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Hauser-Feshbach model for compound reaction:
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Jus Tn(pa) p(E _Sn(p,a)_En(p,a))

O =0,
> Tp,
i=n,p,q,...
determined
T — transmission coefficients of outgoing particles by nuclear

p — level density of nuclei populated by outgoing particles structure



Transmission coefficients

1. Determine decay rates of compound nuclei
2. Determine fusion cross section o, = (2[ + 1)_77;7(,Tl

neutron capture reactions, r-process

Transmission coefficients are obtained from optical model of nuclear
reactions

Optical potential:

U=V +i-W

Ts are determined by W, for neutron rich nuclei by W,

W. . is also related to the symmetry energy of nuclear matter !!!
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The isovector imaginary neutron potential:
A key ingredient for the r-process nucleosynthesis

S. Goriely **, J.-P. Delaroche ®

4 Institut d’Astronomie et d’Astrophysique, Université Libre de Bruxelles, Campus de la Plaine, CP 226, 1050 Brussels, Belgium
b DPTA/Service de Physique Nucléaire, CEA/DAM lle de France, BP 12, 91680 Bruyéres-le-Chatel, France

= il Ba | Neutron strength function:
*  (Case 1 % — 4].“
el BTse L% Te I{: | T
: . -\ v R l 1 l
S e 5 =L
= . X ek ;‘.'l’-?" — " T 27
Ja— —8 "sga . m | A _a
o~ °\ AL S
L1 l*‘l‘f-, ‘T—
|
N ] ‘I[ Sn | ) ]
112 116 120 124 128 132 136 140

A

J.P. Jeukenne, A. Lejeune, C. Mahaux, Phys. Rev. C 16 (1977) 80.

JLMB potential :
P E. Bauge, 1.P. Delaroche, M. Girod, Phys. Rev. C 58 (1998) 1118.



S. Goriely **, J.-P. Delaroche®  pnysics Letters B 653 (2007) 178183

100
80
N 60 | ]
, 10<r<10° —
40 [ , 5 = i
;:?‘";" ® 10°<r<l0
20 | E,«"f mr>10°
50 100 150 200 350
N

Fig. 5. Representation in the (N, Z) plane of the ratio r (as given by the legend) of the astrophysical rates at T = 10? K obtained with the JLMB potential to the
one obtained with the modified imaginary potential of Case 3. The vertical lines correspond to the neutron magic number N = 82 and 126. The horizontal lines at
Z =48 and 70 are shown to guide the eye to the expected progenitor nuclei of the r-abundance peaks at Z =48, N =82, A=130and Z =70, N = 126, A = 196.

It suggests that standard optical potentials overestimate (n,y) reaction
rates for neutron rich nuclei by orders of magnitudes !!!



Study of transmission coefficients from decay rate ratios of
compound nuclei

1. Create compound neutron rich nucleus with fusion reaction
2. Measure relative neutron, proton and alpha decay rates
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Uncertainty of this ratio due to level density is estimated of about 30-50%,
up to factor of 2 in extreme cases.
The effect dueto 7° can be up to orders of magnitude
n
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Figure 1: Comparison of experimental (points) and theoretical (lines) differential cross sections of
deuteron induced reactions on >*Fe (top panel), %Fe (middle panel), and BEe (bottom panel). The
figure is from Ref. [10] Lines of different colors correspond to calculations with different level density
models.



Experimental details

Beam energies

3-9 MeV/A depending on beam species, targets, cross sections.

» Different beam energies bring different angular momenta, so

it would be important to study effect of angular momenta of the
compound system on decay rates of different outgoing channels.

* Cross sections for some reactions increase with the beam energy.

Expected rates

Beam intensity ~5 x10% pps, neutron yield ~ 10* /day,
proton yield ~ 500 /day

Detection systems :

due to low intensity beams and small (z,Xp) cross section,
large solid angle coverage detectors are required



Conclusions

1. Results obtained from analysis of neutron strength
function for stable isotopes with different neutron number,
suggests that neutron strength function can decrease very rapidly
with increasing (N-Z)/A. If this is true, the traditional picture of
r-process in the neutron rich region needs to be revised.
(S. Goriely, J.P. Delaroche, Phys.Lett. B653, 178(2007)).

2. It appears that isovector imaginary optical potential responsible for neutron
strength function can be studied experimentally from ratios

of neutron/proton/alpha yields from decay of neutron rich compound
nuclei created with radioactive beams.
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