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ABSTRACT

We present a spatially resolved chemical abundance analysis of 2291 star-forming galaxies at z ≤ 0.1,

spanning nearly four orders of magnitude in stellar mass (8 ≤ log(M⋆/M⊙) ≤ 11.5), by exploiting

the multi-fibre spectra from the Dark Energy Spectroscopic Instrument (DESI) as a sparse integral

field spectrograph. In the inner regions (< 2Re), the radial gas-phase metallicity profiles show an

outward-declining trend for massive galaxies, with the steepest gradient (∇log(O/H)) ∼ −0.08 dex/Re,

whereas low-mass dwarf galaxies exhibit nearly flat profiles (∇log(O/H) ∼ −0.02 dex/Re). The large

galactocentric radii (∼5 Re) probed in this study, reveal flat metallicity profiles near the disk-halo

interface. Strikingly, these flat metallicity values are consistent across a wide stellar mass range,

likely reflecting the influence of low SFR and metal poor inflows in the outer regions. The metallicity

gradient– stellar mass relation exhibits a turnover at log(M⋆/M⊙) ∼ 10.5, beyond which gradients

become shallower, possibly driven by the chemical equilibrium in the inner disk of massive galaxies

and/or dilution from cosmic gas accretion. At fixed stellar mass, a strong size dependence is observed,

where compact galaxies show flatter gradients and higher central enrichment than their extended

counterparts. The abundance gradients are further linked with the stellar age distribution within the

galactic disk, where galaxies with younger outskirts show steeper gradients than the ones with older

outskirts, consistent with ongoing inside-out disc growth sustaining centrally concentrated chemical

enrichment. These results underscore the interplay of star formation efficiency, stellar feedback, and

metal-poor gas accretion in governing the radial chemical structure in galaxies.

Keywords: Galaxies (-)– galaxy evolution (-)– galaxy chemical evolution (-)– Chemical abundances

(-)–

1. INTRODUCTION

A fundamental aspect of galaxy evolution is the

buildup of heavy elements through stellar nucleosyn-

thesis and their dispersal into the interstellar medium

via stellar winds and supernovae, progressively enrich-

Email: vibhore.negi18@gmail.com

ing the surrounding gas. This enrichment reflects the

complex interplay between star formation, gas inflows,

and galactic outflows, which collectively regulate the

chemical evolution of galaxies across cosmic time (R.

Davé et al. 2011; K. Finlator & R. Davé 2008). The

resulting gas-phase metallicity provides a fossil record

of a galaxy’s integrated star formation history, as well

as the regulatory influence of gas inflows and outflows.

ar
X

iv
:2

60
6.

12
54

1v
1 

 [
as

tr
o-

ph
.G

A
] 

 1
0 

Ju
n 

20
26

http://orcid.org/0000-0001-5824-1040
http://orcid.org/0000-0002-5535-4186
http://orcid.org/0009-0003-4018-9020
http://orcid.org/0000-0002-7350-6913
http://orcid.org/0000-0002-4176-9145
http://orcid.org/0000-0001-6947-5846
http://orcid.org/0000-0003-4804-7142
http://orcid.org/0009-0005-9999-132X
http://orcid.org/0000-0003-2923-1585
http://orcid.org/0000-0001-6676-3842
http://orcid.org/0000-0002-4288-599X
http://astrothesaurus.org/uat/-
http://astrothesaurus.org/uat/-
http://astrothesaurus.org/uat/-
http://astrothesaurus.org/uat/-
http://astrothesaurus.org/uat/-
https://arxiv.org/abs/2606.12541v1


2

Observationally, this chemical record is most commonly

accessed through metallicity-sensitive optical emission

lines, enabling systematic studies of galaxy populations

across cosmic time (B. E. J. Pagel et al. 1979, 1992; M.

Pettini & B. E. J. Pagel 2004; L. J. Kewley & S. L. El-

lison 2008; R. Maiolino 2011; S. F. Sánchez 2020, and

references therein).

The fiber-based spectroscopic surveys, primarily prob-

ing the central regions of galaxies, have revealed several

tight scaling relations linking gas-phase metallicity to

global galaxy properties. Among the most prominent is

the mass–metallicity relation, which demonstrates that

more massive galaxies tend to host more metal-rich gas

(C. A. Tremonti et al. 2004; R. Maiolino & F. Man-

nucci 2019; S. F. Sánchez et al. 2019; M. Lara-López

et al. 2010, and references therein). Beyond this primary

dependence, secondary correlations with star formation

rate and gas content point to a more complex interplay

between star formation, gas inflows, and feedback pro-

cesses (F. Mannucci et al. 2010; M. S. Bothwell et al.

2013), often interpreted within a self-regulated frame-

work of galaxy evolution (S. J. Lilly et al. 2013). These

relations have now been extended over a wide range of

redshifts, providing important constraints on the build

up of stellar mass and evolution of chemical enrichment,

across cosmic time (D. K. Erb et al. 2006; H. J. Zahid

et al. 2014), with recent James Webb Space Telescope

(JWST) observations pushing these measurements into

the epoch of reionization out to z∼10 (K. Nakajima et al.

2023; M. Curti et al. 2024; K. E. Heintz et al. 2023).

The advent of integral field spectrographs (IFS) like

Multi Unit Spectroscopic Explorer (MUSE, R. Ba-

con et al. 2010), PPKAS IFS Nearby Galaxy Survey

(PINGS, F. F. Rosales-Ortega et al. 2010), Calar Alto

Legacy Integral Field Area (CALIFA, S. F. Sánchez

et al. 2012a), Mapping nearby galaxies at Apache point

observatory (MANGA, K. Bundy et al. 2015), and

Sydney-AAO Multi-object Integral-field spectrograph

(SAMI, J. J. Bryant et al. 2015), has enabled spatially

resolved studies of star formation and feedback processes

in galaxies. Several dedicated studies have investigated

the internal metallicity gradients and their connection

to local physical conditions such as stellar mass surface

density and star formation activity (E. Pérez-Montero

et al. 2016; J. K. Barrera-Ballesteros et al. 2016; F.

Belfiore et al. 2017). It has been found that local disc

galaxies, typically exhibit negative metallicity gradients,

where the metallicity of a galaxy decreases radially from

the centre (L. Searle 1971; M. B. Vila-Costas & M. G.

Edmunds 1993; D. Zaritsky et al. 1994; J. Moustakas

et al. 2010; D. S. N. Rupke et al. 2010; S. F. Sánchez

et al. 2012b, 2014; I.-T. Ho et al. 2015; E. Pérez-Montero

et al. 2016; L. Sánchez-Menguiano et al. 2016; F. Belfiore

et al. 2017; L. Sánchez-Menguiano et al. 2018; H. Poet-

rodjojo et al. 2018; S. F. Sánchez 2020). Such negative

gradients provide strong observational support for the

inside-out growth scenario of disc galaxies, in which star

formation and chemical enrichment occur earlier and

more efficiently in the inner regions, while the outer disk

builds up more gradually, remaining relatively metal-

poor (S. Boissier & N. Prantzos 1999; N. Prantzos & S.

Boissier 2000a; S. F. Sánchez et al. 2014). Recent studies

have further corroborated this picture by measuring the

ages of localized star-forming regions using ultraviolet

to mid-infrared photometry, identifying negative radial

gradients in the onset of recent star formation. This in-

dicates that younger stellar populations in the outer disk

formed later than those in the central regions, provid-

ing direct temporal evidence for inside-out disk assembly

(M. V. Smith et al. 2022; I. Pessa et al. 2023).

However, a broader agreement lacks on whether these

metallicity gradients correlate with the galaxy parame-

ters like stellar mass, morphology, stellar age, etc., (S. F.

Sánchez 2020, and references therein, I.-T. Ho et al.

2015; S. F. Sánchez et al. 2014; L. Sánchez-Menguiano

et al. 2016; E. Pérez-Montero et al. 2016; F. Belfiore

et al. 2017, etc.). S. F. Sánchez et al. 2014; L. Sánchez-

Menguiano et al. 2016, 2018 on their analysis of CAL-

IFA and MUSE data for a sample of star-forming galax-

ies found a characteristic gas phase metallicity gradient

that does not correlate with the stellar mass and other

galaxy properties. Whereas, studies on the CALIFA,

SAMI and MANGA data (E. Pérez-Montero et al. 2016;

H. Poetrodjojo et al. 2018; F. Belfiore et al. 2017), have

found a positive (/weak) corelation between the metal-

licity gradients and stellar mass and morphology type.

These observations highlight the coupling between the

star formation and feedback processes in redistributing

the metals within galaxies. Overall, there is no clear

consensus on how metallicity gradients relate to stellar

mass or morphology, motivating further analysis with

larger samples. Further, studies have reported flattened

or even positive metallicity gradients in few low-z galax-

ies, suggesting that additional processes beyond simple

inside-out growth may influence the redistribution of

metals within galactic disks (E. Pérez-Montero et al.

2016). Hence, despite major progress from integral field

spectroscopic surveys, the physical origin and dominant

drivers of metallicity gradients are still not fully under-

stood, and much remains to be explored with new large

datasets.

In the present study, we utilize the high multiplex-

ing and spatial coverage of the Dark Energy Spectro-

scopic Instrument (DESI), which maps multiple star-
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forming regions within individual galaxies and provides

spatially resolved information, effectively serving as a

sparsely sampled IFS (see below, Section 2.2). Tar-

geting the local galaxies at z < 0.1, over around

four orders of magnitude in stellar mass ranging from

8 ≤ log(M∗/M⊙) ≤ 11.5, we probe radial variations in

metallicity and nitrogen-to-oxygen abundance across a

large, statistically representative sample of star-forming

galaxies and study their internal chemical structure and

evolution.

The paper is structured as follows: Section 2 describes

the data and catalogs used in this work and explains

the sample selection criteria. The detailed methodol-

ogy to measure the gas-phase metallicity and chemical

abundance gradients is described in Section 3. Section 4

highlights our key results from the analysis, followed by

a discussion on results in Section 5. We finally summa-

rize and conclude our findings in Section 6. Throughout

this work, we use a λCDM cosmology with ΩM = 0.286,

Ωλ = 0.714 and H0 = 69.6 km−1s−1Mpc−1.

2. DATA AND SAMPLE SELECTION

2.1. DESI data

In this study, we use the first data release (DR1)

from the DESI survey, comprising spectra of ∼13 million

galaxies ( DESI Collaboration et al. 2026). The DESI

is a cosmological survey, conducted over ∼14,000 deg2

of extra-galactic sky using a multi-object spectrograph

mounted on the 4-meter Mayall telescope at Kitt Peak

National Observatory. It offers a moderate spectral res-

olution of R ∼ 2000–5000, covering a wide wavelength

range 3600–9800 Å ( DESI Collaboration et al. 2022;

J. H. Silber et al. 2023; T. N. Miller et al. 2024). The

key physical parameters, including stellar mass, Dn4000

(an index that traces mean stellar population age), and

emission-line measurements for DESI DR1 galaxies with

reliable redshifts (A. Anand et al. 2024), were obtained

from a value-added Stellar Mass and Emission Line Cat-

alog (hereafter SMELC) (H. Zou et al. 2024). The stel-

lar masses are derived using CIGALE (M. Boquien et al.

2019), combining broad-band g, r, z, W1, and W2 pho-

tometry from the DESI Legacy Imaging Surveys (DESI-

LS, A. Dey et al. 2019), along with 10 synthetic bands

generated from DESI spectra. In brief, the DESI-LS

catalogs are constructed using The Tractor (D. Lang

et al. 2016), a forward-modeling framework that fits

parametric source models (e.g., PSF, exponential, and

de Vaucouleurs profiles) convolved with the local PSF

directly to the imaging data. This approach simulta-

neously constrains source positions, multi-band fluxes,

and structural parameters such as the half-light radius

and ellipticity, providing consistent model-based mea-

surements (D. Lang et al. 2016; A. Dey et al. 2019).

To derive the gas phase metallicity, we adopt emission-

line fluxes from the DESI value-added EmFit catalog

(R. Pucha et al. 2025), which employs non-linear least-

squares minimization to simultaneously model promi-

nent nebular emission lines (e.g., Hβ, [O iii], Hα, [N ii],

[S ii]) in the continuum subtracted spectra. The stellar

continuum is obtained from FastSpecFit (J. Moustakas

et al. 2023) which models it using 168 composite stel-

lar population templates of varying age, stellar metal-

licity, and dust attenuation. The spectra are then cor-

rected for any residual, unmodeled flux by constructing

a smooth continuum using a sliding median with itera-

tive outlier-clipping. This approach allows for more flex-

ible line-profile modeling and yields more reliable flux es-

timates compared to single-component fitting. Further-

more, we measure the [O ii]λλ3726, 3729 emission line

fluxes, which are not listed in EmFit catalog, by mod-

elling the local continuum with a lower-order polyno-

mial and integrating the line profile over the continuum-

subtracted spectrum.

2.2. Sample selection

The DESI instrument, with a large field of view of 8

square degrees, simultaneously captures spectra of 5000

targets using robotically controlled fibers. An important

aspect of DESI for this work is its targeting strategy for

spectroscopic follow-up. In brief, photometrically iden-

tified objects are targeted from the DESI-LS catalog,

which is obtained through profile modelling of deep DE-

CaLS images, enabling the separation of smooth struc-

ture (bulge, disk) from clumpy star-forming features

within a galaxy. This enables spectroscopic measure-

ments at different positions across galaxies, effectively

providing spatially resolved information without tradi-

tional integral field spectroscopy.

Taking advantage of the unprecedented multiplexing

provided by DESI to investigate the spatially resolved

characteristics of galaxies, we focused on low-redshift

(z < 0.1) systems from the SMELC catalogue. Owing

to the modest redshift, it offers a greater likelihood of

finding several star-forming regions inside the galaxy.

For each photometric system, we search for neighbor-

ing objects within a projected separation of 100 kpc,

and a line-of-sight velocity difference of 500 km s−1. We

then identify candidate systems with at least three inde-

pendent spectroscopic fibers detected within these spa-

tial and redshift tolerances, and with available measure-

ments in the SMELC catalog. This initial selection is

intended to isolate systems where multiple fibers probe

different regions of the same galaxy.
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Figure 1. A color composite, g, r, z band DECaLS image, for few galaxies in our sample, centered on the target galaxy. The red
circles indicate the positions of multiple DESI fibers placed on the galaxy. The circle sizes are illustrative and do not correspond
to the actual DESI fiber diameter (i.e., 1.5 arcsec).

However, this selection is susceptible to contamina-

tion from physically distinct galaxy groups, chance pro-

jections of nearby galaxies at similar redshifts, and un-

certainties in redshift measurements. To mitigate these

effects, we visually inspected DESI-LS imaging cutouts

for all candidate systems to reject such contaminations,

and also demanded one fiber to be positioned at the

galaxy’s center. This resulted in a sample of 2880

galaxies, with stellar masses, Sérsic indices, and half-

light radii available in the SMELC catalog, with typ-

ical redshifts 0.002 ≤ z ≤ 0.099, and stellar mass

5.5 ≤ M⊙ ≤ 11.7. Among them, only 271 belong to

the dwarf regime (log(M∗/M⊙) < 9.5), primarily due to

the comparatively small physical size of dwarf galaxies.

To improve the sampling of dwarf galaxies, we broad-

ened the criterion to include galaxies with at least two

fibers: a central fiber and an additional fiber in the outer

disk. This augments 865 dwarf galaxies, which increases
the sample size to 3745 galaxies.

Finally, to ensure the robustness of the sample

and mitigate potential biases, we first exclude the

AGNs by performing a BPT classification using the

[O iii]λ5007/Hβ versus [N ii]λ6583/Hα diagnostic dia-

gram, adopting the demarcation curves of L. J. Kewley

et al. (2001) and G. Kauffmann et al. (2003). Next, to

ensure reliable metallicity gradients measurements, we

remove highly inclined galaxies with inclination angle

> 75◦, where projection effects are most severe. The

inclination angle is estimated from the observed axis

ratio (in DESI-LS) using the standard Hubble formula

(E. P. Hubble 1926), assuming an intrinsic disk thick-

ness of q0 = 0.2. We further restrict the sample to

star-forming and intermediate systems using the crite-

ria (Dn4000 < 1.6) or an Hα equivalent width (EW)

> 3 Å. For reliable metallicity measurements, we ad-
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Figure 2. Overview of the DESI DR1 star-forming galaxy sample used in this work. The distribution of galaxies is shown with
filled contours, colour-coded by number density (counts). Left panel: Distribution of galaxies in the redshift–stellar mass (M⋆)
plane. Middle panel: Mass–metallicity relation for the sample. The solid black line represents the median gas-phase metallicity
in bins of stellar mass, and the shaded region denotes the 16th–84th percentile range at fixed mass. Right panel: Distribution of
galaxies in the star formation rate (SFR)–M⋆ plane. The red dashed line shows the star-forming main sequence from A. Renzini
& Y.-j. Peng (2015), with the shaded region indicating ±0.3 dex scatter.

Figure 3. Top panel: Multiplicity distribution of outer
fibers per galaxy within the adopted matching criteria (≤100
kpc and ∆v ≤ 500 km s−1), and after visual inspection.
Bottom panel: Distribution of deprojected radial separations
of outer fiber positions from the galaxy center, measured in
bins of 5 kpc.

ditionally require an emission line detection significance

of ≥ 2σ. This resulted in a final sample of 2291 star-

forming galaxies. Figure 1 shows a representative sam-

ple of galaxies from our catalog, with red circles marking

the positions of DESI fibers placed on each system.

3. METHODOLOGY

3.1. Dust and Extinction correction

In order to compute the chemical abundances, we first

correct the emission-line fluxes for dust attenuation us-

ing the Balmer decrement. We estimate the nebular

color excess, E(B − V ), from the observed Hα/Hβ ra-

tio assuming an intrinsic Case B recombination value

of (Hα/Hβ)int = 2.86 (D. E. Osterbrock 1989). The

wavelength-dependent attenuation is then evaluated us-

ing the extinction curve of J. A. Cardelli et al. (1989)

with RV = 3.1, and the observed line fluxes are de-

reddened accordingly before applying the abundance di-

agnostics. Although line ratios involving nearby transi-

tions are only weakly affected by dust, we apply the

extinction correction uniformly to all relevant emission

lines for consistency.

3.2. Measuring gas phase metallicity

Oxygen, being the most abundant heavy element in

the interstellar medium, serves as the primary tracer

of gas-phase metallicity in galaxies. Hereafter, we use

the terms oxygen abundance and gas-phase metallicity

interchangeably. Over the past decades, several cali-

brations have been developed to estimate oxygen abun-

dance in star-forming galaxies. The most direct method

involves measuring the ratio of the weak auroral line

[O iii]λ4363 to [O iii]λ5007 (M. Peimbert & R. Costero

1969; G. Stasińska 1978; B. E. J. Pagel et al. 1992; J. M.

Vilchez & C. Esteban 1996; Y. I. Izotov et al. 2006; L. J.

Kewley & S. L. Ellison 2008), which provides an esti-

mate of the electron temperature (Te) of the gas. How-
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ever, the intrinsically weak nature of the auroral line

makes it difficult to detect in DESI spectra at typical

signal-to-noise ratios, rendering direct Te measurements

impractical for large samples.

To overcome this limitation, empirical strong-line cal-

ibrations have emerged as robust alternatives, relating

strong emission-line ratios to metallicity by anchoring

them to Te-based measurements in HII regions. These

methods were first introduced by D. Alloin et al. (1979);

B. E. J. Pagel et al. (1979), and have since been exten-

sively developed using empirically calibrated (i.e., Te-

anchored) strong-line methods (e.g., L. S. Pilyugin 2000;

G. Denicoló et al. 2002; M. Pettini & B. E. J. Pagel 2004;

L. S. Pilyugin & T. X. Thuan 2005; L. S. Pilyugin et al.

2010; R. A. Marino et al. 2013) as well as photoioni-

sation models (e.g., S. S. McGaugh 1991; L. J. Kewley

& M. A. Dopita 2002; M. A. Dopita et al. 2006, 2013,

2016).

In this work, we adopt the calibration from R. A.

Marino et al. (2013, hereafter M13), based on the widely

used O3N2 index (first introduced by D. Alloin et al.

1979). The O3N2 index is defined as:

O3N2 = log

(
[O III]λ5007/Hβ

[N II]λ6584/Hα

)
, (1)

The corresponding oxygen abundance is given by:

12 + log(O/H) = 8.533− 0.214×O3N2, (2)

which is valid over the range −1 ≲ O3N2 ≲ 1.7 and

has an intrinsic scatter of ∼ 0.08 dex. Compared to the

original O3N2 calibration by M. Pettini & B. E. J. Pagel

(2004), the M13 calibration was derived using a larger

sample of H ii regions with updated direct-method abun-

dances, and provides a revised metallicity scale, particu-

larly relevant at high metallicities (H. Poetrodjojo et al.

2021). Figure 2 shows the mass-redshift plane, exhibit-

ing sample completeness down to log(M⋆/M⊙) ∼ 9 and

z ∼ 0.1 (left panel), along with the mass-metallicity

relation (middle panel) and the star-formation main se-

quence (right panel) for the galaxies in our sample.

For a complete understanding of the chemi-

cal evolution of galaxies, we combine the metal-

licity (12+log(O/H)) with the nitrogen abundance

(log(N/O)). Unlike oxygen, which is primarily produced

in massive stars and released on short timescales, nitro-

gen has both primary and secondary production chan-

nels, with a significant contribution from intermediate-

mass stars on longer timescales (R. B. C. Henry et al.

2000; M. B. Vila-Costas & M. G. Edmunds 1993). As a

result, the (log(N/O)) provides a sensitive tracer for star

formation history, gas inflows and outflows, and chem-

ical enrichment timescales of galaxies. For log(N/O),

we adopt the ON calibration of L. S. Pilyugin et al.

(2010, hereafter P10), which utilizes strong emission-

line fluxes of [O ii]λλ3726, 3729, [O iii]λλ4959, 5007, and

[N ii]λ6584. The relevant line ratios are defined as:

R2 =
[O II]λλ3726, 3729

Hβ
, (3)

R3 =
[O III]λ4959 + [O III]λ5007

Hβ
, (4)

N2 =
[N II]λ6548 + [N II]λ6584

Hβ
, (5)

S2 =
[S II]λ6717 + [S II]λ6731

Hβ
. (6)

Following P10, galaxies are classified into cool (logN2 ≥
−0.1), warm (logN2 < −0.1, log(N2/S2) ≥ −0.25), and

hot (logN2 < −0.1, log(N2/S2) < −0.25) regimes based

on these line ratios, and regime-dependent relations are

used to estimate log(N/H) and log(O/H). The nitrogen-

to-oxygen ratio is then computed as:

log(N/O) = log(N/H)− log(O/H). (7)

Uncertainties in metallicity and nitrogen abundance

ratios are estimated using a Monte Carlo approach

that propagates measurement errors in the emission-line

fluxes. For each galaxy, we generate 1000 realizations of

the observed line fluxes by perturbing them according

to their associated Gaussian uncertainties, and recom-

pute the derived quantities for each realization (e.g., H.

Poetrodjojo et al. 2021). The final uncertainties are es-

timated from the 16th and 84th percentiles of the re-

sulting distributions, corresponding to a 1σ confidence

interval.

3.3. Measuring radial gradients

To quantify radial variations in chemical abundances,

we first deproject the angular separation of each fiber

into the disk plane of the galaxy by correcting for its po-

sition angle and inclination. The resulting deprojected

radius R, is normalized by the galaxy’s effective radius

Re, drawn from the DESI-LS imaging catalog, yielding

R/Re. This normalization allows consistent comparison

across galaxies of different physical sizes. We then con-

struct normalized radial profiles of both O/H and N/O

using R/Re at different fiber positions across galaxies.

A distribution of the number of outer fibers per galaxy,

and their deprojected distances (in kpc) from the galaxy

center, is shown in top and bottom panels of Figure 3,

respectively.

To explore the dependence on stellar mass, galax-

ies are divided into six mass bins of log(M⋆/M⊙) =
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Figure 4. Top Left panel: Radial gas-phase metallicity profiles, 12 + log(O/H) (using the M13 calibration based on O3N2), as
a function of normalized radius R/Re, in stellar mass bins. Solid lines show the median metallicity in radial bins, with shaded
regions indicating the uncertainty on the median (including the scatter of points, measured via the MAD, and Monte Carlo errors
from individual measurements). Faint points represent individual fiber measurements. Top Right panel: Metallicity gradients
(dex R−1

e ) as a function of stellar mass. Grey points show individual galaxies gradients (calculated within 0 < Re ≤ 2.0),
red circles denote median gradients in 0.5 dex stellar mass bins with their associated uncertainties, and the dashed line shows
a linear fit to the binned medians for log(M⋆/M⊙ <10.5). The Pearson correlation coefficient (rp) and the slope (m) to the
gradient - mass fit is written in lower left. Bottom Left panel: Same as in Top left but for nitrogen abundance profile, calculated
using P10 calibrations. Bottom right panel: Same as in Top right but for nitrogen abundance gradients.

(8.0–9.0), (9.0–9.5), (9.5–10.0), (10.0–10.5), (10.5–11.0),

and (11.0–11.5), comprising 327, 492, 611, 429, 332,

100, galaxies, respectively. Radial profiles are con-

structed independently within each mass subset by bin-

ning the data in normalized radius using fixed inter-

vals of [0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0]Re. Within

each radial bin, we compute the median metallicity (or

log(N/O)) to reduce the impact of outliers and mea-

surement noise. The central galaxy is treated sepa-

rately and included explicitly as the innermost point,

such that each profile consists of the central value fol-

lowed by median values in successive radial bins. In-

terestingly, the high-multiplexing in DESI enabled us,

for the first time, to map the metallicity profiles out to

∼ 5Re. To mitigate the impact of limited fiber statistics

beyond ∼ 3Re, we additionally define three coarse stel-

lar mass bins of (8.0–9.5), (9.5–10.5), and (10.5–11.5).

The median metallicity in each mass bin is computed,

with uncertainty estimated using the median absolute

deviation (MAD).

Next, we estimated the radial metallicity gradient for

each galaxy by anchoring the central metallicity at r = 0

and computing the median metallicity of outskirts in

bins of projected separation normalized by Re. Given

the limited filed-of-view of IFUs, the radial metallicity

gradients in the literature are largely measured within

R/Re ≤ 2−3, covering∼ 85 per cent of the galaxy’s light

for a pure exponential (n=1) system (A. W. Graham &

S. P. Driver 2005). Therefore, to compare with litera-

ture measurements, we restricted the fit to R/Re ≤ 2.0.

To ensure uniform radial coverage and minimize the pos-

sible biases due to sparse fiber sampling, we demand at
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least two radial points mapping inner and outer region

of galaxy at a minimum separation of ∼ 1 Re, for mea-

suring the gradients. A linear least-squares fit to this

profile gives the gradient slope in units of dexR−1
e , per

galaxy.

4. RESULTS

4.1. Radial metallicity profiles and gradients

Using the calibrations and methodology described in

Section 3, we derive the radial profiles of oxygen and

nitrogen abundances for the 2291 galaxies in our sam-

ple. The resulting profiles are shown in the top-left and

bottom-left panels of Figure 4 for 12 + log(O/H) and

log(N/O), respectively. Individual measurements are

plotted as scatter points, colour-coded by their corre-

sponding stellar mass bins. The median trends for the

mass bins are represented by solid lines, and extend out

to 5Re. In addition, the radial profiles for the oxygen

and nitrogen abundances in the coarse mass bins are

shown in the top and bottom panels of Figure 5 respec-

tively.

At fixed radius, high mass galaxies exhibit system-

atically higher values of 12 + log(O/H) and log(N/O),

and this offset persists over a radial range of ∼ 3Re.

Both oxygen and nitrogen abundances exhibit negative

radial gradients across all stellar mass bins, decreasing

systematically with increasing radius. An exception ex-

ists at low-mass galaxies (log(M⋆/M⊙) < 9.0, and also

log(M⋆/M⊙) < 9.5), which have radial profiles that are

almost flat throughout the observable disc. The gradi-

ents are most pronounced within the inner ∼ 2Re, where

the profiles show a smooth and monotonic decline. The

radial trends appear comparatively flatter and seem to

overlap at outer radii beyond ∼ 3Re, within 2σ level.

This argument is further supported by the profiles in

coarse mass bins where more data points contribute to

the median trends in each radial bin (see Figure 5).

The metallicity gradient - stellar mass relations based

on 12 + log(O/H) (top-right) and log(N/O) (bottom-

right) for individual galaxy (grey points) and me-

dian gradients (red points) are shown in Figure 4,

respectively. The (O/H) follows a negative gradi-

ent over the stellar mass range of log(M⋆/M⊙) ∼
8.0–10.5 (with ∇log(O/H) going from ∼ 0.02 dex/Re

to ∼ 0.08 dex/Re). It shows a clear break around

log(M⋆/M⊙) ∼ 10.5, with progressively shallower gra-

dients with increasing stellar mass ( i.e., ∇log(O/H) ∼
0.06 dex/Re and ∼ 0.03 dex/Re, for the two highest

mass bins). A weaker global Pearson correlation coef-

ficient (rP ∼ −0.33, with pvalue = 0.51) and a strong

correlation of (rP ∼ −0.97 with pvalue = 0.02) for

log(M⋆/M⊙) ≤ 10.5, for the O/H gradients, reflects

Figure 5. The radial gas-phase metallicity profiles (top
panel), and the nitrogen abundance profile (bottom panel),
as a function of normalized radius R/Re, in coarse stellar
mass bins. Solid lines show the median metallicity in ra-
dial bins, and shaded regions indicate the uncertainty on
the median including the scatter of points, measured via
the MAD, and Monte Carlo errors from individual measure-
ments). Faint points represent individual measurements.

this departure from a single linear trend at high stel-

lar masses. This is further evident from the gray scatter

points in the background which show a reversal toward

less negative gradients in the highest-mass systems. In
contrast, the log(N/O) gradients steepen monotonically

across most of the stellar mass range (∇log(O/H) go-

ing from ∼ 0.02 dex/Re to ∼ 0.08 dex/Re), with a

Pearson correlation coefficient of rP = −0.83 (with

pvalue = 0.04) and a slope of m = −0.048 dex R−1
e per

dex in mass. Unlike the oxygen abundance gradients,

no clear trend reversal is observed; except a single point

for the highest mass bin that suffers from low-number

statistics, thus should be interpreted with care.

4.2. Correlation between nitrogen and oxygen

abundances

Figure 6 shows the log(N/O) versus 12 + log(O/H)

plane for our sample split by stellar mass. KDE contours

show the density distribution of all individual measure-

ments within 2Re, with three coarse mass bins shown in



9

Figure 6. The log(N/O) versus 12+log(O/H) plane for our
sample split by stellar mass. KDE contours show the density
distribution of all measurements within 2Re. Radial tracks
connect median abundances from the galaxy centre outward
to 2Re. The insets show the gradient space (∇ log(N/O) vs.
∇ log(O/H)), with arrows connecting median gradients from
low to high bins.

different colors. A clear positive correlation is observed

between 12+log(O/H) and log(N/O), with higher-mass

galaxies occupying systematically higher N/O and O/H.

Radial tracks progress coherently from the central re-

gions (circle; higher O/H, higher N/O) toward the outer

regions (star symbol; lower O/H, lower N/O), exempli-

fying the negative metallicity gradients reported above.

Notably, the slope of the N/O–O/H sequence steepens

toward higher stellar masses, reflecting the increasing

contribution of secondary nitrogen nucleosynthesis at

higher oxygen abundances — where nitrogen produc-

tion becomes proportional to the existing metal con-

tent, driving N/O to rise more steeply with O/H. At

lower masses and metallicities, the N/O is dominated

by primary nitrogen production, and hence has less de-

pendence on O/H, than at high metallicity. The insets

show the corresponding gradient space (∇ log(N/O) vs.

∇ log(O/H)), colour-coded by the same mass bins. At

low stellar masses and metallicities (blue), the median

gradients of log(N/O) and log(O/H) lie close to the 1:1

line, indicating that the two gradients are of compara-

ble magnitude. At high stellar masses and metallicities

(red), the ∇ log(N/O) gradient becomes significantly

steeper than ∇ log(O/H), consistent with the enhanced

role of secondary nitrogen nucleosynthesis in the central,

metal-rich regions of massive galaxies, where N/O rises

more rapidly towards the center than O/H.

Figure 7. Radial metallicity profiles (top panel), and nitro-
gen abundance profiles (bottom panel) split by stellar mass
and morphology. Solid lines correspond to disk-dominated
galaxies (n<2.5), while dashed lines correspond to bulge–
dominated galaxies (n>2.5). Shaded regions indicate the 1σ
scatter of the binned medians.

4.3. Dependence on galaxy morphology and size

To investigate the morphological dependence of

the radial metallicity distribution, we further divided

the galaxy sample into disk-dominated and bulge-

dominated systems using the Sérsic index as a struc-

tural proxy. Galaxies with Sérsic index n < 2.5 were

classified as disk-dominated, while those with n > 2.5

were considered bulge-dominated (S. Shen et al. 2003).

We performed the analysis for the three coarse stellar

mass bins defined earlier: 8.0 ≤ log(M⋆/M⊙) < 9.5,

9.5 ≤ log(M⋆/M⊙) < 10.5, and 10.5 ≤ log(M⋆/M⊙) <

11.5. As evident in Figure 7, we find no statistically sig-

nificant difference in the radial O/H and N/O profiles

between disk-dominated and bulge-dominated galaxies

at fixed stellar mass. Both the central metallicities and

radial profiles are consistent within uncertainties across

all three mass bins, for both abundance tracers. The

mass-dependent trends — higher central metallicity and

steeper gradients at higher stellar mass — are recovered

consistently in both morphological subsamples, confirm-

ing that stellar mass remains the primary driver of the



10

Figure 8. Radial metallicity profiles (top panel), and ni-
trogen abundance profiles (bottom panel), split by stellar
mass and galaxy size. Solid lines correspond to larger galax-
ies i.e., with radii larger than the median Re of that bin
(R > Re,median), while dashed lines correspond to smaller
galaxies (R < Re,median). Shaded regions indicate the 1σ
scatter of the binned medians.

radial chemical structure. We caution however that the

bulge-dominated subsample contains significantly fewer

galaxies per mass bin than the disk-dominated subsam-

ple, which results in larger uncertainties on the bulge

profiles and limits our ability to detect any subtle mor-

phological dependence.

We further explored the dependence of metallicity on

galaxy size by subdividing galaxies in each coarse mass

bins into two sub-samples of small and large galaxies

- split by the median half light radii of that bin. In

each bin, both the sub-samples are matched in the mass

and Dn4000 plane within a tolerance of 0.1 dex in mass

and 0.05 in Dn4000, ensuring that differences in mass

and stellar population age do not bias the compari-

son. A two-sample Kolmogorov–Smirnov tests on the

two populations, yielded DKS ≤ 0.061 and p ≥ 0.712

for stellar mass, and DKS ≤ 0.042 and p ≥ 0.944 for

Dn4000, across the three mass bins, respectively, con-

firming that the two size sub-samples are statistically in-

distinguishable in their controlled properties. As shown

in Figure 8, in each mass bin, the smaller (or com-

pact) galaxies are found to have higher metallicities and

flatter slopes compared to their larger counterparts, at

each given R/Re. This size - metallicity offset is ob-

served consistently across both tracers - 12 + log(O/H)

and log(N/O) - and across all mass bins. The off-

set is most pronounced in the intermediate mass bin

(log M⋆/M⊙ = 9.5–10.5), where the separation between

the two populations is largest and statistically most ro-

bust given the greater number of galaxies in this bin.

In the high-mass bin (log M⋆/M⊙ = 10.5–11.5), a clear

offset is also present (beyond R/Re ≳ 1)), with com-

pact galaxies maintaining elevated abundances out to

large radii (R/Re ≤ 4), though the large uncertainty re-

gions reflect the smaller sample size at these masses. In

the low-mass bin (log M⋆/M⊙ = 8.0–9.5), the two size

sub-samples are most similar to each other, with only

a marginal central metallicity offset and comparatively

flat profiles across the full radial range probed. How-

ever, the Dn4000 profiles of both populations in each

bin, were found to be broadly similar.

4.4. Dependence on stellar population age

To investigate the dependence of the metallicity gra-

dients on the radial structure of stellar age, we com-

pute the radial gradient of Dn4000 for each galaxy

and divide the sample into two subsets: galaxies with

∇Dn4000 < 0 (younger outskirts, consistent with inside-

out formation) and galaxies with ∇Dn4000 ≥ 0 (older

outskirts, consistent with more uniform star formation

histories). As shown in Figure 9, galaxies with older

outskirts exhibit systematically shallower 12+log(O/H)

and log(N/O) gradients across all stellar mass bins.

Galaxies with younger outskirts show steeper gradients

at all masses, with a clear turnover in log(O/H) gra-

dients above log(M⋆/M⊙) ∼ 10.5, consistent with the

break identified in the full sample. For log(N/O) gradi-

ents, the younger outskirts population exhibits a more

pronounced mass dependence, with gradients falling

more steeply across the full mass range compared to

the older outskirts population. A tentative flattening

at log(M⋆/M⊙) > 11 is visible in the younger out-

skirts population, consistent with the marginal devia-

tion noted in the full sample; however, with relatively

large uncertainties.

5. DISCUSSION

5.1. Radial profiles of chemical abundances

Our results, based on a large sample of 2291 galaxies,

confirm the presence of negative gradients in both oxy-

gen and nitrogen abundances for the majority of galax-

ies, particularly within the inner ≲ 2.0Re region. As
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Figure 9. Left: Oxygen abundance gradients as a function of stellar mass for galaxies with negative ∇Dn4000 (younger
outskirts, blue) and positive ∇Dn4000 (older outskirts, red). Right: Same as in left panel but for log(N/O).

shown in Figure 4, radial metallicity profiles of 819 low-

mass dwarf galaxies (≤ 9.5M⊙), exhibit comparatively

shallow gradients in 12 + log(O/H), extending out to

∼ 1.5–2.0Re. A similar behaviour is also observed in

their nitrogen abundance profiles. Such flattening of

metallicity profiles in low-mass galaxies has been seen

commonly in simulations (X. Ma et al. 2017, see, how-

ever, P. B. Tissera et al. 2016), and is likely a conse-

quence of their shallow gravitational potentials, which

make stellar feedback and galactic winds particularly

effective at driving gas outflows and redistributing met-

als throughout the galaxy. The radial profiles of local

star-forming galaxies in MaNGA and SAMI surveys also

show similar flattening in the low mass end (F. Vincenzo

et al. 2016a; H. Poetrodjojo et al. 2018; A. L. Schaefer

et al. 2020a).

Towards higher stellar masses, the metallicity profiles

(as well as the log(N/O) profiles) become progressively

steeper, as evident in the top-left and bottom-left pan-

els of Figure 4 and the top and bottom panels of Fig-

ure 5. Such steepening of the metallicity profiles with

increasing stellar mass is likely driven by the deeper

gravitational potentials of massive galaxies, which pro-

mote more efficient retention of metals and enhanced

chemical enrichment in their central regions, leading to

progressively lower metallicities toward larger galacto-

centric radii (R. Maiolino & F. Mannucci 2019, and

references therein). This trend of increasing gradient

steepness with stellar mass has been claimed in previous

studies (F. Belfiore et al. 2017; M. Mingozzi et al. 2020;

H. Poetrodjojo et al. 2018; A. H. Khoram & F. Belfiore

2025), on the MaNGA and SAMI galaxies, using the R23

and O3N2 calibrations, as well as the robust direct Te

method. However, no such significant dependence of the

gradients on the stellar mass was found by S. F. Sánchez

et al. (2014); L. Sánchez-Menguiano et al. (2016, 2018),

using the O3N2 based calibrations, and a marginal de-

tection of the dependence of O/H and N/O gradients

on stellar mass, was detected by E. Pérez-Montero et al.

(2016). Hence, our results with an enlarged sample con-

firm the dependence of abundance gradient on the stellar

mass of the galaxy.

Notably, the metallicity profiles of massive galaxies

show a flattening in the innermost regions (≤ 1 Re),

however, the N/O profiles remain steep. Such an inner

disc flattening may likely arise due to the consumption of

a significant fraction of interstellar gas through earlier

episodes of efficient star formation, reaching a chemi-

cal equilibrium and slowing the enrichment process (F.

Belfiore et al. 2017; L. Sánchez-Menguiano et al. 2018;

I. A. Zinchenko et al. 2021). The persistence of steep-

ness in the N/O profiles is potentially linked to delayed

secondary production of nitrogen by intermediate-mass

stars, which continues to accumulate on Gyr timescales.

This is further supported by Figure 10, which shows that

more massive galaxies have both higher central Dn4000

values and steeper negative Dn4000 gradients — a di-

rect indication that their centres host older stellar popu-

lations relative to their outskirts, consistent with earlier

and more efficient central star formation and subsequent

gas exhaustion.

At large galactocentric radii of ≳ 2Re, the abundance

profiles start to show a mild flattening, for all mass bins,

becoming significantly shallower beyond ≳ 3Re. These

trends are further supported by the radial profiles de-

rived from the coarse mass bins having substantially
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Figure 10. Top panel: Dn4000 as a function of stellar mass.
Individual points are shown as blue scatter, and the blue line
shows the median connecting median of each bin. Bottom
panel: Same as in top panel but for Dn4000 gradients.

more data points per radial bin. An important aspect

of our analysis is the extension of the radial profiles out

to the disc-halo interface of ∼ 5 Re, a regime that has

barely been charted in previous studies. Interestingly,

for galaxies across our full mass range, the metallicity

at these radii converges around similar values, implying

that the outer regions of galaxies are more chemically

homogeneous.

Observations of individual galaxies (P. Martin & J.-

R. Roy 1992; J. M. Vilchez & C. Esteban 1996; J.-R.

Roy & J. R. Walsh 1997; L. van Zee et al. 1998; F.

Bresolin et al. 2009; J. K. Werk et al. 2010, 2011; F. F.

Rosales-Ortega et al. 2011; R. A. Marino et al. 2012;

S. F. Sánchez et al. 2012b; Á. R. López-Sánchez et al.

2015) have also reported such flattening. S. F. Sánchez

et al. (2014); L. Sánchez-Menguiano et al. (2016) have

also observed such flattening beyond 2Re and found it

to persist across all star-forming galaxies regardless of

morphology, presence of bars, or luminosity, suggesting

that it may be a common feature of disk galaxies.

Such flattening is broadly consistent with expectations

for the outer disk and disk–halo interface, where pro-

cesses such as metal-poor gas accretion, radial gas flows,

and mixing can act to reduce radial variations in chemi-

cal abundances at large radii. (see F. Bresolin 2017, and

references therein). Cosmological simulations like TNG-

50 (A. M. Garcia et al. 2023), and zoom-in FOGGIE

simulations (A. Acharyya et al. 2025), have also shown

such flattening, where it is attributed to the inner-CGM

metallicity flooring, formed by regulation of pristine gas

infalling in the outer disc balancing the metal rich out-

flows. The present study highlights the importance of

probing the metallicity enrichment out to ∼ 5Re and

beyond, to observationally constrain the disk–halo in-

terface, a regime that remains largely inaccessible to

conventional observations but is routinely explored in

simulations.

5.2. Correlation of gradients with stellar mass, galaxy

morphology and stellar age structure

We report a strong linear correlation between the

metallicity gradient and stellar mass, with a turnover

at log(M∗/M⊙) ∼ 10.5 (see Section 4). A similar

turnover at log(M⋆/M⊙) > 10− 10.5, has also been re-

ported in a handful of studies (see, F. Belfiore et al.

2017; H. Poetrodjojo et al. 2021; A. H. Khoram & F.

Belfiore 2025; A. Franchetto et al. 2021), as well as

cosmological simulations (D. Ibrahim & C. Kobayashi

2025). The observed turnover in the MZGR is primarily

driven by the flattening of metallicity profiles in the in-

nermost regions (≤ 1 Re) of massive galaxies, where

central enrichment has stalled and the gradient loses

its sensitivity to stellar mass. Alternatively, this can

be understood within the framework of an analytical

model by P. Sharda et al. (2021a,b), who describe how

the dominant processes that shape metallicity gradients

vary with galaxy mass. The model identifies a tran-

sition at log(M⋆/M⊙) ∼ 1010 − 1010.5M⊙, separating

an advection-dominated regime at low masses from an

accretion-dominated regime at high masses, where cos-

mic gas accretion introduces metal-poor gas that dilutes

central regions and flattens the gradients in massive

galaxies. Gradients are steepest at intermediate masses,

where centrally-peaked metal production is the domi-

nant process relative to both advection and accretion.

The absence of a clear turnover in log(N/O) gradi-

ents at log(M⋆/M⊙) ∼ 10.5, further supports the above

discussed picture of chemical equilibrium in the inner
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discs (F. Belfiore et al. 2017; A. L. Schaefer et al.

2020b). The systematic steepening of the log(N/O)

versus 12 + log(O/H) slope with stellar mass (see Fig-

ure 6) reflects the dual nucleosynthetic origin of ni-

trogen (M. G. Edmunds 1990; R. B. C. Henry et al.

2000; M. Mollá et al. 2006): at low metallicities, nitro-

gen is produced as a primary element and hence shows

less dependence on 12 + log(O/H) ratio, whereas at the

high metallicities characteristic of massive galaxy cen-

tres, secondary CNO-cycle nitrogen production domi-

nates, causing log(N/O) to rise steeply with O/H (D.

Alloin et al. 1979; F. Vincenzo et al. 2016b). The su-

perlinear log(N/O) versus 12 + log(O/H) slope in the

highest mass bin, therefore, reflects the radial metallic-

ity gradient, placing the metal-rich centres in the sec-

ondary nitrogen regime while the metal-poor outskirts

remain in the primary regime, naturally explaining why

∇ log(N/O) is systematically steeper than ∇ log(O/H)

at high stellar masses (F. Belfiore et al. 2017; H. Poet-

rodjojo et al. 2018; I. A. Zinchenko et al. 2021). At low

stellar masses, where both centres and outskirts remain

in the primary nitrogen regime, the two gradients are

comparable in magnitude, consistent with the near 1:1

relation seen in the insets (see Fig. 6).

At fixed stellar mass, the radial metallicity distribu-

tion does not show any morphological dependence. This

may likely imply that the radial distribution of gas-

phase metalallicity is primarily regulated by the depth

of the gravitational potential well — traced by stellar

mass — rather than by the internal structural config-

uration of the galaxy. Note that our sample is pri-

marily designed for disc-dominated star-forming galax-

ies, and thus under-represents the bulge-dominated sys-

tems whose profiles remain poorly constrained. A de-

tailed morphological study based on full bulge-disk pho-

tometric decomposition, applied to a larger sample with

equal representation of disk- and bulge-dominated sys-

tems across all stellar mass bins, would help to assess

the role of galaxy structure in shaping radial abundance

profiles.

The dependence of the metallicity profiles on galaxy

size, at fixed mass and radii, suggests that physical

compactness plays an important role in regulating the

chemical enrichment. Since the two size sub-samples

are matched in stellar mass and Dn4000, the observed

offset cannot be attributed to differences in total stel-

lar content or mean stellar age. The broadly simi-

lar Dn4000 profiles, with a hint of slightly lower val-

ues in larger galaxies, suggest comparable recent star

formation histories, with larger galaxies experiencing

marginally higher recent star formation activity likely

concentrated in their more extended discs. The asso-

ciated accretion of metal-poor gas to fuel this star for-

mation would dilute the local metallicity, particularly

at large radii, naturally giving rise to the steeper neg-

ative gradients observed in extended galaxies compared

to their compact counterparts of the same stellar mass

and Dn4000.

This is in good agreement with S. L. Ellison et al.

(2008), who first reported a size–metallicity relation at

fixed stellar mass, and with subsequent IFU studies (

N. F. Boardman et al. 2021 and L. Lin et al. 2024), con-

firming that compact galaxies exhibit higher metallicity

and shallower gradients than extended galaxies across

a wide range of stellar masses. The deeper gravita-

tional potential wells of compact galaxies are more effec-

tive at retaining metal-enriched gas against supernova-

driven outflows (C. A. Tremonti et al. 2004; K. Finla-

tor & R. Davé 2008), while under the inside-out growth

paradigm, extended galaxies build up their outer discs

through accretion of pristine gas, naturally steepening

their gradients.

The systematic difference in metallicity gradients be-

tween galaxies with younger (∇Dn4000 < 0) and older

(∇Dn4000 > 0) outskirts indicates that the age of the

stellar population in the galactic disk plays a major

role in shaping the metallicity gradients. Galaxies with

younger outskirts are actively building their discs inside-

out, sustaining steep metallicity gradients through ongo-

ing centrally concentrated star formation (N. Prantzos

& S. Boissier 2000b; K. Pilkington et al. 2012), while

galaxies with older outskirts show near-flat gradients

across all masses, consistent with more spatially uniform

star formation histories. This is qualitatively consistent

with I. A. Zinchenko et al. (2021), who reported that

galaxies with a positive Dn4000 radial gradient tend to

have flatter O/H and N/O gradients, interpreting this as

evidence for the evolution of metallicity gradients with

stellar population age.

6. SUMMARY AND CONCLUSIONS

In this work, we have exploited the unique targeting

strategy and high-multiplexing spectroscopic capability

of DESI to investigate the spatially resolved chemical

enrichment in local star-forming galaxies. By utilizing

multiple DESI fibers probing different regions within

individual galaxies, we effectively use the survey as a

sparse IFS to construct radial abundance profiles across

a sample of 2291 star-forming galaxies, spanning ∼4 or-

ders of stellar mass, and out to disc-halo interface. This

represents one of the largest studies of gas-phase chemi-

cal abundance gradients in the local Universe. Splitting

the sample into six stellar mass bins, and using empirical

Te-based calibrations, we find:
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1. The star-forming galaxies across all the stellar

mass bins show a negative oxygen and nitrogen

abundance gradient. Spanning from low- to high-

mass galaxies, the gradients become progressively

steeper, which is consistent with an inside-out

growth scenario in which central regions undergo

earlier and more efficient star formation and chem-

ical enrichment, relative to the outer disc. Inter-

estingly, the nearly flat radial profiles in the dwarf

regime (log(M⋆/M⊙) < 9.5), suggest a more effi-

cient redistribution of metals via feedback-driven

outflows in shallower gravitational potentials.

2. We find a linear correlation between the metallic-

ity gradient and stellar mass up to log(M⋆/M⊙) ∼
10.5, with gradients varying from 0.02 to 0.08

dex/Re, beyond which the gradients become shal-

lower - marking a clear turnover in the mass–

metallicity gradient relation. This turnover is pri-

marily driven by the flattening of metallicity pro-

files in the innermost regions (≤ 1 Re) of massive

galaxies, where the central regions have reached

chemical equilibrium following early and efficient

star formation, stalling further enrichment, sup-

ported by the persistence of steep log(N/O) gradi-

ents. Cosmic gas accretion may additionally con-

tribute by introducing metal-poor gas in the center

that further shallows the gradients at high masses.

3. For the first time, probing the extended radial

metallicity profiles out to ∼ 5Re, across different

mass bins, we find that metallicity profiles flatten

near the disk-halo interface. Most strikingly, the

metallicities from different stellar mass bins con-

verge in the outskirts. It supports the metallic-

ity flooring predicted in cosmological simulations,

which likely reflects reduced star formation effi-

ciency in the outer disc, combined with the in-

fluence of metal-poor gas inflows that homogenize

chemical abundances at large galactocentric dis-

tances.

4. Subdividing the sample by morphology (Sérsic in-

dex) reveals no significant difference in the metal-

licity or N/O gradients between disc-like and

bulge-dominated galaxies. However, at fixed stel-

lar mass and Dn4000, galaxy size is found to

be a significant secondary parameter governing

metallicity profiles, with compact galaxies retain-

ing higher and more uniformly distributed metal

content by resisting the metal-poor gas dilution

associated with marginally higher star formation

rate in more extended galaxies.

5. Splitting by their internal stellar age structure

(∇Dn4000), galaxies with ∇Dn4000 < 0 (younger

outskirts) exhibit systematically steeper negative

metallicity and log(N/O) gradients compared to

galaxies with ∇Dn4000 ≥ 0 (older outskirts) at

fixed stellar mass, suggesting that chemical enrich-

ment gradients are further associated with radial

stellar age structure. The near-flat gradients in

older-outskirt galaxies are consistent with more

spatially uniform star formation histories, while

the steeper gradients in younger-outskirt galaxies

reflect ongoing inside-out disc growth.

Together, they point towards a coherent picture of

inside-out galaxy growth, where the interplay between

star formation efficiency, stellar feedback, and metal-

poor gas accretion collectively govern the radial chemical

structure of galaxies across the galaxy population.
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