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Fission widths of hot nuclei from Langevin dynamics
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The fission dynamics of excited nuclei is studied in the framework of the Langevin equation. One-body
wall-and-window friction is used as the dissipative force in the Langevin equation. In addition to the usual wall
formula friction, the chaos-weighted wall formula developed earlier is also considered here. The fission rate
calculated with the chaos-weighted wall formula is found to be larger by about a factor of 2 compared to that
obtained with the usual wall friction. The systematic dependence of the calculated fission width on temperature
and spin of the fissioning nucleus is investigated and a simple parametric form of the fission width is obtained.
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I. INTRODUCTION

The fission of highly excited compound nuclei formed
heavy-ion-induced fusion reactions has emerged as a top
considerable theoretical and experimental interest in re
years. Multiplicity measurements of light particles and ph
tons emitted in the prescission stage strongly suggest@1# that
fission is a much slower process for hot nuclei than t
determined from the statistical model of Bohr and Whee
@2# based on phase space arguments. This led to a reviv
theoretical studies based on the original work of Kramers@3#
who considered the fission of excited nuclei as a con
quence of thermal fluctuations. Dynamical models for fiss
based on the Fokker-Planck equation@4,5# and Langevin
equation@6,7# were subsequently developed.

The most extensive application of the Langevin equat
to study fission dynamics was made by Fro¨brich and Gont-
char @7#. A combined dynamical and statistical model f
fission was employed in their calculations in which a switc
ing over to a statistical model description was made wh
the fission process reached the stationary regime. The
quired fission widths for the statistical branch of the calcu
tion were obtained from the stationary limit of the fissio
rates as determined by the Langevin equation@8#. The dissi-
pative property of nuclei is an important input to su
Langevin dynamical calculations. Though a complete th
retical understanding of the dissipative force in fission d
namics is yet to be developed, a detailed comparison@9# of
the calculated fission probability and prescission neut
multiplicity excitation functions for a number of nuclei wit
the experimental data led to a phenomenological sha
dependent nuclear friction. The phenomenological frict
turned out to be considerably smaller (;10%) than the stan
dard wall formula value for nuclear friction for compa
shapes of the fissioning nucleus whereas a strong increa
this friction was found to be necessary at large deformatio
A clear physical picture for such a friction is yet to be d
veloped and the present work is an effort in this direction

The wall formula for nuclear friction was developed b
Blocki et al. @10# in a simple classical picture of one-bod
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dissipation. It was also derived from a formal theory bas
on classical linear response theory@11#. One crucial assump
tion of the wall formula concerns the randomization of t
particle ~nucleon! motion due to the successive collisions
suffers at the nuclear surface. In other words, a comp
mixing in the classical phase space of particle motion is
quired. It was early realized@10,11# that any deviation from
this randomization assumption would give rise to a redu
strength of the wall formula. Further, Nix and Sierk su
gested@12,13# in their analysis of mean fragment kinet
energy data that the dissipation is about 4 times weaker
that predicted by the wall-plus-window formula of one-bo
dissipation. However, it is only recently that a modificatio
of the wall formula has been proposed@14# in which the full
randomization assumption is relaxed in order to make it
plicable to systems in which mixing in the phase space
partial. Considering only those chaotic particle trajector
which arise due to irregularity in the shape of the one-bo
potential and which are responsible for irreversible ene
transfer, a modified friction coefficient was obtained in R
@14#. In what follows, we shall use the term ‘‘chaos-weight
wall formula’’ ~CWWF! for this modified friction in order to
distinguish it from the original wall formula~WF! friction.
As was shown in Ref.@14#, the CWWF friction coefficient
hcww f will be given as

hcww f5mhw f , ~1.1!

where hw f is the friction coefficient as was given by th
original wall formula @10# and m is a measure of chao
~chaoticity! in the single-particle motion and depends on t
instantaneous shape of the nucleus. The value of chaoticim
changes from 0 to 1 as the nucleus evolves from a sphe
shape to a highly deformed one. The CWWF friction is th
much smaller than the WF friction for compact nucle
shapes while they become closer at large deformations.
CWWF friction was subsequently found@15,16# to describe
satisfactorily the collective energy damping of cavities co
taining classical particles and undergoing time-depend
shape evolutions. Thus suppression of the strength of
wall formula friction achieved in the chaos-weighted wa
formula suggests that chaos in single-particle motion~rather
©2001 The American Physical Society03-1



e-
a

m

io
in
ld
in
n
n
fo

tia

a
r
d

is
n-
is
e
all
a

on
e
o

dt
a
a

th
ne
b

c
s

y-
p

m

en-

nt
he

sion
s of
the

n-
in-
m
se
a

ven

s

his
the

rm

by
ity
om
n
of
of

re-
ree
to
led

GARGI CHAUDHURI AND SANTANU PAL PHYSICAL REVIEW C 63 064603
a lack of it! can provide a physical explanation for the r
duction in strength of friction for compact nuclear shapes
required in the phenomenological friction of Ref.@9# and this
has motivated us to apply CWWF friction to fission dyna
ics in the present work.

We shall present in this paper a systematic study of fiss
rates by using both CWWF and WF frictions in the Langev
equation. The aim of our study is twofold. First, we wou
like to find the effect of introducing the chaoticity factor
friction on fission rates at different excitation energies a
spins of the compound nucleus. The second one concer
parametric representation of the fission width, the need
which arises as follows. The fission width is an essen
input along with the particle andg widths for a statistical
theory in the stationary branch of compound nucleus dec
Kramers@3# obtained a simple expression for the stationa
fission width assuming a large separation between the sa
and scission points and a constant friction. Gontcharet al.
@8# later derived a more general expression, taking the sc
ion point explicitly into account, but still assuming a co
stant friction coefficient. The CWWF friction, however,
not constant and is strongly shape dependent and henc
corresponding stationary fission width cannot be analytic
obtained. Thus it becomes necessary to find a suitable p
metric form of the numerically obtained stationary fissi
widths using CWWF friction in order to use them in th
statistical regime of compound nucleus decay. We shall c
centrate upon the parametric representation of fission wi
in the present work while application of CWWF friction in
full dynamical plus statistical model will be reported in
future publication.

We shall describe the Langevin equation along with
necessary input as used in the present calculation in the
section. The calculated fission rates and the systematic
havior of the stationary fission widths will be given in Se
III. A summary of the results will be presented in the la
section.

II. LANGEVIN EQUATION FOR FISSION

A. Nuclear shape, potential, and inertia

In order to specify the collective coordinates for a d
namical description of nuclear fission, we will use the sha
parametersc,h, anda as suggested by Bracket al. @17#. We
will consider only symmetric fission (a50) and will further
neglect the neck degree of freedom (h50) in order to sim-
plify the calculation. The surface of a nucleus of mass nu
ber A will then be defined as

r2~z!5S 12
z2

c0
2D ~a0c0

21b0z2!, ~2.1!

where

c05cR,

R51.16A1/3

and
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,

in cylindrical coordinates for the elongation parameterc.
Consideringc and its conjugate momentump as the dynami-
cal variables, the coupled Langevin equations in one dim
sion will be given@18# as

dp

dt
52

p2

2

]

]c S 1

mD2
]F

]c
2h ċ1R~ t !,

dc

dt
5

p

m
. ~2.2!

In the above equations,m and h are the shape-depende
collective inertia and friction coefficients, respectively. T
free energy of the system is denoted byF while R(t) repre-
sents the random part of the interaction between the fis
degree of freedom and the rest of the nuclear degree
freedom considered collectively as a thermal bath in
present picture.

We will make the Werner-Wheeler approximation for i
compressible irrotational flow to calculate the collective
ertia @19#. The driving force in a thermodynamic syste
should be derived from its free energy for which we will u
the following expression@9# considering the nucleus as
noninteracting Fermi gas:

F~c,T!5V~c!2a~c!T2, ~2.3!

where T is the temperature of the system anda(c) is the
coordinate-dependent level density parameter which is gi
as @20#

a~c!5avA1asA
2/3Bs~c!. ~2.4!

The values for the parametersav , as and the dimensionles
surface areaBs are chosen following Ref.@9#.

The potential energyV(c) enters into our calculation
through its dependence on the deformation coordinate. T
deformation-dependent potential energy is obtained from
finite-range liquid drop model@21# where we calculate the
generalized nuclear energy by double folding the unifo
density within the surface@Eq. ~2.1!# with a Yukawa-plus-
exponential potential. The Coulomb energy is obtained
double folding another Yukawa function with the dens
distribution. The various input parameters are taken fr
Ref. @21# where they were determined from fitting fissio
barriers of a wide range of nuclei. The centrifugal part
the potential is calculated using the rigid-body moment
inertia.

The instantaneous random forceR(t) plays a very crucial
role in the Langevin description of nuclear fission. As a
sult of receiving incessant random kicks, the fission deg
of freedom can finally pick up enough kinetic energy
overcome the fission barrier. This random force is mode
3-2
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FISSION WIDTHS OF HOT NUCLEI FROM LANGEVIN . . . PHYSICAL REVIEW C63 064603
after that of a typical Brownian motion and is assumed
have a stochastic nature with a Gaussian distribution wh
average is zero@6#. It is further assumed thatR(t) has ex-
tremely short correlation time, implying that the intrins
nuclear dynamics is Markovian. Consequently the stren
of the random force can be obtained from the fluctuati
dissipation theorem and the properties ofR(t) can be written
as

^R~ t !&50,

^R~ t !R~ t8!&52hTd~ t2t8!. ~2.5!

B. One-body dissipation

One-body dissipation was used more successfully in
sion dynamics than two-body viscosity in the past@6,18#.
Accordingly, we shall consider the one-body wall-an
window dissipation@10# to account for the friction coeffi-
cient h in the Langevin equation. For the one-body w
dissipation, we shall use the chaos-weighted wall form
@Eq. ~1.1!# introduced in the preceding section. At this poi
we will briefly recall the physical arguments made in ord
to arrive at this expression. The particle trajectories mov
in a one-body nuclear potential were first identified as eit
regular or chaotic depending on their nature of time evo
tion @14,15#. Originating from a given point near the nucle
surface and moving in a given direction, a regular traject
closes smoothly in phase space. On the other hand, an
trajectory leaving the same point but in a different directi
could be a chaotic one that does not close in phase sp
Considering the contributions of these two types of trajec
ries separately, it was argued in Refs.@14,15# that only cha-
otic trajectories give rise to irreversible energy transfer a
the resulting friction coefficient acting on the wall motio
will be as given in Eq.~1.1!. The chaoticitym is a measure
of chaos in the single-particle motion of the nucleons with
the nuclear volume, and in the present classical picture,
will be given as the average fraction of the trajectories t
are chaotic when the sampling is done uniformly over
nuclear surface.

The chaoticity is a specific property of the nonintegrab
ity of the nuclear shape. Thus it is required to be calcula
for all possible shapes up to the scission configuration
typical calculation of chaoticity for a given shape procee
as follows. The initial coordinates of a classical trajecto
starting from the nuclear surface are chosen by samplin
suitably defined set of random numbers such that all ini
coordinates follow a uniform distribution over the nucle
surface. The initial direction of the trajectory is also chos
randomly and its Lyapunov exponent is then obtained
following the trajectory for a considerable length of tim
Each trajectory is identified either as a regular or as a cha
one by considering the magnitude of its Lyapunov expon
and the nature of its variation with time. The details of th
procedure are given in Ref.@22#.

We have calculated the chaoticity over a range of sha
from oblate to the scission configuration~at c52.08 where
the neck radius becomes zero! at small steps ofc, the elon-
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gation coordinate. Figure 1 shows the calculated values
chaoticity which will be subsequently employed to obtain t
chaos-weighted wall formula friction. It is important to no
here that chaoticity is very small for near-spherical sha
(c;1). This immediately implies, through Eq.~1.1!, a
strong suppression of the original wall formula friction fo
compact shapes of the compound nucleus. Chaoticity, h
ever, increases as the shape becomes more oblate or ch
towards the scission configuration. We find here that the
chaotic regime (m51) in the single-particle dynamics is no
reached even at the scission configuration. This observa
is specific to the parametric form of the shape@Eq. ~2.1!#
used in the present calculation. It was observed earlier
the value of chaoticity reaches 1 near the scission point w
the Legendre-polynomialP2-deformed quadrupole shape
were considered@16#. It is difficult to speculate to what ex
tent the final calculated observables will be sensitive to
choice of the shape parametrization.

We shall use the following expression to calculate t
wall formula friction coefficient@23#:

hw f~c!5
1

2
prmv̄H E

zmin

zN S ]r2

]c
1

]r2

]z

]D1

]c D 2

3Fr21S 1

2

]r2

]z D 2G21/2

dz

1E
zN

zmaxS ]r2

]c
1

]r2

]z

]D2

]c D 2

3Fr21S 1

2

]r2

]z D 2G21/2

dzJ , ~2.6!

whererm is the mass density of the nucleus,v̄ is the average
nucleon speed inside the nucleus, andD1 ,D2 are positions of
the centers of mass of the two parts of the fissioning sys
relative to the center of mass of the whole system.zmin and
zmax are the two extreme ends of the nuclear shape along
z axis andzN is the position of the neck plane that divides t
nucleus into two parts. The chaos-weighted wall formu
friction is subsequently obtained from Eq.~1.1! as
hcww f(c)5m(c)hw f(c). Defining a quantity b(c)
5h(c)/m(c) as the reduced friction coefficient, its depe
dence on the elongation coordinate is shown in Fig. 2

FIG. 1. Variation of chaoticity with elongation.
3-3
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GARGI CHAUDHURI AND SANTANU PAL PHYSICAL REVIEW C 63 064603
both WF and CWWF frictions for the200Pb nucleus. The
reduction in the strength of the wall friction due to cha
considerations is evident from this figure.

We shall now consider the role of window friction i
one-body dissipation. The window friction is expected to
effective after a neck is formed in the nuclear system@23#.
Further, the radius of the neck connecting the two fut
fragments should be sufficiently narrow in order to enabl
particle that has crossed the window from one side to
other to remain within the other fragment for a sufficien
long time. This is necessary to allow the particle to unde
a sufficient number of collisions within the other side a
make the energy transfer irreversible. It therefore appe
that the window friction should be very nominal when ne
formation just begins. Its strength should increase as
neck becomes narrower, reaching its classical value when
neck radius becomes much smaller than the typical radi
the fragments. We however know very little regarding t
detailed nature of such a transition. We shall therefore ref
from making any further assumption regarding the onse
window friction. Instead, we shall define a critical elongati
coordinatecwin beyond which the window friction will be
switched on. The window friction coefficient will then b
given as

hwin~c!5u~c2cwin!
1

2
rmv̄S ]R

]c D 2

Ds, ~2.7!

where

u~c2cwin!50 ~ for c,cwin!

51 ~ for c>cwin!,

andR is the distance between centers of mass of future fr
ments andDs is the area of the window between the tw
parts of the system. The full one-body friction will now b
written as

h~c!5hwall~c!1hwin~c!, ~2.8!

and in what follows, we will use eitherhw f or hcww f for
hwall in the above expression. For the window friction, t
value ofcwin is taken as 1.9 where the neck radius is half

FIG. 2. Variation of the reduced friction coefficientb with elon-
gationc for chaos-weighted wall formula~solid line! and wall for-
mula ~dashed line! frictions.
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the fragment radius. Figure 3 shows the reduced one-b
friction coefficients. The phenomenological reduced fricti
obtained in Ref.@9# is also shown in Fig. 3. Though th
one-body friction with CWWF agrees qualitatively with th
phenomenological friction forc,1.5, it is beyond its scope
to explain the steep increase of phenomenological frict
for c.1.5. It may be noted, however, that the compulsion
having a very strong friction at large deformations was
allow a sufficient number of neutrons to evaporate during
saddle-to-scission transition~i.e., after fission has taken
place! in order to fit the experimental prescission neutr
multiplicities for very heavy nuclei@9#. Therefore, the role of
a very strong friction beyond the saddle point will not b
significant for fission rates which is of our present conce

III. RESULTS

With all the necessary input defined as above, the Lan
vin equation~2.2! is numerically integrated following the
procedure outlined in Ref.@6#. A very small time step of
0.005\/MeV for numerical integration is used in the prese
work. The numerical stability of the results is checked
repeating a few calculations with still smaller time steps. T
initial distribution of the coordinates and momenta is a
sumed to be close to equilibrium and hence the initial val
of (c,p) are chosen from sampling random numbers follo
ing the Maxwell-Boltzmann distribution. Starting with
given total excitation energy (E* ) and angular momentum
~l! of the compound nucleus, energy conservation in the fo

E* 5Eint1V~c!1p2/2m ~3.1!

gives the intrinsic excitation energyEint and the correspond
ing nuclear temperatureT5(Eint /a)1/2 at each integration
step. The centrifugal potential is included inV(c) in the
above equation. A Langevin trajectory will be considered
having undergone fission if it reaches the scission po
(csci) in the course of its time evolution. The calculations a
repeated for a large number~typically 100 000 or more! of
trajectories and the number of fission events is recorded
function of time. Subsequently the fission rates can be ea
evaluated@24#.

FIG. 3. Reduced one-body friction coefficientb with chaos
weighted wall formula~solid line! and wall formula~dashed line!
frictions. The phenomenological reduced coefficient~dotted line!
from Ref. @9# is also shown.
3-4
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FISSION WIDTHS OF HOT NUCLEI FROM LANGEVIN . . . PHYSICAL REVIEW C63 064603
A typical Langevin trajectory that has reached the sciss
point and has ended up as a fission event is shown in F
~upper panel!. Another trajectory, the kind which is less fre
quent, is shown in the lower panel of the same figure. T
Langevin trajectory in the latter case crosses the saddle p
and after spending some time beyond the saddle point d
back into the potential pocket. Such a trajectory may or m
not finally reach the scission point within the observati
time and corresponds to a to-and-fro motion across
saddle. This point is further illustrated in Fig. 5 where fissi
rates are plotted as a function of time. Two different crite
are used to define a fission event here. The solid circles
respond to fission events defined by those trajectories
reach the scission point whereas the open circles corres
to those which cross the saddle point. The fission rate is v
small for both cases at the beginning when the compo
nucleus is just formed and the Langevin dynamics has
been turned on. Subsequently the fission rate grows w
time and after a certain equilibration time it reaches a s
tionary value that corresponds to a steady flow across
fission barrier. The fission rate defined at the saddle p
reaches a stationary value earlier than that defined at
scission point. The time difference between them gives
average time of descent from the saddle to the scission.
observation was also made in earlier works@25#. The main
purpose of the present discussion is to investigate the ro
backstreaming in the fission process. It is observed in Fi
that the stationary fission rate at the saddle point is hig
than that at the scission point. The difference between th
two stationary rates can be regarded as due to backstream
The backstreaming is thus small compared to the steady
ward flow though it is not negligible. This also shows th

FIG. 4. The upper panel shows a typical Langevin traject
reaching the scission point~dotted line!. The lower panel shows a
trajectory which returns to the potential pocket after crossing
saddle point~dashed line!.
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crossing the saddle point is not an adequate criterion
fission in stochastic calculations and can lead to an overe
mation of the fission rate.

We shall now compare fission rates calculated with cha
weighted wall-and-window friction with those obtained wi
wall-and-window friction@Eq. ~2.8!#. Figure 6 shows the fis-
sion widths at three spins of the compound nucleus200Pb.

y

e

FIG. 5. Time development of fission widths for compoun
nuclear spins of 0 and 40~in units of\). Open circles correspond to
trajectories for which the saddle point crossing is considered
fission. Solid circles represent trajectories which reach the scis
point.

FIG. 6. Time development of fission widths calculated w
chaos-weighted wall formula~solid circles! and wall formula~open
circles! frictions for different compound nuclear spinsl ~in units of
\).
3-5
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GARGI CHAUDHURI AND SANTANU PAL PHYSICAL REVIEW C 63 064603
The effect of suppression in the chaos-weighted wall form
shows up as an enhancement by about a factor of 2 of
stationary fission rates. A similar enhancement of the stat
ary fission rate calculated with chaos-weighted wall-a
window friction in comparison with that obtained with wal
and-window friction is also observed over a wide range
compound nuclear spin and temperature. The enhance
factor ~of about 2! remains almost the same when differe
choices ofcwin are used in the window friction@Eq. ~2.7!#.

We shall next extract the stationary fission widths syste
atically at different temperatures for a given spin of the co
pound nucleus. This is done by taking the average of
fission rates in the plateau region. These fission rates
essentially the Kramers’ limit of the Langevin equatio
under consideration and we expect the stationary fiss
widths G f to depend upon the temperatureT as G f( l ,T)
5Al exp(2bf /T) for a given spin ~l! of the compound
nucleus wherebf is the height of the fission barrier in th
free energy profile andAl is a parameter. Such a dependen
of stationary fission widths on temperature is indeed fou
and is shown in Fig. 7. The parameterAl can now be ex-
tracted by fitting the calculated fission widths with the abo
expression. Subsequently we shall look into the depende
of the parameterAl on l, a few typical plots of which are
shown in Fig. 8. Using these values ofAl , one can now
obtain the value of this parameter for any arbitrary spin

FIG. 7. Temperature dependence of stationary fission wid
calculated with chaos-weighted wall formula~solid circles! and
wall formula~open circles! frictions for different compound nuclea
spinsl ~in units of \). The lines are fitted as explained in the te
06460
a
he
n-
-

f
ent
t

-
-
e
re

n

e
d

e
ce

y

interpolation. Even with a limited number of calculated va
ues, the interpolated values will be quite accurate becausAl
depends onl rather weakly as can be seen in Fig. 8. Con
quently it will now be possible to extract the fission width
a compound nucleus at any given temperature and spin f
a set of a limited number of calculated widths. This fact w
be very useful in statistical model calculations where fiss
widths are required at numerous values of temperature
spin which are encountered during the evolution of a co
pound nucleus. Therefore in such cases where analytica
pressions for fission widths are not available, the above s
tematic behavior can generate fission widths from a limi
set of calculations.

Two time scales are of physical significance in the Lan
vin description of the dynamics of fission. One is the equ
bration timeteq , the time required to attain a steady flo
across the barrier. The other is the fission lifetimet f
5\/G f . Figure 9 shows these time intervals for differe
values of spin of the compound nucleus200Pb. At very small
values of spin, the fission life time is many times longer th
the equilibration time. This means that a statistical theory
compound nuclear decay is applicable in such cases. On
other hand,teq andt f become comparable at higher valu
of the compound nuclear spin and this corresponds to a
namics dominated decay of the compound nucleus. Stat
cal models are not meaningful in these cases and dynam
descriptions such as the Langevin equation become esse
for the fission of such compound nuclei.

s

FIG. 8. Variation of the parameterAl with compound nuclear
spin l.

FIG. 9. Dependence of the equilibration timeteq ~solid circles!
and the fission lifetimet f ~open circles! on compound nuclear spin
l.
3-6
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FISSION WIDTHS OF HOT NUCLEI FROM LANGEVIN . . . PHYSICAL REVIEW C63 064603
In the above, we restricted our investigations to the200Pb
nucleus as a representative example. This nucleus has
experimentally formed in19F1 181Ta reactions at a numbe
of excitation energies@26–28#. The fission probability of the
compound nucleus and the prescission neutron andg multi-
plicities were measured in these experiments. These qu
ties can be calculated in a statistical model which requ
the fission width as well as the neutron andg emission
widths as input to the calculation. In particular, the inp
fission width plays a critical role in order to reproduce t
experimentally determined prescission neutron andg multi-
plicities at high excitation energies~typically a few tens of
MeV or higher! in statistical model calculations@27,28#.
While the neutron andg widths can be obtained from th
Weisskopf formula@6#, a dynamical theory is required t
calculate the fission width of the hot compound nucleus. T
present work is a step in this direction and the fission wid
obtained here can thus serve as input to statistical m
calculations.

IV. SUMMARY AND OUTLOOK

In the preceding sections, we have presented a system
study of fission dynamics using the Langevin equati
Among the various physical input required for solving t
Langevin equation, we paid particular attention to the dis
pative force for which we chose the wall-and-window on
body friction. We used a modified form of wall friction, th
chaos-weighted wall formula, in our calculation. The cha
ep
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weighted wall formula took into account the nonintegrabi
of single-particle motion in the nucleus and it resulted in
strong suppression of friction strength for near-spheri
shapes of the nucleus. The fission widths calculated with
chaos-weighted wall formula turned out to be about twice
widths calculated with the normal wall formula friction
Chaos-weighted wall friction thus enhances the fission r
substantially compared to that obtained with normal w
friction.

We further made a parametric representation of the ca
lated fission widths in terms of the temperature and spin
the compound nucleus. It was found that this parame
form can be well determined from the fission widths calc
lated over a grid of spin and temperature values of limi
size. This fact would make it possible to perform statistic
model calculations of the decay of a highly excited co
pound nucleus where the fission widths are to be determ
from a dynamical model such as the Langevin equati
When the friction form factor has a strong shape depende
as in the chaos-weighted wall formula, the correspond
fission widths cannot be obtained in an analytic form. In su
cases, the frequently required values of the fission width
statistical model calculation can be made economically
cessible through a parametric representation of the fis
width which has to be obtained in a separate calculat
similar to the present one. We shall report on such appl
tions of the parametrized fission widths in compound nucl
decay in our future works.
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