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Abstract. The elastic scattering angular distribution of 8He+208Pb system is investigated
at Elab = 22.0 MeV within the framework of Optical Model by using phenomenological and
microscopic potentials. For the phenomenological Optical Model calculations, both real and
imaginary parts of the complex nuclear potential have been chosen to have the Wood-Saxon
shape. In the microscopic Optical Model calculations, we have used double folding procedure to
calculate the real part of optical potential for different kinds of density distributions of 8He. A
comparative study of this system has been conducted for the fist time by using phenomenological
and microscopic potentials. It is observed that large imaginary radius value due to the existence
of long-range absorption mechanism acting at large distances provides a very good agreement
between theoretical results and experimental data with small χ2/N values.

1. Introduction
By the development of Radioactive-Ion Beam Facilities [1], exotic nuclei especially having large
spatial matter radii and neutron skin structure [2] near the drip line has taken a great deal
attention in recent years [3, 4, 5, 6]. So far, there have been few studies in determining the radii
of the sensitivity of weakly-bound [6, 7] and tightly-bound nuclei near the Coulomb barrier [8, 9].
It is well known that determining the radial sensitivity of the nuclear potential is a considerable
task in order to explain the angular distribution of the elastic scattering cross section [8, 9]. In
this study, we have investigated the interaction of 8He nucleus with 208Pb heavy-stable target at
incident energy of laboratory, Elab = 22.0 MeV. There is only one experimental elastic scattering
angular distribution data of 8He+208Pb system measured by Marquinez-Duran et al. [10] for
this system just around the Coulomb barrier energy. For this incident energy limitation, we
focus on contribution of extra two neutron (2n) to the absorption and also radial sensitivity
of optical potential. Hence, instead of determining new optical model parameter set, we used
the global optical potential parameter set of 6He that was derived by Kucuk et al. [11] at low
energies to compare the radial sensitivity of imaginary radius rw and the effect of this imaginary
radius to the absorption.

Our aim is to conduct phenomenological and microscopic optical model (OM) analysis for
the realistic matter density distributions of 8He. In the next section, we briefly explain the
optical models: phenomenological optical model is explained in subsection 2.1 and microscopic
one in subsection 2.2. In Section 3, we present our results depending on an extra 2n admixture
to absorption mechanism of reaction. Our discussion and conclusions are given in section 4.
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2. Optic Model Analysis
2.1. Phenomenological Optical Model
8He+208Pb system has been investigated near the Coulomb barrier energy. We have used the
optical model in the theoretical calculations and the total effective potential in our model consists
of the Coulomb, centrifugal, and nuclear potentials as follows:

Vtotal(r) = Vnuclear(r) + VCoulomb(r) + Vcentrifugal(r) (1)

In the total effective potential, the Coulomb and centrifugal potentials are well known. The
Coulomb potential [12, 13, 14] due to a charge ZP e interacting with a charge ZT e distributed
uniformly over a sphere of Radius RC is given by

VCoulomb(r) =

{
ZPZT e2

r , r ≥ RC
ZPZT e2

2RC
(3− r2

R2
C
), r < RC

. (2)

where RC is the Coulomb radius, taken as RC = 1.3(A
1/3
P + A

1/3
T ) fm in the calculations, ZP

and ZT are defined as the charges of the projectile P and target T respectively. The centrifugal
potential is

Vcentrifugal(r) =
~2

2µ

ℓ(ℓ+ 1)

r2
, (3)

where µ is the reduced mass. Finally, the complex nuclear potential Vnuclear(r) is taken to be
the sum of both Woods-Saxon shaped (W − S) real and imaginary potentials given as,

Vnuclear(r) = − V0[
1 + exp( r−Rv

av
))
] − i

W0[
1 + exp( r−Rw

aw
)
] (4)

Here, V0, W0 are reel and imaginary depth and the nuclear radius are Ri = ri(A
1/3
P + A

1/3
T )

(i = v or w), where AP and AT are the masses of projectile and target nuclei and rv and rw
are the radius parameters of the real and imaginary part of the nuclear potentials respectively.
We have used the code FRESCO [15] for the elastic scattering angular distribution calculations.
The parameters of real and imaginary potentials are given in Table 1. All potential parameters
except the radius of imaginary potential, rw, are taken from Kucuk et al. [11]. The experimental
data are taken from Ref. [16].

Table 1. Optical potential parameters for the 8He+20Pb system at E = 22.0 MeV

V0 rv av W0 rw aw JV JW σR χ2/N
(MeV ) (fm) (fm) (MeV ) (fm) (fm) (MeV.fm3) (MeV.fm3) (mb)

153.46 0.9 0.7 9.34 1.56 0.7 153.49 45.84 1535 0.29
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Figure 1. The angular distribution of the elastic scattering cross section of the 8He+208Pb
system obtained with rw=1.56 fm with χ2/N=0.29.

2.2. Microscopic Optical Model
In this part of theoretical calculations, we determined the real part of the complex Vnuclear(r)
potential by using the double-folding model. In order to calculate the double-folding potential,
the nuclear matter distributions of both projectile ρP and target ρT nuclei together with
an effective nucleon-nucleon interaction potential (υNN ) are used. Hence, the double-folding
potential is,

VDF (r) =

∫
dr1

∫
dr2ρP (r1)ρT (r2)υNN (r12) (5)

where ρP and ρT are the nuclear matter density of projectile and target nuclei respectively
[20, 21]. In order to perform a comparative study, we have used three different matter density
distributions for the 8He ground state. First density distribution of 8He structure was obtained
by Tanihata et al. [17] in which Tanihata calculated 8He density by using proton and neutron
densities. Second one is obtained by Zhukov et al. [2] in which Zhukov applied the cluster-
orbital shell-model (COSMA) approximation to the 8He where 8He consist of α core + (4n)
parts. The last one is Symmetrize Fermi (SF ) Model which was performed by Lukyanov et
al. [18] in which 4n placed symmetrically around the α core. The detailed explanations of all
density distributions of these models used in this study can be found in the relevant papers.

The effective nucleon-nucleon interaction, υNN , is integrated over both density distributions
of ρP and target ρT nuclei. In literature, several nucleon-nucleon interaction expressions is
used for the folding model potential calculations. We have chosen the most used one, M3Y
nucleon-nucleon (Michigan3Yukawa) realistic interaction [19, 20, 21], that is given by
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Figure 2. The real part of the nuclear potential obtained by three different density distributions
by using the double folding model for 8He. The imaginary part of nuclear potential with W-S
form is also shown.

υNN (r) = 7999

[
exp(−4r)

4r

]
− 2134

[
exp(−2.5r)

2.5r

]
+ J00(E)δ(r)MeV (6)

where J00(E) represents the exchange term since nucleon exchange is possible between the
projectile and target. J00(E) has linear energy-dependence and defined as

J00(E) = −276

[
1− 0.005

Elab

AP

]
MeV fm3 (7)

In the microscopical OM calculations, the real part of OM potential has been obtained by
using above description of double-folding model, the imaginary potential has been taken as W-S
form as mentioned above. Therefore, for the calculation of DF potential case, nuclear potential
consists of real and imaginary parts, expressed as given by;

VN (r) = NRVDF (r)− i
W0[

1 + exp( r−Rw
aw

)
]MeV (8)

where NR is the normalization factor and we fixed it as 1.0 for all DF calculations. The
parameter set of DF calculations are shown in Table 2 and the double-folding potentials obtained
by using above-mentioned three different density distributions together with the imaginary
potential with rw=1.56 fm are shown in Fig. 2. As it can be seen from this figure, all
density distributions provide almost the same potentials around the Coulomb barrier energies.
The angular distribution of elastic scattering of the system obtained by using these density
distributions is shown in Fig. 3. For the density distribution of 208Pb, we has used the density
of RIPL− 2 [22].
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Figure 3. The angular distribution of the elastic scattering cross section of the 8He+208Pb
system obtained with rw=1.56 fm with χ2/N = 0.20.

The real and imaginary potentials have been studied in terms of their volume integrals in our
study. We also show the tabulated values of the real and imaginary volume integrals (JV and
JW ) per interacting nuclear pair in Table 1 and Table 2 and the volume integrals defined as

JV,W =
4π

ApAT

∫ ∞

0
UV,W (r)r2dr (9)

where Ap and AT are the projectile and target masses. Reaction cross-section of these three
density distributions are also shown in Table 2. They predict similar values around around 1550
mb.

Table 2. The parameters of 8He+208Pb system and their cross section predictions, χ2/N values
and volume integrals. NR = 1.0 is fixed for all calculations.

Density W0 rw aw JV JW σR χ2/N
Model (MeV ) (fm) (fm) (MeV.fm3) (MeV.fm3) (mb)

COSMA 9.34 1.56 0.7 417.68 45.84 1554 0.20
Tanihata 9.34 1.56 0.7 417.76 45.84 1551 0.22

SF 9.34 1.56 0.7 417.68 45.84 1546 0.23

3. Results
By using the above-described phenomenological and microscopic potentials, we have investigated
the elastic scattering of 8He+208Pb system at Elab = 22.0 MeV. In order to explain the data,
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we have to modify the radius of the imaginary potential of Kucuk et al. [11] as rw = 1.56 fm.
The parameters of the potentials for phenomenological and microscopic potentials are given in
Table 1 and Table 2 respectively. The result of phenomenological potential calculations is shown
in Fig. 1 and it can be seen from this figure that the agreement is very good over the whole
angular range in comparison with the experimental data. The results of microscopic potentials
obtained with the three different density distributions are shown in Fig. 3. The results are also
in very good agreement with the experimental data. Both phenomenological and microscopic
potentials predict similar reaction cross-section values around 1550 mb. Volume integrals of
both phenomenological and microscopic potential are also calculated and the values are given in
Table 1 and Table 2. The volume integral for the real part of the microscopic potential is much
larger than the phenomenological one.

4. Discussion and Conclusions
We have studied the elastic scattering of 8He neutron-skin nucleus from a heavy-stable 208Pb
target. We have used both phenomenological and microscopic potentials to explain the
experimental data. Phenomenological potentials have the W-S shape for both real and imaginary
parts. Three different density distributions in the double-folding model are used for the real part
of microscopic potential calculations. We have observed three different density distributions
proposed to define the density of 8He provide almost the same real potential around Coulomb
barrier. We also noticed that the radius of imaginary potential should be large enough to obtain
correct absorption. Both phenomenological W-S potential and microscopic calculations with
three different density distribution provide a good agreement with the experimental data with
phenomenological W-S imaginary potential. The OM calculations for other reaction systems are
still in progress.
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