the high velocity ( ∼ 200 − 400 km
 

−1 ) channels of both galaxies, which is not noticeably present in
he corresponding low velocity channel, indicating a discrepancy.
he additional broad kinematical component in these galaxies
an manifest as an asymmetry in the channels such as we ob-
erve here, as any broad component such as outflow or merger is
enerally complex and affected by attenuation by ISM in the disc.
 flux into 100 km s −1 relative velocity channels centred on the observed 
s a magenta cross in each subplot. The dashed contours in white and red 

mponents, respectively, in each channel. 

g094/8426291 by guest on 31 M
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Figure 10. Velocity channel maps of ID10612, created by collapsing the spectral flux into 100 km s −1 relative velocity channels centred on the observed 
peak of the [O iii ] λ5007 emission line. The [O iii ] λ5007 flux centroid is shown as a magenta cross in each subplot. The dashed contours in white and red 
correspond to the 3 σ , 5 σ , and 10 σ flux levels of the fitted narrow and broad components, respectively, in each channel. 
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In Figs 9 and 10 , we additionally show the contours of fitted
arr ow and br oad component flux in each velocity channel, plot-

ed at the 1 σ , 3 σ , and 5 σ confidence levels. In each galaxy, the
road component of the [O iii ] λ5007 line is asymmetrically dis-
ributed about the centr al w avelength, contributing significantly 
o the high velocity ( ∼ 200 − 400 km s −1 ), redshifted compo-
ent. As the broad flux falls well outside what we can reasonably
ttribut e t o the g alactic r otation, we conclude that these br oad
omponents arise due to a second kinematical component in each
alaxy. 

.4 Origin of the broad component 

 cr oss the pr evious sections, w e hav e present ed evidence for an
dditional high-velocity ( > 200 km s −1 ), non-rotating kinematical 
omponent in the [O iii ] λ5007 emission-line-based kinematics of 
oth galaxies (see Figs 1 , 7 , 9 , and 10 ). We will now discuss the
ossible origin of these broad components. 
S. Tacchella et al. ( 2023 ) analysed the NIRCam photometry of 

hese galaxies, finding that both have shown a recent increase 
n SFR. They further identified both galaxies as having complex 

orphologies consisting of multiple components, suggesting that 
heir recent increases in SFR are driven by in-situ gravitational in-
tabilities or mergers. In fact, enhanced merger rates are expected 

n prot oclust er en vironments lik e the one which hosts our target
alaxies (L. C. Marcelin et al. 2025 ). Our measured broad compo-
ents are also consistent with a merger, as there are small spectral
 < 100 km s −1 ) and spatial ( < 0 . 2 arcsec ) separations between the
arr ow and br oad components in each object. How ev er, it should
e pointed out that the g alaxies wer e shown to be clumpy in the
V NIRCam filters, suggesting bursty SF rather than a merger 

rigin. Additionally, we do not see a multiply peaked [O iii ] λ5007
r H β flux distribution in our spatial maps as is typically found
n mergers (e.g. G. C. Jones et al. 2024b ). 
Inter estingly, the br oad component in both g alaxies is r ed-
hift ed relativ e t o the narrow component; this indicat es the gas
s moving along the line of sight away from us, suggesting an
nflow of gas. How ev er, there are two significant problems with
his explanation. First, we have determined both galaxies to have 
ow dust content (based on measurements of H γ /H β; see Section
.2.1 ), rendering it unlikely that a significant [O iii ] λλ4959 , 5007
lue wing is present but dust-obscured. Secondly, in the case of an

nflow, w e w ould expect t o see the br oad component corr espond
o nearly pristine gas with [O iii ] λ5007 / H β < 1 (E. Vanzella et
l. 2023 ; K. Nakajima et al. 2025 ; T. Y .-Y . Hsiao et al. 2025 ; R.
aiolino et al. 2025a ). How ev er, w e not e that our measur ed br oad

omponents have [O iii ] λ5007 /H β ratios of 4 . 0 ± 0 . 9 and 8 . 6 ±
 . 3 in ID6355 and ID10612, respectively, significantly higher than
xpected for pristine inflowing gas. 

Another, more likely, explanation for the observed broad com- 
onent is an outflow. Indeed, Y. Xu et al. ( 2025 ) utilized the MSA
pectra of ID6355 and ID10612 to identify their broad compo- 
ents and characterized them as outflows. The broad component 
 elocities w e now infer ar e high ( � 250 km s −1 ), as ar e the velocity
ispersions of both the narrow and broad components (Table 4 ),
ore suggestive of gas that is highly turbulent and re-energized 

n some way, possibly from feedback processes. Furthermore, Fig. 
 indicates the broad component in ID6355 does contribute to 
igh-velocity gas at −300 to −200 km s −1 , as we might tradition-
lly expect for an outflow. The redshifted nature of the broad
omponent could arise due to outflow orientation, but due to 
ur small sample size, we cannot distinguish whether redshifted 

utflow components are a systemic property of early galaxies 
ike our targets, or whether we have simply managed to identify
his population by chance. Reg ar dless, pur ely r edshifted outflows
ave already been observed as part of lower redshift studies such
s the KASHz survey at Cosmic N oon, wher e ∼ 16 per cent of 
utflows are found to be redshifted rather than blueshifted (C. 
MNRAS 546, 1–28 (2026) 
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Table 5. Summary of outflow properties, estimated by fitting the two- 
Gaussian model (Section 3.1 ) to an int egrat ed spectrum extract ed from 

the ‘outflow region’ of each galaxy, along with bootstrapped errors quoted 
at the 68 per cent confidence interval. M out is calculated based on the 
dir ect- T e metallicity of each g alaxy (see Table 3 ). r out and M out have been 
corrected for lensing. 

Property Unit ID6355 ID10612 

σbroad , deconv km s −1 210 ± 20 120 ± 10 
�v outflow km s −1 92 ± 23 30 ± 10 
r out kpc 0 . 95 +0 . 16 

−0 . 20 0 . 73 +0 . 14 
−0 . 18 

v out km s −1 512 +83 
−84 255 +18 

−27 
v out /v esc 1 . 06 ± 0 . 45 1 . 23 ± 0 . 31 
M out 10 6 M � 8 . 2 +10 . 4 

−3 . 5 7 . 4 +7 . 0 
−2 . 9 

˙ M out ˙ M � yr −1 14 +18 
−6 8 +11 

−3 
η 0 . 3 +0 . 3 

−0 . 1 0 . 4 +0 . 5 
−0 . 2 
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. Harrison et al. 2016 ; J. Scholtz et al. 2020 ). A larger sample
f similar targets would be r equir ed to statistically determine
hether red-shifted outflows are common at high- z. 
Robustly identifying the origin of a broad component is not

tr aightforw ard at such high redshifts, and is complicated further
y the low masses of our targets. With multiphase or higher reso-

ution observations, it may be possible to conclusively distinguish
etween the different scenarios, but currently we work within
he limitations of our data. Given the high outflow velocity ( ∼
00 km s −1 ) and centr al concentr ation of the broad kinematical
omponent in ID6355, we conclude that this component is not
art of an inflow or a merger. As such, taking into consideration
he caveats discussed above, we attribute the broad component
o an outflow in ID6355. On the other hand, interpreting the
road component in ID10612 is more challenging. The lower
utflow velocity of 255 km s −1 and lack of settled kinematics (see
ection 5 ) in this galaxy make the outflow interpretation difficult.
ence, the broad component could be an artefact of the complex
inematics of this object; we can note the obvious ‘footprint’ of 
he broad component visible in Fig. 7 (b-v) as evidence of the
ifficulties of disentangling the kinematical components in this
 alaxy. Ther efor e, fr om now on we tentatively attribute the broad
omponent of ID10612 to an outflow. 

.5 Outflow properties 

aving identified evidence that the broad component in each
alaxy arises from an ionized gas outflow, we now estimate the
ssociated outflow properties. We first extract an int egrat ed spec-
rum from the ‘outflow region’ of each galaxy, as identified in
igs 7 (a-ii) and (b-ii), where the broad component of [O iii ] λ5007
mission is det ect ed with SNR > 5 . To determine the velocity
f the outflowing gas ( v out ), we use the prescription from D. S.
upke, S. Veilleux & D. B. Sanders ( 2005 ): 

 out = | v broad − v narrow 

| + 2 σbroad , deconv , (7) 

here | v broad − v narrow 

| = �v is the v elocity offset betw een the
eaks of the broad and narrow components. σbroad , deconv is the ve-

ocity dispersion of the broad component (measured as 210 ± 20
nd 120 ± 10 km s −1 in ID6355 and ID10612, respectively; Ta-
le 5 ), which has been deconv olv ed with the instrumental line-
pread function σLSF (i.e. σ 2 

broad , deconv = σ 2 
broad − σ 2 

LSF ). We adopt
his method as it guarantees outflow velocities are not signifi-
antly dependent on the inclination of the outflow cone with
espect to the line of sight (D. S. Rupke et al. 2005 ; F. Fiore et al.
NRAS 546, 1–28 (2026) 
017 ). We estimate outflow velocities of 512 +83 
−84 and 255 +18 

−27 km s −1 

or ID6355 and ID10612, respectively, which are slow compared
o the outflow velocities one might typically expect for AGN-
riven outflows, ∼ 400 − 3500 km s −1 (e.g. R. L. Davies et al.
020 ). We additionally note that v out should be treated as an upper
imit, as only a small fraction of outflowing mat erial w ould be

oving with this high velocity. 
We compare the outflow velocity of our sources to those of 

ther JWST spectroscopically identified outflows (traced by H α

r [O iii ] λ5007 , i.e. ionized g as) acr oss cosmic time in Fig. 11 ;
ur r esults ar e consist ent with other [O iii ]-det ect ed outflows at
 ∼ 7 − 8 in having outflow velocities < 1000 km s −1 . This figure
lso includes three QSOs observed with NIRSpec/IFS at high- z
e.g. M. A. Marshall et al. 2023 ), showing that high-luminosity
r massive sources can show dramatically faster outflows even at
arly cosmic times (M. Brazzini et al. 2025 ). This is in contrast to
he lower mass regime probed by our targets, where we expect to
ee lower velocity outflows. Our results show outflow velocities
onsistent with those in SFGs, hinting at bursty SF as a potential
river for the outflows. 
Over time, outflows can have a significant effect on a galaxy’s

volution, either by evacuating the gas into the cir cumg alactic
edium (CGM) or by heating the CGM and thereby inhibiting

utur e g as accr etion (S. Br ownson et al. 2019 ; G. C. J ones et al.
023 ; J. S. Bennett et al. 2024 ). We assess the long-term impact of 
ur det ect ed outflows by comparing the measured outflow v eloc-
ty to the escape velocity of the host g alaxy. Fr om our estimate of 
 dyn (see Section 5.2 ), we calculate the escape velocity v esc as 

 esc = 

√ 

2 GM dyn 

R e 
. (8) 

e find v out / v esc ratios of 1 . 06 ± 0 . 45 and 1 . 23 ± 0 . 31 for ID6355
nd ID10612, respectively, indicating that v out � v esc for the high-
st velocity outflowing gas in both of our targets. While only part
f the outflowing gas may escape the gravitational potential of 
he halo , this ma y enrich the CGM with metals and additionally
uppress SF over long time-scales, as gas is gradually depleted
r om the g alaxy. We compar e the r elationship of the v out /v esc ratio
 o st ellar mass both in our targets and in samples selected from
he literature in the left-hand panel of Fig. 12 (see Section 6.1 for
urther discussion). 

We estimate the mass of outflowing g as, M out , dir ectly fr om
he dust-corrected luminosity L 

corr 
[O iii ] of the broad component of 

O iii ] λ5007 (see e.g. S. Carniani et al. 2015 ), using 

 out = 0 . 8 × 10 8 
( L 

corr 
[O iii ] 

10 44 erg s −1 

) (
Z out 

Z �

)−1 ( n out 

500 cm 

−3 

)−1 
M �, (9)

here Z out and n out are the metallicity and electron density of the
utflowing g as, r espectiv ely. How ev er, diagnostic emission lines
ecessary to measure n e and direct- T e metallicity are too faint to
e det ect ed in our observ ed outflows, and assumptions must be
ade. Some studies of outflows at high- z (e.g. A. Concas et al.

022 ; S. Carniani et al. 2024b ) assume an outflow electron density
f 380 cm 

−3 , the typical value estimated from deep observations
f z ∼ 2 SF-driven outflows (N. M. Förster Schreiber et al. 2019 ).
ow ev er, w e opt for a more conserv ative approach, set ting the

utflow density for both galaxies as n e = 1000 cm 

−3 , the median
SM density of z ∼ 7 − 9 JWST galaxies as found by Y. Isobe
t al. ( 2023 ). Additionally, we set Z out as the dir ect- T e g as-phase



Exploring low-mass galaxies at z ∼ 7 . 6 17 

Figure 11. Cosmic evolution of ionized gas outflow velocities measured from rest-frame optical emission lines, with dependence on stellar mass also 
illustrated. ID6355 and ID10612 are plotted as the pink- and purple-outlined stars, respectively. Points in blue, orange, and yellow outlines correspond 
t o outflows det ect ed in H α, [O iii ], or both, respectively. The comparison samples shown in this plot include outflow velocities measured in: low-mass, 
high-redshift AGN, and SFGs (Y. Zhang et al. 2024 ; S. Carniani et al. 2024b ; Y. Xu et al. 2025 ); higher mass galaxies and quasars from the GA-NIFS 
literature (M. Perna et al. 2023 ; H. Übler et al. 2023 ; I. Lamperti et al. 2024 ; E. Parlanti et al. 2024 ; B. Rodríguez Del Pino et al. 2024 ; E. Bertola et al. 2025 ; 
E. Parlanti et al. 2025 ; M. Perna et al. 2025 ; J. Scholtz et al. 2025c ); and massive AGN-host galaxies at z ∼ 2 (D. Kakkad et al. 2020 ; G. Tozzi et al. 2024 ). 
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etallicity of each galaxy 5 , i.e 0 . 16 +0 . 11 
−0 . 08 and 0 . 10 +0 . 06 

−0 . 04 Z � in ID6355
nd ID10612, respectively (see Section 4.2.3 ). 

To estimate mass outflow rat es, w e adopt the same approach as
ther high-redshift outflow studies (e.g. S. Carniani et al. 2024b ; 
. A. Cooper et al. 2025 ), assuming a uniformly filled conical
utflow: 

˙ 
 out = 3 M out v out /r out , (10) 

here r out is the extension of the outflow (e.g. R. Maiolino et al.
012 ; E. González-Alfonso et al. 2017 ). This approach also as-
umes that the outflow rate is constant with time (e.g. D. Lutz
t al. 2020 ). We estimat e the outflow ext ension r out by measuring
he area of the outflow r egion, appr o ximating it as circular, and
alculating the corresponding radius; this yields r out ∼ 1 kpc in 

ach galaxy, comparable with the measured effective radii (see 
able 2 ), and ther efor e r epr esentative of e xtended outflows. 
We estimate the mass outflow rates of our sources to be 14 +18 

−6 
nd 8 +11 

−3 M �yr −1 in ID6355 and ID10612, respectively, and report 
he properties of our det ect ed outflows in Table 5 . We will further
iscuss the impact of the outflows in Section 6.3 . It should be
oted that the measured outflow masses and rates are highly 
ensitiv e t o the choice of assumptions relat ed t o metallicity, elec-
ron density, and outflow geometry. For example, we find that 
 We note as a caveat that outflows are known to be more metal enriched 
han narrow-line regions (e.g. P. Du et al. 2014 ). 

o
s  

l  

6

ssuming the outflow metallicity is closer to solar would decrease 
he mass outflow rate by a factor of ∼7–10 in both galaxies.
urthermore, assuming a shell rather than filled multiconical 
utflow geometry would reduce the measured mass outflow rate 
y a factor of three (D. Lutz et al. 2020 ). As an additional caveat,
 e not e that [O iii ]-based energetics are typically underestimated
ith respect to H β-based ones (S. Carniani et al. 2015 ; F. Fiore

t al. 2017 ; M. Perna et al. 2019 ), which could also reduce our
easured mass outflow rate. 
A further way of evaluating outflow impact is through estimat- 

ng the mass-loading factor ( η) of the outflow, 

= 

˙ M out / SFR , (11) 

hich indicates the primary source of gas consumption in the sys-
 em. We estimat e η = 0 . 3 +0 . 3 

−0 . 1 and 0 . 4 +0 . 5 
−0 . 2 in ID6355 and ID10612,

espectively, showing that outflows are subdominant to SF in 

oth galaxies. We must be conservative in interpreting η, as the as-
umptions inv olv ed in calculating mass-loading fact or, including 
he caveats discussed above, can have systematic uncertainties of 
p to ∼ 1 dex (D. Kakkad et al. 2020 ). Furthermore, we note that
is an instantaneous quantity that can change on time-scales of 
 few Myr (e.g. Y. Qiu et al. 2021 ), and hence is not r epr esentative
f the long-term effect of feedback. We investigate the relation- 
hip of η to stellar mass in our targets through comparison to a
iterature sample in the right-hand panel of Fig. 12 (see Section
.1 for discussion). 
MNRAS 546, 1–28 (2026) 
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Figure 12. A summary of ionized gas outflow properties across observations and simulations. We compare our results for ID6355 and ID10612 (the 
pink and purple stars, respectively, in each plot) to outflows in z > 2 AGN-host and SFGs (a subsample of the literature shown in Fig. 11 ), as well as local 
( z < 1 ) AGN-host dwarf g alaxies fr om W. Liu et al. ( 2020 ) and V. Rodríguez Morales et al. ( 2025 ). We additionally compare our results to three different 
modes of the aesopica simulations (Koudmani et al., in preparation) of outflows in z ∼ 7 . 6 dwarf galaxy AGN: Fiducial , boosted accretion ( BoostAcc ), 
and super-Eddington with boosted accretion ( SuperEdd + BoostAcc ). Left-hand panel: ratio of the ionized gas outflow velocity to escape velocity ( v out /v esc ) 
as a function of stellar mass. v esc for our targets have been estimated via calculated dynamical mass as described in Section 5.2 . The black dashed line 
indicates v out /v esc = 1 . Right-hand panel: mass-loading factor ( η = 

˙ M out / SFR ) as a function of stellar mass. The black dashed line indicates η = 1 . 
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 DISCUSSION  

.1 Comparison to NIRSpec/MSA integrated 

easurements 

 number of existing studies (e.g. D. Schaerer et al. 2022 ; J.
rinchmann 2023 ; J. R. Trump et al. 2023 ; M. Curti et al. 2023 ;
. Tacchella et al. 2023 ; A. C. Carnall et al. 2023a ; Y. Xu et al.
025 ) have utilized NIRSpec/MSA data from the ERO programme
 o charact erize the tw o g alaxies pr esented in this study. In this
ection, we present a brief overview of how our results, obtained
rom the higher resolution NIRSpec/IFU observations, compare
o those from previous studies. 

First of all, we discuss SFRs. Previous studies all present mea-
ured SFRs that are significantly smaller than our values across
oth galaxies (J. Brinchmann 2023 ; K. Nakajima et al. 2023 ; M.
urti et al. 2023 ; S. Tacchella et al. 2023 ). A cr oss these previous
easur ements ther e is a significant spread in values depending

n the methods used in calculating SFR ( log ( SFR / M � yr −1 ) =
 . 29 − 1 . 49 and 0 . 70 − 1 . 23 for ID6355 and ID10612, respec-
ively), indicating the assumptions involved play a non-trivial role
n the final SFR estimates. As J. Brinchmann ( 2023 ), M. Curti et
l. ( 2023 ), and S. Tacchella et al. ( 2023 ) estimate SFR from SED
NRAS 546, 1–28 (2026) 

i  
tting, K. Nakajima et al. ( 2023 ) offer the best comparison to
ur results, as their estimated SFRs are also derived from dust-
orr ected H β flux es. They measur e log ( SFR / M � yr −1 ) = 1 . 41 ±
 . 01 and 1 . 14 +0 . 01 

−0 . 02 for ID6355 and ID10612, respectively. The SFR
 e deriv ed for ID10612, log ( SFR / M � yr −1 ) = 1 . 17 ± 0 . 02 , is con-

istent with the K. Nakajima et al. ( 2023 ) within 2 σ . In contrast,
or ID6355, we find log ( SFR / M � yr −1 ) = 1 . 73 ± 0 . 03 which is
ignificantly higher than that measured by K. Nakajima et al.
 2023 ), as the two values are not consistent within 3 σ . We note K.
akajima et al. ( 2023 ) have adopted the G. Chabrier ( 2003 ) IMF

initial mass function) in their SFR estimation, while we have ap-
lied SFR calibrations assuming a P. Kroupa & C. Weidner ( 2003 )
MF, but R. C. Kennicutt & N. J. Evans ( 2012 ) comment that
hese IMFs should yield similar results. Hence, the discrepancy in

easured SFR instead most likely arises because our integrated
pectra ar e e xtracted fr om a larger ar ea compar ed to the slit of 
he NIRSpec/MSA observations (see Fig. B1 ); hence, we obtain
 more complete estimate of the total SFR of the galaxies using
FU spectra. This discrepancy is most significant for ID6355 as
t is more extended than ID10612, and is therefore not as well
overed by the MSA slit. Indeed, by comparing NIRSpec inte-
r ated spectr a extr acted fr om the MSA apertur es to the g alaxy-
nt egrat ed spectra from Section 3.1 , we estimate that the MSA
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perture misses up to 57 per cent and 15 per cent of the SFR in
D6355 and ID10612, respectively. 

The difference in aperture size between the MSA and IFU 

ould also drive discrepancies in measur ed ISM pr operties, par-
icularly if key emission lines (e.g. [O iii ] λ4363 ) are poorly cap-
ured by the MSA slit. For instance, we now turn to elec-
r on temperatur e. Comparing to r esults fr om M. Curti et al.
023 , w e first not e that w e hav e measured a consist ent elec-
r on temperatur e for ID10612, finding (1 . 8 ± 0 . 4) × 10 4 K com-
ared to their measurement of (1 . 75 ± 0 . 16) × 10 4 K . How-
v er, w e find a significantly higher value for ID6355 compared
o this earlier study (our value (1 . 6 ± 0 . 2) × 10 4 K compared
o their value (1 . 20 ± 0 . 07) × 10 4 K ). However, this analysis
s based on the entire [O iii ] λλ4959 , 5007 and H β line pro-
les. When recalculating T e , now deconvolving the broad com- 
onent det ect ed in each galaxy, w e inst ead find y et higher
lectr on temperatur es of (1 . 8 ± 0 . 4) × 10 4 and (2 . 2 ± 0 . 4) ×
0 4 K , r evealing discr epantly higher T e for both g alaxies, which
aturally has implications for the direct- T e metallicities we 

nfer. 
Compared to previous studies (K. Nakajima et al. 2023 ; M.

urti et al. 2023 ; S. Tacchella et al. 2023 ), our measured direct-
 e metallicities are significantly lower. In particular, in compar- 

son to M. Curti et al. ( 2023 ), the direct- T e metallicity we have
dentified for ID6355 ( 7 . 90 +0 . 30 

−0 . 21 ) is significantly lower than their
uoted value of 8 . 24 ± 0 . 07 , but this value is consistent with
urs to within 2 σ . Furthermore, when recalculating the direct- 
 e metallicity after removing the broad component, we measure 
alues of 7 . 48 +0 . 43 

−0 . 27 and 7 . 12 +0 . 24 
−0 . 10 in ID6355 and ID10612, respec-

ively; these values are significantly lower than our earlier esti- 
ate that included both narrow and broad components ( 7 . 90 +0 . 30 

−0 . 21 
nd 7 . 70 +0 . 22 

−0 . 20 ), and discrepant to the values found by M. Curti
t al. ( 2023 ), 8 . 24 ± 0 . 07 and 7 . 73 ± 0 . 12 . This difference suggests
he narrow and broad kinematical components in each galaxy 
ave different metallicities and therefore distinct physical prop- 
rties, which affects g alaxy pr operties inferr ed fr om an overall
ine profile. Hence, when working with high-resolution spectra 
her e separate br oad components can be r esolved, it is important

o account for the presence of a broad component when making 
alculations of ISM properties. 

Finally, Y. Xu et al. ( 2025 ) measure outflow properties in our
arget galaxies using the R 1000 spectral data, finding a lower out-
ow velocity for ID6355 ( 386 ± 33 km s −1 compared to our value
f 512 +83 

−84 km s −1 ), but obtaining a comparable result for ID10612
 254 ± 35 km s −1 compared to 255 +18 

−27 km s −1 ) within the respec-
ive err ors. Furthermor e, they hav e obtained mass-loading fact ors
f 0.59 and 0.70 for ID6355 and ID10612, which are consistent
ith our measured values of η = 0 . 3 +0 . 3 

−0 . 1 and 0 . 4 +0 . 5 
−0 . 2 within 1 σ .

ith our IFS observations, we were able to directly estimate the
utflow size, unlike MSA observation-based studies such as Y. Xu 

t al. ( 2025 ) which must rely on assumed sizes. Furthermore, the
patial resolution of our observations enabled us to trace outflows 
nd SFRs more completely than would be possible with the MSA 

bservations. These significant improvements of IFU over MSA, 
ombined with the inherently uncertain nature of η, therefore 
o not allow for meaningful comparison between our results and 

hose of Y. Xu et al. ( 2025 ). 

.2 Metallicity profile implications 

etallicity gradients bear the imprint of underlying processes 
uch as gas accretion, SF, outflows, and mergers, as well as the
nterplay of these processes (R. Maiolino & F. Mannucci 2019 ).
v erall, negativ e (radially decreasing) gradients are often inter- 
reted as arising from inside–out galaxy formation, with stars 
orming earlier in the inner parts of a galaxy and having more
ime to chemically enrich the inner regions than the outer ones
A. M. Garcia et al. 2025b ). Positive (radially increasing) gradients
an be produced by accretion of external pristine gas towards the
entre of the galaxy, or by metal-rich outflows from the galaxy
entre driving metals outward (G. Cresci et al. 2010 ; P. Troncoso
t al. 2014 ; J. Chisholm, C. Tremonti & C. Leitherer 2018 ). Flat
radients can arise from the radial mixing of gas or redistribution
f metals on galaxy scales, as induced by SN winds or outflows
W. M. Baker et al. 2023 ); galaxy mergers can also produce flat
radients. Although we do not favour the merger scenario for 
he objects presented in this study (see Section 5.4 ), it is worth

entioning that, based on recent JWST observations, the galaxy 
ajor merger rate is 2 − 8 Gyr −1 (D. Puskás et al. 2025 ). This is

ignificantly higher than at low- z, meaning that it is likely that
igh- z galaxies have undergone one or more major mergers in

heir lifetimes, which will have had an impact on their observed
etallicity profiles. 
Studies of spatially resolved metallicity gradients are currently 

 ery limit ed at z > 5 , and primarily pr esent str ong -line metal-
icity gradients. G. Venturi et al. ( 2024 ) measured metallicity
radients in a sample of three galaxies at z ∼ 6 − 8 , which are
omparable to our targets in t erms of their st ellar mass and
ulk gas-phase metallicity. They identify metallicity gradients 
f ∼ −0 . 05 to + 0 . 14 dex kpc −1 , flat within their uncertainties
nd consistent with processes mixing gas and metals on galaxy 
cales (i.e. mergers, outflows, or SN winds). L. Vallini et al. ( 2024 )
easure metallicity gradients in five UV-luminous Lyman-break 

alaxies at z ∼ 7 to be mildly negative, also compatible with flat
radients within the uncertainties. R. Tripodi et al. ( 2024 ) infer
light positive gradients by analysing 2D slit spectra stacked along 
he slit; such inv ert ed gr adients could be tr acing near-pristine
as inflows toward the centre; again, the gradients they measure 
re also consistent with being flat within the uncertainties. In 

ontrast to these results, Z. Li et al. ( 2025 ) present an investiga-
ion of metallicity gradients around the redshift of our sources 
ased on the stacking of grism spectra and find evidence of steep
egative gradients, which they ascribe to inside-out growth with 

ittle feedback. They suggest that the flat gradients found by G.
enturi et al. ( 2024 ) might be due to the sample comprising of 
erging syst ems. How ev er, w e not e that the stacking t echnique

s subject to potential issues associated with combining galaxies 
ith different sizes and properties. Finally, S. Arribas et al. ( 2024 )
ave identified a gradient of ∼ 0 . 1 dex kpc −1 across the whole
tructure of SPT0311-58-E, which they conclude is explained by 
ccretion of pristine gas from the IGM. Overall, the flat gradients
e measure in this study are therefore consistent with current 
bservational picture of diverse metallicity gradients in the early 
niverse. 
While the flat str ong -line gradients and irr egular metallicity

istributions, w e observ e in our targets may be due to some
erger activity (see Section 5.4 ), our favoured outflow scenario 
ould suggest that that the negative gradients suggested by the 

nalysis of Z. Li et al. ( 2025 ) are not ubiquitous among isolated
alaxies at this cosmic epoch, and that metal redistribution via 
eedback processes might be at work in low-mass galaxies at these
arly times. A. M. Garcia et al. ( 2025a ) also suggest that the flat
radients often measured at high- z may arise due to feedback
MNRAS 546, 1–28 (2026) 
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ssociated with bursty SF, though this association is less clear at
he low-mass end. 

In contrast to the str ong -line r esults, the neg ative dir ect- T e 
radient inferred for ID6355 may point to inside–out structure
ormation and rotational support playing some role in its metal-
icity profile. The tension between our str ong -line and direct- T e 
esults also highlights some of the challenges currently facing
igh-redshift metallicity gradient analyses. For example, the ten-
ion may arise in part due to str ong -line calibrations being inap-
ropriate for studying metallicity in the inner region of ID6355, as
GN ionization could artificially flatten the observed str ong -line
radient. On the other hand, direct- T e metallicity measurements
ssume a constant density applies to the aperture (e.g. Z. Martinez
t al. 2025 ), which may not be a valid assumption in the case
f clumpy high- z galaxies. A detailed study of how such factors
ffect measur ed str ong -line and dir ect- T e metallicity gradients,
nd of how t o resolv e this t ension, is bey ond the scope of this
aper. 

.3 Comparison to outflow properties in local analogues 
nd simulations 

n Section 5.3 , we argued that the broad component seen in the
O iii ] λλ4959 , 5007 emission line of ID6355 arises due to an out-
ow; we also suggested a tentative outflow detection in ID10612.

n this section, we now discuss the impact of the det ect ed out-
ows on their host galaxies. 
The r esults fr om Sections 5.4 and 5.5 ar e consistent with find-

ngs at Cosmic Noon and local observations, which have shown
he evidence for AGN feedback is subtle and elusive. Indeed, J.

. Piotrowska et al. ( 2022 ) and A. F. L. Bluck et al. ( 2022 ) have
hown that the effect of AGN feedback is cumulativ e ov er many
GN episodes; hence, we do not expect to observe any strong
vidence of AGN feedback on a short time-scale (J. Scholtz et al.
020 ; I. Lamperti et al. 2021 ; J. Scholtz et al. 2024 ), so the low
ass-loading factors calculated for our targets do not reveal the

verall impact of the outflows. Furthermore, the lower velocities
f our outflows are consistent with the findings of C. M. Har-
ison et al. ( 2016 ) and N. M. Förster Schreiber et al. ( 2019 ) of 
 strong correlation between outflow velocity and stellar mass,
nd also with the trend hinted at in Fig. 11 of outflow velocity
ecr easing towar d earlier cosmic times in normal M ∗ < 10 9 M �
GN-host and SF galaxies. This evidence points t owards slow er
utflows in early low-mass g alaxies, incr easing the difficulty of 
onclusively identifying outflows at high- z. A systematic, large-
ample study accounting for both L bol and M ∗ will be necessary
o confirm this trend, but such an analysis is beyond the scope of 
his paper. Furthermore, both of our sources hosting redshifted
utflow components indicates that outflow morphology may be
omplex or different to expectations at in the early Universe,
urther complicating the matter of identifying outflows. 

In Fig. 12 , we compare our detection of outflows in our high- z
argets to the best local analogues we could identify in the liter-
ture: local AGN-host dwarf galaxies at z < 1 (from W. Liu et al.
020 ; V. Rodríguez Morales et al. 2025 ). In terms of low mass-
oading factor, our targets are consistent with some of these local
warf galaxies; how ev er, w e not e that although these dwarf galax-

es ar e consider ed to be ‘low-mass’ locally , most of them have a
tellar mass almost 0.5 dex higher than those of our targets. To
roperly evaluate how local dwarf galaxies compare to our high-
edshift sample and inv estigat e how AGN feedback ev olv es across
osmic time in low-mass syst ems, w e w ould r equir e a larger sam-
NRAS 546, 1–28 (2026) 
le with lower mass local AGN-host dwarf galaxies. We also find
hat our observations are consistent with other JWST /NIRSpec
amples from the literature, particularly those probing lower stel-
ar mass (S. Carniani et al. 2024b ), which ultimately show low

ass-loading factors and v out /v esc ∼ 1 . 
To assist with the further interpretation of our results, we make

 comparison of our observations to the results of aesopica
imulations. aesopica is a new suite of large-volume cosmo-
ogical simulations (Koudmani et al., in preparation) built upon
he fable galaxy formation model (N. A. Henden et al. 2018 ),
ith targeted updates for modelling the growth of infant SMBHs

n the early Universe. aesopica e xplor es thr ee key modifications
o fiducial galaxy formation models: enabling efficient accretion
n the low-mass regime (S. Koudmani, D. Sijacki & M. C. Smith
022 ), incorporating super-Eddington accretion, and examining a
road range of seed masses ( 10 2 to 10 5 M �) following seed evolu-
ion from early cosmic epochs ( z ∼ 20 ). From the simulations, we
elect simulated AGN-host galaxies at z ∼ 7 . 6 , i.e. the redshift of 
ur sources. The simulated galaxies roughly match the dynamical
nd stellar mass of our targets. We utilize three different simu-
ation modes: (i) fiducial accretion following fable (‘ Fiducial ’),
ii) boosted accretion allowing efficient AGN activity in low-mass
alaxies following S. Koudmani et al. ( 2022 ) (‘ BoostAcc ’), and (iii)
oosted accretion with super-Eddington accretion (up to 10 times
he Eddington limit; ‘ SuperEdd + BoostAcc ’). 

In the right-hand panel of Fig. 12 , we note that outflows ob-
erved with JWS T ha ve a wide rang e of measured mass -loading
act ors scatt er ed ar ound η ∼ 1 . The r esults fr om the aesopica
imulations on average have larg er mass -loading factors, but dis-
lay a considerable scatter at a fixed stellar mass with some sim-
lated galaxies in good agreement with our observational esti-
at es. We how ev er caution that estimating the mass outflow

 ate in observ ations includes major systematic uncertainties with
 eg ar ds to the assumed density and metallicity of the outflow, re-
ulting in systematic uncertainties of up to 1 dex (as discussed in
ection 5.5 ). Furthermor e, ther e ar e significant uncertainties in
he modelling of high-redshift AGN in simulations and, crucially,
n measuring the simulated outflow properties in an analogous

anner to the observations (for a recent detailed discussion on
his topic, see S. Martin-Alvarez et al. 2026 ). Importantly, the

ass-w eight ed outflow v elocities calculat ed fr om simulations ar e
ignificantly biased low compared to outflow velocities inferred
rom mock observations based on the same simulations. We
her efor e utilize the 95th percentile of the (mass-w eight ed) gas
elocity distribution as a mor e r eliable tracer of the broad-line-
ased outflow velocity (see discussion in appendix B of S. Martin-
lvarez et al. 2026 ). Finally, we use Equation ( 10 ) to calculate the
utflow rat e, int egrating ov er all outflowing mass betw een the
bservational resolution limit (conservatively ∼ 40 km s −1 ) and
he outflow velocity based on the 95th percentile. 

Although it is reassuring that the aesopica simulations con-
ain some systems that resemble our observations (see Fig. 12 ),
 e ultimat ely cannot make any firm conclusions on the nature of 

he observed outflows. For a true apple-to-apple comparison, we
ould need to produce full mock observations of the aesopica
utputs; how ev er, this is bey ond the scope of this explorat ory
 ork, and w e defer utilizing this approach until future studies
ith larger samples of similar outflow observations. We stress

hat accounting for observational effects would likely increase the
catter in the simulated outflow distributions. Furthermore, out-
ows with low mass-loading factors and high outflow velocities
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r e mor e likely to arise fr om simulations with a r esolved multi-
hase ISM (see e.g. S. Koudmani et al. 2019 ; U. P. Steinwandel
t al. 2022 ). 

While we conclude the broad components in each galaxy corre- 
pond to outflows, we must also comment on what may be driving
hem. In simulations of dwarf galaxies without efficient AGN 

ctivity (our Fiducial model), the high outflow velocities observed 

or our targets are quite rare (see left-hand panel of Fig. 12 ).
igh outflow velocities are much more common in the aesopica 

imulations with boosted AGN accretion efficiency (i.e. the Boost- 
 cc or SuperEdd + BoostA cc models). This is in line with previous
 esults fr om the fable simulations (S. Koudmani et al. 2021 ) as
ell as high-resolution simulations of idealized galaxies (S. Koud- 
ani et al. 2019 ). Int erestingly, w e found from our analysis of the

imulations that high outflow velocities are generally associated 

ith ov ermassiv e BHs (see Appendix D ); this is also a common
eature in AGN observed with JWST (e.g. H. Übler et al. 2023 ; R.

aiolino et al. 2024a ; I. Juodžbalis et al. 2025 ). Combining with
he t entativ e det ection of an AGN in ID6355, w e propose that
his may be an example of an AGN-driven outflow operating in a
ow-mass galaxy in the early Universe. On the other hand, as we
ave not conclusively identified ID10612 as hosting an AGN, we 
annot currently distinguish whether an outflow in this galaxy is 
riven by AGN or SF. 
Our analysis of these galaxies has demonstrated that searching 

or outflows at the epoch of reionization is significantly more 
hallenging than at lower redshifts. Low outflow velocities can 

esult in outflows being confused with galactic rotation, merging 
alaxies or tidal interactions (A. Concas et al. 2022 ; G. C. Jones et
l. 2025a ; J. Scholtz et al. 2025c ), requiring deep, high spectral res-
lution IFS observation to disentangle the different kinematical 
omponents. 

 CONCLUSIONS  

n this w ork, w e hav e present ed a detailed analysis of new, high
pectr al resolution NIRSpec/IFS observ ations of two low -mass, 
otential AGN-host galaxies at z ∼ 7 . 6 . Through our int egrat ed
nd spatially resolv ed inv estigations of the ISM properties and 

inematics in our targets, we find that: 

(i) Based on established AGN diagnostics based on the 
O iii ] λ4363 auroral line, our observations of ID6355 are con-
istent with AGN ionization, while ID10612 is consistent with 

ither AGN or SF activity (see Fig. 4 ). Combining with ear-
ier results including the detection of high ionization lines 
[Ne iv ] λλ2422 , 2424 ; J. Brinchmann 2023 ) and full spectral fit-
ing (M. S. Silcock et al. 2025 ), we conclude ID6355 hosts a Type-II
GN, while ID10612 remains a t entativ e AGN-host candidate. 
(ii) Our results show marginal discrepancies in measured SFR 

nd direct- T e metallicity when compared to the results of earlier
tudies using the NIRSpec/MSA observations of these galaxies; 
e measure higher SFRs and lower metallicities overall, though 

lmost all findings are consistent with earlier results within the 
ssociated uncertainties. The discrepancies can primarily be ex- 
lained by difference in aperture size between the IFU and MSA 

bservations. 
(iii) Taking advantage of spatially resolved observations, we 

nd evidence for flat str ong -line metallicity gradients of −0 . 01 ±
 . 01 and 0 . 00 ± 0 . 02 dex kpc −1 in ID6355 and ID10612 respectiely
Fig. 6 ). When compared to the limited previous studies of metal-
icity gradients in galaxies at comparable redshift (G. Venturi et al. 
024 ; L. Vallini et al. 2024 ; R. Tripodi et al. 2024 ; S. Arribas et al.
024 ; Z. Li et al. 2025 ), our results suggest that a redistribution of 
etals is occurring on a galactic scale in our targets. We note that

hese gradients are not radially symmetric, and that while maps 
f str ong -line metallicity (see Fig. 5 ) are not particularly reliable,
hey indicate the flat str ong -line gradients may arise due to an
rregular metallicity distribution in these galaxies. 

(iv) We identify a negative direct- T e metallicity gradient of 
0 . 11 ± 0 . 03 dex kpc −1 , in significant tension with the str ong -

ine result. This tension could arise from problems with the 
tr ong -line calibrations or the constant-density assumptions of 
he direct- T e calculation. As we cannot distinguish between these 
cenarios without further study on these gradients in larger 
ample of galaxies, we conclude that ID6355 exhibits a flat-to- 
egativ e gradient, consist ent with scenarios ranging from inside–
ut structure formation to gas mixing on kpc scales within the
alaxy. 

(v) Both g alaxies e xhibit comple x kinematics with multiple 
omponents (see Section 5 ). ID6355 exhibits evidence for some 
otational support with high dispersion (Fig. 7 a), while ID10612 
s completely dominated by dispersive motions (Fig. 7 b). We iden-
ify v rot /σ ratios of 0 . 63 ± 0 . 36 and < 0 . 36 in the r espective g alax-
es, consistent with the emerging theoretical and observational 
ictur e of decr easing r otational support towar ds early cosmic
imes (Fig. 8 ). 

(vi) By combining morphological modelling with our kinemat- 
cs maps, we estimate intrinsic rotational velocities and constrain 

he dynamical masses of our targets. We find M ∗/M dyn ratios of 
 . 013 ± 0 . 010 and 0 . 015 ± 0 . 007 in ID6355 and ID10612, respec-
ively, indicating high gas and/or dark matter fractions, consistent
ith findings for other early low-mass g alaxies (e.g . A. Graaff

t al. 2024 ). 
(vii) We find strong evidence for an additional broad kine- 
atical component in each galaxy, with FWHM = 522 ± 47 and 

75 ± 12 km s −1 in ID6355 and ID10612, respectively (Figs 9 and
0 ). We evaluate inflow , outflow , and merger scenarios as possi-
le origins for this component, ultimately adopting the outflow 

nterpretation in our analysis. 
(viii) Assuming the broad component arises from an outflow 

n each galaxy, we constrain the associated outflow properties. 
e identify ionized outflows with v out of 512 +83 

−84 and 255 18 
−27 km

 

−1 in ID6355 and ID10612, respectively, comparable to that mea- 
ured for other high-redshift outflows (Fig. 11 ), but considerably 
ower than those associated with AGN at lower redshifts. We 
stimate outflow radii of ∼ 1 kpc in each galaxy, indicating the
utflows are spatially extended. We estimate mass outflow rates 
f 14 +18 

−6 and 8 +11 
−3 M � yr −1 in ID6355 and ID10612, respectively. 

oth galaxies have mass-loading factors η < 1 (see the right-hand 

anel of Fig. 12 ), illustrating that at this point in cosmic time, the
utflows cannot completely quench SF in their galaxies. How- 
v er, w e additionally estimate the escape velocity of each galaxy
ased on estimated dynamical masses, finding that the measured 

utflows are capable of driving gas out of the galaxies into the
GM (see the left-hand panel of Fig. 12 ) and could contribute

o the suppression of SF over longer time-scales. We also show
hat the outflow properties of our systems and of high- z AGN ob-
erved with JWST are consistent within systematic uncertainties. 

(ix) To inv estigat e the outflow origins, w e compare the outflow
roperties of our targets with those from the new aesopica sim-
lations (Koudmani et al., in preparation) of z ∼ 7 . 6 AGN-host
warf galaxies in Section 6.3 and Fig. 12 . We find v out /v esc ratios
hat ar e mor e commonly associated with the simulations includ-
MNRAS 546, 1–28 (2026) 
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ng efficient AGN accretion at early cosmic times. We also find
hat our measured mass-loading factors can be r epr oduced by
imulat ed syst ems of similar stellar and dynamical mass. These
bservations together hint that AGN activity could be the driver
f the det ect ed outflows. How ev er, w e caution that the majority
f simulat ed galaxies hav e larger η values, and stress that η is a
argely uncertain outflow parameter across both simulations and
bserv ations. Mock observ ations, when combined with a larger
uture observational sample, will be necessary to tackle the larger
ssue of cosmological simulations tending to find larger mass-
oading factors than observations. Hence, we cannot conclusively
tate whether the measured outflows are driven by AGN or by SF.

Ov erall, this nov el study demonstrat es the importance of ob-
aining deep NIRSpec/IFS observations of low-mass galaxies at
 > 7 , as such observations enable detailed, spatially resolved
nalyses of the g alaxy pr operties and kinematics in this challeng-
ng, poorly understood demographic. The high spatial-resolution
bservations possible with NIRSpec/IFS are particularly crucial
or disentangling any det ect ed br oad components fr om g alactic
otation, and for evaluating the origin of these broad components.
he galaxies discussed in this work r epr esent just a small frac-

ion of a wider high- z population of low-mass galaxies within
hich AGN feedback may be operating . Futur e spatially resolved

tudies based on deep NIRSpec/IFU observations, similar to that
resented in this work, will ther efor e be crucial to our wider un-
erstanding of how outflows influence the kinematics, chemical
nrichment, and ov erall ev olution of low-mass galaxies at this
poch. 
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P P E N D I X  A:  P S F  DE  T E R M I N  AT I O N  

n this w ork, w e deriv e the instrumental PSF of the NIRSpec/IFU
shown, for example, in Figs 2 , 3 , and 7 (a) and ( b) based on a
oint sour ce pr esent in the FoV of our observation of ID6355 (see
ig. A1 ). The PSF corresponding to a particular emission line is
alculated by fitting an image of the IFU cube, collapsed over a
arrow - w avelength r ang e centred on that line, with a 2D Gaus -
ian (see Fig. A2 ). Noting that the observations of ID6355 and
D10612 were taken with only a short interval of time between 

hem, we assume that same PSFs applied to our observations 
f ID10612. This star was also used as a test of our astrometry
ealignment (described in Section 2.4 ). 
igure A1. Mock F 356 W NIRCam image cr eated fr om the NIRSpec/IFU 

bservation of ID6355, showing the full IFU FoV. The point source 
resent in the FoV used for PSF determination is shown circled in red. The 

arge blob of emission at the centre of the figur e corr esponds to ID6355. 
he IFU data shown here have been realigned to match the NIRCam 

bservations. 

igure A2. Image of the star visible in the FoV of the ID6355 obser- 
ation, collapsed over the [O iii ] λ5007 emission line. The image is fitted 
ith a 2D Gaussian to calculate the associated PSF, with a white contour 
lotted at the 1 σ confidence interval. The magenta hatched ellipse in the 
ottom left illustrates the fitted PSF for comparison. 

F
a
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e
w
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P P E N D I X  B :  MSA  AND  I F U  A P E RT U R E  

OMPARISON  

s discussed in Section 6.1 , we compare our results to earlier
 esults obtained fr om the MSA observations. In Fig . B1 , we high-
ight the difference in aperture size between the IFU and MSA
bservations of our targets. This illustrates that the 0 . 25 arcsec ra-
ius apertures chosen t o deriv e int egrat ed g alaxy pr operties fr om
FU data capture the bulk of each galaxy’s [O iii ] λλ4959 , 5007
ux, including galaxy regions not captured by the MSA observa- 

ions. Furthermore, the 0 . 5 and 0 . 4 arcsec radius apertures fully
apture any SF in ID6355 and ID10612, respectively, offering a far
MNRAS 546, 1–28 (2026) 

igure B1. NIRCam F 444 W cutouts of each galaxy (top panel: ID6355 
nd bottom panel: ID10612), illustrating the sizes of the MSA and IFU 

pertur es. The MSA apertur es ar e shown as the cyan r ectangles, with 
ach central rectangle showing while the region of galaxy flux extraction 
hile the surrounding two rectangles show the background detections. 
he IFU apertures used to calculate galaxy-integrated properties in this 
tudy, cir cular apertur es of radius 0 . 25 arcsec for both g alaxies, ar e shown 
n magenta. The IFU apertures used t o calculat e ov er all SFRs, of r adii 
 . 5 arcsec (ID6355) and 0 . 4 arcsec (ID10612), are shown in white. 
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ore complete picture of the total SFR than provided by the MSA
bservations. 

P P E N D I X  C :  PYSERSIC F I T T I N G  

s briefly introduced in Section 3.3 , we model the F 444 W NIR-
am images of our two galaxies using a Sérsic profile in or-
er t o estimat e paramet ers, such as the inclination, which are
eeded to de-project and interpret the measured kinematics. This
NRAS 546, 1–28 (2026) 

igure C1. A visual summary of results from fitting ID6355 with PySersic . T
arameters, along with best-fitting values with their associated errors. The top
atched ellipse in each of the model/data/residual plots shows the NIRCam PS
odelling also adds insight into the morphology of the two sys-
ems. We use the Bayesian code PySersic with a one-component

odel, and additionally fit a for a flat sky back gr ound, using the
elevant NIRCam F 444 W PSF, derived following the methodology
f Z. Ji et al. ( 2024 ). This is done to ensure that any residual back-
round flux does not bias the modelling of the sour ce itself. N o
asking is needed, as there as there are no neighbouring sources

n the cutouts. The r esults ar e shown in Figs C1 and C2 . As seen
n the residuals, the single Sérsic model does not reproduce the
he bottom left of the figure shows the posterior distributions of the fitted 
-right corner contains the data, model, and residual plots. The magenta 
F. 
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Figure C2. A visual summary of results from fitting ID10612 with PySersic . The bottom left of the figure shows the posterior distributions of the fitted 
parameters, along with the best-fitting values and their associated errors. The top-right corner contains the data, model, and residual plots. The magenta 
hatched ellipse in each of the model/data/residual plots shows the NIRCam PSF. 
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ntire light profile, which is expected in galaxies at high redshift
hich are in earlier stages of their assembly history and hence 

 end t o be clumpier. How ev er, the fits remain satisfactory and are
 epr esentative of the galaxy size and inclination. 

P P E N D I X  D:  R E S U LT S  FROM  S I M U L AT I O N S  

s discussed in Section 6.3 , we compare our results to three vari-

tions within the aesopica simulation suite ( Fiducial , BoostAcc , 
nd SuperEdd + BoostAcc ). In Fig. D1 , we summarize the simu-
ated outflow properties of each variant as functions of stellar 

ass. A cr oss all three variations (but most notably for the models
ith boosted AGN accretion), for a given stellar mass, higher out-
ow velocities, and mass-loading factors appear to be associated 

ith ov ermassiv e black holes ( M BH 

∼ 10 6 M � for our stellar mass
ange of interest). 
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Figure D1. A summary of simulated outflow properties at z ∼ 7 . 6 from aesopica . The points on each plot are colour-coded according to the black 
hole mass of the simulated g alaxy, with mor e massive black holes indicated by the red points. Rows, from top to bottom: results from Fiducial , BoostAcc , 
and SuperEdd + BoostAcc variations on the main aesopica simulations. Columns, from left to right: the simulated outflow velocity, mass-loading factor, 
and v out /v vir . Note that following S. Koudmani et al. ( 2022 ), we use the virial velocity as pr o xy for the escape velocity. Boosted AGN accretion leads to 
significantly stronger outflows in low-mass galaxies. 
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