
Dissipation in fusion-fission dynamics

Phurba Sherpa1, Jhilam Sadhukhan2,3, and Shashi Verma1
1Department of Physics and Astrophysics, University of Delhi-110007, India

2Physics Group, Variable Energy Cyclotron Centre, Kolkata 700064,India and
3HBNI, Training School Complex, Anushaktinagar, Mumbai - 400094, INDIA

Heavy-ion-induced fusion-fission reaction is
a complex process. Significant developments
have been achieved in this field in the past
two decades but are not yet fully understood.
A fully equilibrated compound nucleus de-
cays following two different routes - either
fully deexcites to a single nucleus (evaporation
residue) or may separate into two fragments
(fission), both accompanied by the emission
of light particles and photons. The residue
nucleus, light particles, and the photons emit-
ted during this decay provide valuable insight
into understanding the complex dynamics of
nuclear fission.

Previous studies have revealed that fusion-
fission is a slower process than that pre-
dicted by the statistical model of Bohr and
Wheeler [1]. This suggested that the fission
dynamics is dissipative in nature. Kramers
first proposed the dynamical model for nuclear
fission, using the analogy between the nuclear
fission dynamics and the Brownian particle
motion in a heat bath. The Focker-Plank or
the equivalent Langevin equation has been ex-
tensively used to describe the fission dynam-
ics. One of the important parameters for such
calculations is the dissipative property of the
nucleus since it accounts for both the dissipa-
tive and random forces acting on the fission
degrees of freedom.

In the present work, we solve the one dimen-
sional Langevin equation using the elongation
parameter c (Funny Hill parametrization) [2]
as a relevant coordinate,
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where, η is dissipation coeffecient and product
gΓ(t) is the random force.

We attempt to study the evaporation
residue (ER) cross-section and the pre-scission
neutron multiplicity (νPre) for the system
16O+208Pb [3–5] and 16O+194Pt [6, 7]. These
reactions are well studied, and no contribution
of non-compound events has been reported.
We use one body dissipation: wall and win-
dow friction (WWF) with reduction factor
ks = 0.25 and chaos weighted wall friction
(CWWF) [4]. Fig. 1 and 2 show that the
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FIG. 1: a) ER cross section calculated with WWF
(ks = 0.25) and CWWF represented by solid
line and dashed line respectively. b) Prescis-
sion neutron multiplicity calculated with WWF
(ks = 0.25) and CWWF represented by a solid
line and dashed line, respectively.

strength of WWF with the reduction coeffi-
cient ks = 0.25 is weaker than the CWWF. We
observe that for the reaction 16O+208Pb, ex-
perimental data are well reproduced by WWF.
Calculations using both friction models un-
derestimate experimental prescission neutron
multiplicity for this reaction. Furthermore
CWWF overestimates for 16O+208Pb while it
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FIG. 2: a) ER cross section calculated with WWF
(ks=0.25) and CWWF represented by solid line
and dashed line respectively. b) Pre-scission neu-
tron multiplicity calculated with WWF (ks=0.25)
and CWWF represented by a solid line and
dashed line, respectively.

provides quite a good fit for 16O+194Pt. Pre-
scission neutron multiplicity for 16O+194Pt is
well reproduced by the WWF.

The decay of a fully equilibrated hot com-
pound nucleus to the evaporation residue and
the fission are complementary events. It is
natural to expect that the same strength of

dissipation should reproduce the ER cross-
section and the pre-scission neutron multi-
plicity simultaneously. However, our analysis
shows inconsistent results. It is possible that a
new form of dissipation can address this incon-
sistency. Further studies have been initiated
to obtain a clear picture of this aspect.

Acknowledgments

One of the authors (P. Sherpa) would like
to thank the Council of Scientific & Industrial
Research for providing financial support via
CSIR JRF (Sanction no.: 09/045(1758)/2019-
EMR-I).

References
[1] N. Bohr and J.A. Wheeler, Phys. Rev. C

56,426 (1939).
[2] M. Brack et al., Rev. Mod. Phys. 44, 320

(1972).
[3] K.T. Brinkmann et al., Phys. Rev.C 50,

309 (1994).
[4] M. M. Hosamani et al., Phys. Rev.C 101,

014616 (2020).
[5] H. Rossner et al., Phys. Rev.C 45, 719

(1992).
[6] E. Prasad et al., Phys. Rev.C 84, 064606

(2011).
[7] R. Sandal et al., Phys. Rev.C 87, 014604

(2013).


