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A B S T R A C T 

We report a significantly tighter trend between gaseous N/O and M ∗/R e (a proxy for gravitational potential) than has previously 

been reported between gaseous metallicity and M ∗/R e , for star-forming galaxies in the Mapping Nearby Galaxies at Apache Point 
Observatory (MaNGA) surv e y. We argue this result to be a consequence of deeper potential wells conferring greater resistance 
to metal outflows while also being associated with earlier star-formation histories, combined with N/O being comparatively 

unaffected by metal-poor inflows. The potential–N/O relation thus appears to be both more resistant to short time-scale baryonic 
processes and also more reflective of a galaxy’s chemical evolution state, when compared to previously considered relations. 
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 I N T RO D U C T I O N  

he question of chemical evolution remains at the heart of observa- 
ional g alaxy astroph ysics. The chemistry of g alaxies’ stars and g as
ave been studied in much detail, in terms of both metallicities and
n terms of elemental abundance ratios. For stars, the most frequently 
onsidered abundance measures are [Fe / H] and [ α/ Fe] ; for gas, the 
ost common measures are instead 12 + log (O / H) and log (N / O) . In 

oth cases, combining measures yields much more information than 
oes any one measure alone, due to the different enrichment time- 
cales involved. Alpha elements such as oxygen are released into the 
SM via Type-II supernovae, resulting in enrichment on just ∼10 Myr
ime-scales after a star-formation event (e.g. Timmes, Woosley & 

eaver 1995 ); iron and nitrogen meanwhile are released on much 
onger time-scales, largely by Type-Ia supernovae and by AGB stars, 
espectively (see Maiolino & Mannucci 2019 , for a re vie w). N/O
nd metallicity have been shown repeatedly to be tightly correlated 
t higher metallicities, with N/O instead displaying a near-constant 
alue in low-metallicity objects (e.g. Pilyugin, V ́ılchez & Thuan 
010 ; Andrews & Martini 2013 ; P ́erez-Montero et al. 2016 ). 
Scaling relations provide important constraints for chemical evo- 

ution models and thus provide important insight into the rele v ant
hysics. Of particular importance is the mass–metallicity relation, in 
hich metallicity rises with increasing stellar mass ( M ∗), which has
een noted repeatedly for both stellar and gaseous metallicities (e.g. 
equeux et al. 1979 ; Tremonti et al. 2004 ; Gallazzi et al. 2005 ;
 e wley & Ellison 2008 ). The gaseous mass–metallicity relation 
attens at high masses, potentially indicating such galaxies to have 
eached a metallicity equilibrium (e.g. Lilly et al. 2013 ; Belfiore et al.
019b ). More compact galaxies have also been reported to be more
etal-rich at a given stellar mass in both observations (e.g. Ellison

t al. 2008 ; McDermid et al. 2015 ; Li et al. 2018 ) and simulations (Ma
t al. 2024 ), with galaxies’ size typically parametrized using the half-
 E-mail: nfb@st-andrews.ac.uk 
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ight radius R e , and more compact galaxies also appear to possess
atter metallicity gradients o v er a wide range of stellar masses
Boardman et al. 2021 , 2022 ). The parameter M ∗/R e (hereafter � e )
as been reported to correlate particularly tightly with galaxies’ 
tellar or gaseous metallicities, with M ∗ and M ∗/R 

2 
e (hereafter 

 e ) producing looser correlations by comparison (Barone et al. 
018 , 2020 , 2022 ; D’Eugenio et al. 2018 ; Vaughan et al. 2022 ;
a et al. 2024 ; S ́anchez-Menguiano et al. 2024 ). This has been

epeatedly interpreted as reflecting the importance of gravitational 
otential, for which � e is considered a proxy; in this scenario, higher
ravitational potentials confer greater resistance to metal-loss via 
utflows, resulting in great chemical enrichment in more compact 
ystems. Baker & Maiolino ( 2023 ) have ho we ver challenged this
nterpretation, reporting a comparatively weak metallicity trend when 
ynamical mass is considered instead of stellar mass. 
In this letter, we report a particularly tight correlation between 

og (N / O) and � e , using data from the SDSS-IV Mapping Nearby 
alaxies at Apache Point Observatory (MaNGA) integral-field unit 

IFU) surv e y. We further report that � e correlates more tightly with
og (N / O) than with gaseous metallicity, with the � e –metallicity 
orrelation largely disappearing once log (N / O) is accounted for. 
e present our sample and data in Section 2 , and our results in

ection 3 . We discuss our findings and conclude in Section 4 . We
se ‘metallicity’ to refer to gas-phase metallicities 12 + log (O / H) , 
ssume a Chabrier ( 2003 ) initial mass function and adopt the follow-
ng � cold dark matter cosmology: H 0 = 71 km/s/Mpc, �M 

= 0 . 27,
� 

= 0 . 73. 

 SAMPLE  &  DATA  

e draw our parent galaxy sample from the SDSS-IV MaNGA 

urv e y (Bundy et al. 2015 ), for which all data is publicly available
s of SDSS Data Release 17 (DR17; Abdurro’uf et al. 2022 ).
he MaNGA surv e y performed IFU spectroscopic observations on 
10000 galaxies out to redshifts z � 0 . 15 (Yan et al. 2016b ; Wake

t al. 2017 ), with the main MaNGA sample selected to possess a
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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oughly flat distribution in log ( M ∗). The observations were carried
ut with the two Baryon Oscillation Spectroscopic Surv e y (BOSS)
pectrographs at Apache Point Observatory (Gunn et al. 2006 ; Smee
t al. 2013 ). The MaNGA IFUs consist of hexagonal optical fibre
undles containing 19–127 fibres of 2 ′′ diameter apiece (Law et al.
016 ), with three-point dithers employed to fully sample the field
f view (Drory et al. 2015 ; Law et al. 2015 ). The observations were
educed with the MaNGA Data Reduction Pipeline (Yan et al. 2016a ;
aw et al. 2016 , 2021 ), prior to analysis with the MaNGA Data
nalysis Pipeline (DAP; Belfiore et al. 2019a ; Westfall et al. 2019 ;
aw et al. 2021 ). MaNGA data and analysis products are available
n the SDSS science archiv e serv er 1 and can also be accessed using
he Marvin interface (Cherinka et al. 2019 ). 

We obtained values of axis ratio ( b/a), R e , and M ∗ from the NASA-
loan-Atlas (NSA) catalogue (Blanton et al. 2011 ), 2 where R e and
/a are elliptical Petrosian values. We restrict to MaNGA galaxies in
he Primary + and Secondary samples, which were observed out to

1.5 R e and ∼2.5 R e respectively, and we further restrict to galaxies
ith observed axis ratios b/a > 0 . 6. We adopt 0.1 dex uncertainties
n M ∗, representative of typical M ∗ uncertainties in the MPA-JHU
atalogue, 3 while assuming 0.05 dex uncertainties on R e (D’Eugenio
t al. 2018 ); this results in M ∗ dominating the uncertainties on � e 

nd � e . 
We obtained emission line maps from the DAP, extracting fluxes

nd errors for the following features: H α, H β, [O III ] 5008 , [N II ] 6585 ,
S II ] 6718 , [S II ] 6733 and [O II ] 3737 , 3729 . These are corrected by the
AP for Milky Way foreground extinction (Belfiore et al. 2019a ,
ection 2.2.3), by applying the O’Donnell ( 1994 ) reddening law

o the maps of Schlegel, Finkbeiner & Davis ( 1998 ). We also
xtracted H α equi v alent widths ( EW H α) from the DAP. We used
AP emission line values from non-parametric summed fluxes in all
ases. We restricted to spaxels for which S/N > 3 for all obtained
mission line fluxes. We corrected emission lines for dust using
 Fitzpatrick et al. ( 2019 ) correction curve, assuming an intrinsic
almer decrement H α/ H β = 2 . 86. 
We selected star-forming spaxels by employing BPT diagnostics

Baldwin, Phillips & Terlevich 1981 ; Osterbrock & Pogge 1985 ;
eilleux & Osterbrock 1987 ) and by requiring that EW H α > 14 Å,
ith the latter requirement serving to a v oid galaxies with significant
iffuse ionized gas (DIG) contamination in their studied regions
Lacerda et al. 2018 ; Vale Asari et al. 2019 ). For BPT criteria, we
sed the Kauffmann et al. ( 2003 ) BPT-N II demarcation line and the
 e wley et al. ( 2001 ) BPT-S II demarcation line. 
We estimated gas metallicities for all star-forming spaxels using

he RS32 calibrator of Curti et al. ( 2020 ). The RS32 indicator is
efined as [S II ] 6718 , 6733 / H α + [O III ] 5008 / H β, wherein all ratios
ave been corrected for dust. We estimate spaxels’ log (N / O) using
he Florido, Zurita & P ́erez-Montero ( 2022 ) N2O2 calibrator (their
quation 1), wherein N2O2 is defined as [N II ] 6585 / [O II ] 3737 , 3729 

likewise corrected for dust). The RS32 indicator is double-valued;
e therefore assumed all spaxels to be on the upper metallicity
ranch, while discarding spaxels with RS32 values beyond the Curti
t al. ( 2020 ) fitted range. 

We then selected a sample of galaxies for which characteristic
hemical abundances can be obtained. Specifically, we aimed to
stimate the gas metallicity at 1 R e , 12 + log (O / H) e , along with the
 R e N/O abundance log (N / O) e . Values at 1 R e have been shown to
NRASL 534, L1–L6 (2024) 
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a  
e representative of galaxies’ global properties relating to both stars
nd gas (Gonz ́alez Delgado et al. 2014 , 2015 ; S ́anchez et al. 2016b ),
aking them useful as characteristic values. We select our sample by
rst requiring galaxies to possess at least 40 star-forming spaxels over
alactocentric radii 0.5–1.5 R e with at least 20 spaxels on either side
f the midpoint; this produces a sample of 2070 galaxies. We then
rouped a given galaxy’s spaxels into a series of elliptical annuli of
idth 0.1 R e , co v ering 0.5–1.5 R e . We required a minimum of 5 star-

orming spaxels per annulus, while also requiring at least 3 annuli in
otal with co v erage on both sides of 1 R e ; we found all 2070 sample
alaxies to meet these criteria. 

We computed galaxies’ radial profiles in log (N / O) and
2 + log (O / H) o v er 0.5–1.5 R e by calculating the median log (N / O)
nd 12 + log (O / H) within each annulus for a given galaxy, before
erforming an unweighted straight line fit with the IDL LINFIT routine.
e used these fits to obtain galaxies’ abundances at 1 R e . Our o v erall
ethodology is similar to that employed in the MaNGA pipe3d

alue-added catalogue for gas-phase abundances (S ́anchez et al.
016a , b , 2018 , 2022 ), though we note that our higher EW H α cut
rovides somewhat greater resistance to DIG contamination. 
We obtained errors on our abundances by performing 100 Monte

arlo simulations of each straight-line fit with bootstrapped residu-
ls, with errors reported as the standard deviations from the Monte
arlo fits. Our obtained errors on 12 + log (O / H) e and log (N / O) e 
re small: we find median errors of just 0.002 dex and 0.005 dex,
espectively, indicating the measured abundances to be highly pre-
ise. This occurs due to the large number of star-forming spaxels
typically hundreds – that most of our sample galaxies possess,
ith all ten annuli included in most cases. Considerable systematic
ncertainty arises from variations between calibrators (e.g. K e wley &
llison 2008 ; Scudder et al. 2021 ; Florido et al. 2022 ), meaning that
bsolute values of abundances will be much more uncertain than
elative values of abundances across our sample. 

For comparison, we also obtained abundances at 1 R e by com-
uting radial profiles directly from galaxies’ spaxel maps without
mploying annuli, which were again fit with LINFIT . We found these
o produce entirely equi v alent results to those from the annulus-
ased abundances. Thus, we focus on the annulus-based values for
he remainder of this article. 

We present the parent and final samples in terms of mass and star
ormation rate (SFR) in Figure 1 , which demonstrates our sample
election to implicitly fa v our galaxies with significant ongoing star-
ormation. We obtained SFRs from the log sfr ssp column in the
ipe3d summary catalogue (S ́anchez et al. 2022 ), in which SFRs are
erived from spectral fits over the full MaNGA field of view, and we
djusted these SFRs to a Chabrier IMF. 

 RESULTS  

n Figure 2 , we plot log (N / O) e and 12 + log (O / H) e , as functions
f M ∗, � e , and � e . We also give the corresponding Spearman
orrelation coefficients ρ, with p -value P � 0 . 01 for all quoted
alues. We find both N/O and metallicity to correlate most tightly
ith � e , as has been noted for metallicity previously (D’Eugenio

t al. 2018 ; S ́anchez-Menguiano et al. 2024 ). We further find that
/O correlates more tightly with all three parameters ( M ∗, � e , and
 e ) than does metallicity. Similarly to D’Eugenio et al. ( 2018 ), we

olour our data points by R e ; we see clear residual size dependencies
hen plotting abundances against M ∗ or � e , further emphasising that
 e is the more predictive parameter. 
In Figure 3 , we consider � e in chemical space by presenting it as

 combined function of 12 + log (O / H) e and log (N / O) e ; the lower

https://data.sdss.org/sas/
https://data.sdss.org/sas/dr17/sdss/atlas/v1/nsa_v1_0_1.fits
https://www.sdss4.org/dr17/spectro/galaxy_mpajhu/
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Figure 1. Selected sample (large blue points) and MaNGA parent sample 
(small grey points) in terms of stellar mass ( h = 0 . 71) and SFR (Chabrier 
IMF). 

p  

w
a
t  

v
c
s  

B  

b

t  

F
�

t
S
�  

t

3

O  

O  

e  

D  

t  

P  

8  

w
e  

i
n  

s

w
m
W

4

c
r

w
t  

m  

�  

N
t  

t  

t  

r  

a
d  

i  

o

4

W
a  

f
c
d  

c
 

w  

(  

r  

P  

a
d  

(  

p
N  

a
a  

l
s

r
2  

p
w
h
v  

m
 

n
M

i
2  

a  

t
m

 

M  

t  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nrasl/article/534/1/L1/7722020 by guest on 08 August 2024
anel is a smoothed version of the upper panel, produced via local-
eighted regression smoothing (LOESS; Cleveland & Devlin 1988 ) 

s implemented in IDL . 4 We find 12 + log (O / H) e and log (N / O) e 
o themselves correlate tightly ( ρ = 0 . 97). Thus, we quantify the
ariation of � e across chemical space using partial correlation 
oefficients ρij,k , which have been applied in multiple recent galaxy 
tudies (e.g, Bait, Barway & Wadadekar 2017 ; Bluck et al. 2020 ;
aker et al. 2022 ); in this notation, the correlation is calculated
etween parameters i and j with a third parameter k controlled for. 

We employ partial correlation coefficients to determine the direc- 
ion of maximum increase for � e , which we present as an arrow in
igure 3 . We detect a significant correlation between log (N / O) e and 
 e with log (O / H) e accounted for, but we detect very little residual 

rend between log (O / H) e and � e when log (N / O) e is accounted for. 
uch a result is also apparent visually from the smoothed � e values: 
 e varies very little with log (O / H) e at a given log (N / O) e , in spite of

he strong metallicity correlations shown in Figure 2 . 

.1 Comparison with fibre-based abundances 

ur use of 1 R e annulus abundances is a crucial aspect of this work.
ur sample possesses a median log ( R e / kpc ) of 0.61 and hence

xtends to sizes far abo v e the re gion of sufficient fibre co v erage in
’Eugenio et al. ( 2018 ) [ log ( R e / kpc ) � 0 . 5 at log ( M ∗/ M �) > 10;

heir fig. 5]. To further quantify this point, we obtained r -band
etrosian half-light radii ( R 50 ) from the NSA catalogue. We found
89 galaxies (43 per cent of our sample) to possess R fib /R 50 < 0 . 5,
here R fib indicates the 3 ′′ SDSS fibre radius, which in D’Eugenio 

t al. ( 2018 ) signifies insufficient co v erage. Consequently, it can
mmediately be expected that our results for these galaxies would 
ot hold were SDSS fibre-based measurements to be used for this
ample. 

We investigated fibre measurements by cross-matching our sample 
ith MPA-JHU fibre emission line fluxes, processed in the same 
anner described for MaNGA spaxel measurements in Section 2 . 
e restricted the test to galaxies satisfying BPT requirements along 
 Available from http:// www-astro.physics.ox.ac.uk/ ∼mxc/ software/ . We 
ompute smoothed values using the closest 10 per cent of data points with the 
escale k eyw ord applied, and errors using the scatter in neighbouring points. 

5

u
6

a
m

ith satisfying EW H α > 14 Å and S/N requirements, which reduces 
he sample to 754 objects. We found O/H and N/O to correlate

ore strongly with M ∗ ( ρ = 0 . 72 , 0 . 77 for O/H, N/O) than with
 e ( ρ = 0 . 66 , 0 . 74 for O/H, N/O) or � e ( ρ = 0 . 41 , 0 . 47 for O/H,
/O), which disagrees with our MaNGA analysis. Restricting to 

he 567 galaxies for which R fib /R 50 ≥ 0 . 5, we found O/H and N/O
o correlate more similarly with M ∗ ( ρ = 0 . 71 , 0 . 75 for O/H, N/O)
han with � e ( ρ = 0 . 68 , 0 . 75 for O/H, N/O), though we still do not
eproduce the findings of D’Eugenio et al. ( 2018 ) or of our main
nalysis. Sample selection differences are a possible reason for the 
iscrepancy with D’Eugenio et al. ( 2018 ) in this case. Nonetheless,
t is clear that our use of 1 R e abundances is an important aspect of
ur analysis. 

 DI SCUSSI ON  &  C O N C L U S I O N S  

e have demonstrated a tight correlation between the N/O chemical 
bundance in galaxies and the � e parameter ( M ∗/R e ). We have
urther demonstrated that this trend is tighter than previously reported 
orrelations between � e and gas metallicity, for which we in fact 
etect very little connection once N/O is accounted for via partial
orrelation coefficients. 

Our results, we note, hold o v er a range of calibrators. In particular,
e obtain very similar results if we instead use the Curti et al.

 2020 ) O3N2 or R23 calibrators to obtain gaseous metallicities. 5 Our
esults are also very similar if we instead use the N2S2 calibrator of
 ́erez-Montero & Contini ( 2009 ) (their equation 22) to obtain N/O
bundances. We obtained different results when using metallicities 
erived from the Curti et al. ( 2020 ) N2 calibrator or the Dopita et al.
 2016 ) N2S2H α calibrator: in both cases, we find potential to trend
rimarily with O/H with little residual N/O dependence when the 
2O2 indicator is used. Such a difference is not surprising: the N2

nd N2S2H α calibrators rely heavily on nitrogen emission features 
nd will be insensitive to O/H variations at fixed N/O, making them
ess appropriate for our analysis than nitrogen-independent indicators 
uch as RS32 or R23 (see also Schaefer et al. 2020 ). 6 

The � e –metallicity relation has previously been interpreted as 
eflecting the importance of escape velocity (D’Eugenio et al. 
018 ; S ́anchez-Menguiano et al. 2024 ), with � e understood as a
roxy for a galaxy’s gravitational potential. Higher values of � e 

ould be expected to correspond to higher escape velocities, with 
igher escape velocities conferring greater resistance to metal-loss 
ia outflows; this in turn is expected to lead to higher measured
etallicities (e.g. Tremonti et al. 2004 ). 
Baker & Maiolino ( 2023 ) ho we ver argue for an alternative sce-

ario. They report gas metallicities to correlate more tightly with 
 ∗ than with dynamical mass M dyn or with M dyn /R e , where M dyn 

s derived from the Jeans Anisotropic Mass modelling (Cappellari 
008 ) analysis of Li et al. ( 2018 ). Baker & Maiolino ( 2023 ) therefore
rgue for a scenario in which metallicity is driven primarily by
he integral of metal production within a galaxy, with the mass–
etallicity relation emerging as a direct consequence. 
The Baker & Maiolino ( 2023 ) scenario ef fecti vely treats both
 ∗ and metallicity as time indicators: galaxies grow in mass o v er

ime while also enriching o v er time, thus resulting in more massive
MNRASL 534, L1–L6 (2024) 

 These both o v erlap with N2O2 in terms of employed emission lines, leading 
s to prefer RS32 for our main analysis. 
 We note that the form of the N2S2H α index ( N2S2 − 0 . 264N2 ) produces 
n especially tight correlation with the N2S2 index, making N2S2H α

etallicities particularly ill-suited for considering N/O and O/H together. 

http://www-astro.physics.ox.ac.uk/~mxc/software/
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M

Figure 2. N/O abundances (top) and gas metallicities (bottom), at 1 R e , as functions of M ∗ (left panels), � e (middle panels), and � e (right panels). Each panel 
displays the corresponding Spearman correlation coefficient ρ, all with P � 0 . 01. We colour data points by galaxies’ R e , with error bars showing the median 
uncertainties. 
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alaxies being more metal-rich. It should be noted ho we ver that
he Baker & Maiolino ( 2023 ) scenario cannot in itself explain the
bserv ed inv erse trend between metallicity and size at a given stellar
ass (e.g. Ellison et al. 2008 ; D’Eugenio et al. 2018 ; S ́anchez-
enguiano et al. 2024 ), with the � e parameter having not been

onsidered in their analysis. Furthermore, this scenario does not
irectly consider the roles of gaseous inflows and outflows (e.g.
chmidt 1963 ; Lilly et al. 2013 ; Barrera-Ballesteros et al. 2018 ;
ang, Scholte & Saintonge 2024 ), both of which can be expected

o lead to scatter in the mass–metallicity relation. These sources of
catter can be understood as follows: 

(i) Variations in gaseous inflow rates at a given stellar mass,
roducing short-term changes in galaxies’ gas metallcities. 
(ii) Variations in gaseous outflow rates at a given stellar mass,

ri ven by v ariations in escape velocity; this would lead to longer
erm differences in galaxies’ gas metallicities. 

Both sources of scatter, we argue, are significantly reduced if one
nstead considers the � e –N/O relation: 

(i) Gaseous inflows can typically be expected to be metal-poor, and
o they primarily affect the hydrogen content. Thus, by considering
/O instead of O/H, the scatter in measured relations is reduced. 
(ii) Escape velocity variations will correspond to variations in

ravitational potential, with gravitational potential encoded within
he � e parameter. Thus, by considering � e instead of M ∗, the scatter
n measured relations is further reduced. 

Given the time delay between oxygen and nitrogen enrichment,
tar-formation histories (SFHs) are another important consideration
e.g. Edmunds & Pagel 1978 ; Moll ́a et al. 2006 ; Vincenzo et al.
016 ; Matthee & Schaye 2018 ). � e can be expected to encode
NRASL 534, L1–L6 (2024) 
FH information more ef fecti vely than M ∗, with more compact star-
orming galaxies found to be older at a given stellar mass (e.g. Li
t al. 2018 ; Barone et al. 2020 ). � e is in fact found to correlate
ore closely than � e or M ∗ to MaNGA pipe3d (S ́anchez et al. 2022 )

ight-weighted stellar ages at 1 R e (Boardman et al. in preparation).
f higher- � e galaxies are typically older, with a greater proportion of
tars formed at earlier times, then this would confer greater nitrogen
roduction (at fixed metallicity) from previous generations of stars.
n N/O–SFH connection could also explain trends between N/O and
FR at fix ed M ∗ (Hayden-P a wson et al. 2022 ), as well as explaining
adial abundance profiles of individual galaxies along the N/O–O/H
lane (Pilyugin & Tautvai ̌sien ̇e 2024 ). 
Given the above, we argue the extremely tight � e –N/O relation

o be due to several factors. Firstly, � e indeed encodes information
bout galaxy mass and hence about the integral of metal production,
roducing a positive � e –N/O correlation. Secondly, � e encodes
nformation about escape velocities and thus accounts for some of
he scatter in the mass–metallicity relation. Thirdly, variations in � e 

t a given metallicity will correspond in part to age variations, with
lder galaxies expected to experience greater nitrogen enrichment
t a given metallicity . Finally , variations in metal-poor inflow rates
an be expected to significantly impact O/H abundances on short
ime-scales, with N/O abundances comparatively unaffected (see
ection 1 ); this is because metal-poor inflows mostly increase the
bundance of hydrogen while having far less impact on heavier
lements’ relative abundances. Thus, while O/H and N/O both serve
s indicators of chemical evolution, N/O is less impacted by short
ime-scale events such as recent inflow, leading to a more robust
onnection to o v erall galactic chemical enrichment. 

To summarize, we report in this letter a notably tight � e –N/O
elation detected in MaNGA galaxies. This relation is tighter than



A tight N/O–potential relation L5 

Figure 3. Potential � e as a combined function of log (N / O) e and 
12 + log (O / H) e , before (top) and after (bottom) applying LOESS smoothing. 
The black arrow represents the direction of increasing � e in N/O–O/H space 
and is computed via partial correlation coefficients. 
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oth the mass–metallicity relation and the � e –metallicity relation. 
he � e –N/O relation also appears more fundamental, in the sense 

hat only a mild � e –metallicity correlation is found once the N/O 

bundance is accounted for. We argue these results are due to � e 

ncoding information about both SFHs and escape velocities in 
ddition to M ∗, with N/O being relatively insensitive to metal-poor 
nflows. 
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