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A Microscopic Optical Potential for Deuteron *
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The microscopic optical potential for deuteron is obtained by folding the microscopic optical potentials of its
constituent nucleons. The optical potential is used to predict the reaction cross sections and the elastic scattering
angular distributions for some spherical target nuclei, and the results of theoretical calculation are compared with

the experimental data available.
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The optical model is one of the most impor-
tant basic models in nuclear reaction theory. The
phenomenological optical model potential usually in-
cludes some adjustable parameters and is generated
by adjusting its parameters to fit the existing ex-
perimental data. Omn the other hand, the micro-
scopic optical potential (MOP) is obtained theoreti-
cally based on the nucleon-nucleon interaction and has
no free parameters. At present, many deuteron opti-
cal model potentials are studied from the phenomeno-
logical approach.!'?l There also exist some deuteron
optical potentials constructed from a combined micro-
scopic and phenomenological approach,®4] where the
real parts are obtained microscopically by folding the
MB3Y effective interaction with the density distribu-
tions of the two colliding particles, but the imaginary
and spin-orbit terms are given phenomenologically.

It is suggested in the folding model®=7 that, to the
first approximation, the optical potential of a compos-
ite particle is the sum of the optical potentials of its
constituent nucleons averaged over their internal den-
sity distributions in the composite particle, namely,
the microscopic optical potential for deuteron can be
obtained by folding the microscopic optical poten-
tials of its constituent nucleons in the ground state of
deuteron. There is an isospin dependent nonrelativis-
tic nucleon microscopic optical potentiall® which is
obtained on the base of Skyrme nucleon-nucleon inter-
action, it is expressed analytically and can reproduce
the experimental data very well. Encouraged by the
success of the microscopic nucleon optical potential,
this work makes use of the folding model to construct
the microscopic optical potential for deuteron on the
basis of the nucleon microscopic optical potential as
described in the following.

The Hamiltonian of the system composed of the
incident deuteron and the target nucleus may be writ-
ten as

H =T, + Ty + Via(ri2) + Vi(r1) + Va(ra), (1)

where r1 and 7y are the positions of the nucleons in
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deuteron, T is the kinetic energy operator, Via(r12) is
the interaction between the nucleons of the deuteron,
Vi(r1) and Va(rg) are the interaction of the neutron
and the proton with the target nucleus. In the relative
coordinate representation, the Schrodinger equation is

[ QZZW—TLV + Via(r) +v1(\R+ \)
wu(|r-5)jprn —porn. @

where R is the position of the centroid of deuteron.
The deuteron wave function is denoted by x(r), then

- B v =), @)
2T ;
the solution (R, r) to Eq. (2) can be written as
(R, 7) = x(r)¢(R) + F(R, 7).

Then multiplying Eq. (2) by x(r) and integrating with
respect to r, one can obtain

[~ RV VR~ (B0 o(R) + o(R) = 0. (4)

where g(R) containing the dissociation of the deuteron
is very small, so this term is neglected as in Refs. [6,7].
V(R) is the optical potential for deuteron which can

be expressed as
(i 5y (- 5o

/|X
(5)

In this work, V; and V5, are the microscopic optical po-
tentials for the neutron and the proton, respectively,
with half the incident deuteron energy. The expres-
sions of V,, and V,, are taken as those in Ref. [8]. Here
x(r) is expressed as

Ny

x(r) = - [exp(—ozr) — exp(—ﬁr)]7 (6)

where

Ny [aﬁ(wm}m’ ™

2r (B — )2
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with a = 0.23fm, 5 = 1.61 fm.

The spin-orbit coupling potential for deuteron is
considered as the sum of the spin-orbit potentials for
its constituent nucleons,

Vso(r) = Vio + Vo, (8)

where VI, and V§, are the nucleon spin-orbit poten-
tials taken from Refs. [8,9].

By the MOP for deuteron, the radial dependences
of the MOP, the reaction cross sections and the elastic
scattering angular distributions for some spherical tar-
get nuclei are calculated. Here the calculated results
for target nucleus “°Ca are shown as an example.
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Fig. 1. Radial dependence of MOP for deuteron scatter-
ing from °Ca: (a) the real parts, (b) the imaginary parts.
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Fig. 2. Comparison of the calculated result (solid line)
of the deuteron reaction cross section for 4°Ca with the
experimental data (symbols).[10]

The radial dependence of the MOP for deuteron
scattering from °Ca at incident energies of 10, 30, 50,
70, 90 and 110 MeV is shown in Fig. 1. In Fig. 1(a), the

absolute value of the real part decreases with increas-
ing radius and incident energy, while in Fig. 1(b), the
absolute value of the imaginary part increases with in-
creasing energy of incident deuteron. In addition, the
dominant contribution of the imaginary part changes
from the surface absorption to the volume absorption
as the incident energy increases. These trends of real
and imaginary parts are reasonable with general un-
derstanding.

The deuteron reaction cross section for 4°Ca is cal-
culated with the MOP, and the comparison of the cal-
culated result with the experimental datal'® is given
in Fig.2. The figure shows that the shape of the cal-
culated result curve of reaction cross sections for 4°Ca
is similar to the experimental data, but the magni-
tude of the calculated result is smaller than that of
the experimental data.

10°

10Ca(d,el) (a)

103 B\
~ 1
wn
2 o
10
£
S NN ~-_
— A K E N X ] ~
i AT,
=

1073

1075 L
10%
o102
n
~
< 4
\E/ 1OO§ \\Eamua\\
S e eveansen 2757
E .99 ¢00%0 . N
% 1072;_ T ee ~--..'~!.’.'._..-"oov
= F
!'
1074 f
2
10-6E o+ v vy
0 50 100 150
Oc.m. (deg)
Fig.3. Calculated elastic scattering angular distribu-

tions (solid line) at different incident deuteron energies
compared with the experimental data (symbols)[**=14] for
d+40Ca reaction. The results are offset by factors of 10.

The elastic scattering angular distributions for
40Ca at incident deuteron energies from 5.0 to
140.0 MeV are calculated, and compared with exper-
imental datal''='% in Fig.3. The theoretical results
at incident energies from 5.0 to 56.0 MeV are in over-
all agreement with the experimental data. However,
the predicted magnitudes are larger than those of the
experimental data at the angles greater than 35° for
the case of 140.0 MeV. The reason for the discrepancy
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may be such that the contribution of the dissociation
of the deuteron is neglected.

This potential is also used to predict the reaction
cross sections and elastic scattering angular distribu-
tions for some other spherical target nuclei, the results
are similar to those for the case of 4°Ca.

In summary, the microscopic optical potential for
deuteron is obtained by folding the microscopic opti-
cal potentials of its constituent nucleons. The radial
dependence of the MOP for deuteron scattering from
40Ca is analyzed, showing reasonable trends. The
reaction cross section and elastic scattering angular
distribution for 4°Ca with incident deuteron energies
from threshold up to 200 MeV are also predicted by
this potential. The results show that the calculation
of the reaction cross sections is consistent with the
experimental data. Meanwhile in most cases, the cal-
culated elastic scattering angular distributions are in
agreement with the experimental data, although slight
disagreement can be seen in the range of larger angles

for higher incident energy.
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