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Introduction

Structure of exotic nuclei Y analyses of their elastic
scattering on protons or light            
targets at different energies

6He: 25.2, 38.3, 41.6 and 71 MeV/N
8He: 15.7, 25.2, 32, 66 and 73 MeV/N

He and Li isotopes: 700 MeV/N

Phenomenological and microscopic methods:
Coordinate-space g-matrix folding method
ReOP is microscopically calculated using the folding approach, 
while the ImOP and the SO terms have been determined 
phenomenologically



The main aim: to calculate dσ/dΩ of elastic 6,8He+p scattering at
energies less than 100 MeV/N studying the possibility to describe the
existing experimental data by calculating microscopically not only the
ReOP (in a double folding procedure) but also the ImOP (instead of
using phenomenological one) within the high-energy approximation
(HEA) and using a minimal number of fitting parameters.

What we study:
the limits of applicability of the HEA OP for different regions of 
angles ant incident energies
the sensitivity of the cross sections to the nuclear densities of 6He 
and 8He
the role of the SO interaction and the non-linearity in the 
calculations of the OP’s
the nuclear surface effects
the role of the renormalization of the depths of ReOP and ImOP
the possibility to involve additional physical criteria for a better 
description of limited number of experimental data



Basic Ingredients of the Cross Sections
Calculations

Optical potential (OP):
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1. Direct and exchange parts of the real OP (ReOP)

V F (r) = V D(r) + V EX(r) (2)
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ρ2(r2) = ρ2,p(r2,p) + ρ2,n(r2,n) (5)

δρ2(r2) = ρ2,p(r2,p)− ρ2,n(r2,n) (6)

g(E) = 1− 0.003E (7)

For the NN potentials vD
00 and vD

01 we use the expression for the CDM3Y6-type
of the effective interaction based on the solution of the equation for the g-matrix,
in which the Paris NN potential has been used.

F (ρ) = C
[
1 + αe−βρ(r) − γρ(r)

]
, (8)

where C=0.2658, α=3.8033, β=1.4099 fm3, and γ=4.0 fm3.
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2. OP within the high-energy approximation
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3. Spin-orbit term
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6He+p
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8He+p
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Density distributions of 6He and 8He:
1. Tanihata densities
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6He: a=1.40 fm; b=2.04 fm; Rp
rms=1.72 fm

8He: a=1.43 fm; b=1.93 fm; Rp
rms=1.76 fm; Rn

rms=2.69 fm

2. COSMA densities
3. LSSM densities
4. JCM densities: correlation factor=1− exp−β2r2













The renormalization parameters NR, NI, NR
SO

and NI
SO obtained by fitting the experimental 

data in the case of LSSM density. The energies 
are in MeV/N and the total reaction cross 
sections σR are in mb.



The parameters NR, NI, NR
SO and NR

SO, the 
volume integrals JV and JW (in MeV.fm3) as 
functions of the energy E (in MeV/N) and the 
total reaction cross sections σR (in mb) for the 
8He+p scattering in the case of LSSM density.

JV=(4π/A)∫dr r2 [NRVF(r)]

JW=(4π/A) ∫dr r2 [NIWH(r)]



Conclusions

1. The optical potentials and cross sections of 6He+p (E=25.2,41.6 and 71
MeV/N) and 8He+p (E=15.7,26.25, 32, 66 and 73 MeV/N) elastic scattering
were calculated and comparison with the available experimental data was
performed.

The ReOP (VF) was calculated microscopically using the folding 
procedure and M3Y effective interaction based on the Paris NN potential.
The ImOP (WH) was calculated within the HEA.
Different model densities of protons and neutrons in 6He and 8He were 
used in the calculations: Tanihata, COSMA, LSSM and JCM.
Three different combinations of VF, VH and and WH were used for the OP 
in calculations of the elastic 6He+p cross sections.
The SO contribution to the OP was included in the calculations.
The cross sections were calculated by numerical integration of the 
Schrödinger equation by means of the DWUCK4 code using all 
interactions obtained (Coulomb plus nuclear optical potential). 



2. The results show that the LSSM densities of 6He and 8He which have more diffuse
tails at larger r than the densities based on Gaussians lead to a better  agreement
with the data for the 6,8He+p elastic scattering at different energies.

3. It was shown that, generally, at energies E>25 MeV/N a good agreement with the
experimental data for the differential cross sections can be achieved using OP
with calculated both VF and WH varying mainly the volume part of the OP
neglecting SO contribution.

4. The explanation of the 6,8He+p cross sections at lower energies (E<25 MeV/N)
needs accounting for the effects of the nuclear surface. In this case the use of
ImOP of the HEA type is limited. A more successful explanation of the cross
section at low energies could be given by inclusion of polarization contributions
due to virtual excitations of inelastic and decay channels of the reactions.

5. The study of the density and energy dependence of the effective M3Y NN forces
shows small differences between OP’s calculated with and without inclusion of the 
in-medium effect. The difference between the corresponding cross sections 
appears at larger angles and increases with the energy increase.   



6. It was shown that the effects of the Jastrow central short-range NN correlations
on the OP’s and on the shape of differential cross sections are weak.

7. The problem of the ambiguity of the values of the parameters NR, NI, NR
SO, and 

NI
SO when the fitting procedure is applied to a limited number of experimental 

data is considered. A physical criteria imposed in our work on the choice of the 
values of the parameters N were the known behavior of the volume integrals JV

and JW as functions of the incident energy in the interval 0<Einc<100 MeV/N, as 
well as the values of the total cross section of scattering and reaction.  

This approach can be used along with other more sophisticated methods 
like that from the microscopic g-matrix description of the complex optical 
potential ant others.
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