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Abstract The temperature dependent width of the fission fragment distributions was simulated in the
Langevin equation by taking two-parameter exponential form of the fission fragment mass variance at scis-
sion point for each fission event. The result can reproduce experimental data well, and it permits to make

reliable estimate for unmeasured product yields near symmetry fission.
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The understanding of mass distributions of fis-
sioning nuclei can provide information of the reac-
tion mechanism as well as the dynamics of the fis-
The mechanism of fission leading to
the observed broad mass distribution of the fission
fragments is still one of the open problems of fission

sion process.

physics research. It is necessary to study the depen-
dence of the mass distribution on parameters such as
fission time, temperature and fissility, and to evalu-
ate some systematics from it. In this work, we have
carried out a systematic study of the variance or stan-
dard deviation of fission fragment mass distribution
as a function of the temperature of fissioning nuclei.

Typically the process of fission can be divided into
two phases. The fissioning system must first overcome
the saddle point (the peak of the fission barrier), then
enter the irreversible path towards scission. In the
second stage, the properties of the scission configu-
ration are determined during the long descent from
the saddle to the scission configuration. The process
of fission can be described in terms of collective mo-
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tion using the transport theory! . The dynamics

of the collective degrees of freedom is typically de-
scribed using the Langevin or Fokker-Planck equa-
tion. In this work, we investigate a one-dimensional
Langevin equation model with mass-symmetry dom-
inated fission. When the system reaches the scission
point, we can get the temperature of the fissioning nu-
clei. We therefore expect possible to discuss the rela-
tion between system temperature distribution and fis-
sion fragment mass distribution. In the present work,
we deal with a Combine Dynamical and Statistical
Model (CDSM) which is an overdamped Langevin
equation coupled with a Monte Carlo procedure al-
lowing for the discrete emission of light particles. It
switches over to statistical model when the dynami-
cal description reaches a quasi-stationary regime. We
first specify the entrance channel through which a
compound nucleus is formed, ie. the target and pro-
jectile is complete fusion. For each trajectory simulat-
ing the fission motion, an angular momentum L = fl
is sampled from the spin distribution
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where the parameters [. and §l is the critical angu-
lar momentum and diffusion coefficient, respectively.
A parametrization for [. and §l is used which repro-
duces to a certain extent the dynamical results of the

surface friction model for fusion of two nuclei forming
the compound system .

Trajectory with the particular angular momentum
L is started at the ground state position g, of the
entropy S(qgs, B, A, Z,L). The quantity ¢ is the di-
mensionless fission coordinate defined as half of the
distance between the centers of masses of the future
fission fragments normalized to the radius of the com-
pound system, which is characterized by its mass and
charge numbers, A and Z. The total initial excitation
energy E7 . is given by B}, = Bl Ar/(Ar+ Ap) +Q
where Ap and Ap represents the mass of target and
projectile, respectively, and @ is the fusion Q-value
calculated by Q = My + Mp — MER. My and Mp are
the masses of projectile and target, respectively, and
MER is the compound nucleus masses.

The dynamical part of CDSM model is described
by the Langevin equation which is driven by the
free energy F. The free energy is related to the
level density parameter a(q)® and fission potential,
F(q,T)=V(q)—a(q)T?

The overdumped Langevin equation reads

dq_ 1 OF(¢,T)r
8 ey DG @

where I'(t) is a time-dependent stochastic variable
with Gaussian distribution. Its average and its cor-
relation function are < I'(t) >=0, < I'(t)['(t') >=
25 (t—t'). The fluctuation strength coefficient D(q) is
according to the fluctuation-dissipation theorem ex-
pressed as D(q) = = ((q), where (8 is the reduced

friction parameter which is the only parameter of this
model and M is the total mass.

The potential energy V(A,Z,L,q) is obtained
from the finite-range liquid drop model™®

V(A,2,L,0) =aall ~ (2 VAP B (g) - 1] +

2

CBW [Bc (q) - 1] +CrL2A75/3Br(Q)a (3)

where B.(q), B.(q) and B.(q)
Coulomb and rotational energy terms, respectively,
which depend on the deformation coordinate ¢. In
our calculation we take them according to Ref. [1].
The fission process of the Langevin equa-
tion is
Smoluchowskil” .

means surface,

propagated using an interpretation of

In our calculation we adopt one-

body dissipation (OBD) friction form factor 3(q)"
with a reduction of wall term. Here we use an ana-
lytical fit formula which was developed in Ref. [9],

15/q°4 +1-10.5¢°° +¢2 if ¢ > 0.38

Bosb (g —{ .
on () 32-32.21¢ if ¢ <0.38

In the dynamical part of the model light particles
(n,«,p,d) emission and giant dipole y are calcu-
lated at each Langevin time step T, the widths for
particle and giant dipole vy decay are given by the
parametrization due to Blann"” and Lynn!"" | respec-
tively.

Within the framework of the Langevin simulation
we chose fission events which happen on dynamic
channel (we give up the events which happened in
statistic part of CDSM model). Scission configura-
tion in the model are parameterized by two separate
fragments facing each other and being aligned with
their axes of elongations on a common axis. Consid-
ering that the variance o% of fission fragment mass
distribution is related to the scission configuration of
the fissioning nucleus and it increases follow a single
global exponential curve with fragment temperature
in recent Ref. [12], we assume that for each fission
event at scission point the fission fragment is a Gaus-
sian distribution with the variance of mass distribu-
tion obeys this two-parameter exponential equation
of the form o3 = Fe“t, where E = 1.2531+0.0364
and ¢ =3.6000+0.1774 is taken from Ref. [12], T} is
the temperature of fissioning nuclei.
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Fig. 1. Mass distribution with various variance

in different temperature for 22°Th.

It has wider fission channel to be chosen if the sys-
tem reaches scission point with higher temperature.
In Fig. 1, the mass distribution with various variance
(%) at different temperature of fissioning nuclei was
shown. The resultant fission fragments are Gaussian-
like mass distributions.
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We use CDSM model to calculate the o4 for
some channels and compare with some experimen-
tal data,l"® 'l which was displayed in Fig. 2. The
different symbols present the results from differ-
ent channels: *He +2° Bi (diamond), ''B + 232Th
(Hexagon), '°O+2*%U (FiveStar), F + 232Th (left-
triangle), *°Ne+ '®'Ta (square), **Ne+2%Bi (Pen-
tagon), *O+'7Au (triangle), 80 + 28U (righttri-
angle), 2°Ne + 232Th (circle). It looks that the model
has a good agreement with the data for these reac-
tions.
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Fig. 2. Comparison the calculation results of
o4 by this work (empty symbol) with the ex-
perimental data (full symbol).

In order to investigate the influence of the analyt-
ical fit formula of reduced friction parameter on the
width of mass distribution, we use a constant number
Bo =2, 4, 6, 8 and 10 instead of one-body dissipation
Boba as the reduced friction parameter. We plot stan-
dard deviation o4 as a function of [y. In Fig. 3, it
shows standard deviation has a weak increasing trend
with the increasing of the reduced friction parameter.

The influence of the projectile angular momen-
tum on the standard deviation of mass distribution
is shown in upper panel of Fig. 4. The o, does not
change much in [ < 35 which reflects the temperature
does not change much in this range. With the in-
crease of the angular momentum it leads to the lower
barrier and the time that nucleus undergoes fission
becomes more and more short without evaporating
large number of light particles. So the dependence of
o4 on angular momentum should be related with the
fission time too. In bottom panel, it obviously shows
the opposite tendency.
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Fig. 3. The standard deviation o4 of mass dis-
tribution of 92 MeV %0 +2% Bj system as a
function of reduced friction parameter.
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Fig. 4. The o4 of mass distribution and fission
time as a function of angular momentum for
220Th.

In summary, we applied a theoretical model to
describe dynamical process of compound nuclear fis-
sion with the statistical light particles and photons
emission. In order to treat the fission fragments,
we assume the fissioning nucleus has a Gaussian fis-
sion probability with the finite width ¢ and its cen-
troid corresponds to the symmetric fission so that it
splits into two fission fragments. The simulation il-
lustrates that the fissioning fragment temperature de-
pendent distribution can fit some data satisfactorily,
and more interestingly, we found that the variance
of mass distribution is sensitive to the fission time
strongly. When fission time is long, the variance of
fission fragments becomes small. In contrary, when
fission time is short, the variance becomes large. In
addition, it is found that variance of mass distribu-
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tion is weakly dependent on reduced friction param-
eter. It somehow reflects the temperature of scission

point dependence of friction parameter. In general,

our work permits to make reliable estimates for un-

measured product yields near symmetry fission. The
analysis of the fission fragments distribution appears
to be a sensitive tool to investigate the fission dynam-
ical information.
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