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A B S T R A C T 

Extr eme nitr ogen enhancement r elativ e t o o xy gen, r ecently found in very high-r edshift g alaxies, has been seen in local 
star-forming galaxies (SFGs) displaying high log(N/O) values ( ≥−1 . 1 ) at relatively low O abundances, 12 + log(O/H) ≤
8. Understanding the physical origins of these e xtr eme N-emitters at low redshifts enables us to constr ain bet ter chemical 
enrichment mechanisms that drove such high log(N/O) values in the early Universe. With direct N and O abundances 
derived for 944 SFGs with spectroscopic observational data from the Dark Energy Spectroscopic Instrument Data Release 
1 (DESI DR1), we report the discovery of 19 e xtr eme N-emitters at low z ( z < 0 . 5 ). Our sample of N-emitters r epr esents a 

fivefold increase in their known number at low z with 12 + log(O/H) ≤ 8, and statistically, 2 . 21 ± 0 . 91 per cent of DESI 
DR1 SFGs with reliable O and N abundances obtained directly are extreme N-emitters. The sample spans a mass range 
of ∼10 

7 –10 

10 M � with a 12 + log(O/H) range of ∼7.1–8.2, and the N-emitter fraction is found to increase with increasing 

stellar mass and decreasing metallicity. The most extreme N-emitter in our sample has log(N/O) = −0 . 53 ± 0 . 13 , while 
also having the lowest, 12 + log(O/H) = 7 . 08 ± 0 . 09 , and the highest stellar mass, log( M ∗/M �) = 9.95 ± 0.13, among our 
sample. With galactic chemical evolution models, we show that sustained N-enhancement by asymptotic giant branch 

stars, in conjunction with the presence of outflows during the evolution of the galaxy, can well explain the high log(N/O) 
of low- z e xtr eme N-emitters. While single starbursts with outflow are sufficient to explain lower mass N-emitters, more 
massive ones r equir e a dual starburst scenario where a secondary starburst is triggered by the inflow of gas. 

Key wor ds: g alaxies: abundances – galaxies: evolution – galaxies: formation. 
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 INTRODUCTION  

ames Webb Space Telescope ( JWST )/N ear Infrar ed Spectr ograph
NIRSpec; P. Jakobsen et al. 2022 ) observations of high-redshift 
 z > 1 ) star-forming galaxies (SFGs) have enabled direct deter-

ination (via reliable detections of temperature-sensitive auroral 
ines) of their int erst ellar medium (ISM) abundances of various
ight elements (e.g. Y. Isobe et al. 2023 ; N. S. J. Rogers et al. 2024 ;
. Z. Ar ellano-Cór dov a et al. 2025a ; S. Bhat tachary a et al. 2025b ;
. Cataldi et al. 2025 ; M. Stiavelli et al. 2025 ). Of particular in-

er est ar e those high- z SFGs that hav e been found t o display high
og(N/O) values (termed e xtr eme N-emitters or N-loud g alaxies) 
t relatively low O abundances, 12 + log(O/H) ≤ 8 (A. J. Cameron
t al. 2023 ; Y. Isobe et al. 2023 ; A. J. Bunker et al. 2024 ; M. Castel-
ano et al. 2024 ; R. Marques-Chaves et al. 2024 ; R. L. Sanders et al.
024 ; D. Schaerer et al. 2024 ; M. W. Topping et al. 2024 , 2025 ; B.
elch et al. 2024 , 2025 ; K. Z. Ar ellano-Cór dova et al. 2025a ; M.
urti et al. 2025b ; M. Stiavelli et al. 2025 ; Y. Zhang, T. Morishita &
. Stiavelli 2026 ). We adopt a standard definition of e xtr eme N-

mitt ers (hereaft er ‘N-emitt ers’ for brevity) in this w ork as such
FGs with log(N/O) ≥ −1 . 1 . 
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Various theoretical scenarios have been suggest ed t o explain 

he high N/O at low O abundances in these high- z SFGs. These in-
lude dilution by pristine gas between intermittent starbursts (C. 
 oba yashi & A. Ferrara 2024 ), enrichment from winds of Wolf–
ayet (WR) stars possibly coupled with clustered star formation 

Y. Isobe et al. 2023 ; H. Fukushima & H. Yajima 2024 ; R. Marques-
haves et al. 2024 ; T. E. Rivera-Thorsen et al. 2024 ), pollution

rom Population III star formation (D. Nandal, Y. Sibony & S.
siatsiou 2024b ; M. Rossi et al. 2024 ; P. Senchyna et al. 2024 ; S.
siatsiou et al. 2024 ), tidal disruption of stars from encounters
ith black holes (Y. Zhang et al. 2026 ), ejecta from very massive

tars (100–1000 M �) formed through collisions in dense clusters 
J. S. Vink 2023 ), and supermassive stars ( ∼10 4 M �; C. Charbon-
el et al. 2023 ; C. Nagele & H. Umeda 2023 ; D. Nandal et al.
024a ). We note that some identified N-emitters at high z are
hown to host an active galactic nucleus (AGN, e.g. GS 3073; X.
i et al. 2024 ). How ev er, in this w ork, w e are only int erest ed in
-emitters that are SFGs. 
At low redshifts, N/O has been routinely determined for in- 

ividual bright H ii regions within the Milky Way (MW; e.g. M.
eimbert & R. Costero 1969 ; R. H. Rubin 1969 ; C. Esteban & J.
arcía-Rojas 2018 ) and nearby galaxies (e.g. NGC 6822: M. Peim-
ert & H. Spinrad 1970 ; M31, M101: C. Esteban et al. 2020 ), for
he int egrat ed spectra of g alaxies (e.g . Y. I. Izotov et al. 2006 ), for
 This is an Open Access article distributed under the terms of the 
/by/4.0/ ), which permits unrestricted reuse, distribution, and 
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M

Figur e 1. An e xample of the flux and w avelength calibr ated spectrum (green) of an SFG observed by DESI (for the N-emitter No. 1 in Table 2 ; its DESI 
ID and redshift are noted). The emission lines utilized in this work are labelled in red. The expected position of the He ii λ4686 Å line is marked (brown) 
but is not observed. The insets show the zoomed-in views around the H γ and [O iii ] λ4363 Å and H α and [N ii ] λλ6548, 6583 Å lines, respectively, both 
of which clearly show their detections. The uncertainty in the flux is marked in grey in these insets. 
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amped Lyman α systems (e.g. A. J. Battisti et al. 2012 ), as well as
or stars in the MW (e.g. A. Ecuvillon et al. 2004 ). These determi-
ations have shown that N/O is nearly constant with increasing O
bundance when 12 + log(O/H) ≈ 7.5–8, and increases thereafter
ith increasing O abundance (M. A. Dopita et al. 2016 ; D. C.
icholls et al. 2017 ). The increase is associated with enrichment

rom asymptotic giant branch (AGB) stars from initially ∼4–7 M �
tars (F. Vincenzo & C. K oba y ashi 2018 ). A t 12 + log(O/H) ≤
.5, N/O determinations remain sparser, although many blue
ompact dwarfs show slightly enhanced N relative to the near-
onstant values determined when 12 + log(O/H) ≈ 7.5–8 (e.g.
. A. Zinchenko et al. 2024 ). 

In the Local Volume ( < 10 Mpc), e xtr eme N-emitters ar e rar e,
ith only the nuclear star-forming region in the blue compact
warf galaxy Mrk 996 showing extremely high log(N/O) ∼−0 . 15
t low O abundances, 12 + log(O/H) ∼ 7.9 (B. L. James et al. 2009 ;
. Telles et al. 2014 ). Homogeneous spectroscopic survey of SFGs
ith the Sloan Digital Sky Survey (SDSS; H. Aihara et al. 2011 )

llowed direct N and O abundance measurements for 231 low- z
alaxies (out to z ∼ 0 . 4 ; Y. I. Izotov et al. 2006 ). However, only a
andful of SFGs with log(N/O) ≥−1 . 1 were observed, with most
f these having 12 + log(O/H) ≥ 8. 

The Dark Energy Spectroscopic Instrument (DESI; DESI Col-
aboration 2022 ) on the Mayall 4-m Telescope at Kitt Peak Na-
ional Observatory has carried out a ∼9000 deg 2 optical survey
f galaxies over its first 13 months of operation, with data made
ublicly available through the Data Release 1 (DR1; DESI Collab-
ration 2025 ). This allows a renewed opportunity to conduct a ho-
ogeneous spectr oscopic sear ch for SFGs to directly determine

heir N and O abundances, but now over wider and potentially
eeper scales than SDSS. 
In this paper, we obtain direct N and O abundances for a sample

f DESI DR1 SFGs at z < 0 . 5 , to identify a homogeneous sample
f N-emitters in the local Universe. Using galactic chemical evo-
ution (GCE) models, we then constrain the physical processes
hat caused the observed high N/O values for the SFGs in our
ample, to subsequently gain insight into the origin of N-emitters
t high z . Our sample selection (including AGN e x clusion) and
NRAS 548, 1–15 (2026) 

f

irect abundance determination are described in Section 2 . We
 xplor e the 12 + log(O/H) versus log(N/O) plane for DESI DR1
FGs and identify N-emitters in Section 3 . We compare our iden-
ified N-emitters with literature N-enriched SFGs, both at low
 and high z , in Section 4 . Using GCE models, we draw infer-
nces on the origin of N-emitters in Section 5 . We conclude in
ection 6 . 

 S  A M P L E  S E L E  CTION  AND  ABUNDANCE  

E  T E R M I N  AT I O N  

.1 DESI DR1 value-added catalogue data 

ESI enables multi-object spectroscopy with 5000 fibres (each 1.5
rcsec in diameter) over a 3.2 ◦ diameter field of view. The light
rom each fibre is split into the blue (3600–5550 Å; R = 2000–
200), red (5550–6560 Å; R = 3200–4100), and infrared (6560–
800 Å; R = 4100–5000) arms of a spectr ograph, pr oviding con-
inuous wavelength coverage over the specified optical range. An
xample DESI spectrum of an SFG is shown in Fig. 1 . 

The DESI main survey is intended to be a 5-yr observational
rogram targeting 30 million pre-selected galaxies across one-
hird of the night sky in order to measure redshifts. DESI DR1
onsists of all data acquired during the first 13 months of the
ESI main survey and uniform r epr ocessed DESI survey valida-

ion data that had been previously made publicly available as the
ESI Early Data Release (EDR; DESI Collaboration 2024 ). The
ESI DR1 main survey includes high-confidence redshifts for

8.7 million sources, of which 13.1 million are spectroscopically
lassified as galaxies. 

In this w ork, w e utilize the st ellar mass and emission-line
alue-added catalogue (VAC) 1 from DESI DR1 (Zou et al.,
n preparation; consistent with H. Zou et al. 2024 for EDR).
his VAC provides the position (RA, Dec.), spectroscopic red-
hift value ( z ), stellar mass ( M ∗), star formation rate (SFR)
or details. 

https://data.desi.lbl.gov/doc/releases/dr1/vac/stellar-mass-emline


Extreme N-emitters in DESI DR1 SFGs at z < 0.5 3 

Table 1. Sample selection of DESI DR1 galaxies in this work, with each 
subsequent sample being a subset of the former. 

Sample N o. of g alaxies 

All targets in DESI DR1 VAC 14 706 085 
Those of the above with z ≤ 0 . 4915 ; 
flux/ δflux ([O iii ] 4363 Å, [O iii ] 5007 Å, H β) ≥ 3 ; 
flux ([N ii ] 6583 Å) > 0 9209 
Those of the above that are SFGs, following AGN 

e x clusion, 
with z ≥ 0 . 032 and O abundances computed (for 
Fig. 2 ) 

1815 

Those of the above with flux/ δflux ([N ii ] 6583 Å) 
≥ 3 
and N and O abundances computed (in Fig. 3 ) 944 
Those of the above with log(N/O) ≥ −1 . 1 19 
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2 We find that a number of sources in the VAC have bright H α and 
[N ii ] λ6583 Å lines (also verified visually from the released spectra), but 
hav e no tabulat ed err ors. N ot to e x clude such sour ces, at least in the first 
instance, we refrain from S/N selection on these lines. 
3 https://www.legacysurvey.org 
4 A small number of dwarf galaxies could also be unfortunately e x cluded 
with this criterion. 
5 See ht tps://data.desi.lbl.gov/doc/releases/dr1/v ac/agnqso for details. 
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nd emission-line flux measurements for all sources classified 

s galaxies in DESI DR1 with reliable redshift measurements 
see Table 1 ). For each source, following absorption correction 

hrough continuum fitting performed by the stellar spectral syn- 
hesis code starlight (R. Cid Fernandes et al. 2005 ), a pre-
efined set of optical emission lines is measured by a single
aussian fit. M ∗ is derived using the stellar population modelling 

oftware cigale (M. Boquien et al. 2019 ) from the broad-band
 , r , z , W 1, and W 2 photometry fr om the DESI Leg acy Imaging
urveys (A. Dey et al. 2019 ) and spectrophotometry of 10 artificial
ands generated through convolution with DESI spectra (see H. 
ou et al. 2024 for details). SFR is derived from the flux of the
 α line where available. Thus, while the tabulated SFR value 

nly refers to the SFR within the region of the galaxy spanned
n-sky by the fibre, the tabulated M ∗ value mor e br oadly r efers
o the stellar mass of the source, even if its entire extent is not
ncompassed by the fibre. 

We only utilize those tabulated emission-line fluxes for each 

 alaxy fr om this VAC that ar e useful for dir ect O and N abundance
easurements, i.e. [O ii ] λλ3726, 3729 Å, H δ, H γ , [O iii ] λ4363
, H β, [O iii ] λλ4959, 5007 Å, H α, [N ii ] λλ6548, 6583 Å, and

S ii ] λλ6717, 6731 Å (see also Fig. 1 ). These line fluxes and
heir errors are utilized in selecting our sample of this work
n Section 2.2 . The abundance determination is discussed in 

ection 2.3 . 

.2 Sample selection 

e start from the ∼14.7 million targets in DESI DR1 classified as
alaxies in the VAC (first row of Table 1 ) and make the following
elections: 

(i) As the red-most emission line of interest required for O and 

 abundance determination ([N ii ] λ6583 Å) was only tabulated 

or galaxies out to z = 0 . 4915 , our sample is limited to this red-
hift. We further restrict our sample to those sources that have 
ux/ δflux ([O iii ] 4363 Å) ≥ 3 as a reliable line flux measurement
f the t emperature-sensitiv e [O iii ] λ4363 Å line is r equir ed for
irect abundance determination. We find that this does not au- 
omatically imply that brighter [O iii ] 5007 Å and H β lines have
ignal-to-noise ratio (S/N) > 3. Thus, we additionally impose the 
election criteria that flux/ δflux ([O iii ] 5007 Å, H β) ≥ 3 . Given
ur interest in obtaining N abundances, we impose the selection 

riteria of flux ([N ii ] 6583 Å) > 0 (which also automatically se-
ects only those objects with flux (H α) > 0). 2 In this first instance,
 e thus hav e 9209 galaxies aft er our selection (second row of 
able 1 ). 
(ii) Visually checking these galaxies in the DESI Legacy Imag- 

ng Survey images, 3 we find that many of the lowest redshift
ources classified as galaxies are actually individual H ii regions 
n nearby spiral galaxies, having emission-line spectra. We thus 
mpose an additional selection crit erion of z ≥ 0 . 032 t o e x clude
uch H ii regions. 4 For the remaining sources, which are galaxies,
e e x clude candidate AGN by cr oss-matching with the DESI DR1
 GN/quasi-stellar object (QSO) VA C 

5 (Juneau et al., in prepara-
ion). AGN candidat es hav e been identified from the full DESI
R1 sample in this A GN/QSO VA C from various emission-line

L. J. Kewley et al. 2001 ; G. Kauffmann et al. 2003 ; R. Cid Fernan-
es et al. 2011 ; M. Shirazi & J. Brinchmann 2012 ; S. Juneau et al.
014 ; K. Zhang & L. Hao 2018 ; D. R. Law et al. 2021 ) and infrared
iagnostics (T. H. J arr ett et al. 2011 ; S. Mateos et al. 2012 ; D. Stern
t al. 2012 ; R. J. Assef et al. 2018 ; H. F. M. Yao et al. 2020 ; R. E.
viding et al. 2022 ). Aft er removing these candidat e AGN, the

emaining emission-line galaxies in our sample are all SFGs based 

n the aforementioned emission-line and infrared diagnostics. 
or these SFGs, we proceed to abundance determination for O 

nd N abundances (Section 2.3 ). Only those galaxies with reliable
 abundances are included in the selection. This results in 1815
FGs (thir d r ow of Table 1 ). This sample is used to check the
onsistency of our determined O abundance with previous works 
n Section 2.4 . 

(iii) N abundances are determined for a subsample of these 
FGs where flux/ δflux ([N ii ] 6583 Å) ≥ 3 , resulting in 944 SFGs
hat are studied in this work (fourth row of Table 1 ). 

.3 Abundance determination 

ur abundance determination pr ocedur e using the Nebular Em- 
irical Analysis Tool ( neat ; R. Wesson, D. J. Stock & P. Scicluna
012 ) is laid out in detail in earlier papers (S. Bhat tachary a et al.
022 , 2025a , b ). We briefly describe the pr ocedur e her e. For each
FG, neat utilizes an it erativ e pr ocedur e for calculating the in-
rinsic balmer decrement, c (H β), from flux-w eight ed ratios of 
 α/H β, H γ /H β, and H δ/H β (as a vailable), nebular temper -

ture ( T e ) from the t emperature-sensitiv e [O iii ] λ4363 Å line,
nd electron density ( n e ) from the density-sensitive [O ii ] λλ3726,
729 Å and [S ii ] λλ6717, 6731 Å doublets (whichever are ob-
erved). We assume the extinction law of J. A. Cardelli, G. C.
layton & J. S. Mathis ( 1989 ). For those g alaxies wher e we do
ot observe the r equir ed doublets to determine n e , we assume
 e = 1000 cm 

−3 , which is expect ed t o hav e a negligible impact
n the determined abundances (e.g. G. J. Ferland et al. 2013 ).
nly those SFGs with c (H β ) > 0 , T e < 35 000 K, and n e < 10 000

m 

−3 ar e consider ed to be reliable, and their direct abundances
re determined (see also S. Bhat tachary a et al. 2022 , 2025a , b ). 

Direct O and N ionic abundances are determined from the 
easur ed flux es of the O ([O ii ] λλ3726, 3729 Å, [O iii ] λλ4363,
MNRAS 548, 1–15 (2026) 
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Figure 2. 12 + log(O/H) abundances determined in this work compared 
t o previous det erminations (I. A. Zinchenko et al. 2024 ; H. Zou et al. 2024 ) 
from DESI EDR spectra. The 1:1 line is also marked. The inset shows the 
same for log(N/O). 
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959, 5007 Å) and N ([N ii ] λλ6548, 6583 Å) lines, respectively.
onization correction factors (ICFs) for O are negligible when
ines pertaining to both O 

2+ (i.e. [O iii ] λλ5007, 4959, 4363 Å)
nd O 

+ ([O ii ] λλ3727, 3729 Å) are observed. As the objective of 
his work is to check for N-enrichment, we can bypass the need
or ICFs by directly obtaining log(N/O) as log(N 

+ /O 

+ ), which
s considered to be a reasonable approximation for metal-poor
alaxies (Y. I. Izotov et al. 2004 ). 

.4 Consistency with abundance determinations from 

ESI EDR 

. A. Zinchenko et al. ( 2024 ) had utilized the DESI EDR spectra
o directly determine O abundances for 21 e xtr emely metal-poor
alaxies (12 + log(O/H) < 7.3), 8 of which also had N abundances
 eported. Only 11 g alaxies fr om their sample (including 3 with N
bundances r eported) ar e pr esent in our selection of 1815 g alaxies
ith r eliable O abundances. Inter estingly, none of these g alaxies

re among the 944 galaxies in our final selection that have reliable
 abundances. This results from S/N > 3 considerations in the
AC for the [O iii ] 4363 Å line, which e x cludes 10 g alaxies fr om
. A. Zinchenko et al. ( 2024 ) in our sample, and the remaining 11
 alaxies ar e pruned as they all have no errors noted for the [N ii ]
583 Å line in the VAC. 

Visual confirmation of the DESI DR1 spectra of the galaxies
rom I. A. Zinchenko et al. ( 2024 ) gave the impression that the
 equir ed [O iii ] 4363 Å and [N ii ] 6583 Å lines ar e pr esent in the
pectra as reported by the authors based on the EDR spectra, but
hese lines have low S/N, with the VAC conservatively assigning
lightly higher errors than that determined by the authors. This is
onsistent with the presence of only seven of the g alaxies fr om I.
. Zinchenko et al. ( 2024 ) being present in the metal-poor sample
f H. Zou et al. ( 2024 ), who had utilized the DESI EDR VAC to
 eport dir ectly determined O abundances for 223 very metal-poor
alaxies (12 + log(O/H) < 7.7) in DESI EDR, 193 of which are
ithin z = 0.4915. 
Of these 193 galaxies, only 115 are present in our selection

f g alaxies with r eliable O abundances. The ones e x cluded fr om
ur sample are primarily AGN candidates classified as such with
he Wide-field Infrared Survey Explorer ( WISE ) colour-based AGN
andidat e selection crit eria. While there is considerable ov erlap
etween AGN and SFGs in such WISE colour selections (e.g. T. H.
 arr ett et al. 2011 ), we conservatively e x clude all AGN candidates.

We compare our determined O abundances with those of the
1 galaxies in common with I. A. Zinchenko et al. ( 2024 ) and the
15 in common with H. Zou et al. ( 2024 ). Fig. 2 shows that we are
onsistent with the O abundances determined by I. A. Zinchenko
t al. ( 2024 ) within the errors, but have mean O abundances
ower by 0.06 dex than those determined by H. Zou et al. ( 2024 ),
lightly more than the standard deviation of 0.044 dex, albeit still
onsistent within error. The offset likely stems from the choice
f non-standard, albeit justified, atomic recombination and col-
ision strength data by H. Zou et al. ( 2024 ), which is expected
o result in their slightly higher O abundances. The abundance
etermination pr ocedur e, albeit using differ ent softwar e, is very
imilar between this work and that of I. A. Zinchenko et al. ( 2024 ).
t is thus reassuring to determine consistent O abundances, as it
olst ers the consist ency betw een the line fluxes measured from
he DESI spectra, and those reported in the VAC we use in this
ork. 
For three SFGs, we can further compare the log(N/O) deter-
ined in this work with those reported by I. A. Zinchenko et
NRAS 548, 1–15 (2026) 
l. ( 2024 ). We reit erat e that these g alaxies ar e not pr esent in our
nal selection of 944 galaxies with reliable N abundances, as

heir [N ii ] 6583 Å lines flux errors are unreported in the VAC.
ev ertheless, w e assume a 10 per cent error on the reported flux

n this line (an acceptable value visually checked with the spectra)
o enable computation of the N abundances and thereby com-
arison with the reported values. Inset of Fig. 2 shows that our
etermined log(N/O) values are consistent with those reported
y I. A. Zinchenko et al. ( 2024 ) for these three SFGs. 

 ANALYSIS  

.1 The log(N/O) versus 12 + log(O/H) plane of SFGs 

or the 944 SFGs with reliable O and N abundances directly
etermined in this work, we present their distribution in the
2 + log(O/H) versus log(N/O) plane in Fig. 3 . The running
ean of log(N/O) is computed as a function of increasing

2 + log(O/H) in a fixed window of 50 SFGs. The N/O increase at
2 + log(O/H) > 8 , as per the local scaling relation, 6 is not clearly
een for our sample. This is probably due to a selection effect
f our sample, where the [O iii ] λ4363 Å line flux (for the same
O iii ] λ5007 Å line flux) is inversely correlated with metallicity.
o for any flux-limited spectroscopic survey, the [O iii ] λ4363 Å
ine is det ect ed with higher S/N in relativ ely metal-poor galaxies
M. Curti et al. 2020 ). How ev er, this is not a problem in this work
or finding the low- z counterparts of high- z N-emitters, as most
FGs that are N-emitters at high z are at 12 + log(O/H) < 8 . 

Additionally, I. A. Zinchenko et al. ( 2024 ) made a compilation
f metal-poor (12 + log(O/H) < 8) low- z SFGs having direct N
nd O abundance determinations from the literature, and com-
uted their mean log(N/O) as −1 . 48 , shown with the dashed

ine in Fig 3 (see also E. Cataldi et al. 2025 for a very similar
elation). We find that a number of our SFGs, especially those
ith 12 + log(O/H) < 7.6, have log(N/O) > −1 . 48 . 



Extreme N-emitters in DESI DR1 SFGs at z < 0.5 5 

Figure 3. 12 + log(O/H) versus log(N/O) for the 944 DESI DR1 SFGs 
with our reliable O and N abundances. The uncertainties are marked with 
error bars. The running mean in log(N/O) as a function of 12 + log(O/H) 
is shown in red, with the 1 σ uncertainty shaded. The local scaling relation 
(M. A. Dopita et al. 2016 ; D. C. Nicholls et al. 2017 , solid line) is also 
marked, along with the median log(N/O) value for metal-poor galaxies 
computed by I. A. Zinchenko et al. ( 2024 , dashed line). 

Figure 4. 12 + log(O/H) versus log(N/O) for the DESI DR1 944 SFGs 
with our reliable O and N abundances. 19 N-emitters (log(N/O) ≥ −1 . 1 ; 
those above the dot–dashed line) are marked in black (with their de- 
termined uncertainties), while the others are marked in grey. Different 
gr oups of literatur e sour ces ar e shown for comparison (see Section 4 ). 
Note that the upward triangle shows the lower limit for GN-z11, while 
the downward triangle shows the upper limit for GHZ2. 
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.2 Extreme N-emitting SFGs in DESI DR1 

e now make a selection of e xtr eme N-emitters identified in
FGs at z < 0 . 5 from DESI DR1 in this work with the definition
f log(N/O) > −1 . 1 (Section 1 ). The selection criteria are empir-
cally made to allow for comparison with suitably large numbers 
f literatur e sour ces, both high z and low z ones, that have pre-
iously been studied for N-enhancement (discussed further in 

ections 4.1 and 4.2 ). 
As a result, we find 19 e xtr eme N-emitters identified in our

ample with log(N/O) > −1 . 1 (the last row of Table 1 ). They are
ighlighted in the 12 + log(O/H) versus log(N/O) plane in Fig. 
 (black dots with error bars) and their RGB image cutouts are
hown in Fig. 5 . While most of these SFGs are completely within
he on-sky angular extent of the DESI fibre, some of them at low
edshifts only have their central regions within the fibre. Their 
Ds, positions, redshifts, stellar masses, SFRs, and computed 

2 + log(O/H) and log(N/O) are listed in Table 2 . Fig. 1 shows the
pectrum of the N-emitter No. 1 in Table 2 with clear detection of 
he auroral [O iii ] λ4363 Å line as well as the [N ii ] λλ6548, 6583

lines. The spectra for the other 18 N-emitters ar e pr esented in
igs A1 and A2 and discussed in Appendix A . 
Given the small number of such galaxies identified in our sam-

le of 944 SFGs with reliable O and N abundances, w e comput e
he fraction and uncertainty (95 per cent confidence interval) in 

he fraction of N-emitters, using the binomial proportion confi- 
ence interval obtained with the Wilson score interval method 

E. B. Wilson 1927 ). We find that 2 . 21 ± 0 . 91 per cent of DESI
R1 SFGs, with reliable O and N abundances obtained directly, 

re N-emitters. 
It is particularly notable that the most e xtr eme N-emitter in our

ample (No. 6 in Table 2 with log(N/O) = −0 . 53 ± 0 . 13 ) also has
he lowest 12 + log(O/H) with 7 . 08 ± 0 . 09 and the highest stellar

ass, log( M ∗/M �) = 9.95 ± 0.13, with the abundance values
 epr esentative of its central regions (No. 6 in Fig. 5 ). The SFGs
ith the second and third highest log(N/O) values (No. 4 and No.

4 in Table 2 with log(N/O) = −0 . 82 ± 0 . 13 and −0 . 85 ± 0 . 13 )
re also quite massive with log( M ∗/M �) = 9.48 ± 0.11 and 9.35

0.16, respectively, being also amongst the SFGs with the low- 
st O abundances in our sample with 12 + log(O/H) = 7 . 17 ±
 . 09 and 7 . 47 ± 0 . 08 , respectiv ely. The low est mass galaxy in
ur sample (No. 7 in Table 2 with log( M ∗/M �) = 7.03 ± 0.17)
lso has the fourth highest log(N/O) = −0 . 88 ± 0 . 12 , with a low
2 + log(O/H) = 7 . 46 ± 0 . 09 . 

.3 Relationship with other physical quantities 

ig. 6 (a) shows that our sample of the DESI DR1 SFGs with reli-
ble O and N abundances consists primarily of relatively lower 
ass SFGs, with the majority having M ∗ ∼ 10 8 –10 9 M �. The

election of metal-poor galaxies in our sample (see Section 3.1 )
n conjunction with the mass–metallicity relation of galaxies, 
her eby g alaxies on average show incr easing O abundances with

ncreasing mass (e.g. B. E. J. Pagel & M. G. Edmunds 1981 ; C. A.
remonti et al. 2004 ; M. Curti et al. 2020 ), results in very few
assive galaxies being present in our sample. This is still the case,

lthough the masses of SFGs in our sample are higher than those
n the literature sample compiled by I. A. Zinchenko et al. ( 2024 ).

Fig. 7 (a) clearly shows a near constant fr action of N-emit ters
t 10 7 –10 9 M �, with an increase at higher masses. We find sta-
istically that 14 . 99 ± 7 . 97 per cent and 37 . 24 ± 32 . 69 per cent
f SFGs are N-emitters with M ∗ = 10 9 –10 9 . 5 M � and M ∗ = 10 9 . 5 –
0 10 M �, respectiv ely. At the low est masses, giv en the lack of N-
mitters in our sample, we can statistically say that only up to
15 per cent and ∼50 per cent of SFGs may be N-emitters with
 ∗ = 10 6 . 5 –10 7 M � and M ∗ = 10 6 –10 6 . 5 M �, respectively. 
Fig. 6 (b) shows that N-emitters are present over a wide range

f SFR values (log(SFR) ∼ −1 . 2 to 1.2 M � yr −1 ) with a near
onstant fraction ( ∼1–2.5 per cent; see Fig. 7 b). Beyond this SFR
ange, where we find no N-emitters in our sample, yet we can
tatistically say that up to ∼16 per cent SFGs may be N-emitters. 

Fig. 6 (c) shows that almost the entire sample of DESI DR1
FGs with reliable O and N abundances have high specific star
ormation rate (sSFR), with the bulk of the sample having sSFR ∼
0 −9 –10 −7 . 5 yr −1 , which are typical values for starburst galaxies.
MNRAS 548, 1–15 (2026) 
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M

Figure 5. RGB image cutouts ( 10 arcmin × 10 arcmin ) from data release DR10 of the DESI legacy imaging surveys for the 19 SFGs identified in this 
work, having considerably enriched N-abundances (log(N/O) ≥−1.1). Their serial numbers from Table 2 are marked. The bottom-right panel shows the 
DESI fibre on-sky angular extent. 

Table 2. Catalogued attributes and determined abundances of N-enriched galaxies (log(N/O) ≥ −1.1) identified in DESI DR1. 

No. DESI target ID RA Dec. z log( M ∗/M �) log(SFR) 12 + log(O/H) log(N/O) 

1 39633381050286742 191.859176 59.565488 0.0378 7.69 ± 0.18 −0.37 ± 0.17 7.96 ± 0.08 −1.07 ± 0.11 
2 39633510662668308 100.838738 72.678735 0.0419 8.73 ± 0.14 −0.42 ± 0.24 7.37 ± 0.09 −1.07 ± 0.12 
3 39632930795947980 199.982441 32.591007 0.0514 9.06 ± 0.14 −0.2 ± 0.22 7.49 ± 0.09 −1.03 ± 0.12 
4 39627533284542216 58.21239 −10.411328 0.0581 9.48 ± 0.11 −0.15 ± 0.22 7.17 ± 0.09 −0.82 ± 0.13 
5 39628209783834902 157.065201 17.867498 0.069 7.75 ± 0.03 0.39 ± 0.03 7.9 ± 0.08 −1.0 ± 0.12 
6 39627850667526584 330.368151 2.403119 0.094 9.95 ± 0.13 0.93 ± 0.23 7.08 ± 0.09 −0.53 ± 0.13 
7 39627697579625487 204.416316 −3.658184 0.0958 7.03 ± 0.17 −0.99 ± 0.21 7.46 ± 0.09 −0.88 ± 0.12 
8 39633071447737239 118.114262 39.782491 0.096 9.11 ± 0.12 −0.27 ± 0.25 7.58 ± 0.09 −1.04 ± 0.12 
9 39627836318813655 195.157633 2.079406 0.0984 9.37 ± 0.14 0.3 ± 0.26 7.82 ± 0.08 −1.05 ± 0.12 
10 39633368454794121 181.353369 58.415714 0.1134 8.95 ± 0.15 −0.08 ± 0.28 7.5 ± 0.09 −1.0 ± 0.14 
11 39627914379004562 173.883709 5.295752 0.1186 7.44 ± 0.22 −0.37 ± 0.25 7.5 ± 0.1 −0.98 ± 0.12 
12 39627646585280675 36.837817 −5.867579 0.1257 8.0 ± 0.22 0.46 ± 0.16 8.18 ± 0.08 −1.09 ± 0.12 
13 39628035053326862 228.697273 10.164711 0.127 8.76 ± 0.17 0.22 ± 0.26 7.27 ± 0.1 −1.07 ± 0.13 
14 39633203069193270 98.286538 47.251371 0.1336 9.35 ± 0.16 1.18 ± 0.18 7.47 ± 0.08 −0.85 ± 0.13 
15 39633039701053482 214.447961 37.948368 0.1359 9.21 ± 0.16 0.48 ± 0.25 7.7 ± 0.09 −1.08 ± 0.13 
16 39633058315373292 188.542699 38.966799 0.1659 9.27 ± 0.14 0.38 ± 0.24 7.62 ± 0.09 −1.1 ± 0.12 
17 39627911006784144 332.289797 5.081961 0.1734 9.01 ± 0.17 0.23 ± 0.27 7.55 ± 0.09 −1.06 ± 0.12 
18 39627869588029634 18.529157 3.598735 0.2594 7.99 ± 0.14 0.54 ± 014 8.06 ± 0.09 −1.07 ± 0.11 
19 39627763539249582 177.116195 −1.030106 0.269 9.33 ± 0.14 0.8 ± 0.21 7.61 ± 0.09 −1.05 ± 0.12 
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Figure 6. (a) Stellar mass versus log(N/O) for the DESI DR1 SFGs with reliable O and N abundances. The uncertainties are marked. The DESI DR1 
SFGs ar e colour ed by their 12 + log(O/H). The dash–dot line shows log(N/O) = −1.1, the demarcation line of N-emitters. (b) Same as panel (a), but now 

showing SFR versus log(N/O). (c) Same as panel (a), but now showing sSFR versus log(N/O). 

Figure 7. The fraction of N-emitters as a function of binned (a) stellar mass, (b) SFR, (c) sSFR, and (d) 12 + log(O/H). The fractions and uncertainties 
(95 per cent confidence interval) for the fraction of N-emitters in each bin are computed using the binomial proportion confidence interval obtained 
with the Wilson score interval method (E. B. Wilson 1927 ). Points marked with a darker shade have N-emitters identified in our sample in the respective 
parameter bin, while those with a lighter shade have no N-emitters identified (see Section 3.3 for more details). 
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7 Recently, K. Z. Ar ellano-Cór dova et al. ( 2025b ) reported 10 galaxies with 
log(N/O) > −1 . 1 . Among these, J0036 −3333 is a well-known galaxy, 
Haro 11, whose resolved star-forming regions have been studied by B. 
L. James et al. ( 2013b ), and none of its three star-forming knots have 
log(N/O) > −1 . 1 . J0127 −0619 and J0823 + 2806 are already included in 
this work as Mrk 996 and the SFG from J. Brinchmann et al. ( 2008 ), 
respectively. J0808 + 3948 and J1253 −0312, the latter in common with Y. 
I. Izotov et al. ( 2006 ), ar e AGNs. The r emaining five g alaxies ar e plotted 
in Fig. 4 . 
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hile the N-emitters span the full range of sSFR values, it is clear
r om Fig . 7 (c) that the lowest sSFR bins hold a higher fraction of 
-emitt ers. This is consist ent with the increased fraction of N-

mitters at higher M ∗ but spanning a range of SFR values. 
Fig. 7 (d) shows the fraction of N-emitters as a function of 

inned 12 + log(O/H). As already shown in Fig. 3 , it is clear that
he fraction of N-emitters increase with decreasing O abundance. 

 COMPARISON  W I T H  L I T E R AT U R E  EXTREME  

- E M I T T I N G  STAR-FORMING  GAL A X I E S  

.1 Comparison with low-redshift extreme N-emitting 

FGs 

nhancement of N/O in metal-poor SFGs has been previously 
 eported (e.g . N . G . Guseva et al. 2011 ; E. Pér ez-Monter o et al.
011 ; N . K umari et al. 2018 ). Various mechanisms can be respon-
ible for the enhanced N/O ratios at low metallicity, including 
ocalized nitrogen enrichment of the ISM by WR stars (N. Kumari
t al. 2018 ), inflow of metal-poor gas (J. Köppen & G. Hensler
005 ), varying star formation efficiency (E. Pér ez-Monter o et al.
011 ), and initial mass function (IMF; F. Vincenzo et al. 2016 ). 

Fig. 4 also shows the four known star-forming regions in 

earby galaxies that show log(N/O) > −1 . 1 (cyan plus symbol).
hese are the nucleus of Mrk 996 (B. L. James et al. 2009 ; E. Telles
t al. 2014 ), the centre of NGC 5253 (A. Monreal-Ibero, J. R. Walsh
 J. M. Vílchez 2012 ), Region 2 in NGC 4670 (N. Kumari et al.
018 ), and Region 2 in UM 448 (B. L. James et al. 2013a ). All four
ave been suggested to be N-enriched due to WR stars, with Mrk
96 having the highest log(N/O) computed to date from optical N
mission lines. Recently, V. Abril-Melg ar ejo et al. ( 2024 ) showed
rom studying individual H ii regions spanning a rang e of ag es in
GC 5253, young H ii regions with ages ∼2–5 Myr exhibit high
/O (due to N-rich WR stars) decreasing with time, as the ionized

as might diffuse into the cold neutral gas on longer time-scales
f ∼10–15 Myr. 

Fig. 4 shows 20 blue compact dwarf galaxies (12 from Y. I.
zotov et al. 2006 ; one each from J. Brinchmann, D. Kunth & F.
urret 2008 , N. G. Guseva et al. 2009 and Y. I. Izotov, T. X. Thuan
 N . G . Guseva 2017 ; and five from K. Z. Ar ellano-Cór dova et

l. 2025a ) 7 that have been found to have log(N/O) > −1 . 1 (red
ir cles). Only thr ee of these SFGs (J0519 + 0007, N . G . Guseva et
l. 2009 ; J1205 + 4551, Y. I. Izotov et al. 2017 ; J0944 + 3442, K. Z.
r ellano-Cór dova et al. 2025b ) have 12 + log(O/H) < 8. Their
MNRAS 548, 1–15 (2026) 
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og(N/O) values are among the lowest compared to the N-emitters
n our sample. Note that, including Mrk 996 and these three
FGs, only four SFGs were previously known to be metal-poor
12 + log(O/H) < 8) N-emitters at low z ; our work adds a further
7 such metal-poor N-emitters in the local Universe (see Table 1 ).

We try not to include AGN at all in Fig. 4 . There are five more
lue compact dwarf galaxies that had previously been reported
s SFGs with log(N/O) > −1 . 1 in the literatur e (thr ee fr om Y.
. Izotov et al. 2006 ; J0808 + 3948 from K. Z. Ar ellano-Cór dova
t al. 2025b ; and HS 0837 + 4717 from S. Pustilnik et al. 2004 ).
ow ev er, lat er, these are confirmed to be AGN either from X-

 ay follow -up (K. L. Birchall, M. G. Watson & J. Aird 2020 ), mid-
nfr ared v ariability (A. Ar avindan et al. 2024 ), optical-continuum
ariability (C. J. Burke et al. 2021 ), WISE colours (E. L. Lambrides
t al. 2019 ), or spatially resolved spectroscopy (M. Mezcua & H.
omínguez Sánchez 2024 ). In addition, we find one more object

rom Y. I. Izotov et al. ( 2006 ) with log(N/O) > −1 . 1 that is part
f DESI DR1 but noted as an AGN candidate due to its WISE
olours. 

.2 Comparison with high-redshift SFGs with log(N/O) 
eterminations 

ig. 4 shows each of the high- z SFGs with log(N/O) determina-
ions from optical N lines report ed t o dat e (blue squares). These
nclude five SFGs from M. Stiavelli et al. ( 2025 ) at z ∼ 3.2–6.3,
ve from R. L. Sanders et al. ( 2024 ) at z ∼ 3.3–6, one from R.
arques-Chaves et al. ( 2025 ) at z = 6.2, one from Y. Zhang et

l. ( 2026 ) at z = 4.694, one from N. S. J. Rogers et al. ( 2024 )
t z = 2.963, two from K. Z. Ar ellano-Cór dova et al. ( 2025a ) at
 ∼ 5.2, 10 from D. Scholte et al. ( 2025 ) at z ∼ 1.8–4.9, one from
. Welch et al. ( 2024 ) at z = 1.329, two star-forming regions

n an SFG at z = 6.85 (J. Scholtz et al. 2025 ), and the Lyman-
ontinuum leaking star-forming region in the Sunburst Arc at
 = 2.37 (B. Welch et al. 2025 ). 11 of these determinations have
og(N/O) > −1 . 1 (one from M. Stiavelli et al. 2025 ; all five from
. L. Sanders et al. 2024 ; one from Y. Zhang et al. 2026 ; one from
. Welch et al. 2024 ; two from K. Z. Arellano-Córdova et al. 2025a ;
nd the star-forming region in the Sunburst Arc). J0217 −0208
r om R. Mar ques-Chaves et al. ( 2025 ) at z = 6.2 has the highest
og(N/O) = −0 . 3 ± 0 . 1 among these SFGs. Note that E. Cataldi
t al. ( 2025 ) also showed some additional N-emitters at cosmic
oon with deep JWST /NIRSpec spectra. 
The low - z N-emit t ers identified in this w ork hav e similar

og(N/O) values with those at high z , albeit at lower O abun-
ances. Particularly, the low - z N-emit t ers with high st ellar mass
 M ∗ > 10 9 M �) also occupy a similar mass range as the high- z
FGs. It thus seems reasonable to consider that the mechanisms
riving such high log(N/O) values are similar among both sam-
les (see Section 5 for discussion). 
Fig. 4 also shows each of the high- z SFGs with log(N/O) deter-
inations from ultraviolet (UV) N lines reported to date (orange

iamonds and triangles). There are seven such SFGs: A1703-zd6
 z = 7.0435; M. W. Topping et al. 2025 ), RXC J2248-ID ( z = 6.1057;

. W. Topping et al. 2024 ), GLASS 150008 ( z = 6.23; Y. Isobe
t al. 2023 ), CEERS 1019 ( z = 8.68; R. Marques-Chaves et al.
024 ), GN-z9p4 ( z = 9.38; D. Schaerer et al. 2024 ), GN-z8-LAE ( z
 8.28; R. N avarr o-Carr era et al. 2025 ), and GN-z9-0 ( z = 9.43; M.
urti et al. 2025b ). Also based on UV N lines, GN-z11 at z = 10.6
as been estimat ed t o hav e log(N/O) ≥ −0 . 25 (A. J. Cameron
t al. 2023 ), while GN-z2 at z = 12.34 has been estimated to have
og(N / O) ≤ −0 . 4 (M. Castellano et al. 2024 ). 
NRAS 548, 1–15 (2026) 
It is notable fr om Fig . 4 that all UV-based determinations of 
/O result in high values that are well above log(N/O) = −1 . 1 .
hey are placed among the most e xtr eme N-emitters identified in

his work (No. 6 in Table 2 and Fig. 5 ). Only the nuclear region of 
rk 996 resembles CEERS 1019 in that it has log(N/O) = −0 . 18 ±

 . 11 . Not e that, how ev er, it has been widely suggested (e.g. M.
tiavelli et al. 2025 ) that the log(N/O) obtained from UV N lines is
v erestimat ed, pot entially by ∼0.3–0.4 dex relativ e t o the optical
enchmark (Z. Martinez et al. 2025 ). 

 P RO B I N G  T H E  NAT URE  OF  EXTREME  

- E M I T T E R S  AT  LOW  R E D S H I F T  W I T H  G C E  

ODELS  

he low- z N-emitters identified in this work span a range of 
asses and sSFR (Section 3.3 ), but the most massive ones tend

 o hav e low sSFR and markedly low 12 + log(O/H) as shown in
ig. 6 . The lower mass ones span a wider range of sSFR with

ow 12 + log(O/H). We here construct GCE models to explain
he log(N/O) versus 12 + log(O/H) parameter space spanned by
-emitters at low z identified in this work, which will help in
nderstanding N-emitters at high z . 
Together with the latest nucleosynthesis yields, classical one-

one GCE models have been instrumental in developing our un-
erstanding of chemical enrichment processes in galaxies (e.g.
. K oba y ashi, A. I. Kar akas & H. Umeda 2011 ; K. Nomoto, C.
 oba yashi & N . Tominaga 2013 ; F. Matteucci 2021 ). Such GCE
odels have primarily been constrained by elemental abundance

eterminations of stars in the MW (e.g. M. R. Hayden et al. 2015 )
howing that an interplay of core-collapse supernovae (C CSN e,
ncluding hypernovae), Type Ia supernovae (SNe Ia) and AGB
tars can explain the determined abundances of nearly all ele-
ents in the solar neighbourhood (C. K oba yashi, A. I. Karakas &
. Lug ar o 2020b ). The same chemical enrichment mechanisms,

ut paired with a distinct star formation history (M. Arnaboldi et
l. 2022 ; C. K oba yashi et al. 2023 ), can r epr oduce the observed O
nd Ar elemental abundances for planetary nebulae in the disc of 
he Andromeda galaxy (S. Bhat tachary a et al. 2022 ). GCE models
ave also been constrained by elemental abundance determina-

ions of stars in MW dwarf spheroidal sat ellit e galaxies, uncov er-
ng the potential role played by sub-Chandrasekhar mass SNe Ia
sub-Ch SNe Ia) in the chemical enrichment of such low-mass

etal-poor galaxies (C. K oba yashi, S.-C. Leung & K. Nomoto
020a ). 

C. K oba yashi & A. Ferr ar a ( 2024 ) utilized GCE models, with an
nt ermitt ent star formation history having two strong starbursts
eparated by a quiescent phase lasting ∼100 Myr and having
utflows, to provide a possible explanation for the extreme N-
nhancement of GN-z11. It is important to note that the quiescent
hase is not particularly r equir ed, and the essential factor is the
ual burst (see four other models in their fig. 4 of appendix). Akin
o what has been observed for NGC 5253 by V. Abril-Melg ar ejo et
l. ( 2024 ), WR stars temporarily ( < 1 Myr) enhance N abundances
n GN-z11 following the second burst to become the dominant
nrichment source. 

.1 Constructing GCE models 

e construct a new set of GCE models using the GCE code by
. K oba yashi, T. Tsujimot o & K. Nomot o ( 2000 ) but including

he latest nucleosynthesis yields of A GB stars, super-A GB stars,
 CSN e (C. K oba yashi et al. 2020b ), SNe Ia, and sub-Ch SNe Ia
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Figure 8. Same as Fig. 4 , but with the locus traced by our GCE models marked (see Section 5 for details). The five most massive e xtr eme N-emitters 
(Table 2 ) ar e encir cled. The inset shows 12 + log(O/H) versus log(N/O) with an extended x -axis compared to the main plot, showing the complete locus 
traced by the dual starburst model. The locus positions accompanied by appreciable star formation are marked by the thicker solid lines (see Section 5 
for details). 
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C. K oba yashi et al. 2020a ), as well as WR stars (C. K oba yashi
 A. Ferr ar a 2024 ). The standard IMF from P. Kroupa ( 2008 )

s adopted for 0 . 01 –120 M �. Note that the SN Ia model is taken
rom C. K oba yashi & K. Nomoto ( 2009 ), which includes a metal-
icity effect of Chandrasekhar mass explosion in single degener- 
t e syst ems (C. K oba y ashi et al. 1998 ). Sub-Chandr asekhar mass
 xplosions fr om single and double degenerat e syst ems are also
ncluded. 8 How ev er, they do not affect N/O ratios at all. It is
mportant to note the model can well r epr oduce the observed
lemental abundances (from C to Zn) in the solar neighbourhood 

C. K oba yashi et al. 2020b ). 
The GCE models include exponential inflow (with time-scale 

i ), SFR proportional to the gas fraction ( τs ), and outflow rate also
roportional to the gas fraction ( τo ). See C. K oba yashi ( 2025 ) for
he formula (equations 9, 10, and 12). Three sets of models are
onstructed, including a multiple starburst. Massive stars formed 

n the first burst in each of the models explode as C CSN e, en-
iching the ISM with O, while N is contributed at early times

rom WR stars and at later times from AGB stars. This causes the 

 Equation (2) of C. K oba yashi & K. Nomoto ( 2009 ) is also used for sub- 
h-mass SNe Ia, but with different secondary mass ranges; 0.835–1.9 M �

or single degenerat e syst ems (C. K oba yashi, K. Nomoto & I. Hachisu 
015 ) and 1.8–7.95 M � for double degenerate systems, depending on the 
etallicity. 

t
N
A

p
K  

s
b

ncr ease of N/O towar d higher metallicities (e.g . O abundances)
n all models. The model predictions are shown in Fig. 8 and can
e summarized as follows: 

(i) Single starburst without outflow . The pink shaded area in 

ig. 8 shows the range of single-burst models for 3 Gyr after the
nset of star formation, with varying star formation time-scale 
rom τs = 0 . 1 to 30 Gyr. The model with τs = 0 . 1 Gyr corresponds
o the highest star formation efficiency among the models and is
ocated at the metal-rich edge. The inflow time-scale is fixed to
i = 0 . 1 Gyr as it does not change the elemental abundance tracks
t all. 

(ii) Single starburst with outflow . The yellow shaded area in Fig.
 shows single-burst str ong -outflow models with τo = τi = 0 . 1
yr, again varying τs from 0.1 to 30 Gyr, which can produce high
/O ratios over a wide range of O/H. With outflows, N/O ratios
ecome higher due to loss of O and can explain all high N/O val-
es in SFGs. Note that, with a longer τo value, i.e. weaker outflow,

he yellow area approaches the pink area. With these outflows, 
/O becomes higher mainly with the delayed N enrichment from 

GB stars. 
(iii) Dual starburst with outflow . There is another way to 

roduce high N/O at low metallicities – a dual starburst (C. 
 oba yashi & A. Ferrara 2024 ). The black solid lines in Fig. 8

how the star formation (observable) episodes of a dual star- 
urst model; both bursts have the same star formation time-scale 
MNRAS 548, 1–15 (2026) 
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s = 10 Gyr, but the infall time-scales are τi = 0 . 1 and 0.2 Gyr,
espectively, and the outflow time-scales are τo = 0 . 5 and 0.1 Gyr,
 espectively, which r esults in the second burst being only a third
f the SFR of the first one. The full evolutionary track is shown
n the inset of Fig. 8 in the 12 + log(O/H) versus log(N/O) plane,
here the thick solid lines show the locus associated with each
f the bursts of star formation that have an observable number
f stars. The loop is the signature of ISM dilution following gas
nfall prior to the start of the second burst. During the first burst,
v en with moderat e outflow, the model locus traces an increasing
/O with rapidly increasing O/H (the rightmost thick line). 
hen, the secondary inflow of primordial gas dilutes the ISM,
uddenly decreasing O/H (the narrow horizontal line). CCSNe
rom the secondary star burst increase O, causing the rapid de-
rease of N/O while increasing O/H (the leftmost narrow line).
inally, AGB stars from secondary starburst enhance N, causing

he increase of N/O (the inner thick line). 

Note that the dual burst model track is similar but not as bursty
s that for GN-z11 in C. K oba yashi & A. Ferr ar a ( 2024 ); the ex-
ra enhancement from WR stars before the O production from
 CSN e is included but is not seen. Also, for ∼40 Myr after the
nset of the first burst, AGB stars do not contribute to chemical
volution, which is important to note for very high- z galaxies. 

.2 GCE model-based inference 

he aforementioned models provide considerable insight into the
atur e of e xtr eme N-emitters, especially at low z . 
The single starburst models without outflow (Fig. 8 , pink) can

ell r epr oduce the local scaling r elation (see Fig . 4 ) wher e ob-
erved N/O ratios increase with increasing O abundances, as well
s the bulk of SFGs with O and N abundances determined in this
 ork. How ev er, they cannot explain the N-emitters, especially at

ow metallicities, 12 + log(O/H) < 8 . 
Among our N-emitters, those with relatively low stellar mass

appr o ximately M ∗ < 10 9 M �; see Table 2 ) can be explained with
he single starburst models with outflow (Fig. 8 , yellow). As they
r e dwarf g alaxies, str ong outflow fr om star formation activity
s expected due to their small gravitational potential well. It is
mportant t o not e that w e do not necessarily expect an ongoing
utflow signature to be present in the spectra of these SFGs.
ur GCE models show that outflows during the evolution of 

hese galaxies result in high N/O at a given O/H with delayed
-enrichment from AGB stars. How ev er, for the non-AGN high-
ass galaxies such a strong outflow is not expected. 
For the massive N-emitters in our sample (appr o ximately M ∗ >

0 9 M �; see Table 2 ), with the five most massive ones marked in
ig. 8 , a dual starburst with outflow is more plausible. This par-

icular model assumes the peak SFR is lower in the second burst,
hich is also consistent with cosmological growth of galaxies.
enerally, dual starbursts with similar outflows can explain the
igh N/O ratios, too. Having alr eady e xperienced a pr evious burst
f star formation, the galaxy formed in the dual starburst case
ill likely be more massive and thus hav e low er sSFR, consistent
ith the properties of extreme N-emitting SFGs in our sample

see Section 3.3 and Fig. 7 c). 
Given the aforementioned scenarios for low- z galaxies, we find

hat sustained N-enhancement by AGB stars, in conjunction with
he presence of outflows during the evolution of the galaxy, can
xplain the observed high N/O r atios of low - z N-emit ters. Such
 scenario may be applicable to the relatively massive high- z
NRAS 548, 1–15 (2026) 
-emitters at z < 9 , when there has been sufficient time ( > 0.5
yr) for N-enrichment by AGBs, r eg ar dless of whether single,
ual, or multiple episodes of starburst have occurred. The high-
 N-emitters at z > 9 , with UV-based N-abundances determined,
 equir e mor e rapid enrichment modes ( < 0.5 Gyr) like WR stars. 

As w e mov e t o higher r edshifts, g alaxies hav e had short er lifes-
ans and so signatures of ongoing outflows may be present in the
ighest z N-emitters (albeit at z < 9 ). Indeed, J0217 −0208 from
. Marques-Chaves et al. ( 2025 ) at z = 6.2, having log(N/O) =
0 . 3 ± 0 . 1 , the highest of any high- z N-emitter with optical N-

ines, shows signatur es of str ong outflows (br oad components
n several rest-optical emission lines combined with ALMA
Atacama Large Millimet er/submillimet er Array) det ections of 
 massiv e, ext ended cold dust reserv oir), consist ent with N-
nhancement from AGB stars in systems with strong outflows as
er our proposed GCE models. The same is true for CEERS 1019
t z = 8.68, where outflows have recently been identified with
IRSpec integral field unit (S. Zamora et al. 2025 ). 
N ote ag ain that WR stars ar e also included, but their instanta-

eous N-enhancement is not visible in the GCE models of this
aper. 9 There is no detection of the He ii λ4686 Å line, which is
xpect ed t o accompany the characteristic blue bump in galaxies
ith WR stars (e.g. A. R. López-Sánchez & C. Esteban 2009 ;
. Curti et al. 2025a ), in any of our e xtr eme N-emitters (see

igs 1 , A1 , and A2 ). The He ii λ4686 Å line also remains un-
et ect ed in the stacked spectrum of our e xtr eme N-emitters (see
ppendix B ). How ev er, giv en the faintness of this line even for
nown galaxies with WR stars (e.g. A. R. López-Sánchez & C. Es-
eban 2009 ), any contribution of WR stars to the N-enhancement
or the low- z SFGs remains unclear. 

 CONCLUSION  

e obtain direct N and O abundances for a sample of 944 SFGs
t z < 0 . 5 in DESI DR1, and find that 19 of these SFGs are N-
mitters with log(N/O) > −1 . 1 (Section 3.2 ). This is a fivefold
ncrease in the number of metal-poor (12 + log(O/H) < 8 ) low-
 N-emitters (17 from our sample), as only four such SFGs were
nown previously (Section 4.1 ). Four of the N-emitters identified

n this work have the lowest 12 + log(O/H) values determined to
ate for such galaxies (Fig. 4 ). The most extreme N-emitter in our
ample (No. 6 in Table 2 with log(N/O) = −0 . 53 ± 0 . 13 ) also has
he lowest 12 + log(O/H) with 7 . 08 ± 0 . 09 and the highest stellar

ass, log( M ∗/M �) = 9.95 ± 0.13. 
The homogeneous sample allows us t o comput e the N-emitter

raction of 2 . 21 ± 0 . 91 per cent. These N-emitters span a wide
 ange of SFR v alues, but a mark ed number of them ha ve higher
tellar masses and low sSFR, as well as low O abundances (Fig. 6 ).
n fact, the fraction of N-emitters increases with increasing mass,
ecreasing sSFR and decreasing O abundance (Fig. 7 ). 
Constructing a new set of GCE models (Section 5 ), we show

hat single starburst models without outflows cannot explain the
igh log(N/O) values of the low- z N-emitters at 12 + log(O/H) <
 , and strong outflows are required (Fig. 8 ). How ev er, such strong
utflows are not very likely in our relatively massive non-AGN
FGs (appr o ximately M ∗ > 10 9 M �; see Table 2 ). For these galax-
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es, dual starbursts with outflows better explain the high log(N/O)
alues. 

We thus show that e xtr eme N-emitters at low O abundances,
uch as those observed at high z , are also present in the local Uni-
erse, allowing us to gain significant insight into their chemical 
nrichment mechanisms. N-enrichment from AGB stars, coupled 

ith strong outflows sometime during the lifetime of a galaxy in
ingle and dual starbursts, is the likely driver of high log(N/O) in
ow - z N-emit ters. Such enrichment mechanisms may also explain 

he high log(N/O) in high- z SFGs out to z ∼ 9. A larger homoge-
eous sample across cosmic time with multi-object spectrographs 
n 8–10 m class ground-based telescopes, such as Subaru’s Prime 
ocus Spectrograph and Very Large Telescope’s Multi-Object Op- 
ical and N ear-infrar ed Spectr ograph, is r equir ed to pr obe the
rigin of N-emitters, as well as targeted observations with the 
WST . 
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P P E N D I X  A:  S P ECT R A  OF  EXTREME  

- E M I T T E R S  

s in Fig. 1 , the DESI spectra for the rest of N-emitters (Nos 2–18
n Table 2 ) are shown in Figs A1 and A2 . The [N ii ] λλ6548, 6583

lines are det ect ed for all but one source (No. 11 at z = 0.1186 in
ig . A1 ), wher e only the [N ii ] λ6583 Å line is det ect ed. The fluxes
f these lines, tabulated in the VAC, are thus reliably det ect ed
or each sour ce, wher e pr esent, in the DESI spectra, using the
ut omat ed pr ocedur e outlined in H. Zou et al. ( 2024 ). This is
urther shown by the consistency in our determined abundances
ompared to I. A. Zinchenko et al. ( 2024 ) in Section 2.4 . We
eit erat e that the spectra are shown only for visual confirmation,
nd the r equir ed tabulated line flux es fr om the VAC ar e utilized
or abundance determination in this work. 

http://arxiv.org/abs/2510.12411
http://arxiv.org/abs/2512.09022
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Figure A1. Same as Fig. 1 , but showing the DESI spectra for the N-emitters Nos 2–11 in Table 2 . The insets clearly show the detections of the [O iii ] λ4363 
Å and [N ii ] λ6583 Å lines in all sources, with the [N ii ] λ6548 Å line also det ect ed in all but one sour ce. N ote also that the axis scales vary for each spectrum 

(also for the insets) to accommodate the fluxes of the brightest lines. 
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M

Figure A2. Same as Fig. A1 , but showing the DESI spectra for the N-emitters Nos 12–19 in Table 2 . The insets clearly show the detections of the 
[O iii ] λ4363 Å and [N ii ] λλ6548, 6583 Å lines in all sources. 
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P P E N D I X  B :  STAC KE D  S P ECT R A  OF  

XTREME  N - E M I T T E R S  

hile the He ii λ4686 Å line remains undet ect ed for any of our N-
mitters (see Figs 1 , A1 , and A2 ), it does not rule out the presence
f WR stars in these SFGs as this line is intrinsically faint even in
onfirmed WR galaxies (the flux of this line can be ∼0.0025 times
NRAS 548, 1–15 (2026) 
hat of the [O iii ] λ5007 Å line; A. R. López-Sánchez & C. Esteban
009 ). We further computed the stacked spectrum from the indi-
idual DESI spectra of the 19 N-emitters, adopting the spectral
esampling using spectres (A. C. Carnall 2017 ) and normalized
o their [O iii ] λ5007 Å line flux es. Fig . B1 shows the stacked
pectrum as well as the normalized spectra of the 19 N-emitters
overing the w avelength r ange of the He ii λ4686 Å and H β lines.
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Figure B1. The stacked spectrum is shown in black, while the normal- 
ized spectra of the 19 N-emitters in Table 2 are shown in green (they over- 
lap with each other in the noise, but the H β line is clear). The wavelength 
range covers the marked position of the undetected He ii λ4686 Å line and 
the clear H β line. 
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e

t is clear that the He ii λ4686 Å line is not det ect ed in the stacked
pectrum either, even though the noise in the spectrum is clearly
 educed compar ed to the individual normalized spectra. The 3 σ
etection limit at the position of the He ii λ4686 Å line (relative
o the [O iii ] λ5007 Å line) is 0.018, so indeed even known WR
 alaxies (e.g . with this ratio being ∼0.0025; A. R. López-Sánchez
 C. Esteban 2009 ) would remain undetected. Thus, we can nei-

her confirm nor rule out the presence of WR stars even with the
tacked spectra. 
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