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each process contribution is a mix of many events !
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The sites of the s-process

weak s-process: core He/ shell C burning in massive stars

He shell flashes in low mass TP-AGB stars
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The weak s-process

Site: Core He burning (and shell C-burning) in massive stars (e.g. 25 solar masses)

14N is rapidly converted to 22Ne .
18 | © captly

a capture B*

180

14N

Towards the end of He burning T~3e8 K: ?2Ne(a,n) provides a neutron source

— preexisting Fe (and other nuclei) serve as seed for a (secondary) s-process



The weak s-process (A < 90)

Site: Core He burning (and shell C-burning) in massive stars (e.g. 25 solar masses)

Shell C-burning

- Not all 2Ne consumed during He burning

- 22Ne(a,n) reactivated during C-shell burning

12C+12C > “°Ne + “He

—— About equal contribution to weak s-process from core He and shell C burning

What about core C burning?



Typical conditions (Raiteri et al. ApJ367 (1991) 228 and ApJ371(1991)665:

Temperature 2.2-35e8K
Density 1-3e3 g/cmd
Average neutron density 7e5 cm3
Peak neutron density 2e7 cmr3
Neutron exposure T 9 0.206 / mb
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The main s-process (A>90)
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H/He burning in a TP-AGB star
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H/He burning in a TP-AGB star

 number of He flashes in stars life: few — 100
* period of flashes: 1000 — 100,000 years

Transport of s-process
products to the surface

13C(a,n) s

-process

14N production
0.59 via CNO cycle

22Ne production

tyr

tyr

- T it from 14N then
| e ’Ne(a,n) s-process
------ S S He/C/O
...... : intelrshell
0.56 I - 0.56
Lirfac He-burming shell
0.55 - 0.55
............ rsoirce ANata A S-Process In.
0.54 i i i i i i i i i i
-300 7 300 600 20000 40000 60000 80000 100000 128000 129000 | o He f|ash
thyr

13C pocket formation by mixing
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Main s-process in TP-AGB Stars step by step:

1.Convective He shell flash
1. Initiates He shell burning
2. Triggers convection zone that includes He and H shells
1. Mixes He burning products (*2C) throughout the He burning shell
2. Extinguishes H shell burning for brief period
2.3'd dredge up: After end of He flash and cooling, with H-shell extinguished, outer H-rich
convection zone penetrates deeper than before
1. At boundary of H-envelope and He-burning shell ingestion of H into He-shell
2. 12C+p = 13N B+ =>13C creates a 3C pocket (extent of overlap of previous
He convection zone and H convection zone, which then retracts again)
3.He-shell burning: s-process in 13C pocket for 10,000 — 100,000 years
1. During He shell burning in hot He intershell, 13C pocket produces s-process
via 13C(a,n) neutron source
4.H-shell burning (re-starts a bit later than He-shell burning once envelope has retracted)
1. Produces N via CNO cycle
5.Next He flash
1. Mixes s-process products, He burning products (*2C), and H-burning products (}4N)
2. %N is converted into 2°Ne (see weak s-process) and ?2Ne(a,n) neutron source is briefly
activated leading to some “touchup” of the s-process abundances especially at branchings
6.Next 374 dredge up
1. Mixes s-process products to the surface



Conditions during the main s-process

13C(a,n) in pocket | ?Ne(a,n) in Heflash
Temperature 09x 108K 2.7 x 108K
Neutron density 7 x 107 cm’3 100 cn3
Duration 20,000 yr few years
Neutron exposure T 9 0.1/ mb 0.01/ mb

weaker but longer
main contribution
(90% of exposure)

short, intense burst
slight modification
of abundances
(branchings !)



Results for main s-process model
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Grains from AGB stars

SiC (IRAS) *
Of an AGB star '+

[ 4

Lab spectrum

But: can vary C excess,

can have other contaminants
in star (diamonds ...)

Fic. 3.— Comparison of double-peaked ¢ tronomical feature in the
continuum-divided spe Y CVn (f s) with laboratory spec-
trum of amorphous SiC (s
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Murchison CM chondrite
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Zr in the s-process
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