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Optical Model Potentials (OMP), Nuclear Level Densities (NLD),  Optical Model Potentials (OMP), Nuclear Level Densities (NLD),  

and and γγ--ray strength functions are the basic ray strength functions are the basic ““inputinput”” parameters in HF calculationsparameters in HF calculations
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When CN is excited   
to continuum then

Ts have to be 
averaged

Nuclear Level Density  (NLD)

Particle emission: Ts  from            
Optical Model Potentials (OMP)

γ Emission is described by the 
Giant Dipole de-excitation (GDR)
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OMP, NLD, γ-strengths and Hauser-Feshbach calculations
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MgAl cycle
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up to ≈≈≈≈ Sn

powered by protons          
(p,γγγγ) / ββββ+

Novae, X-ray bursters…

ρρρρ>104 g/cm3    T≈(1-3)×109 K s p
roc

ess

r pr
oces

s

powered by neutrons  

(n,γγγγ) / ββββ----

ττττ≥100 yr   ρρρρ≈108 n/cm3 T=(0.1-0.4)×109 K

ττττ≤1 sec   ρρρρ≥1020 n/cm3   T =(1.8-3.3)×109 K

s process: M<M� (AGB stars, red giants...)

explosive nucleosynthesis

r process: ? (supernovae, neutron stars)
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Capture reactions and Nucleosynthesis
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Nucleosynthesis above Iron

-

+



S. Galanopoulos et al.,               
Phys. Rev. C 67, 015801 (2003)

p-nuclei solar abundances

Woosley and Howard, Ap. J. Suppl. 36, 285 (1978)

S. Goriely et al.,  A&A 375, 35 (2001)
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“seed”

abundances        (s 
process)

p-nuclei 
abundances        (p 

process)

reaction 
network

HAUSER-FESHBACH THEORY

Optical Model Potentials  - Nuclear Level Densities  - γ-Ray Strengths

(32≤Z≤83 , 36≤N≤131)

reactions/sec/cm3

p-process network and HF theory

n, p, α-particles
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Scenario 1

p-process scenarios and nuclear physics uncertainties

1. SN-II explosions

2. SN-Ia C-deflagration in Chandrasekhar-mass WD

3. He-detonation in Sub-Chandrasekhar-mass WD.

S. S. S. S. GorielyGorielyGorielyGoriely, ESF Workshop on p process, , ESF Workshop on p process, , ESF Workshop on p process, , ESF Workshop on p process, VravronVravronVravronVravron, Greece, 2002  , Greece, 2002  , Greece, 2002  , Greece, 2002  ---- M. M. M. M. ArnouldArnouldArnouldArnould and S. and S. and S. and S. GorielyGorielyGorielyGoriely Phys. Rep. 384, 1 (2003)Phys. Rep. 384, 1 (2003)Phys. Rep. 384, 1 (2003)Phys. Rep. 384, 1 (2003)

a particle-N OMP

n-N potential
NLDs

n captures

p captures

α captures

r := <συ>max. / <συ>min.

obtained with 14 different sets of nuclear 

ingredients (OMP, NLD, …) in HF calculations.



Our research activities
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On top of any ASTROPHYSICAL (p-process) model improvements, it is of 

key importance to investigate the uncertainties in the NUCLEAR properties, 

and in particular, in the nuclear level densities (NLD), optical model 

potentials (OMP) and γ-ray strength functions entering the HF calculations.

Systematic crossSystematic cross--section measurements of protonsection measurements of proton-- and and αα--particle particle 

capture reactions at energies relevant to p process.capture reactions at energies relevant to p process.

So far 25 (p,So far 25 (p,γγ) ) and 10 (and 10 (αα,,γγ) ) reaction cross sections were measured reaction cross sections were measured 

from Cufrom Cu--65 up to Sb65 up to Sb--123 at energies from 1.5 to 6 MeV (protons) or 123 at energies from 1.5 to 6 MeV (protons) or 

7 to 12 MeV (7 to 12 MeV (αα--particles)particles)

ACTIVATION   as well as   INACTIVATION   as well as   IN--BEAM measurementsBEAM measurements

γγ--angular distributionsangular distributions angleangle--integrated integrated γγ--fluxesfluxes

44ππ γγ--summing methodsumming method
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ground state
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Compound  Nucleus
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entry state

γ0 up to ≈ 15 MeV !!!

γ decay after compound nucleus formation
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The 4xHPGe array            @ IfS/Stuttgart

89Y(p,γ)90Zr

In-beam cross-section measurements of 89Y(p,γ)90Zr
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W(θ)=A0(1+a2P2(cosθ)+ a4P4(cosθ))
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In-beam cross-section measurements of 89Y(p,γ)90Zr
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The 4π γ-summing method

@ INP-Demokritos

@ DTL-Bochum
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The 4π γ-summing method

@ DTL-Bochum

@ INP-Demokritos
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Study of the 89Y(p,γ)90Zr reaction with the 4π γ-summing method
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σTOT = (A/NA) (YTOT / ξ)

YTOT = Y0 + Y1 + Y2

Y0 = F0 / (Nproj × ε0)

Y1 = F1 / (Nproj × ε1)

Y2 = F2 / (Nproj × ε2)

GEANT sim.

+

3-fold casc.

4-fold casc.

2-fold casc.
σ=(Y/εε)*(1/ξ)*(A/NA)

P. Tsagari et al., PRC 015802, 2004
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 γ-angular distributions

 4π γ-summing method - Single crystal
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Angular distributions vs. 4π γ-summing method: 89Y(p,γ)90Zr
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Study of the 104Pd(p,γ)105Ag reaction with the 4π γ-summing method
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(p,γ) cross section systematics: Demokritos-Bochum-Stuttgart
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HF input parameters
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TALYS  predictions: 89Y(p,γ)90Zr

89Y(p,γ)90Zr:  data vs. predictions
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89Y(p,γ)90Zr reaction rates
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104, 105, 106 Pd(p,γ) cross sections: Data vs predictions
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104, 105, 106 Pd(p,γ) reaction rates
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Scattering data and OMPs

Mohr et al. PRC 55, 1523 (1997)

144Sm(α,α)144Sm
Local α-OMP @ 20 MeV Demetriou et al, NPA 707, 253 (2002)

S(Ε) = σ(Ε) × Ε × exp(2π×η(Ε))

144Sm(α,γ)148Gd                                         
Somorjai et al., A&A 333, 1112 (1998)

Mohr’s Local α-OMP @ 20 MeV 

failed at sub-Coulomb energies
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(α,γ) cross section measurements: 92Mo(α,γ)96Ru
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The DG2 alpha-OMP

ImagImag. part W : Woods. part W : Woods--Saxon typeSaxon type

VolumeVolume ++ SurfaceSurface (ratio, damping C)

geometry: r
W
, a

W

Fermi-type energy dependence                                          

of imaginary potential depth  fitted                            

to el. scattering + reaction data at E< 20 MeV

U = V
c 
+ V + iW + ∆V

Real part V : doubleReal part V : double--folding methodfolding method
effective NN interaction:

M3Y -density dependent (Kobos et al, 1984)

projectile density:

n/p densities from elastic scattering data

target density: Hartree-Fock theory

Correction Correction ∆∆V : dispersive relationsV : dispersive relations

Nucl. Phys. A. 707, 253 (2002)
DG2 - OMP III

parameters adjusted to all alpha scattering and 
reaction data                                          at low 

energies near Coulomb barrier

global potential

since 2002:  new  data on alpha-capture 
and alpha elastic scattering

global fitting (im. pot. depth):  
+ improvements (diffuseness)                                    

new updated global potential

Proc. Tours Symposium on Nuclear 

Physics,  TOURS VI, AIP Conf. Proceedings, 

vol. 891,                  AIP, N.Y., 2007, p. 281.

A≈100

A≈180

P. Demetriou, C. Grama, and S. Goriely,                            

Nucl. Phys. A 707, 253 (2002)



Cross section predictions using DG2 and TALYS

Rapp et al. PRC 78, 025804 (2008)
Rapp et al. PRC 78, 025804 (2008)
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(α,γ) cross section measurements: 92Mo(α,γ)96Ru



Cross section predictions using DG2 and TALYS
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(α,γ) cross section measurements: 92Mo(α,γ)96Ru
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Cross section predictions using DG2 and TALYS
σ

(b
ar

n
s)

Gyurky et al. 

PRC 74, 025805 (2006)

Rapp et al. PRC 66, 015803 (2002)

(α,γ) cross section measurements: 92Mo(α,γ)96Ru
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Cross section predictions using DG2 and TALYS

Ozkan et al.                 PRC 
75, 025801 (2007)

Rapp et al. PRC 78,                            

025804 (2008)
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(α,γ) cross section measurements: 92Mo(α,γ)96Ru



� In most the (p,γ) cases, uncertainties affecting nuclear input (OMP, NLD) give rise to 

at most 40 to 50 % uncertainties in the reaction rates. No real affection of the p-process 

abundance calculations.

� The α-potential is (still) poorly known; Consequently, the astrophysical (α,γ) reaction 

rates obtained from HF calculations can be highly uncertain and abundance calculations 

may strongly be affected! 

� HOWEVER, we began understanding the α-N potential thanks to the continuously 

increasing cross section database of α-induced reactions and elastic scattering data

and the semi-microscopic DG2 approach.

� Using the improved DG2 α-OMP and the TALYS code we were able to reproduce 

almost all data up to the A≈100 (and 144Sm). The next challenges are:

1) To check the predictions of the DG2 α-OMP at much higher masses.

2)  Move away from the valley of stability and test its reliability also there !

IMPROVED INSTRUMENTS AND METHODS ARE NECESSARY
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Some conclusions
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New instruments
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(α,γ) cross section measurements: 92Mo(α,γ)96RuNew approaches 
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JOBS ANNOUNCEMENT

ΕυχαριστωΕυχαριστω !!

Thank you !Thank you !


