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①  Test stellar evolution and nucleosynthesis theory (stellar yields) 
z  Nuclear reaction rates, (extra) mixing processes, mass loss strength… 
z  Rotating vs non-rotating stellar models 
z  Thermonuclear runaways in nova outbursts 

②  Test galaxy-wide stellar IMF (gwIMF) 
z  Top-heavy IMF in massive (high-redshift) starbursts? 
z  Less CC SNe in (some) low-mass galaxies? 

③  Constrain galaxy formation and evolution models 
z  Reproduce trends of abundances and abundance ratios with time/age 
z  Reproduce galactic gradients 
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z  Gas phase: abundances 
from molecular clouds and 
HII regions 
–  Probe low and high 

redshifts 
–  Instantaneous picture  

z  Stars: secondary isotopes 
very difficult to measure... 
–  Full evolutionary history (in 

principle) 
–  Sample a limited volume 
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z  Standard 
nucleosynthesis: 

z  – 13C produced 
mostly in low- and 
intermediate-mass 
stars 

z  – 18O produced 
mostly in massive stars 

z  (Henkel & Mauersberger 
1993; Romano+ 2017, 
and refs therein) 

z  13C/18O ~ 1 in a sample 
of four SMGs  observed 
with ALMA implies a 
stellar IMF biased 
towards massive stars 
(Zhang, DR+ 2018) 

Figure from Zhang, DR+ (2018) 
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z  Primary 14N 
production in massive 
stars hypothesised 
long ago (Truran & 
Cameron 1971; Talbot & 
Arnett 1974)  

z  Explain observations 
of [N/O] in metal-poor 
Galactic dwarf stars 
and in ionized HII 
regions in our own 
and other galaxies 
(Sneden 1974; Smith 
1975; Edmunds & Pagel 
1978; Peimbert et al. 1978 
+ many others) 

z  Rotation trigger 
primary 14N 
production (Meynet & 
Maeder 2002) 

Data: Spite+ (2006); Israelian+ (2004); Roederer+ (2014); Suárez-Andrés+ 
(2016); Spite+ (2021); Botelho+ (2020) 
 
Models: Romano+ (2019) updated (work in progress…) 
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z  If rotation is at work, 
efficient primary 13C 
production expected 
at low metallicities 
(Chiappini+ 2006) 

z  As a consequence, 
the 12C/13C gradient 
reverse in the outer 
Galaxy (Romano+ 2017) 

z  One data point at 
large Galactocentric 
distances! 

z  Can add stellar data? 
(HRMOS?) 

Data: Wilson & Rood (1994); Boogert+ (2000); Savage+ (2002); Milam+ (2005) 
Green lines: GCE models without fast rotators 
Black/grey lines: GCE models including fast rotators 

408 D. Romano et al.

Figure 1. Left-hand panel: evolution of the carbon isotope ratio in the solar neighbourhood, predicted by Models 1 (green line), 2 (light green line), 3 (black
line) and 4 (grey line). The red box encompasses the 12C/13C ratios of ‘unmixed’ halo stars (Spite et al. 2006). The solar (91.4 ± 1.3; Ayres et al. 2013) and
local ISM values (68 ± 15; Milam et al. 2005) are denoted by different symbols and colours. Right-hand panel: radial behaviour of the 12C/13C ratio at the
present time predicted by Models 1 (green line), 2 (light green line), 3 (black line) and 4 (grey line). 12C/13C ratios across the disc inferred from observations
of CO, H2CO (as taken from the compilation of Wilson & Rood 1994), CO2 (Boogert et al. 2000) and CN (Savage et al. 2002; Milam et al. 2005) are shown
as dots, filled triangles, open squares and filled circles, respectively.

Figure 2. Left-hand panel: evolution of 16O/18O in the solar neighbourhood according to the predictions of Models 1 (green solid line) and 2 (light green line,
hidden behind Model 1 predictions). Solar (511 ± 10; Ayres et al. 2013) and local ISM values (395 ± 56; Polehampton et al. 2005) are shown. Right-hand
panel: current ratios of 16O to 18O against distance from the Galactic Centre predicted by Models 1 (green solid line) and 2 (light green line, hidden behind
Model 1 predictions). Theoretical expectations are contrasted with formaldehyde data from the compilation of Wilson & Rood (1994, triangles), OH data from
Polehampton et al. (2005, open circles) and CO data obtained by combining 13C16O/12C18O line ratios from Wouterloot et al. (2008) with the 12C/13C gradient
suggested by Milam et al. (2005, filled squares: J = 1–0 transition; open squares: J = 2–1 transition).

when the metallicity exceeds [Fe/H] ≃ −2 dex. In our model, this
metallicity threshold is reached only 40 Myr after the star formation
begins, during the halo phase.

Models 1 and 2 also reproduce the 16O/18O ratios measured in the
Sun (Ayres et al. 2013) and along the Galactic disc (Wilson & Rood
1994; Polehampton et al. 2005; Wouterloot et al. 2008, the latter in
combination with the 12C/13C gradient of Milam et al. 2005) with
the possible exception of the outermost regions (see Fig. 2, left- and
right-hand panels, respectively). In the plots, Model 2 predictions
are hidden behind those of Model 1 (which is expected since the two
differ only in the treatment of super-AGB stars, while 16O and 18O
are synthesized mostly in massive stars). The shortcomings of the
models for RGC > 10 kpc might be due to insufficient 18O produc-
tion from low-metallicity ([Fe/H] ! −1 dex) stellar models. The
18O/17O ratios, on the other hand, are severely overestimated, even
when considering the significant contribution to 17O synthesis from
super-AGB stars (Fig. 3). This may indicate the need for additional
17O factories, which we naturally seek in nova systems. Novae are
also thought to be powerful 15N producers on a galactic scale.

In Model 5, we have added a contribution to the CNO synthesis
from novae. The left-hand panels of Figs 4 and 5 show, respectively,
the evolution of the 18O/17O and 14N/15N ratios in the solar neigh-
bourhood; the radial behaviour of the same ratios at the present time
is depicted in the right-hand panels. Model 5 predictions (orange
solid lines) are compared to the relevant observations. The solar
18O/17O ratio (Ayres et al. 2013) can be explained by Model 5,
which also fits the measurements across the disc (the lower-than-
observed 18O/17O ratios predicted by the model for RGC > 12 kpc
likely arise from insufficient 18O production from low-metallicity
massive stars, rather than from oversynthesis of 17O in nova out-
bursts – see the discussion in the previous paragraph). The model
convincingly matches the nitrogen isotope ratios measured in solar
wind ion samples by the Genesis spacecraft (Marty et al. 2011),
in molecular clouds in the local ISM and across the whole Galac-
tic disc (Adande & Ziurys 2012). The flattening of the theoretical
14N/15N gradient for RGC > 10 kpc is due to the absence of a substan-
tial primary 14N component in the adopted yields for massive stars
(Nomoto et al. 2013). While the need for significant primary 14N
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z  Recent, precise 
12C/13C 
measurements in 
dwarf stars 

Data: Spite+ (2021); Crossfield+ (2019); Botelho+ (2020); Zhang+ (2021) 
Models: Romano+ (2019) updated (work in progress…) 
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Work	 Sample	 Instrumentation	 Resolution	 Spectral	feature(s)	 Notes	

Crossfield+	(2019)	 2	M	dwarfs	 iSHELL@IRTF	 70,000	 CO	fundamental	bandheads	at	5𝜇	 Also	measure	16O/18O	for	
same	stars	

Botelho+	(2020)	 63	solar	twins	 HARPS@ESO3.6m	 115,000	 CH	A-X,	CN	B-X	molecular	
electronic	systems	in	the	blue	

(4170-4400Å)	

S/N≃800@6000Å	(staked	
spectra)	

Spite+	(2021)	 1	old,	metal-
poor	dwarf	

ESPaDOnS@CFHT	
ESPRESSO@VLT	
HARPS@ESO3.6m	

81,000	
140,000	
120,000	

CH	A-X,	B-X	and	C-X	transitions	 S/N=1500@4200Å	
S/N=700@4200Å	
S/N=300@4200Å	

Zhang+	(2021)	 1	brown	dwarf	 NIRSPEC@Keck	 27,500	 K-band	(2.03-2.38𝜇)	

In the future: HIRES@ELT (R~100,000 S/N>100) for INDIVIDUAL STARS 
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In a few years: 12C/13C in a significant sample of OC stars (?) 


