Proceedings of the DAE Symp. on Nucl. Phys. 63 (2018)

Isospin effects on the mass and charge distributions in the
decay of ''*13Bg* compound systems

Shilpa Rana and Dalip Singh Verma*
Department of Physics and Astronomical Science,
Central University of Himachal Pradesh, Dharamshala,
District Kangra,(H.P.)-176215, INDIA

Introduction

Enormous literature has shown that the
compound nucleus formed in low energy
heavy-ion reactions is hot and has high angu-
lar momentum. Its decay populates the whole
mass/charge range from the evaporated light
particles (LPs: n, p, «, and 7v), intermediate-
mass fragments (IMFs: 3 < Z < 15) to fis-
sion fragments (FFs: Z > 15). To understand
the complex aspect of disintegration of the
compound nucleus, number of theoretical ap-
proaches have been developed. The emission
of LPs can be nicely understood in Hauser-
Feshbach approach, where emphasis has been
given to the role of phase space available at
each step of whole cascade. Further, to un-
derstand the fragment emission mechanism,
a number of approaches has been developed,
e.g. multistep HF model and transition state
model for IMF's emission, dinuclear model etc.
([1] and references there in). In these models
LPs and fragment emission are treated sepa-
rately. But, in the dynamical cluster decay
model (DCM) ([2] and references there in),
the emission of LPs, IMFs and FFs is treated
on equal footings i.e. first the fragments are
formed inside the nucleus and then they pen-
etrate through the interaction barrier.

In this paper, isospin effects have been stud-
ied on the mass and charge distributions of
the decay of '8 Ba* (called neutron poor) and
134Bg* (called neutron rich) systems formed
in the reactions "®86Kr+4948Ca at 10 MeV/A
using DCM. Here, in DCM we have used new
bulk and asymmetry constants of Seeger’s for-
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mula fitted by one of us DSV et al. [3] to re-
produce the recent experimental [4] and theo-
retical [5] (where experimental values are not
available) mass excess for the ground state of
9318 nuclei. The empirical estimates of Myers
and Swaitecki [6] is used for the shell correc-
tions with shell closures for proton and neu-
trons at 2, 8, 14, 28, 50, 82, 126, 184 and 2, 8,
14, 28, 50, 82, 126, 184, 258, respectively. The
calculated charge distribution of decay cross-
section of "8 Ba* and '3*Ba* is compared with
the experimental data [7].

Formalism

The decay cross-section is defined as
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where, P, is the preformation probability and
is obtained from the solution of stationary
Schrodinger equation in mass asymmetry co-
ordinate 7 for the fragmentation potential
(which is sum of binding energies, proximity
potential, Coulomb potential and centrifugal
potential of the interacting nuclei), P is the
penetrability, refers to R-motion and /. is the
critical angular momentum given in term of re-
duced mass p, incident energy E.,,, entrance
channel mass asymmetry coordinate 7;, &
first turning point R, as

le = Ra\/20[Ecm — V(Ra, in, £ = 0)] /1 (2)

Calculations and results

First of all we have calculated the fragmen-
tation potential of '8 Ba* and '**Ba* as a
function of light fragment mass number A,
(for both LPs and IMF's) (not shown here) and
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it is found that the outgoing channels changes
with isospin e.g. fragments of ''® Ba* system
at Ao = 1,9, 17, 19, 21 and 27 changes from
'H,9B,"F, ¥ Ne, 2! Na and 27 Si to 'n, 9 Be
170, 19F, 21 Ne and 27 Al of '* Ba* system, re-
spectively.
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FIG. 1: Mass distribution of the decay cross sec-
tion of '®Ba* & 3*Ba*, summed up to mae-
values.
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FIG. 2: The charge distribution of the calculated
and experimental decay cross section for '8 Ba*
and ®**Ba* systems

Fig. 1 shows the calculated mass distribu-

tion of the decay cross-section o(As), summed
over all angular momentum up to £p,4. (=¢-
value at which Py — 0) for ' Ba* (line with
solid sphere) and 4 Ba* (line with empty cir-
cle) systems. The comparison of the mass
distribution of decay cross-section shows that
the magnitude as well as structure of o(Aj)
for LPs and IMFs upto A3=15 remains nearly
same for both systems. Beyond As=15, there
is a sudden fall in o-values upto A;=21, by
an order of around 107, and regain the same
order over mass range nearly A; = 22 — 31
for "8 Ba*, while for **Ba* the magnitude of
decay cross-section remains almost same till
Ay=46 and then there is a sudden fall, by an
order of ~ 10°. In other words, with the in-
crease in isospin asymmetry the asymmetric
fission is more probable than symmetric one.

Fig. 2 shows the charge distribution of de-
cay cross-section for the fragments of charge
Z=0-15 of hot and rotating nuclei ' Ba* and
134Bg*. The comparison of Fig. 2 (a) and
(b) shows that (i) neutron is emitted in neu-
tron rich system in place of proton in neu-
tron poor system. (ii) Isotopic contribution
changes from neutron poor to neutron rich
system. The contributing isotopes for each
charge number is shown in the histogram.

Finally, we conclude that isospin influences
both charge and mass distributions in the de-
cay of the compound systems and our cal-
culations (6¢q;.) reproduces the experimental
(0Expt.) charge distribution nicely, except for
few decay channels (Zy = 9 — 13) of 18 Ba*
compound system.
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