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A widely open problem in nuclear fission
theory is the sizable spontaneous generation of
angular momenta in fragments. The angular
momenta thus generated in deformed fragments
signify emergence of ordered collective motion
from among unstructured excitations at a stage
far away from equilibrium conditions. The
influence of this emergence, i.e. , the increase in
number of rotational degrees of freedom that
have not yet equilibrated
on the overall
dynamics of the fissioning system is not yet
understood[1]. Non-equilibrium may become a
source of order, and irreversible processes may
lead to a new type of dynamic states of matter
called
“dissipative
structures”[2].
These
structures are of special interest in a wide range
of fields like chemistry and biology. Answer to
whether such view-points prevail in case of the
nuclear fission process is one of the objectives of
the present study.
The intricate behavior of a large number of
nucleons near the scission stage can only be
described by general average properties of a few
variables. One of the main hypotheses of nonequilibrium thermodynamics is that the
thermodynamic variables defined in each subsystem of a conveniently partitioned system
admit the same interpretation as in equilibrium.
The other main hypothesis being the ‘entropy
production’ of any isolated system is always
non-negative. Partitioning of the near-scission
nucleus in to subsystems for treating in the nonequilibrium thermodynamic-way naturally leads
to the sub-systems of pre-fragments. The Two
Centre Shell Model Parameterization (TCSMP)
describes compact shapes, separated fragments
and also in-between shapes that occur in the
fission process[3]. At present it is the only
parameterization having this facility, and for this
reason, we have used TCSMP in our
calculations.

A mechanism of pair-drifts from the neckregion as a reasonable description for the fissionprocess towards the final split has been proposed
recently[4,5]. As the nucleus elongates and prefragments are formed, there arises an increase
in number of rotational degrees of freedom that
have not yet equilibrated. In the final phases, the
volume from which the nucleons recede to prefragments is spatially confined (on average) to
neck region. Sum total of net linear momentum
of the receding nucleons from the neck region is
𝑝𝑝𝑖𝑖 = 0) to keep the center of mass at rest.
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pointing in any direction. It can be shown that
this leads to the bulk phenomenon of shear
stress
between moving boundaries of the
forming pre-fragments. This in turn lead to a
gradual build-up of spin bearing wriggling and
twisting modes. With this as starting point, the
initial
non-equilibrium
thermodynamic
description of the phenomenon has been worked
out.
Let 𝑃𝑃(𝐸𝐸1𝑖𝑖 , 𝑗𝑗, 𝑡𝑡)be the probability density of
finding one of the pre-fragment (indexed as ‘1’)
at time t with angular momentum j, and
excitation energy buildup 𝐸𝐸1𝑖𝑖 , on its way to
building-up of the spin-bearing modes and
finally equilibration, as
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and let 𝑃𝑃𝑒𝑒𝑒𝑒 (𝐸𝐸1∗ , 𝑗𝑗) be the equilibrium
distribution defined in the same form with a
corresponding set of parameters. The spin cut𝐼𝐼𝐼𝐼
off parameter 𝜎𝜎 2 = 2 is calculated with moment
ℎ
of inertia and temperature calculated for various
stages of the pre-fragment formation.
By using the Gibbs entropy postulate, the
contribution to entropy that arises from
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deviations of the probability density 𝑃𝑃(𝐸𝐸1𝑖𝑖 , 𝑗𝑗, 𝑡𝑡)
from its equilibrium value 𝑃𝑃𝑒𝑒𝑒𝑒 (𝐸𝐸1∗ , 𝑗𝑗) is given by

𝛿𝛿𝛿𝛿 = −𝑘𝑘𝐵𝐵 ∫ 𝛿𝛿𝛿𝛿 (𝑗𝑗, 𝑡𝑡)𝑙𝑙𝑙𝑙 𝑃𝑃𝑃𝑃(𝑗𝑗,𝑡𝑡)
𝑑𝑑𝑑𝑑.
(𝑗𝑗)
𝑒𝑒𝑒𝑒

Entropy production per unit time is given by
𝑑𝑑𝑑𝑑
= Σρ 𝐽𝐽𝜌𝜌 𝑋𝑋𝜌𝜌 ≥ 0 ,
𝑑𝑑𝑑𝑑

where Jρ are the rates of various irreversible
processes involved and Xρ the corresponding
generalized forces [2] . For 236U nucleus
undergoing fission, values of δS has been
calculated for various values of excitation energy
build-ups in the pre-fragments. The equilibrium
temperature for the selected fragment masses is
assumed to be equal to 1.2 MeV which
corresponds to 16.9, 21.6 and 25.6 MeV for
A=94, 120 and 140, respectively, when the level
density parameter is taken as a=A/8. The results
are shown in Fig. 1. At the low excitation
energies, the scope for addition to the entropy
(𝛿𝛿𝛿𝛿) is large, and as the excitation reaches that
of equilibrium temperature value, 𝛿𝛿𝛿𝛿 goes to
zero. The same results apply for the
complementary pre-fragment.
8

δS (kB unit)

A=94

6

A=120

4

A=140

2
0
0

10

20

Excitation Energy (MeV)

30

493

𝑑𝑑𝑑𝑑

≥ 0 can be established in preproduction
𝑑𝑑𝑑𝑑
scission nucleus
and this defines a region of
local equilibrium in terms of an extended set of
(angular momentum) degrees of freedom.
The exchange, back and forth, of nucleons
between two nuclei connected by a narrow neck
has been treated in the window formula for onebody dissipation in heavy ion collisions[7]. Pair
drifts of nucleons from the neck region in prescission nucleus initiates a more organized form
of motion, namely spin bearing wriggling and
twisting modes, and these have not been treated
before using the tools of dissipative structures.
The approach we have presented here is a
beginning in this direction. Further results
obtained will be presented.
Author is grateful to colleagues from Nuclear
Physics Division for useful comments and
discussions.
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Fig. 1 Additions to the entropy that arises
from deviations of the probability density from
its equilibrium value in pre-fragments of mass A.
The time scale of the events near scission
may become specific to the potential energy
changes in this region. Within the TCSMP, the
optimal shape that fissioning nuclei attain just
before the scission has been described in detail in
Ref.[6], considering also the mass asymmetry
and elongation at scission point. The present
work will be extended by taking these
specificities into account.
With these
supplementary assumptions, the entropy
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