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Origin of Fluorine:
Fluorine has only one stable isotope (19F) whose origin is still uncertain!

Suggested sites of F production:
• He-burning shell flashes in AGB stars with initial mass 2–4 M⦿.
• Neutrino process occurring during supernova explosions
• Mergers between helium and carbon-oxygen white dwarfs
• He-burning phase in Wolf-Rayet (WR) stars
• Rapidly rotating massive stars
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Observational proof

Asymptotic Giant Branch (AGB)
Last phase of nuclear burning in low- and intermediate-mass stars (0.8-8 M⦿) before stars become PN

Mass-loss rate =10-8 -10-4 M⦿ yr-1

From stellar yields models of AGB stars:
Z=0.02

F enrichment is a strong function of the initial stellar mass &
metallicity (Lugaro et al. 2004; Karakas 2010).

From chemical models of the outflow around AGB stars:

From a Karakas et al. (2010)

Chemical equilibrium abundances of species containing F M-, S-, and C-type AGB atmospheres from Agúndez et al. (2020).
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Previous detection of F-bearing species in AGB stars
• UV observations of F V and F IV in post-AGB stars (Werner et al. 2005)

10-250 times of solar value

significant contamination with telluric lines

• Infrared observations of HF lines (Jorissen et al. 1992)

up to 30 times of solar value

• HF & AlF lines in the C-type AGB star, IRC+10216 (Agundez et al. 2011, 2012): fAlF/H2=10-8, fHF/H2=8x10-9
• HF & AlF lines in the S-type AGB star, W Aql, (Danilovich et al. 2021): fAlF/H2=10-7, fHF/H2=10-8
Solar F budget: fF/H2=(5±2)x10-8

ALMA observations of AlF lines towards M-type AGB stras:
Mira, R Leo, R Dor, W Hya, and IK Tau
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Detected AlF emission lines toward M-type AGB stars by ALMA
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Observations of AlF lines towards Mira:
Integrated emission of the spatially resolved lines of AlF towards Mira

R1: 11R*
R2: 5R*
R3: 2R*
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R1

Trot (K) Tvib (K)

NAlF (cm-2)

145
320
320

(5.8±2.0)x1015 (2.4±1.4)x1023 (2.5±1.7) x 10-8
(3.0±0.7)x1016 (1.1±0.6)x1024 (2.7±1.6) x 10-8
(5.0±2.0)x1016 (6.1±3.2)x1024 (0.8±0.5) x 10-8

1300±500
1300±500
1500±500

NH2 (cm-2)

fAlF/H2

R2

C18O(v=0, J=3-2)

Trot = 145 K
Tvib=1300 K
NAlF= 5.8 x 1015 cm-2

Trot (K) = 145 ± 40
NAlF= 3.6 x 1015 cm-2

Separate the rotational and vibrational temperatures
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AlF lines towards R Leo, R Dor, W Hya, and IK Tau:
R Leo

Trot=300 k
NAlF= (2.0±0.5) x 1015 cm-2
fAlF/H2~ (0.8±0.5) x 10-8

R Dor
NAlF= (3.0±0.5) x 1014 cm-2
fAlF/H2~ (0.2±0.08) x 10-8
W Hya
NAlF= (1.5±0.5) x 1015 cm-2
fAlF/H2~ (0.6±0.4) x 10-8

Solar F budget: fF/H2=(5±2)x10-8
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IK Tau
NAlF= (1.5±0.5) x 1016 cm-2
fAlF/H2~ (6.2±4.2) x 10-8

Summary and Future work
• Our derived fractional abundance of AlF/H2 in Mira is in agreement with both chemical models and
stellar yields models.

• Observations of AlF rotational lines can provide a more reliable measurement of the total F budget in
AGB stars rather than previously used HF lines.

• Observations of AlF lines from AGB stars with initial mass 2-4 M⦿ can help us to quantify the F
enrichment in AGB stars and shed lights on the role of AGB stars to the Galactic F budget.

• It also provides observational evidence to support stellar yields models and fluorine chemistry.

• ALMA Cycle 8 observations towards 4 AGB stars with initial mass in a range of 2-4 M⦿.
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