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Goals of Nuclear Astrophysics
• To understand what is the energy source of the 

stars at all stages of their evolution
• To explain the observed relative abundances of 

the elements through the nuclear transmutations 
in different stellar conditions

Aims of IBA
• To determine composition and structure of thin 

films or surface layers of samples through the 
spectroscopy of the products of the interaction of 
accelerated charged particles with nuclei 
contained in the sample. 



Similarities

•Low energy charged particle cross-sections 
play a key role. 

•Calculated (evaluated) cross-sections 
rather than measured ones are commonly 
used.

•The same physical models are employed in 
the calculations.



Distinctions
Nuclear Astrophysics IBA

Differential cross-sections are 
needed

Total cross-sections are needed

Applied (technological) scienceBasic (fundamental) science

The problem is being solved by IBA 
(material science) community

The problem is explored by nuclear 
physicists

The required precision is ~1%.Moderate requirements for the 
precision

Cross-sections are needed mostly 
averaged over isotopes

Cross-sections are needed for 
separate isotopes

Cross-sections for a limited number 
of mainly light and medium weight 
nuclei are of interest

Cross-sections are needed for a 
vast variety of stable and unstable 
nuclei



Alpha-process in stars

A so called alpha-process is responsible for 
the synthesis of alpha cluster nuclei in the 
chain: 
24Mg      28Si       32S       36Ar      40Ca
It takes place in stars during carbon and 
oxygen burning at temperature in the 
interval of (0.5−3.0) × 109 K (43−260 keV). 



Alpha elastic scattering in IBA

There are a number of benefits in use of elastic 
backscattering (EBS) technique at energies for 
which the cross-section is non-Rutherford. 
First of all at higher energies light ion elastic 
scattering cross section for light elements rapidly 
increases whereas it still follows close to 1/E2

energy dependence for heavy nuclei. Thus high 
sensitivity for determination of light contaminants 
in heavy matrix is achieved. Besides, a depth of 
sample examination is enhanced.



Alpha elastic scattering in IBA
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Evaluated 28Si(α,α)28Si cross-section

Spectra of alphas 
backscattered from a thick 
silicon sample



Cross-section calculations for 
alpha-process

The cross section for this process is usually 
calculated by means of the statistical model. The 
transmission coefficients which are central 
quantities in such calculations are determined in 
frameworks of the optical model. It is usual in 
nuclear astrophysics to consider processes that 
incorporate a wide variety of nuclei both stable and 
unstable and so the main efforts so far were 
concentrated on the development of a global 
optical potential using microscopic approach.



Microscopic global optical potential

The nuclei under consideration are stable and a lot of 
experimental information is available in the literature for the 
interaction of alphas with these nuclei. Consequently a 
phenomenological optical potential can be obtained in this 
case. 



Alpha optical potential for 24Mg
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Available experimental data and results of the optical 
model calculations for 24Mg(α,α0)24Mg at the scattering 
angle close to 165°.
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The optimal potential parameters obtained for 24Mg(α,α0) 24Mg scattering at the energy below 8.0 MeV



Alpha optical potential for 28Si

Available experimental data and results of the optical 
model calculations for 28Si(α,α0)28Si excitation 
function at the scattering angle close to 170°.
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The optimal potential parameters obtained for 28Si(α,α0) 28Si scattering at low energy



Alpha optical potential for 28Si
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The best fit to the angular distribution for 28Si(α,α0)28Si 
at 18 MeV.



Alpha optical potential for 32S
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The best fit to the angular distribution for 32S(α,α0)32S at 
7.7 MeV.
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The optimal potential parameters obtained for 32S(α,α0) 32S scattering at the energy of 7.7 MeV



Alpha optical potential for 36Ar
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The best fit to the angular distribution for 
36Ar(α,α0)36Ar at 18 MeV.
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The optimal potential parameters obtained for 36Ar(α,α0) 36Ar scattering at the energy of 18 MeV



Alpha optical potential for 40Ar
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The effect of quasimolecular resonances on 
the excitation function for 40Ca(α,α0)40Ca at 
the scattering angle of 167°.
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Statistical model



Transmission coefficients



Statistical model calculations with 
global potential



Comparison of statistical calculations with 
transmission coefficients obtained using 

different optical potentials
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The ratio of the cross sections for the 28Si(α,γ)32S 
reaction calculated with transmission coefficients 
obtained with the optical potential of the present work 
and with the global potential.



Elastic scattering of alphas from 
carbon

IBA

The fact that the 
12C(α,α)12C  cross-
section is up to 100 times 
larger than Rutherford 
above 2 MeV is used for 
analytical purposes. The 
intense resonance at 
4.26 MeV is used as a 
powerful tool for carbon 
profiling in various 
substrates. 

Nuclear Astrophysics

An improvement in the 
elastic scattering data 
helps to determine the 
contribution of the 
subthreshold states, 
6.92(2+) and 7.12(1-) 
MeV and restricts 
resonance parameters 
above the threshold.





The problem of 12C/16O ratio in 
nucleosynthesis
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The ratio depends on the rate of the 3α → 12C 
and 12C(α,γ)16O reactions.

The cross-section for 3α → 12C is known with 
accuracy ~15%

For the 12C(α,γ)16O reaction extrapolation is 
made from ~1.4 MeV (the lowest energy at 
which the measurements were performed) to 
~0.3 MeV, the cross-section decreasing from 
~10-10 to 10-17 barn.

The main contribution to the cross-section at 
astrophysical energies comes from E1 and 
E2 amplitudes produced by subthreshold
levels.













CRP on PIGE



Cross-section measurements for PIGE





Oxygen analysis using gammas from direct non-resonant radiative capture
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Electron screening effects in IBA

Correction factors for Rutherford cross-section – L’Ecuyer (dashed 
lines and Andersen (solid line) at different energies



Electron screening effects in nuclear 
astrophysics

f E
E
EBN

( )
( )
( )

,exp=
σ
σ

7Li(p,α)4He

The cross-sections measured in a 
laboratory should be corrected to 
the stellar conditions where nuclei 
are bare.



CONCLUSIONS



Summary Report of the Technical Meeting on
Long-term Needs for Nuclear Data Development

IAEA Headquarters, Vienna, Austria
2 – 4 November 2011

There is a significant overlap between astrophysics and other 
nuclear physics applications. Important experimental and 
theoretical efforts are made by the astrophysics community that 
can be of interest and of direct relevance to nuclear applications 
and vice-versa the progress made in the various applications 
can be of direct relevance for nuclear astrophysics. On this 
basis, it is recommended to the IAEA:
to continuously identify overlap of interest between astrophysics 
and other nuclear applications and possible cross-fertilization 
between the various communities…
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