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Mass and TKE distributions of fission fragments E™ = 20 MeV

28y (E*= 20MeV)
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Mean mass of the fission product group

Background

Mean mass of heavy and light <TKE> as a function of Ec of
fission fragments fissioning system
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How can we understand these well-established trends?
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Multi-dimensional Langevin Equation for nuclear fission

dg; _( _1> - .

i m = Ji P; Friction Newton equation

’ dissipation

p; oV 10 ([ 4 i
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g;: deformation coordinate (nuclear shape)
two—center parametrizatio(’z, 0, 0() (Maruhn and Greiner, Z. Phys. 251(1972) 431)

p;: momentum conjugate to g; . _
m;; : Hydrodynamical mass (inertia mass)  Needs for microscopic

(friction ) treatment of transport

7 ; Wall and Window (one—body) dissipation
coefficients
(Ri(1) =0, (R (t)R;(t,)) = 25;5(t —t,) : white noise (M arkovian process)

Zklgikgjk =T%; Einstein relation Fluctuation—dissipation theorem

« 1o -
E. =E _E(m 1)ij Pi P; _V(Q):aTZ

E. . :intrinsicenergy, E :excitation energy

int

Neutron emission competition is taken into account



Shape parametrization and potential V :
2-center shell model

Shape parametrization

J. Maruhn and W. Greiner, Z. Phys, 1972

Zz

hZ

a, | c, c, : a, . ,
! ! H=———V"+V(r)+V(r,p,s)+V_.(r,p).
' ' 2rnO
| !
| Z, | w2+ pt, 1<
5 Normalized inter- @,7° (1+C12’ +dlz'2j+a)§1 (1+ glzrszz’
" BR fragment distance 2,<2<0
o) 1 ' ' ' '
_ 340 V(,O,Z)=§mo a)fzzz[l+czz +d222j+a);2(1+g222jp2
3-20 O<z<z,
R: Radium of compound nucleus 0%, 2” +w§2p2, 2> 7,
a-b
0= (‘ ) Deformation of each fragment
Aa—l;f Z,_{z—z1 z<0
a=—"—= Mass asymmetry 2=z, >0

A("N

9



Transport coefficients (inertia mass)

Inertia Mass (Hydrodynamical mass)

Total kinetic energy of system
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Transport coefficients (friction tensor)

Friction (One body friction)

) .. . ) Incompressible fluid
Rayleigh dissipation function constant two-body viscosity coefficient
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Loss of energy to particles inside the mean filed at the rate
dE , Ps = Ps(0,2) mass density of nucleus
E — ,05\_/]. n°ds Vi average nucleon speed
Yy n relative normal velocity of the wall
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Potenaial V and fission process of 23°U
by Langevin equation (E*=20 MeV)

The Langevin trajectories do not necessarily follow
the multi-dimensional potential minima

Trajectory on potential energy
surface
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Mean mass of heavy and light FF

Mean mass of FF and <TKE>
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6-dependence in asymmetric FFMD of 236U
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Y. Aritomo, S.C and F.A. Ivanyuk, Phys.Rev.C 90, 054609-1-8(2014)
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FIG. 5. Nuclear shapes around the scission point of 2**U. The dot,

solid. and dashed line corresponds to the nuclear shape at {Zp.5.¢} =
(2.5, —0.2,0.2). {2.5,0.0.2}.and {2.5.0.2,0.2}.



Fission Yield (%)

Comparison of measured (by surrogate method)
and Langevin calculation
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4-dimensional calculation

2 center shell model 52 51
(Maruhn and Greiner,
Z. Phys. 251(1972) 431) h
d(z,0,,0,,)
)
R
B=,/B,B, ! '
- * - * ! !
B, = 3+9, . B, - 3+0, e . -
3—-20, - 3-20, ' 0 '

R Radius of compound nucleus

51— 3(a,— D) 5o 3(a,—b,)
2a,+ b, 2a,+Db,
_A—4 R(0+]
“ A+ A4, V(qu) VDu( ) ( )-I_VSH(C]aT)

21(q)



Time evolution by 4-dimensional Langevin calculation

236y E'=20 MeV
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Summary

Results of Langevin calculations at Tokyo Tech were
summarized

3D calc. : Good for FFMD and <TKE> in U to Cm region
negative 6 is important in this model

trajectories in -45 deg. in 6-z plain : importance of non-
diagonal terms in the transport coefficients

4-D calc. and microscopic transport coefficients : ongoing



