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Abstract. The role of Wolf-Rayet and asymptotic giant branch stars in
the production of the Solar System fluorine abundance is analyzed. It is
shown that both these stars can be important sources of galactic fluorine.
However, the uncertainties affecting the predictions, especially those from
asymptotic giant branch stars, do not allow to give quantitative figures yet.

1. Introduction

The origin of the Solar System fluorine was unknown until ten years ago.
In 1989, [2] suggested that this element can be produced in helium-burning
environment in the presence of neutrons. The nucleosynthesis path follows
N (ar,7) ¥F (8%) 20 (p, @) N (a,7) °F. The required protons would
be provided by N (n, p) 1*C, with neutrons liberated from '3C (a,n) 160.
Both !3C and N can result from the ashes of H-burning by the CNO cycles.

Two stellar sites have been proposed as candidates for the fluorine nu-
cleosynthesis in He-burning environment. The first one is asymptotic giant
branch (AGB) stars. The 1°F production in those stars is strongly suggested
by observations of fluorine overabundances in red giant S and C stars as
compared to normal giants ([4]). Current stellar evolutionary models con-
firm the operation of the F-nucleosynthesis path in those stars, but fail to
reproduce the observed overabundances ([1, 9]; see also [8] in this volume).
A source of primary 13C is required, which is difficult to obtain in AGB
models (but see [3]). Predictions of the fluorine yield from AGB stars suffer
thus from the shortcomings affecting AGB models (see [8] in this volume).

The second stellar site suggested for fluorine production in He-burning
environments is Wolf-Rayet (WR) stars ([6, 7]). Contrary to the AGB stars,
no observation of fluorine in WR stars has been reported or even attempted
yet. However, the nucleosynthesis of that element in those massive stars
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rests on the evolution of WR stars which are relatively easy to model. The
fluorine yields from WR stars are thus subject to much less uncertainties
than those from AGB stars.

The role of WR stars in the galactic evolution of fluorine, and in partic-
ular in the production of its Solar System abundance is recalled in Sect. 2.
That of AGB stars is analyzed in Sect. 3.

2. Galactic fluorine from WR stars

While no observation of the F abundance at the surface of WR stars has
been reported so far, massive star model predictions for that element can
be used to estimate the contribution of WR stars to the galactic fluorine.
This has been done by [7], the details of which are not repeated here. Let
us recall that these authors arrive to the conclusion that WR stars alone
can account for the solar 9F.

3. Galactic fluorine from AGB stars

Let us get an estimation of the !F contamination by AGB stars to the
Solar System fluorine abundance. For that purpose, we consider here that
only AGB stars affect the galactic 1°F budget, all other possible production
or destruction sites being neglected. We make use of a very simple galactic
chemical evolution model with the approximations of a closed box and
instantaneous recycling. The procedure and notations are described in [7].

Because no fluorine yields are provided by AGB models, we evaluate
them from the observed overabundances. If we consider a mean fluorine
overabundance of ['9F/!%0] = [log F/!®0] — [log 1°F/'®0] ; in AGB stars,
independent of stellar mass and metallicity (no observation of the F abun-
dance in low-metallicity stars is available yet), we have

Xio — Xy = Xy (10070l — 1) (1)

where X7, is the initial stellar fluorine mass fraction, and X§, that at the
surface of AGB stars.

Assuming, for simplification, that all AGB stars end as 0.6 M white dwarfs,
the yields from AGB stars of given initial mass M; are (Eq. 1 of [7])

M; - 06
PP (M) = =2 XDy (1000 ). @

In order to derive the net °F yield y)9 of a stellar generation, we use an

initial mass function ¢(M;) = M; %7 /4 (the exponent being taken from [5])
with a star formation rate ¢ = 10 Mgpc~2Gyr~!, and consider that only
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AGB stars with 1 < M; < 4 contribute to the interstellar !°F enrichment
(stars with M < 1 eject their envelope before entering the thermal-pulse
AGB phase, while hot bottom burning would prevent AGB stars with M >
4 to be efficient fluorine producers). This leads to

1 4
yie = ﬁ/l M; pis™® (M) ¢(M;) dM; (3)
= 225 Xt (ol 1) @

where R is the ‘returned fraction’ (see [10]).
Taking R ~ 0.17 ([10]) and ['°F/1®0] ~ 0.5, the !°F mass fraction X9 at
the time g of Solar System formation is given by

1
X190 = ylgln[m] (5)
~ 0.25 X3 (6)

AGB stars would thus contribute to as much as 25% of the Solar System
fluorine. This is only a very rough estimate, the most criticable assumptions
being instantaneous recycling and the independency of fluorine production
with stellar metallicity. It does show, however, that AGB stars are poten-
tially important contributors to the Galactic fluorine.
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!postscript files available by anonymous ftp on ‘obsftp.unige.ch’ in ‘pub/mowlavi’, or
in ‘http://obswww.unige.ch/~mowlavi/publications/publications.html
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