






Solar system abundances
(A.G.W. Cameron, 1982)

reflect nuclear properties and stellar environment(s)

note odd-even staggering and abundance peaks

(more to come)



























14N(p,γ)15O



extrapolate to stellar energies



























An interesting case (and my favorite nucleus) - 26Al

(check out Roland Diehl’s web page)





6.35 s

7.2 x 105 y





Quasi-equilibrium clusters and
approach to equilibrium



Important feature is interplay of timescales:
τburning vs. τnuclear vs. τequil

















side view:











Quick tour of stellar evolution:





















































































AGB nucleosynthesis (~1-3 M0)

1. Interpulse phase, H-burning shell is main source of luminosity:

H → He in CNO cycles; 12C , 18O , 13C � , 14N  , 17O
if base of convective envelope reaches H-burning shell,
then 7Li, 19F, NeNa and MgAl cycles in “hot-bottom
burning”

Mixing of protons from envelope into intershell;
12C(p,γ)13N(β+)13C(α,n)16O, 
n + “Fe” → “s-process” (main component)

2. Thermal pulse, He-burning shell is main source of luminosity:

3α → 12C, 12C(α,γ)16O
14N(α,γ)18F(β+)18O (α,γ)22Ne(α,n)25Mg
n + “Fe” → s-process

3. Power down: convective envelope reaches into intershell
“dredge up”

.































nuclei heavier than Fe



















r-process: we need an environment with T9 > 1 and 
ρn ~1022/cm3 (so τ(n,γ) ~ 100 ns)

ν-interactions
(n,γ) rates,
ν-interactions

general structure determined by masses, β-decay

[A good resource: INT Proc. #13, “The r-processs: the Astrophysical
Origin of the Heavy Elements”, Y.Z. Qian et al., ed. (2004)]











recap:







The picture can't be displayed.





[C. Freiburghaus et al.
Ap. J. 516, 381 (1999)]





























The picture can't be displayed.

neutron-star merger:

by Roland Oeschslin (Univ. of Basel, quasar.physik.unibas.ch/~oechslin/pict.html)















ALNA - Accelerator Laboratory for 
Nuclear Astrophysics Underground

Two accelerator based experimental areas
• High current DC accelerator (CLAIRE) 

– A compact, high intensity low energy 
accelerator for forward kinematics reactions 
(complementary or expanding on LUNA 
activities)

• A high intensity heavy ion accelerator 
– for inverse kinematic reaction and 

low energy fusion reactions

• Ion sources for both accelerators
– high intensity 1+ ECR (up to 100mA)
– Medium intensity n+ ECR (.5mA)

CLAIRE

• The energy range of both accelerators 
combined should ideally cover beam energies 
from as low as 50keV up to 1 MeV/u

• The two accelerators should have an overlap in energy range for comparison 
between experiments over a common energy.  

ESQ Dynamitron

(from DUSEL science meeting)
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