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1. The problem

2. Ways of coping with the problem (so far) and their limitations

3. Need for new tools and/or methods

4. Extension of the problem to RIB’s

5. PARIS : a very promising solution
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Natural Abundances

1. Earth samples analysis

2. Photosphere of Sun spectrometry
3. Meteorites analysis

Natural abundances
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Pathways for heavy-element nucleosynthesis

ττττ≥100 yr   ρρρρ≈108 n/cm3

ττττ≤1 sec   ρρρρ≥1020 n/cm3
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abundances

p nuclei and p-nuclei abundances
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Initial    
“stellar”

conditions

Key reactions

22Ne(α,n)25Mg
12C(α,γ)16O

…………

seed   
abundances  

s process

Reaction 
network

p-nuclei 
abundances

p process

Almost 2000 nuclei 
are involved in this 
network powered   
by more than 20000 
reactions

(γ,n), (γ,p), (γ,α),      
n-, p-, α-captures,  
β-decays,                
e-captures 

⇒ a huge number   
of cross sections 
have to be known

HAUSER-FESHBACH THEORY is required ! 

Reaction network

HAUSER-FESHBACH THEORY

Optical Model Potentials  - Nuclear Level Densities                                       

γ-ray strength functions - Masses

(32≤Z≤83 , 36≤N≤131)

NEED FOR GLOBAL MODELS OF                                      
OMP, NLD, …
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charged-particle 
induced reactions
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reaction

(p,γ) reactions: ECM = 1 – 5  MeV

(α,γ) reactions: ECM = 6–12 MeV

Gamow peaks and windows: the astrophysically relevant energies

OUR GOAL To measure the cross section 
σ

at these energy regions
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Activation: Principle and Setup

RBS 

thickness monitor

Multiscaler

Offline Measurement

p : 3 – 6 MeV Target

I ≈ 100 nA
10o

Lead shielding

HPGe

C.I.

Irradiation

nX

p
n+1Y

Z

Offline

Measurement

Irradiation

Requirements

1. Radioactive product
2. Suitable lifetime (30min - 1 day)
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Activation: The 74Se(p,γ)75Br example
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Ep = 3 – 6 MeV

74Se(p,γ)75Br

tirrad ≈ 4.5 hT1/2(
75Br)=96.7 min

ξ=604 µg/cm2
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γ angular distribution measurements: The principle

Angular distribution for γ0,γ1,…
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γ angular distribution measurements: The 78Se(p,γ)79Br example

Εp = 1.5 ~ 3.5 MeV

78Se(p,γ)79Br

Experiment at  the 4 MV Dynamitron accelerator at IfS Stuttgart

HPGe (ε =100%)
BGO mask

±15o

78Se – metallic: 85 µg/cm2

(enr. 97.8%)

all targets on Ta backing
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γ angular distribution measurements: The 78Se(p,γ)79Br example
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MINIBALL                         @ IKP/Cologne
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γ angular distribution measurements: the (α,γ) problem

(p,γ) reactions: ECM = 1 – 5  MeV , σ = 1 µb ÷ 1 mb

(α,γ) reactions: ECM = 6–12 MeV , σ = 0.1 ÷100 µb

(p,γ) reactions: NO PROBLEM TO MEASURE

(α,γ) reactions: MAJOR PROBLEMS WITH BEAM-INDUCED BACKGROUND
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The 4π γ-summing method: The principle
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The 4π γ-summing method: The setup

@ DTL-Bochum @ INP-Demokritos
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92Mo(α,γ) 96Ru

Εα = 6 – 12 MeV

ξ=398 µgr/cm2

Solutions (up to now):
• Theoretical calculations
• Simulation

No “real” experimental solution

The 4π γ-summing method: The 92Mo(α,γ)96Ru example

σ=(Y/εε)*(1/ξ)*(A/NA)

BUTBUT εε==ƒƒ(E,M(E,M))
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pos. a
pos. b pos. c

The 4π γ-summing method: Efficiency calculation

in/out ratios:                                       

M=1 →→→→ R = 2

M=2 →→→→ R = 2 × 2  = 4                           

M=3 →→→→ R = 2 × 2 × 2 = 8

M=4 →→→→ R = 2 × 2 × 2 × 2 = 16
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The 4π γ-summing method: Efficiency check with known reactions
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(α,γ) results: Comparison with theory
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Alpha-particle capture reaction cross-section systematics

(α,γ) cross section data: 10 isotopes

Summary

The global α-potential of Demetriou, Grama, Goriely seems to be working well   

in mass region A ≤ 100. 

However very few data exist in higher mass regions              

where uncertainties are large. 

But from experimental point of view such measurements are very challenging:    

need high current α beams + target development + efficient γ - arrays.

Perspectives: Explore the unstable mass regions using RIB’s
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Capture reactions in inverse kinematics

Instead of

Projectile
4He +   78Kr

Target
82Sr   +   γ

we do 78Kr +    4He
82Sr   +   γ

Experimental challenges

1. Target preparation
helium implanted targets

helium gas targets

2. Detection
γ (γ – spectroscopy)

82Sr (particle detection)

Detection apparatus ?
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Capture reactions in inverse kinematics: The target

ECR source analyzing magnet

implantation chamber

4He-beam

Implantation in Al-foils (50 µg/cm²)

Implantation energy 10-20 keV

Implantation fluence 1017-1018 atoms/cm²

e.g. 3µA 4He-beam � 14 h needed for 1018 atoms/cm²

4He                          

(≈ 1018 at/cm2)  

implated in        
27Al

(≈50 µg/cm2)
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Capture reactions in inverse kinematics

The 4He(78Kr,γ)82Sr case
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Capture reactions in inverse kinematics: γ - spectroscopy

Target: 4He implanted Al-foils

Beam: 78Kr

Experiment at Jyväskylä

4He(78Kr,γ)82Sr

Detection of γ’s with JUROGAM

array of 43 Compton-suppressed HPGe detectors 

A. Lagoyannis
PARIS miniWorkshop, 14 October 2009, Krakow 




