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The complex process involved in the collective re-
arrangement, of the nucleons along nuclear fusion-
fission is still a vividly debated topic in nuclear
physics, on both the experimental and theoretical
front. From the fundamental point of view, heavy
ion fusion-fission is a rich laboratory for probing
dynamical and structural properties of nuclear mat-
ter. Among these a few are related to the dynam-
ical characteristics of the reaction mechanism such
as entrance channel effects and dissipation of fis-
sioning nuclei, while others are pertained to the nu-
clear structural aspects such as shell effects and col-
lective enhancement of level density (CELD). Ex-
act influence of the aforementioned parameters in
fusion-fission dynamics are not clearly understood.
Among many probes to explore fusion-fission dy-
namics, pre-scission neutron multiplicity (vpre) is
one of the best probes to understand the evolution
of the compound system from ground state con-
figuration to scission configuration. Experimental
studies of fusion-fission timescales via neutron mul-
tiplicity measurements have shown that the fission
process is strongly hindered relative to standard
statistical model predictions. This hindrance of fis-
sion process is attributed to the dissipative nature
of the process, which also leads to an excess emis-
sion of neutrons and other particles. The intrinsic
nature of the dissipation whether one body or two
body, temperature dependent or not etc, are debat-
able questions even today.

Guided by the above considerations, we have
studied fusion fission dynamics via neutron mul-
tiplicity as a probe in this thesis. A system-
atic study of pre-scission neutron multiplicity has
been conducted over 26 reactions whose v, val-
ues were available in the literature [1]. The study
spanned the fissility range between 0.64 and 0.83.
Among these systems, many of them are forming
the same CN through different entrance channels
at similar excitation energies. In a few systems, it
is observed that the experimental vp,. values are
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larger for symmetric reactions than the asymmet-
ric cases. However in a few other reactions, a re-
verse trend in vp,. is also observed, where the ex-
perimental v, are observed to be larger for asym-
metric cases. In order to investigate the effect of
entrance channel mass asymmetry and fissility on
pre-scission neutron emission, we have performed
a systematic analysis of vp.. data using a statisti-
cal model, which incorporates Bohr-Wheeler fission
width with separate delays for the pre-saddle and
post-saddle phases of fission [1]. The delay used in
the ground state to saddle configuration is termed
as the transient delay (t4) and the delay from sad-
dle to scission configuration is termed as saddle to
scission delay (tss.). A remarkable observation is
that the total fission delay deduced appear in two
distinct groups according to their entrance channel
mass asymmetry. It is also noticed that the differ-
ence in fission delay between systems with different
entrance channel mass asymmetry increases with
increase in fissility of the CN. This observation is at-
tributed to the fact that in the lower fissility region
the path to scission may be short and the fission de-
lay is entirely in the pre-saddle phase. We also spec-
ulate that the dissipative effects at higher angular
momentum may also be influencing the timescales
deduced from the v,. data.

We next investigated the role of collective en-
hancement of nuclear level density, K-orientation
effect and dissipation in fission dynamics of heavy
fissile nuclei via neutron multiplicity measurements.
For this, we performed neutron multiplicity mea-
surements for the 3°Si+'?7Au reaction leading to
the formation of 22?Np, an actinide CN over an ex-
citation range between 44 and 78 MeV [2]. The
measurements were carried out using the National
Array of Neutron Detectors (NAND) facility [3] of
Inter University Accelerator Centre (IUAC), New
Delhi, using pulsed beams of 3°Si from the 15UD
Pelletron+LINAC accelerator systems. The neu-
trons emitted from the CN and fission fragments
were detected in coincidence with the binary fission
fragments using 50 organic liquid scintillator detec-
tors (BC 501) of the NAND facility. The compli-
mentary fission/fission like fragments were detected

Available online at www.sympnp.org/proceedings



Proceedings of the DAE Symp. on Nucl. Phys. 65 (2021)

using a pair of identical position-sensitive multiwire
proportional counters (MWPCs). The pre-scission
and post-scission neutron multiplicities and tem-
peratures were thus obtained from the experimental
neutron energy spectra, using the multiple source
fitting of Watt expression. Measurement of v, for
such a heavy fissile system explicitly provides di-
rect evidence for the presence of a strong nuclear
dissipation hindering the fission of hot and rapidly
rotating CN. The emission of neutrons at higher
excitation energies (or larger angular momentum
results in vanishing of fission barrier) could only be
understood in terms of nuclear dissipation. Tem-
perature dependence of nuclear dissipation couldn’t
be observed as reported in few recent v,,.. mea-
surements [6, 7]. Analysis show that the emission
of saddle to scission neutrons which increases with
excitation energy of the CN contribute more to the
Vpre than pre-saddle neutron emission. However
the Vpre—sqa for 22TNp CN does not show depen-
dence on excitation energy. Influence of CELD and
K-orientation degrees of freedom in fission of such
heavy nuclei are observed to be small unlike fission
of pre-actinides.

We next studied the role of neutron shell
closure of N=126, CELD and dissipation in
pre-scission neutron emission. To this end,
we performes neutron multiplicity measurements
for the 39Si4182,184.186\y reactions populating
212,214,216Ra compound nuclei [4, 5]. Among these
compound nuclei, 2!*Ra has major neutron shell
closure of N=126 and other two are two neutron
numbers away from the shell closure on either sides.
The measurements were performed at NAND array
using pulsed beam from 15UD Pelletron+LINAC
facility of ITUAC. Beams with a pulse separation of
250 ns were used in the experiment to bombard
on enriched isotopes of 182184186\ having thick-
ness of 405 pg/cm?, 450 pg/cm? and 331 ug/cm?,
respectively, with carbon backing of 25 ug/cm?.
Eventhough the experimental v,,. excitation func-
tions show a marginal isotopic dependence, which
do not show any specific effect of neutron shell clo-
sure of N=126. A remarkable observation is that
the strength of dissipation required to reproduce
the experimental v, data do not show any tem-
perature dependence unlike that reported for a few
neighbouring systems such as 210:212,214.216Ry [6]
and 213:215:217Fy [7] isotopes. Influence of shell ef-
fect in fission barrier and level density parameter
in vpre is observed to be negligible in the excita-
tion energies considered, which may be due to the
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wash out of shell effects above 50 MeV excitation
energy. Hence the strength of dissipation deduced
does not show any noticeable dependence of N=126
even at the lowest excitation energy. Also the shell
correction at the saddle point is found no more to
be required to reproduce the measured v,,. data.
Although the v, excitation function show only
a marginal dependence on CELD, the pre-saddle
component of vp,. show a significant influence on
CELD even at the highest excitation energies.

For the first time, we have insvestigated the effect
of CELD in pre-scission neutron emission from the
heavy ion fusion-fission reactions. The experiments
and theoretical investigations were performed for
both the actinide CN and pre-actinide CNs with
neutron shell closure of N=126. The very small ef-
fect of CELD in the fission of 22?Np CN could be
attributed to the large deformation at the ground
state of the CN and the limit to populate maxi-
mum angular momentum in the CN, respectively.
However significant effect of CELD observed in the
pre-saddle neutron emission from 212:214:216R 3 is at-
tributed to the relatively larger collective enhance-
ment factor for nuclei with spherical closed shell
than a deformed nucleus.

Acknowledgments

I gratefully acknowledge my thesis supervisor,
collaborators, NAND group, Pelletron and LINAC
crew of [TUAC, New Delhi for providing all the nec-
essary facilities and support to carry out this work.
The financial support from the KSCSTE, Govern-
ment of Kerala, in the form of fellowship is grate-
fully acknowledged.

References

[1] M. Shareef, A. Chatterjee, and E. Prasad, Eur.
Phys. J. A 52, 342 (2016).

[2] M. Shareef et al., Phys. Rev. C 99, 024618
(2019).

[3] N. Saneesh et al., Nucl. Instr. and Meth A 986,
164754 (2021).

[4] M. Shareef et al., To be submitted in Phys. Rev.
C.

[6] M. Shareef et al., Proceedings of the DAE
Symp. on Nucl. Phys. 62 (2017).

[6] Rohit Sandal et al., Phys. Rev. C 87, 014604
(2013).

[7] Varinderjith Singh et al., Phys. Rev. C 86,
014609 (2012).

Awailable online at www.sympnp.org/proceedings



