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Heavy element nucleosynthesis: 
a weak p-branch

• s- & r-processes → 99% of abundances
• p-process → 1% 



Astrophysical p-process: an open issue

γ-process:
• Site: SNII Supernova shock passing through O-Ne layers 

of progenitor star (T9=1-3)
• Time scale: 1s
• Gamma-induced reactions on s-process seed nuclei: (γ,n) 

reaction chain → proton rich region
• (γ,p) and/or (γ,α) deflections

Alternative processes / Alternative sites / Alternative nuclear data
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Input parameters of the statistical model

• Large networks
• Lack /too many of key

reactions
→ Trend investigations
→  Global studies



Experimental approaches

A. Gamma induced studies (γ,n), (γ,p), (γ,α) 
– Brehmsstrahlung γ-source + activation (poster #135)
– Tagged γ-source + in-beam
– Virtual γ → Coulomb dissociation (poster #091)

B. Sub-Coulomb (p,γ), (p,n), (α,γ), (α,n), (α,p) + detailed balance 
– Activation (talk by Özkan + posters #130, #133, #199, #207, #257)
– In-beam with 4π arrays: NaI (#061), HPGe (#044), BaF2 (#229)
– Storage ring: (p,γ)

A + B complementary, both needed for full understanding
Study of different channels leading to emerging from the same nucleus

Majority of published data is by activation



The KADoNiS database

Karlsruhe 

Astrophysical 

Database 

of 

Nucleosynthesis 

in 

Stars

Aim:
Cross section library including 

charged particle p-process 
reactions

Badly missing: 
(α,γ)-(γ,α) on heavy isotopes 

Dillmann/Szücs: Poster #129



(p, γ) vs. (α,γ)

(p, γ): Higher cross sections, lower mass range
– Gamow window can be reached (no extrapolations)
– Highly enriched targets available
– Test ground for new methods (ESR, Coulomb breakup, …)
– More data available (trend investigations)

(α, γ): lower cross sections, higher mass range
– Experiments above Gamow window
– Expensive targets
– Auxiliary α-potential studies to improve global potentials



KADoNiS (p,γ)  for A<100      



(p,γ) A>100

(p,γ)  for A>100 



G. G. Kiss et al., PRC 76

An improved proton optical potential

Gyürky et al., PRC 68

Gyürky et al., PRC 64

Gyürky et al., J. Phys. G 34

Increased imaginary strength by 70%

G. G. Kiss et al., J. Phys. G. 34



(p,n) reactions

• Direct role in heavy element nucleosynthesis
• Can be used to disentangle p- and γ-strength
• Can be combined with (p,γ) activation experiments

W. Rapp et al.,
Astrophys J. 653



Example: 85Rb(p,n)85Sr
G.G. Kiss et al: PRL 101, 191101 (2008)



Stellar Enhancement Factor
Ground state reaction rate:

Stellar enhancement factor:
f = rstellar / rground state

Usually f(Q>0) < f(Q<0)

BUT: f can be Coulomb-suppressed!
 Charged particle in the exit channel

(n,p) , (n,α) reactions
 Entrance and exit channel have different Coulomb barriers

(p,α) reactions



Stellar enhancement for (n,p)/(p,n) 

G.G. Kiss et al: PRL 101, 191101 (2008)
T. Rauscher et al.: PRC 80, 035801 (2009)

85Rb(p,n)85Sr:
Q= -1.847 MeV

1.03 < fpn < 1.08 
2.6 < fnp < 3.9

2 < T < 4 GK



(p, γ) vs. (α,γ)

(p, γ): Higher cross sections, lower mass range
– Gamow window can be reached (no extrapolations)
– Highly enriched targets available
– Test ground for new methods (ESR, 4π summing…)
– More data available (trend investigations)

(α, γ): lower cross sections, higher mass range
– Experiments above Gamow window
– Target problems
– Auxiliary α-potential studies to improve global potentials
– (α, n), (α, p) channels also important



Some (α,γ) results



Activation method: serious limitations

• Poorly known nuclear parameters (branching, T1/2)
– Ancillary exp: poster #128

• Too long halflife
– AMS: 142Nd(α,γ)146Sm (T1/2=108 y)  @ANL

• Inadequate branching ratios (no γ-transition)

Characteristic X-ray detection might help



Case study: 169Tm(α,γ/n)173/172Lu 
decay characteristics: 



169Tm(α,γ)173Lu - 169Tm(α,n)172Lu 

LEPS detector



169Tm(α,γ)173Lu - 169Tm(α,n)172Lu 

G.G. Kiss et al: submitted to Phys. Lett. B

(α,n)

Curves: NON-SMOKERWEB with different α-potentials

(α,γ)



X-ray detection: (α,γ) possibilities at heavy mass



Summary

• (p,γ) data on stable targets reached precision era
– The modified p-potential seems to work
– Need for a test in the exotic region

• (p,n) reactions emerged as new aim
• (α,γ) existing data is overestimated by HF-calculations

– Heavy mass region is still unexplored
– Hunt for the global alpha potential, (α,x) data can help

Beware of stellar enhancement!
Stay tuned for new astrophysical models!



Outlook: the voice of NuPECC
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