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Abstract. In this study, we have analyzed the 20O+12C system within the framework of
optical model by using miscroscopic folded potential, which is based on M3Y nucleon-nucleon
effective interaction and a phenomenological potential. A significant underprediction appeared
between experimental data and our results. To solve this problem, one of the important
candidate is the use of the long range potential effect. By using the long range potential effect,
we have achieved results that are consistent with experimental data for the 20O+12C system
fusion cross section.

1. Introduction
The studies with neutron-rich radioactive beams provide new insight into production of new
isotopes and nuclei. Fusion of very neutron-rich nuclei is also very important in order to
determine the observables of neutron stars and for astrophysical interest. There are numerous
studies for the near-barrier fusion with neutron-rich nuclei [1–6] and the studies with the
exotic nuclei show unexpected behaviors in the barrier region, like several order magnitude
enhancement of fusion cross section [7, 8].

One of the most important problem in the sub-barrier fusion studies with very neutron-rich
nuclei is the enhancement of fusion cross section at sub-barrier energies. Recently, Rudolph et
al. [9] measured the 20O+12C system fusion cross section for the near and sub-barrier energies
and they have obtained the significant difference between the experimental and theoretical data.
In this study, we investigated the fusion cross section for the near and sub-barrier region to
explain the unexpected behavior of fusion excitation data. With this purpose, we have used the
long range potential effect [10] to explain 20O+12C system fusion cross section for the energies
near and below the Coulomb barrier.

2. Model
In this study, we have used optical model. In the optical model, the total potential Vtotal(r)
consists of

Vtotal(r) = VNuclear(r) + VCoulomb(r) + VCentrifugal(r) (1)

Coulomb and Centrifugal potentials are well-known. The Coulomb potential [11] due to a charge
ZP e interacting with a charge ZT e distributed uniformly over a sphere of radius Rc is

VCoulomb(r) =
1

4πε◦

ZPZT e
2

r
, r ≥ Rc, (2)
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where Rc is the Coulomb radius, and ZP and ZT denote the charges of the projectile P and the
target nuclei T respectively. The centrifugal potential is

VCentrifugal(r) =
h̄2 l (l + 1)

2µ r2
(4)

where µ is the reduced mass of the colliding pair.
In order to make a comparative study of this reaction, we use two different potentials for the

real part of the optical model potential: one is a phenomenological potential and the other one
is the microscopic nucleon-nucleon double folding potential.

2.1. Phenomenological Potential
For the phenomenological potential, we used the Woods-Saxon shaped potential. This potential
is

VNuclear(r) =
−V0

(1 + exp(r −RV )/aV )
+ i

−W0

(1 + exp(r −RW )/aW )
(5)

where V0 = 198 MeV, RV = rV (A
1/3
P + A

1/3
T ) with rV = 0, 9 fm, aV = 0, 46 fm. The

imaginary part of the potential has the same Woods-Saxon volume shape as in Equation 5
and its parameters are W0 = 2 MeV, rW = 1, 0 fm and aW = 0, 8 fm.

2.2. Nucleon-Nucleon Double Folding Potential (NN-DF)
The NN-DF potential evaluated by using the nuclear matter distributions for projectile ρP and
target ρT nuclei with an effective NN interaction potential (νnn) is

VDF (r) =

∫ ∫
ρP (r1)ρT (r1)νnn(|r⃗ + r⃗2 − r⃗1|)d3r1d3r2 (6)

The DF potential which is based upon a realistic effective nucleon-nucleon (NN) interaction
(Equation 7), folded with nuclear matter densities of both projectile and target nuclei:

νnn(r) = 7999
exp(−4r)

4r
− 2134

exp(−2.5r)

2.5r
+ J00(E)δ(r)MeV (7)

The imaginary potential parameters which used in the phenomenological potential have taken
for the NN-DF calculations. The code DFPOT [12] has been used for the microscopic DF
potential calculation and the code FRESCO [13] has been used to obtain all reaction observables.

3. The Results
We have first analyzed the experimental data for the 20O+12C system total fusion cross section
with the optical model by using phenomenological Wood-Saxon potential. Our results are shown
in fig. 1.

There is large fusion cross section enhancement at the sub-barrier energies that can not
explain by the optical model calculation. Therefore, we have performed the more realistic
explanation by using microscopic nucleon-nucleon double folding potential to explain this
reaction as can be seen in fig. 1.

But, neither the phenomenological Wood-Saxon potential nor the microscopic nucleon-
nucleon double folding potential are enough to solve the low energy fusion cross section
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Figure 1. The phenomenological and microscopical results for the 20O+12C system, the black
line gives phenomenological results and the dashed line shows DF results.

Vd r0 a
MeV fm fm
8.0 4.3 4.0

Table 1. The parameters of the additional potential.

enhancement problem. The underestimation has been raised between our results and the
neutron-rich nuclei fusion cross section in all calculations.

Recently, Dapo et al. [10] showed that the importance of long range potential on the low
energy observables. They found that the tail of the real potential has a significant effect on
the cross section. To understand this relative dominance of the changes induced by long range
versus short range of the potential, one can look to the concept of effective theory. In effective
theories, a separation of scales is introduced to distinguish effects which occur at low energies
(long range) and at high energies (short range). The low energy observables are dominated
by the long range of the potential and are not sensitive to the short range [10]. By using this
approximation, we have modified our total potential by adding a small additional potential. It
has the derivatives of the Wood-Saxon shape and the parameters are shown in Table 1.

As it can be seen from the figure 2, the long range potential has significant effect on the low
energy fusion cross section. We have obtained very good agreement with the experimental data
by using this effect.

4. Conclusion
In this study, we have examined the fusion cross section with very neutron-rich nuclei. The
optical model results by using phenomenological and microscopical potential are not enough to
explain experimental data. The underestimation has been raised between experimental data and
our results. To solve this problem, we have used the long range potential effect and obtained
very good results. As a future studies, we will examine the neutron transfer between target and
projectile and will compare the long range potential and transfer effect.
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Figure 2. The results of the 20O+12C system fusion cross section after the inclusion of the long
range potential effect
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