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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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[. INTRODUCTION dissipation. It was also derived from a formal theory based
on classical linear response thegihl]. One crucial assump-
The fission of highly excited compound nuclei formed in tion of the wall formula concerns the randomization of the
heavy-ion-induced fusion reactions has emerged as a topic particle (nucleon motion due to the successive collisions it
considerable theoretical and experimental interest in recerguffers at the nuclear surface. In other words, a complete
years. Multiplicity measurements of light particles and pho-mixing in the classical phase space of particle motion is re-
tons emitted in the prescission stage strongly suddéshat  quired. It was early realizedl0,1]] that any deviation from
fission is a much slower process for hot nuclei than thathis randomization assumption would give rise to a reduced
determined from the statistical model of Bohr and Wheelesstrength of the wall formula. Further, Nix and Sierk sug-
[2] based on phase space arguments. This led to a revival @ested[12,13 in their analysis of mean fragment kinetic
theoretical studies based on the original work of Kranidts ~energy data that the dissipation is about 4 times weaker than
who considered the fission of excited nuclei as a consethat predicted by the wall-plus-window formula of one-body
quence of thermal fluctuations. Dynamical models for fissiordissipation. However, it is only recently that a modification
based on the Fokker-Planck equatiph5] and Langevin of the wall formula has been proposgi#] in which the full
equation[6,7] were subsequently developed. randomization assumption is relaxed in order to make it ap-
The most extensive application of the Langevin equatiorplicable to systems in which mixing in the phase space is
to study fission dynamics was made by Ifioh and Gont-  partial. Considering only those chaotic particle trajectories
char[7]. A combined dynamical and statistical model for which arise due to irregularity in the shape of the one-body
fission was employed in their calculations in which a switch-potential and which are responsible for irreversible energy
ing over to a statistical model description was made whertransfer, a modified friction coefficient was obtained in Ref.
the fission process reached the stationary regime. The rél4]. In what follows, we shall use the term “chaos-weighted
quired fission widths for the statistical branch of the calcula-wall formula” (CWWF) for this modified friction in order to
tion were obtained from the stationary limit of the fission distinguish it from the original wall formuldWF) friction.
rates as determined by the Langevin equaf®in The dissi- As was shown in Refl14], the CWWF friction coefficient
pative property of nuclei is an important input to such 7cwwt Will be given as
Langevin dynamical calculations. Though a complete theo-
retical understanding of the dissipative force in fission dy-
namics is yet to be developed, a detailed compariSdrof Newwf= M Pwf » (1.1
the calculated fission probability and prescission neutron
multiplicity excitation functions for a number of nuclei with
the experimental data led to a phenomenological shapewhere 5, is the friction coefficient as was given by the
dependent nuclear friction. The phenomenological frictionoriginal wall formula[10] and u is a measure of chaos
turned out to be considerably smaller {0%) than the stan- (chaoticity) in the single-particle motion and depends on the
dard wall formula value for nuclear friction for compact instantaneous shape of the nucleus. The value of chaaticity
shapes of the fissioning nucleus whereas a strong increase efianges from 0 to 1 as the nucleus evolves from a spherical
this friction was found to be necessary at large deformationshape to a highly deformed one. The CWWF friction is thus
A clear physical picture for such a friction is yet to be de-much smaller than the WF friction for compact nuclear
veloped and the present work is an effort in this direction. shapes while they become closer at large deformations. The
The wall formula for nuclear friction was developed by CWWF friction was subsequently fourid5,16 to describe
Blocki et al. [10] in a simple classical picture of one-body satisfactorily the collective energy damping of cavities con-
taining classical particles and undergoing time-dependent
shape evolutions. Thus suppression of the strength of the
*Electronic address: gargi@veccal.ernet.in wall formula friction achieved in the chaos-weighted wall
"Electronic address: santanu@veccal.ernet.in formula suggests that chaos in single-particle mofmther
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a lack of iy can provide a physical explanation for the re- 1 b,
duction in strength of friction for compact nuclear shapes as Qp=———
required in the phenomenological friction of REJ] and this
has motivated us to apply CWWEF friction to fission dynam-
ics in the present work. b _c-1
We shall present in this paper a systematic study of fission o
rates by using both CWWF and WF frictions in the Langevin
equation. The aim of our study is twofold. First, we would in cylindrical coordinates for the elongation parameter
like to find the effect of introducing the chaoticity factor in Consideringc and its conjugate momentumas the dynami-
friction on fission rates at different excitation energies andcal variables, the coupled Langevin equations in one dimen-
spins of the compound nucleus. The second one concernssin will be given[18] as
parametric representation of the fission width, the need for

which arises as follows. The fission width is an essential @:_p_zi(i> _f_ c+R(1)

input along with the particle ang widths for a statistical dt 2 ac\m) ac 7 '

theory in the stationary branch of compound nucleus decay.

Kramers[3] obtained a simple expression for the stationary dc p

fission width assuming a large separation between the saddle dat m 2.2

and scission points and a constant friction. Gontattaal.

[8] later derived a more general expression, taking the scissn the above equationsn and » are the shape-dependent
ion point explicitly into account, but still assuming a con- collective inertia and friction coefficients, respectively. The
stant friction coefficient. The CWWF friction, however, is free energy of the system is denoted byvhile R(t) repre-

not constant and is strongly shape dependent and hence thents the random part of the interaction between the fission
corresponding stationary fission width cannot be analyticallyjdegree of freedom and the rest of the nuclear degrees of
obtained. Thus it becomes necessary to find a suitable parfreedom considered collectively as a thermal bath in the
metric form of the numerically obtained stationary fissionpresent picture.

widths using CWWEF friction in order to use them in the = We will make the Werner-Wheeler approximation for in-
statistical regime of compound nucleus decay. We shall concompressible irrotational flow to calculate the collective in-
centrate upon the parametric representation of fission widthertia [19]. The driving force in a thermodynamic system
in the present work while application of CWWF friction in a should be derived from its free energy for which we will use
full dynamical plus statistical model will be reported in a the following expressiorj9] considering the nucleus as a

future publication. noninteracting Fermi gas:
We shall describe the Langevin equation along with the )
necessary input as used in the present calculation in the next F(c,T)=V(c)—a(c)T, 2.3

section. The calculated fission rates and the systematic be-h Tis th f th is th
havior of the stationary fission widths will be given in Sec. Where T Is the temperature of the system aa(r) is the

ll. A summary of the results will be presented in the Iastcoordinate—dependent level density parameter which is given
section. as[20]

a(c)=a,A+aA?B(c). (2.9
II. LANGEVIN EQUATION FOR FISSION
The values for the parametedis, as and the dimensionless
surface are® are chosen following Ref9].

In order to specify the collective coordinates for a dy- The potential energy/(c) enters into our calculation
namical description of nuclear fission, we will use the shapehrough its dependence on the deformation coordinate. This
parameters, h, anda as suggested by Bragk al [17]. We  deformation-dependent potential energy is obtained from the
will consider only symmetric fissiona(=0) and will further finite-range liquid drop modgl21] where we calculate the
neglect the neck degree of freedom=0) in order to sim-  generalized nuclear energy by double folding the uniform
plify the calculation. The surface of a nucleus of mass numsdensity within the surfac€Eq. (2.1)] with a Yukawa-plus-
ber A will then be defined as exponential potential. The Coulomb energy is obtained by

double folding another Yukawa function with the density

z distribution. The various input parameters are taken from

pz(z):< 1= ?)(aOCSJFbOZZ)’ 2.9 Ref. [21] where they were determined from fitting fission

0 barriers of a wide range of nuclei. The centrifugal part of

where the potential is calculated using the rigid-body moment of

inertia.
Co=CR, The instantaneous random forét) plays a very crucial

role in the Langevin description of nuclear fission. As a re-
R=1.16A13 sult of receiving incessant random kicks, the fission degree

of freedom can finally pick up enough kinetic energy to
and overcome the fission barrier. This random force is modeled

A. Nuclear shape, potential, and inertia

2
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after that of a typical Brownian motion and is assumed to 1.0
have a stochastic nature with a Gaussian distribution whose 0.8
average is zer@6]. It is further assumed thd®(t) has ex- s 0T
tremely short correlation time, implying that the intrinsic g 0.6 —
nuclear dynamics is Markovian. Consequently the strength ©
of the random force can be obtained from the fluctuation- o 0.4
dissipation theorem and the propertieR§f) can be written 5 0.0
as )
(R(D)=0 > ' 15 o
' 05 10 15 20 25
(R(HR(L"))=27Ts(t—t"). (2.5 Elongation (c)

FIG. 1. Variation of chaoticity with elongation.
B. One-body dissipation

One-body dissipation was used more successfully in fisgation poord[nate._ Figure 1 shows the calculated val_ues of
sion dynamics than two-body viscosity in the p&6f18]. chaot|C|ty_Wh|ch will be subsquently empl_oyed to obtain the
Accordingly, we shall consider the one-body wall-and- chaos-weighted wall formula friction. It is important to note
window dissipation[10] to account for the friction coeffi- Nere that chaoticity is very small for near-spherical shapes
cient » in the Langevin equation. For the one-body wall (¢~1). This immediately implies, through Eq1.1), a
dissipation, we shall use the chaos-weighted wall formulsstrong suppression of the original wall formula friction for
[Eq. (1.1)] introduced in the preceding section. At this point COmpact shapes of the compound nucleus. Chaoticity, how-
we will briefly recall the physical arguments made in order€Ver, increases as the shape becomes more oblate or changes
to arrive at this expression. The particle trajectories movingoWwards the scission configuration. We find here that the full
in a one-body nuclear potential were first identified as eithefhaotic regime £ =1) in the single-particle dynamics is not
regular or chaotic depending on their nature of time evom{eachec_i even at the scission configuration. This observation
tion [14,15. Originating from a given point near the nuclear 1S SPecific to the parametric form of the shajey. (2.1)]
surface and moving in a given direction, a regular trajectoryS€d in the present calculation. It was observed earlier that
closes smoothly in phase space. On the other hand, anothige value of chaoticity reaches 1 near the scission point when
trajectory leaving the same point but in a different directionthe Legendre-polynomiaP,-deformed quadrupole shapes
ries separately, it was argued in Refs4,15 that only cha- ~ choice of the shape parametrization.
otic trajectories give rise to irreversible energy transfer and We shall use the following expression to calculate the
the resulting friction coefficient acting on the wall motion Wall formula friction coefficien{23]:
will be as given in Eq(1.1). The chaoticityu is a measure

2 2 2

of chaos in the single-particle motion of the nucleons within - E ZN ai ﬁi (9_Dl

. . . . 7w(C) 2 TPmMU +
the nuclear volume, and in the present classical picture, this Zmin\ 9C dZdJC
will be given as the average fraction of the trajectories that 1 gp2\2]-12
are chaotic when the sampling is done uniformly over the % p2+(_i) dz
nuclear surface. 2 9z
_ The chaaoticity is a specific property o_f the nonintegrabil- 2ma| 9p2 9p2 dD |2
ity of the nuclear shape. Thus it is required to be calculated f L
for all possible shapes up to the scission configuration. A zy \dC  dz dc
typical calculation of chaoticity for a given shape proceeds 1 92 2]~ 12
as follows. The initial coordinates of a classical trajectory % p2+(_i) dz}, (2.6
starting from the nuclear surface are chosen by sampling a 2 0z

suitably defined set of random numbers such that all initial _

coordinates follow a uniform distribution over the nuclearwherep,, is the mass density of the nucleusis the average
surface. The initial direction of the trajectory is also chosenmucleon speed inside the nucleus, &ndD, are positions of
randomly and its Lyapunov exponent is then obtained bythe centers of mass of the two parts of the fissioning system
following the trajectory for a considerable length of time. relative to the center of mass of the whole system, and
Each trajectory is identified either as a regular or as a chaotiz.,,, are the two extreme ends of the nuclear shape along the
one by considering the magnitude of its Lyapunov exponent axis andzy is the position of the neck plane that divides the
and the nature of its variation with time. The details of thisnucleus into two parts. The chaos-weighted wall formula

procedure are given in ReR22]. friction is subsequently obtained from Eq1.1) as
We have calculated the chaoticity over a range of shapeg.,wic)=u(c) nys(c). Defining a quantty B(c)
from oblate to the scission configuratidat c=2.08 where = n(c)/m(c) as the reduced friction coefficient, its depen-

the neck radius becomes zpwmt small steps o€, the elon- dence on the elongation coordinate is shown in Fig. 2 for
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FIG. 2. Variation of the reduced friction coefficie@twith elon-
gationc for chaos-weighted wall formulésolid line) and wall for-

FIG. 3. Reduced one-body friction coefficiegt with chaos
weighted wall formula(solid line) and wall formula(dashed ling

frictions. The phenomenological reduced coefficiédvtted ling
from Ref.[9] is also shown.

mula (dashed lingfrictions.

both WF and CWWF frictions for thé°®Pb nucleus. The
reduction in the strength of the wall friction due to chaosthe fragment radius. Figure 3 shows the reduced one-body
considerations is evident from this figure. friction coefficients. The phenomenological reduced friction
We shall now consider the role of window friction in obtained in Ref[9] is also shown in Fig. 3. Though the
one-body dissipation. The window friction is expected to beone-body friction with CWWF agrees qualitatively with the
effective after a neck is formed in the nuclear sys{@8].  phenomenological friction foc<1.5, it is beyond its scope
Further, the radius of the neck connecting the two futurgo explain the steep increase of phenomenological friction
fragments should be sufficiently narrow in order to enable dor c>1.5. It may be noted, however, that the compulsion of
particle that has crossed the window from one side to théaving a very strong friction at large deformations was to
other to remain within the other fragment for a sufficiently allow a sufficient number of neutrons to evaporate during the
long time. This is necessary to allow the particle to undergsaddle-to-scission transitiofi.e., after fission has taken
a sufficient number of collisions within the other side andplace in order to fit the experimental prescission neutron
make the energy transfer irreversible. It therefore appearsltiplicities for very heavy nucldi9]. Therefore, the role of
that the window friction should be very nominal when necka very strong friction beyond the saddle point will not be
formation just begins. Its strength should increase as theignificant for fission rates which is of our present concern.
neck becomes narrower, reaching its classical value when the
neck radius becomes much smaller than the typical radii of
the fragments. We however know very little regarding the
detailed nature of such a transition. We shall therefore refrain  With all the necessary input defined as above, the Lange-
from making any further assumption regarding the onset o¥in equation(2.2) is numerically integrated following the
window friction. Instead, we shall define a critical elongationprocedure outlined in Ref6]. A very small time step of
coordinatec,,;, beyond which the window friction will be 0.005:/MeV for numerical integration is used in the present

switched on. The window friction coefficient will then be work. The numerical stability of the results is checked by
given as repeating a few calculations with still smaller time steps. The
IR\ ?
Ao,

initial distribution of the coordinates and momenta is as-
ac

Ill. RESULTS

sumed to be close to equilibrium and hence the initial values
of (c,p) are chosen from sampling random numbers follow-
ing the Maxwell-Boltzmann distribution. Starting with a
given total excitation energyE*) and angular momentum
(1) of the compound nucleus, energy conservation in the form

1
Nwin(C) = 0(C_Cwin)ipmg( (2.7

where

O(c—cCyin)=0 (for c<cyiy)

E* =E;+ V(c)+p?/2m (3.1

=1 (for c=cCyin),
andR is the distance between centers of mass of future fragd'Ves the intrinsic excitation energy, and the correspond-
ments andAo is the area of the window between the two INd huclear temperatur = (E,./a) ™ at each integration

parts of the system. The full one-body friction will now be SteP- The centrifugal potential is included if(c) in the
written as above equation. A Langevin trajectory will be considered as

having undergone fission if it reaches the scission point
(csci) in the course of its time evolution. The calculations are
repeated for a large numbéypically 100 000 or morgof

and in what follows, we will use eithef,s or n..,w for  trajectories and the number of fission events is recorded as a
nwan IN the above expression. For the window friction, the function of time. Subsequently the fission rates can be easily
value ofc,, is taken as 1.9 where the neck radius is half ofevaluated 24].

7(C) = Nwan(C) + Nyin(C), (2.9
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0.006 —
0 20 40 60 80 100
I I I I 0.004 —
~  0.002 -]
>
S D
o = 0.000
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0 T T T T FIG. 5. Time development of fission widths for compound
0 50 100 150 200 250 nuclear spins of 0 and 4@ units of#). Open circles correspond to
o trajectories for which the saddle point crossing is considered as
t(timein i/ MeV) fission. Solid circles represent trajectories which reach the scission

. . . oint
FIG. 4. The upper panel shows a typical Langevin trajectoryp

reaching the scission poifidotted ling. The lower panel shows a
trajectory which returns to the potential pocket after crossing th
saddle point{dashed ling

ecrossing the saddle point is not an adequate criterion for
fission in stochastic calculations and can lead to an overesti-
mation of the fission rate.

A tvpical L in traiectory that h hed th . We shall now compare fission rates calculated with chaos-
ypical Langevin trajectory that has reached € Scissiony eighted wall-and-window friction with those obtained with

point and has ended up as a fission event is shown in Fig. all-and-window friction[Eq. (2.8)]. Figure 6 shows the fis-

(upper _pane)l Anqther trajectory, the kind which is _Iess fre- sion widths at three spins of the compound nucléf¥b.
guent, is shown in the lower panel of the same figure. The

Langevin trajectory in the latter case crosses the saddle point

and after spending some time beyond the saddle point drifts 0.0003 —
back into the potential pocket. Such a trajectory may or may
not finally reach the scission point within the observation 0.0002 —
time and corresponds to a to-and-fro motion across the PPO0000000000000
saddle. This point is further illustrated in Fig. 5 where fission 0.0001 —#o =0
rates are plotted as a function of time. Two different criteria | | |
are used to define a fission event here. The solid circles cor- 0.0000
respond to fission events defined by those trajectories that
. . . Z 0.0004 —
reach the scission point whereas the open circles correspond 2
to those which cross the saddle point. The fission rate is very =
small for both cases at the beginning when the compound - 0.0002
nucleus is just formed and the Langevin dynamics has just
been turned on. Subsequently the fission rate grows with 0.0000 L L |
time and after a certain equilibration time it reaches a sta- 0.0030 —
tionary value that corresponds to a steady flow across the
fission barrier. The fission rate defined at the saddle point 0.0020 —
reaches a stationary value earlier than that defined at the £0°00G00000000000
scission point. The time difference between them gives the 0.0010 —/g | = 40
average time of descent from the saddle to the scission. This B
observation was also made in earlier wo[R®]. The main 0.0000 —rrrrrprrrrrrr T

purpose of the present discussion is to investigate the role of 0 50 100 150 200
backstreaming in the fission process. It is observed in Fig. 5 .

. . L . Time (h/MeV)
that the stationary fission rate at the saddle point is higher
than that at the scission point. The difference between these FiG. 6. Time development of fission widths calculated with
two stationary rates can be regarded as due to backstreamingiaos-weighted wall formulésolid circles and wall formula(open
The backstreaming is thus small compared to the steady ougircles frictions for different compound nuclear spihén units of
ward flow though it is not negligible. This also shows that#).
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§ FIG. 8. Variation of the parametek; with compound nuclear
< 10° spinl.
-

interpolation. Even with a limited number of calculated val-
104 ! | ! | ues, the interpolated values will be quite accurate becapuse
107 — depends o rather weakly as can be seen in Fig. 8. Conse-
quently it will now be possible to extract the fission width of
a compound nucleus at any given temperature and spin from
a set of a limited number of calculated widths. This fact will
be very useful in statistical model calculations where fission
widths are required at numerous values of temperature and
spin which are encountered during the evolution of a com-
103 : I : \°| pound nucleus. Therefore in such cases where analytical ex-
pressions for fission widths are not available, the above sys-
0.2 0.4 0.6 tematic behavior can generate fission widths from a limited
P set of calculations.
1/T (MeV ) Two time scales are of physical significance in the Lange-
FIG. 7. Temperature dependence of stationary fission widthyin description of the dynamics of fission. One is the equili-
calculated with chaos-weighted wall formulaolid circleg and  bration time 7., the time required to attain a steady flow
wall formula(open circlegfrictions for different compound nuclear across the barrier. The other is the fission lifetimg
spins! (in units of ). The lines are fitted as explained in the text. =#/T";. Figure 9 shows these time intervals for different
values of spin of the compound nucletf8Pb. At very small
The effect of suppression in the chaos-weighted wall formula/ajues of spin, the fission life time is many times longer than
shows up as an enhancement by about a factor of 2 of thge equilibration time. This means that a statistical theory for
stationary fission rates. A similar enhancement of the stationcompound nuclear decay is applicable in such cases. On the
ary fission rate calculated with chaos-weighted Wa“-and-other handﬂ-eq and T4 become Comparab|e at h|gher values
window friction in Comparison with that obtained with wall- of the Compound nuclear Spin and this Corresponds to a dy_
and-window friction is also observed over a wide range ofhamics dominated decay of the compound nucleus. Statisti-
compound nuclear spin and temperature. The enhancemegdl models are not meaningful in these cases and dynamical
factor (of about 2 remains almost the same when different descriptions such as the Langevin equation become essential

choices ofc,,;, are used in the window frictiofEq. (2.7].  for the fission of such compound nuclei.
We shall next extract the stationary fission widths system-

atically at different temperatures for a given spin of the com- 1000
pound nucleus. This is done by taking the average of the
fission rates in the plateau region. These fission rates are
essentially the Kramers’ limit of the Langevin equation
under consideration and we expect the stationary fission
widths I'; to depend upon the temperatufeas I'¢+(1,T)

=A, exp(=b/T) for a given spin(l) of the compound
nucleus wheré; is the height of the fission barrier in the
free energy profile and, is a parameter. Such a dependence
of stationary fission widths on temperature is indeed found
and is shown in Fig. 7. The paramet& can now be ex- 0 20 40 60

tracted by fitting the calculated fission widths with the above 1(n)

expression. Subsequently we shall look into the dependence

of the parameteA, on |, a few typical plots of which are FIG. 9. Dependence of the equilibration timg, (solid circle3
shown in Fig. 8. Using these values Af, one can now and the fission lifetime; (open circles on compound nuclear spin
obtain the value of this parameter for any arbitrary spin byl.

10-2 —]

100 — %

Time interval (h /MeV )

10 T T I T
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In the above, we restricted our investigations to fA®b  weighted wall formula took into account the nonintegrabilty
nucleus as a representative example. This nucleus has beehsingle-particle motion in the nucleus and it resulted in a
experimentally formed int°F+ 8Ta reactions at a number strong suppression of friction strength for near-spherical
of excitation energief26—28. The fission probability of the shapes of the nucleus. The fission widths calculated with the
compound nucleus and the prescission neutronjantllti-  chaos-weighted wall formula turned out to be about twice the
plicities were measured in these experiments. These quantyidths calculated with the normal wall formula friction.
ties can be calculated in a statistical model which requireghaos-weighted wall friction thus enhances the fission rate
the fission width as well as the neutron andemission  gypstantially compared to that obtained with normal wall
widths as input to the calculation. In particular, the inputfsiction.
fission width plays a critical role in order to reproduce the e fyrther made a parametric representation of the calcu-
experimentally determined prescission neutron gmaulti- |54 fission widths in terms of the temperature and spin of
plicities at high excitation energidypically a few tens of o -ona0und nucleus. It was found that this parametric

SAV?\\I/ OtL h|ghett) in Stat'St'(.:;tL modelbcalctL)Jtlgnor:jE%?,ZSl.th form can be well determined from the fission widths calcu-
lle the neutron andy widths can be obtained from the lated over a grid of spin and temperature values of limited

Weisskopf formulal6], a dynamical theory is required to
calculatepthe fissiorE v]vidth g:‘the hot compgund ngcleus Théc'Ize This fact would make it possible to perform statistical
- odel calculations of the decay of a highly excited com-

present work is a step in this direction and the fission width
obtained here can thus serve as input to statistical modaound nucleus where the fission widths are to be determined
calculations. from a dynamical model such as the Langevin equation.
When the friction form factor has a strong shape dependence
as in the chaos-weighted wall formula, the corresponding
fission widths cannot be obtained in an analytic form. In such
In the preceding sections, we have presented a systematiases, the frequently required values of the fission width in a
study of fission dynamics using the Langevin equationstatistical model calculation can be made economically ac-
Among the various physical input required for solving thecessible through a parametric representation of the fission
Langevin equation, we paid particular attention to the dissiwidth which has to be obtained in a separate calculation
pative force for which we chose the wall-and-window one-similar to the present one. We shall report on such applica-
body friction. We used a modified form of wall friction, the tions of the parametrized fission widths in compound nuclear
chaos-weighted wall formula, in our calculation. The chaos-decay in our future works.

IV. SUMMARY AND OUTLOOK
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