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AGB stars, s-process and presolar grains:
the story so far

Molecular 
Cloud

Meteorite

Presolar grains

Despite their low masses LMS 
are so numerous to 
contribute for 75% to the 
total mass return from stars 
to the ISM (Sedlmayr 1994);

dysprosium, europium, tungsten, and lead. Refractory elements,
such as aluminum, titanium, vanadium, and zirconium, are
believed to have condensed into SiC (Lodders and Fegley,
1995, 1997, 1999). However, Verchovsky and coworkers
(Verchovsky et al., 2004; Verchovsky and Wright, 2004) argued
on the basis of the grain-size dependence of elemental concen-
trations that implantation played amajor role not only for noble
gases but also for relatively refractory elements, such as strontium
and barium. These authors identified two components with
different implantation energies: the low-energy component is
implanted from the stellar wind and has the composition of
the AGB envelope; the high-energy component is implanted

during the planetary nebula phase from the hot remaining
white dwarf star and has the composition of helium-shell mate-
rial. The 134Xe/130Xe ratio found in the grains confirms their
conclusion that most s-process xenon in SiC originated in the
envelope (Pignatari et al., 2004a).

Carbon, nitrogen, and silicon isotopic, as well as inferred
26Al/27Al ratios in a large number of individual grains
(Figures 3–5), have led to the classification into different popu-
lations (Hoppe and Ott, 1997): mainstream grains (!93% of
the total), minor subtypes AB, C, X, Y, Z, and nova grains. Most
of presolar SiC is believed to have originated from carbon stars,
late-type stars of low mass (1–3 M") in the thermally pulsing
(TP) asymptotic giant branch (AGB) phase of evolution (Iben
and Renzini, 1983). Dust from such stars has been proposed
already one decade prior to identification of SiC to be a minor
constituent of primitive meteorites (Clayton, 1983a; Clayton
and Ward, 1978; Srinivasan and Anders, 1978). Several pieces
of evidence point to such an origin. Mainstream grains have
12C/13C ratios similar to those found in carbon stars (Figure 6),
which are considered to be the most prolific injectors of carbo-
naceous dust grains into the ISM (Ferrarotti and Gail, 2006; Gail
et al., 2009; Tielens, 1990).Many carbon stars show the 11.3 mm
emission feature typical of SiC (Speck et al., 1997; Treffers and
Cohen, 1974). Finally, AGB stars are believed to be the main
source of the s-process (slow neutron-capture nucleosynthesis)
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Figure 3 Nitrogen and carbon isotopic ratios of individual presolar SiC
grains. Because rare grain types were located by automatic ion imaging,
the numbers of grains of different types in the plot do not correspond to
their abundances in the meteorites; these abundances are given in the
legend. The grain plotted as a question mark in this figure and in
Figures 4 and 5 has both nova and SN signatures (Nittler and Hoppe,
2005). The analysis of solar wind implanted into Genesis samples
showed that the Sun’s nitrogen isotopic ratio is different from the
terrestrial ratio (Marty et al., 2011). Both are indicated in the figure.
Source: Presolar database (Hynes and Gyngard, 2009).
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Figure 2 Secondary electron micrographs of (a) presolar SiC, (b)
presolar graphite (cauliflower type), and (c) presolar graphite (onion
type). Photographs courtesy of Sachiko Amari and Scott Messenger.

Presolar Grains 185

C/O≥1

SiC presolar grains from AGB stars



s-process peaks

The slow neutron-capture process
The s process is responsible for the production of about half the abundances of elements heavier than iron in the Galaxy.

(close to magic numbers)
Credits S. Cristallo
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AGB stars, s-process and 
presolar grains:the story so far
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(Main) s-process ingredients 
Nuclear Physics
• MACS (stellar cross sections for 

neutron captures)
• b-decay rates… in stellar 

conditions

Astrophysics
• ….
• Mixing process in stars
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Main branching in the s-process nucleosynthesis path
…around N = 50; the 85Kr branching is
highlighted by the red arrows. 

o 85Krm (305 keV) t1/2 ≈4.5h
o 85Krg t1/2 ≈10.5 yr

o s(n,g)(84Kr) = 33.1 mb @ 30keV
o s(n,g)(85Kr) = 73 ± 34 mb @ 

30keV



Main branching in the s-process nucleosynthesis path
…around N = 50; the 85Kr branching is
highlighted by the red arrows. 

L+03 ApJ 593:486

o 85Krm (305 keV) t1/2 ≈4.5h
o 85Krg t1/2 ≈10.5 yr

o s(n,g)(84Kr) = 33.1 mb @ 30keV
o s(n,g)(85Kr) = 73 ± 34 mb @ 

30keV



…. around N = 82, the 134Cs and 135Cs 
branching points are highlighted by red
arrows.

o 134Cs (b-) t1/2 ≈2 yr (lab.)
o @ 3 108K the decay rate of 134Cs is enhanced by 

a factor of about 200 (TY 1987)

Main branching in the s-process nucleosynthesis path



…. around N = 82, the 134Cs and 135Cs 
branching points are highlighted by red
arrows.

o 134Cs (b-) t1/2 ≈2 yr (lab.)
o @ 3 108K the decay rate of 134Cs is enhanced by 

a factor of about 200 (TY 1987)

Main branching in the s-process nucleosynthesis path

L+18 ApJ 865:112



…around N = 50
ST nuclear input

• (n,g) MACS are from KADONIS 1.0 
• (n,g) theoretical Hauser–Feshbach

computations TALYS 2008 for 
unstable nuclei  

• rates for weak interactions from 
Takahashi & Yokoi (1987)

The ratio of Sr isotopes depends on:
• their own cross sections
• those of 84,85Kr
• the branching ratio to 85Krm



…around N = 50 V2 nuclear input

• 85Kr b.r. = 0. 6, (60% of the n flux to 
the 85Krm) K1

• 85Kr b.r. = 0.4, (40% of the n flux to 
the 85Krm) K0.3 -> more 88Sr

• Same effect occurs with the 
84Kr(n,g) in K1 and a «new» 85Krm

decay rate

The ratio of Sr isotopes depends on:
• their own cross sections
• those of 84,85Kr
• the branching ratio to 85Krm

New nuclear physics measurements/data on the chains 
departing from 84Kr, proceeding through 85Krm, 85Rb, 86Rb to 
86,87Sr might help in improuving the model-grain agreement



…but stellar physics can help too

The advection of 
magnetic bubble in the 
stellar envelope may 
allow the existence of  
C-rich domains, isolated 
by magnetic tension, 
even when the average 
envelop composition is 
still O-rich.
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…around N = 50



…around N = 50



…around N = 82
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  ST3M ST nuclear input

• (n,g) MACS are from 
KADONIS 1.0 

• (n,g) theoretical
Hauser–Feshbach
computations TALYS 
2008 for unstable
nuclei  

• rates for weak
interactions from 
Takahashi & Yokoi
(1987)

Ba isotopic ratios are sensitive to the (n,g) cross 
sections (only theoretical values exist) and b-decay
of 134Cs and 135Cs at T > 2 108K. 



…around N = 82…
With a new estimate of the b-decay rate of  134Cs from  DHF calculations… 

T+22 ApJ 933:158



…around N = 82…
With the b-decay rate of  134Cs  from  TY 1987
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  ST3M V2 nuclear input

o decay rate of 134Cs 
enhanced by a 
factor of 8 respect
to TY 1987 (see
next talk)

o Similar effects
would be induced
by variations in the 
135Cs neutron-
capture cross 
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…around N = 82…
With the new estimate of b-decay rate of  134Cs  from  T+2022



Effects of 
the 
magnetic
wind and 
the new 
nuclear
input 
around
N = 82



The findings of 
other authors also 
suggest that a 
better estimate of 
the b-decay rate of  
134Cs at high T 
can help to 
reproduce the Ba 
isotopic ratios, but 
with metallicity 
higher than the 
solar one



…around N = 82…

T+22 ApJ 933:158

With a new estimate of the b-decay rate of  135Cs from  DHF calculations… 



…around N = 82…
With a new estimate of thr b-decay rate of  134Cs at high T. 

TY87 T+22



Light s and heavy s togheter

L+15 ApJ 803:12



Light s and heavy s togheter






