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Introduction

Recently, we applied [1] the dynamical
cluster-decay model (DCM) to an experiment
[2] for studying the decay of compound nuclear
system 19°Ag* formed in 2C+23Nb reaction.
A nice fitting of data on evaporation residue
plus intermediate mass fragments (ER+IMF's)
cross-sections was obtained, but that the fit-
ting required a large contribution of the non-
compound nucleus (nCN) component at below
and near barrier energies. In DCM, the nCN
contribution is calculated as quasi-fission (qf)
or capture process where the incoming channel
does not loose its identity (the preformation
probabililty Pp=1), and then the DCM(Py=1)
becomes similar to the extended-Wong model
of Gupta and collaborators [3], but with a dif-
ference that, in DCM, we calculate the pen-
etrability P differently and for each decay
channel whereas the same in Wong is calcu-
lated for the entrance channel only. In other
words, compared to DCM where the data for
each decay channel is of interest, the Wong
or extended-Wong model deals only with the
capture/ gf or total reaction cross-section.

In this paper, we study the same reaction
on extended-Wong model [3], using the Ex-
tended Thomas Fermi (ETF) method based
on Skyrme energy density formalism (SEDF)
[4]. This method has the advantage of using
different Skyrme forces, giving different bar-
rier characteristics, to fit the available data on
either ER or ER+IMFs cross-sections, ogg or
OER+IMFs, at different center-of-mass ener-
gies E..,.. Data are available [2] for both ER
(2<A<4) and IMFs (A=5-13) decay products.
Calculations are made with effects of deforma-
tions and orientations of nuclei included.
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Methodology

The semiclassical Extended Thomas Fermi
(ETF) model: The ETF defines the nucleus-
nucleus interaction in SEDF,

Vn(R) = E(R)— E(c0)

/H(mdﬂ [/ Hl(F)dFJr/Hz(F)dF}(l)

where H is the Skyrme Hamiltonian density,
a function of nucler, kinetic-energy, and spin-
orbit densities, the later two themselves being
the functions of the nucleon/ nuclear density,
written in terms of, so-called, the Skyrme force
parameters, obtained by fitting to ground-
state properties of various nuclei. There are
many such forces, both old and new, and we
choose an old SIIT and a new GSKI force,
the later having an additional tensor coupling
term with spin and gradient, fitted also to
isospin-rich nuclei. The nuclear density is
the T-dependent, two-parameter Fermi den-
sity, and for the composite system, densities
are added in frozen densities approximation.

Adding to Vi, the Coulomb and angular
momentum ¢-dependent potentials Vo and V7,
we get the total interaction potential V (R, ¢),
characterized by barrier height Vj, position
RY% and curvatur fiwy, each being (-dependent.

The extended-Wong model: According to
Wong [5], in terms of ¢ partial waves, the fu-
sion cross-section for two deformed and ori-
ented nuclei, colliding with F. ., is

Lrax

0 (Eem 0:) = 75 > (20 + 1) Po(Ee.m., 6;)

12
£=0

(2)

with k£ = Q“E% and p, the reduced mass.

P, is the transmission coefficient for each ¢,
describing the penetration of barrier V(R,¢)
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FIG. 1: Interaction potential at two ¢-values for
12C49Nb at a fixed F.., and fixed ;, using
Skyrme forces in frozen density approximation.

in Hill-Wheeler approximation, as

—1
Qﬂ'(vé (Ecm7 91) - Ecm)
1 .
+6XP ( MZ(ECTTL797,)

P =

®3)

Wong carried out the ¢-summation approxi-

mately, using only the /=0 barrier.

Noting the importance of ¢-dependent bar-
riers, Gupta and collaborators [3] carried out
the /-summation explicitly, determining £,,q
empirically for a best fit to the measured cross-
section. Thus, the angles 6; integrated fusion
cross-section is given as

/2
U(Ec,m,):/ o(Eec.m.,0;)sinf1d01sinb2db2. (4)
0;=0

Calculations and Results

Fig. 1 shows our calculated V(R,¢) for
12C493Nb reaction at E, ,,. =54.205 MeV, and
fixed 6; values, using Skyrme forces SIII and
GSkI in frozen density approximation. Notice
that the two forces have different barrier char-
acteristics, suitable for attempting to fit the
observed ogRr, 0gr+1MFs OF both, as is done
in Fig. 2, where the 6;-intgrated, /-summed
cross-section is plotted against the £,,,, value
itself. We notice that GSkI force could fit only
the opr at £,,..=35 h, whereas SIII force fits
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FIG. 2: 0;-integrated, {-summed cross section as a
function of £,q4 itself, compared with experimen-
tal data for 2C+3Nb at E..m.=54.205 MeV.

not only the ogg (at a smaller £,,,,-value) but
also the ogprt+ryvrs data at some what lower
Cimaz=27 h value.

Concluding, the extended-Wong moodel is
suitable for accounting for the measured total
cross-section ogryrmrs for 2C+93Nb reac-
tion in terms of a Skyrme force with proper
barrier properties, thereby justifying a large
nCN component in the data of this reaction.

Acknowledgment

Part of calculations were carried out by us-
ing the Physics Department High Performance
Computing Cluster (HPCC) facility.

References

[1] S. Chopra, M. Bansal, M. K. Sharma,
and R. K. Gupta, Phys. Rev. C88 (2013)
014615.

[2] T. Ahmad, I. A. Rizvi, A. Agarwal, R.
Kumar, K. S. Golda, and A. K. Chaubey,
Int. J. Mod Phys. E 20, 645 (2011).

[3] R. Kumar, M. Bansal, S. K. Arun, and R.
K. Gupta, Phys. Rev. C80 (2009) 034618.

[4] R. Kumar, M. K. Sharma, and R. K.
Gupta, Nucl. Phys. A870-871 (2011) 42.

[5] C. Y. Wong, Phys. Rev. Lett. 31 (1973)
766.

Awailable online at www.sympnp.org/proceedings

389



