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Fluorine nucleosynthesis
Many different potential sites and channels of production à narrowing down a dominant site 
of F production is very challenging [Womack+ 2023]

1.  (low-mass) AGB stars during thermal pulses (Forestini+ 1992; Lugaro+ 2004)
14	𝑁	(𝑛, 𝑝)	14	𝐶(	𝛼, 𝛾) 18 𝑂	(𝑝, 𝛼) 15 𝑁	(	𝛼, 𝛾) 19 𝐹	
14	𝑁(	𝛼, 𝛾) 18 𝐹(	𝛽+ ) 18 𝑂(𝑝, 𝛼) 15 𝑁(	𝛼, 𝛾) 19 𝐹

2.  Wolf-Rayet stars during He burning phase (Meynet & Arnould 2000; Palacios+ 2005)
14𝑁 is also the seed for 19𝐹	

Delicate balance between the rate at which mass is lost via winds and the 
efficiency of the 19	𝐹	(	𝛼, 𝑝)	22	Ne reaction

There is observational evidence that AGB stars contribute to the galactic
fluorine (discovered by Jorissen+1992, Abia+ 2015, 2019 ): 

Can AGB stars account for the total galactic abundance of fluorine ??



Fluorine nucleosynthesis
3.  Rotating massive stars (in the He convective shell) via: 
14	𝑁	(	𝛼, 𝛾) 18 𝐹	(	𝛽+ ) 18 𝑂	(𝑝, 𝛼) 15 𝑁	(	𝛼, 𝛾) 19 𝐹 (Goriely+ 1989; Chaplin+ 2018)

This chain of reactions becomes enhanced
when rotation is induced, due to the increased abundance of CNO
elements as a result of rotation (Limongi & Chieffi 2018)

4. The 𝛎 process in core-collapse SNe via 20	𝑁𝑒 	𝜈, 𝜈!𝑝 19	𝐹	 (Kobayashi + 2011)
We don’t know how much though

5. Novae via 17	𝑂	(𝑝, 𝛾) 18 𝐹	(𝑝, 𝛾) 19 𝑁𝑒	(	𝛽+ ) 19 𝐹	(Jose & Hernanz 1998; Spitoni+ 
2018)
As before, very uncertain!



Chemical evolution models
Renda et al. ( 2004 ) used the WR yields of Meynet & Arnould ( 2000 ) to 
show that WR stars can dominate F production at solar -and supersolar 
metallicities-, while AGB stars were required in their models to 
reproduce the trends at lower metallicities

Olive & Vangioni ( 2019 ) concluded 
that AGB stars dominate at high 
metallicity and that the ν-process in 
CC-SNe is required to reproduce 
low-metallicity observations. à 



Chemical evolution models
Timmes, Woosley & Weaver (1995) was the first chemical evolution study to 
investigate F, and they found that the inclusion of novae can reproduce [F/O] ratios 
in combination with AGB stars.

The need for novae confirmed by Spitoni+ (2018):  
AGBs + WR stars dominate the Galactic F production



Chemical evolution models
Prantzos+ (2018), Grisoni+ (2020) found that rotating massive 
stars can dominate the F production up to solar metallicity -
although Grisoni+ had to call for an extra production at 
higher [Fe/H]

Grisoni+ 2020

Guerço+ 2022



Observations
Jönsson+ 2017: No need for v process 
(AGBs+ WR)

Ryde+ 2020: Flat trend up to solar, 
then increasing trend at super-solar 
metallicity à 



Observations

Guerco+ 2022: secondary behaviour 
at high metallicity (no models!)

Nandakumar+ 2023: NO!



Our sample: Open clusters  



Our sample: Open clusters 
WE USED ONLY NIR SPECTRA: Teff sensitive molecular OH lines, along with Fe atomic 
lines, CN, and CO molecular band heads in the H band wavelength regime (1400 – 1800 
nm ) [Nandakumar+ 2023]

First off, Teff, [Fe/H], vmic, vmac, C and N were determined from the spectra adopting a 
log g (from Yonsei-Yale isochrones) and an oxygen abundance (assuming trend from 
Amarsi+ 2019).  At each iteration log g is adjusted with new Teff/[Fe/H] values.
The iterations are repeated until convergence, all in pySME (Wehrhahn+ 2022)

[See also discussion in Casali+ 2020 about issues when analysing stars cooler than Teff~ 
4300 K]



Results: Open clusters -F

Flat trend of [F/Fe] 
vs [Fe/H]
But ...

What about 
NGC 6791 ?



Results: Open clusters - Ce

Cerium is 
probably telling 
a different tale: 

Incresing trend 
of [s/Fe] with Rgc



Comparison with models

WRONG!

SPOILER:

Different AGB prescriptions
Cristallo’s vs Karakas’ yields



FLUorine abundances in Open 
cluster cool giants (FLUO)

New observations acquired with Giano-B at the TNG 
in AOT47 (August 2023, PI: VD)

6 Open clusters and 27 Kepler giants

(Collinder 110, Berkeley 32, NGC 2420, NGC 6939, NGC 7142, 
NGC 7762) à Ages between 1.5 --- 5 Gyr

Analysis in progress



Why do we require more data?

Hyades giant (Teff=4700 K)
from Nault & Pilachowski (2013)



FLUorine abundances in Open 
cluster M dwarfs (FLUO-MD)

Pilot project 
submitted for AOT49 
(PI VD) for OC 
Melotte 111

Teff and log g from 
H2O and 
OH lines, metallicity 
from FeH lines [see 
Souto et al., 2020, 
2021, 2022]
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