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The lithium puzzle

Cosmological 7Li problem: A(7Li)P, obs ~ 2.2 dex (Spite & Spite 1982; Bonifacio & Molaro 1997; 

Sbordone+ 2010) vs A(7Li)P, th ~ 2.7 dex (Pitrou+ 2018) 

Galactic 7Li problem: A(7Li)meteorites ~ 3.3 dex (e.g., Lodders+ 2009). Several possible 7Li sources 

suggested in the literature and included in Galactic chemical evolution (GCE) models, with 

changing fortunes (D’Antona & Matteucci 1991; Matteucci+ 1995; Romano+ 1999, 2001, 2021; 

Travaglio+ 2001; Grisoni+ 2019) 

Other pieces of the puzzle have to do with stellar evolution (opening Pandora’s box…)



The Evolving picture of lithium evolution

Rebolo, Molaro, Beckman (1988)

Fu, DR+ (2018) 
(see also Delgado Mena+ 2015; Guiglion+ 2016)



NEW FIELD and OC star Datasets from ges
Based on the last internal data release (iDR6) of the Gaia-ESO Survey (GES; Gilmore+ 2022, 

Randich+ 2022) 

Stellar parameters, [𝛼/Fe] and 7Li abundances (1D, LTE) ‘homogeneously’ derived for ~1/3 of 

the targets (~105 stars) observed with FLAMES-UVES (R ≃ 47,000; see Smiljanic+ 2014, 

Lanzafame+ 2015) and FLAMES-GIRAFFE (R ≃ 19,000; see Gilmore+ 2022) in open clusters 

(OCs) and in the field 

Cross-match with Gaia EDR3 catalogue (Prusti+ 2016; Brown+2020): 

Ages computed using aussieq2 (Casali+ 2020) 

Orbital parameters computed using galpy (Bovy 2015)

https://github.com/spinastro/aussieq2          https://github.com/jobovy/galpy

https://github.com/spinastro/aussieq2


Field star sample:  

(I) stars observed in GES fields (keywords GES_MW, GES_MW_BL, GES_K2, GES_CR in field 

GES_FLD) 

(II) non-members observed in OC fields 

Selection on stellar parameters: 𝛿Teff < 100 K, 𝛿log(g) < 0.2 dex, 𝛿[Fe/H] < 0.15 dex, 𝛿A(Li) < 

0.25 dex 

After removing giants: 6207 stars with 5300 < Teff/K < 7000, 3.5 < log(g) < 4.6, −1.5 < [Fe/H]/

dex < +0.5 

Quality cut (SNR ≥ 50): 3210 stars left

NEW FIELD and OC star Datasets from ges



OC sample:  

26 OCs (out of 87) for which we could safely compute average maximum 7Li abundances 

A(Li)max.

Figures from Randich+  (2022)

NEW FIELD and OC star Datasets from ges



OPEN CLUSTER SAMPLE
Ages from young to relatively old 

Large galactocentr ic d istance 
baseline 

For each cluster, only members that 
suffered minimal lithium depletion 
are selected to compute A(Li)max

Romano+  (2021)



OPEN CLUSTER SAMPLE
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•metal-rich MW field stars

For clusters older than 100 Myr we 
use stars on the blue (warm) side of 
the Li dip (Boesgaard & Tripicco 
1986) 

Exception: NGC 2243 (age = 4.4 Gyr)

Randich+  (2020)



OPEN CLUSTER SAMPLE

Jeffries+  (2009)

Cluster younger than 100 Myr host 
pre-main sequence or zero age 
main-sequence stars. 7Li depletion 
may show up in cool members of 
clusters as young as 5 Myr 
(Bouvier+ 2016; Jeffries+ 2021) → 
use only stars that trace the upper 
envelope of the A(Li)—Teff 
distribution in clusters sampled well 
enough 

Metallicity and rotation effects!



FIELD STAR SAMPLE
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Chemical 
selection criteria 
(Recio-Blanco+ 
2014; Guiglion+ 

2016, 2019)

Romano+  (2021)



Nucleosynthesis prescriptions (Romano+ 2019b, 2021): 

For low- and intermediate-mass stars (1–9 M⊙, including super-AGBs): yields from Ventura+ (2013, 2014, 

2018, 2020) 

For CCSNe (13–100 M⊙): yields from Limongi & Chieffi (2018) + (halved) 𝜈-process 7Li yields from Woosley 

& Weaver (1995) 

For SNeIa: yields from Iwamoto+ (1999) 

Empirical 7Li production from novae after Izzo+ (2015) 

7Li production from GCR spallation after Lemoine+ (1998)

GALACTIC CHEMICAL EVOLUTION OF 7LI
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NO 7LI DECREASE AT HIGH 
[Fe/H] (also Guiglion+ 
2019; Randich+ 2020; 
Charbonnel+ 2021) 

MODELS: 
Left: thick disc 
Middle and right: thin disc

SOLAR NEIGHBOURHOOD

Romano+  (2021)
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Romano+  (2021)
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IMPLICATION: Higher MASSes OF NOVA PROGENITORS?
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Lower nova rate at higher metallicities 
(Gao+ 2014, 2017; Fu+ 2018; Grisoni+ 2019)

Romano+  (2021)



Bijavara Seshashayana+  (2024)

FLUORINE

Nucleosynthesis prescriptions: 

Left panels: yields from Karakas (2010); Kobayashi+ 

(2006); Meynet & Maeder (2002) 

Right panels: yields from FRUITY (Cristallo+ 2009, 

2011, 2015); Monash (Lugaro+ 2012; Fishlock+ 2014; 

Karakas & Lugaro 2016; Karakas+ 2018); Limongi & 

Chieffi (2018)

SPA-OC data: 
Shilpa’s talk



Bijavara Seshashayana+  (2024)

CERIUM

Nucleosynthesis prescriptions: 

Yields from FRUITY (Cristallo+ 2009, 2011, 2015); 

Monash (Lugaro+ 2012; Fishlock+ 2014; Karakas & 

Lugaro 2016; Karakas+ 2018); Limongi & Chieffi (2018)

SPA-OC data: 
Shilpa’s talk



Molero+  (2023)

CERIUM



Phosphorus
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Observe P-bearing molecules across the Galactic disc, 0-22 kpc (with L. Colzi & V. Rivilla) 

Stellar abundances (SPA-OC?). P I NIR lines @ ~1050 nm or UV lines @ ~213 nm (from space) 

GCE models exploring different grids of stellar yields

Romano+  (in prep.) Caffau+  (2016)




