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Introduction

The synthesis of superheavy nuclei (Z>100)
has been of fundamental interest for nuclear
physicists since 1940s. The method being suc-
cessfully used for the synthesis of superheavy
elements is that of complete fusion reactions,
which are classified as cold fusion and hot fu-
sion reactions. Theoretically, “cold fusion” re-
actions correspond to lowest interaction bar-
riers and largest interaction radii, i.e., of non-
compact, elongated nuclear shapes, with exci-
tation energy of the compound nucleus formed
lying between 10-20 MeV. At excitation ener-
gies of 10-20 MeV, 1-2 neutrons are emitted
from the compound nucleus. Cold synthesis
of superheavy elements (SHEs) was first pro-
posed theoretically by Greiner, Gupta and col-
laborators at Frankfurt [1], as early as in 1974-
75, on the basis of Quantum Mechanical Frag-
mentation Theory. They suggested the use of
cold compound systems that were formed for
all target-projectiles systems that lie at the
bottom of the potential energy minima. Ex-
perimentally, however, it became possible to
identify the true signatures of cold fusion phe-
nomenon only in late 1990’s. On the other
hand, for hot fusion reactions, the compound
nucleus excitation energy is around 30-35 MeV
and for the very hot fusion reactions it is 40-50
MeV. Compound nucleus de-excites with the
emission of 3-4 neutrons for hot and >4 for
very hot fusion reactions.

In the present work, we choose to apply our
considerations to 206Pb+*8Ca reaction where
individual light particle decay channels oy,
r=1,2,3,4 neutrons are measured in a Dubna
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experiment [2] at various excitation energies
E*, covering hot and cold fusion reactions.
We make a comparative study of the hot and
cold fusion reactions, using the above said re-
action as a tool and analyze it on the basis of
the Dynamical Cluster-decay Model (DCM)
of Gupta and collaborators (see, e.g., [3] and
earlier references therein), where the effects of
deformations upto hexadecupole (82-84) and
compact orientations 6. are included.

The model

In DCM, the compound nucleus decay
cross-section in terms of partial waves is
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where, ¢t = [ALAn/(AL + Ag)]m is the re-
duced mass and E. ., the center of mass en-
ergy, and 4., the maximum angular momen-
tum for the light particles (LPs) cross-section
orps —0. The preformation probability Py is
the solution of stationary Schrédinger equa-
tion in n = (Ag — A /(Ag + Ar), such that
Py(A;) o<| (n(4;)) |?. Tt contains the struc-
ture information of the compound nucleus via
the fragmentation potential,
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used in stationary Schrodinger equation.
Here, Vipay is the T-dependent liquid
drop energy [4] and U, the ”empirical”
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FIG. 1: Channel cross sections o, £=2,3,4, for

254102*, plotted as a function of £. The cut-off

point is o, <1075 pb, limiting the e =140 h

shell corrections [5], also taken T-dependent.
The T-, Byi— and 6;-dependent proximity
Vp, Coulomb Vo and angular momentum-
dependent potential V; are given [6] as

Vp(s0(T)) = 4nR(T)7b(T)®(s0(T))  (3)
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with the shortest distance so giving compact
0ci- P in Eq. (2) is the WKB integral, with
first turning point R,(n,T) = Ry + Ry +
AR(T); R; are radius vectors of the two nu-
clei and AR(T), a parameter that assimilates
the neck formation effects, constant for all the
fragments at a given excitation energy.

Calculations and Results

We consider the hot fusion reaction
206ph+48Ca at E*=40 MeV, where data for
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Table 1: Comparison of experimental and
calculated channel cross-section with fitted AR

No. of Cross-section (nb)

neutrons|Experimental | Calculated | AR

emitted (fm)
2n 1.5270:5% 1.59  |1.598
3n 1.707052 1.63  [1.933
4n 0.11%902 0.098 [1.334

2n, 3n and 4n emision is obtained [2]. Fig. 1
shows our DCM calculated channel cross sec-
tions for 2n, 3n and 4n emissions from 254102*,
plotted as a function of /. Apparently, the
cross section is negligible (0, <1073%) for
¢ >140 h. Tablel shows the comparison be-
tween the experimental and theoretical chan-
nel cross-sections and the values of fitted pa-
rameter AR. We observe from Fig. 1 that
the behavior of 4n emission is different from
that of 2n and 3n. The 4n emission starts
early since even the lowest /=0 contributes
to the croos-section. However, Table 1 shows
that AR for 4n emission is the smallest, which
means that the reaction time is the largest.
The larger AR values for 2n and 3n suggest
that these emissions start early, but 4n emis-
sion lasts longer, though with a smaller cross-
section. In fact, only 4n emission should be
treated as a hot process since 2n and 3n emis-
sions are cold processes. The DCM calcula-
tions treating 2°Pb+18Ca as a cold fusion re-
action are underway and could result in an
interesting comparison.
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