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Mass and Angle distribution of fragments
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Application to Langevin calculation

deep inelastic collision

Dissipative Phenomena



Fission process with Lanegevin model (fluctuation) 236U

3D

4D

Without fluctuation



Overview of Dynamical Process in reaction 36S+238U 
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Trajectory  on  potential 
energy surface

Time-evolution of nuclear shape

in fission process

Two Items 

1. Potential energy surface

2. Trajectory  described by

Equation of Motion 

equations

Dynamical calculation



two-center parametrization

(Maruhn and Greiner, 

Z. Phys. 251(1972) 431)
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T : nuclear temperature 

   E* =aT2      a : level density parameter  

                         Toke and Swiatecki 

 

ES :  Generalized surface energy (finite range effect) 

EC :  Coulomb repulsion for diffused surface 

E0
shell : Shell correction energy at T=0 

 

I :  Moment of inertia for rigid body 

 

Φ(T) :  Temperature dependent factor 
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Fission barrier recovers 
at low excitation energy
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Valery Zagrebaev and Walter Greiner 著

「Unified consideration of deep inelastic, quasi-fission and fusion–fission phenomena」よりｖ

𝑉 = 𝑉𝑑𝑖𝑎 𝑞 𝑓 𝑡 + 𝑉𝑎𝑑𝑖𝑎 𝑞 1 − 𝑓 𝑡

𝑓 𝑡 = exp −
𝑡

𝑇𝑎𝑑𝑖
(𝑇𝑎𝑑𝑖 = 10−21𝑠)

relaxation time from diabatic potential 

to adiabatic potential  𝑇𝑎𝑑𝑖
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𝛃𝟏 = 𝛃𝟐

V.I. Zagarebaev and W. Greiner, 

J. Phys. G.31 825 (2005); 

G34 1 (2007); G34, 2265 (2007);

G35 125103 (2008);

PLC78 034610 (2008) etc.



qi :   deformation coordinate （nuclear shape）
two-center parametrization                    (Maruhn and Greiner, Z. Phys. 251(1972) 431)

pi :   momentum

mij : Hydrodynamical mass (inertia mass）
γij: Wall and Window (one-body) dissipation  （friction ）
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int qVppmEE jiij  

energy excitation :   energy, intrinsic : *

int EE

多次元ランジュバン方程式Multi-dimensional Langevin Equation

Newton equationFriction Random force

dissipation    fluctuation
ordinary differential equation

Einstein relation Fluctuation-dissipation theorem
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Results



86Kr+166Er Ecm=464MeV  different random number 

Same initial condition, parameters,     different random number  



Parameters

Relaxation time     Tadi

impact parameter b

𝐿 = 𝑏𝜇𝑣0 (𝜇 =
𝑚1𝑚2

𝑚1 +𝑚2
)

b

V.Zagrebaev, A.Karpov, Y.Aritomo, et al. : Phys. Part. Nuclei (2007) 38: 469.

𝑣0

Fact_iner

)ℏ2𝐿(𝐿 + 1

)2ℐ(𝑞 × 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎Fact_iner

Ecm

𝑉 𝑞, 𝐿, 𝑇 = 𝑉𝐿𝐷𝑀 𝑞 + 𝑉𝑆𝐻(𝑞, 𝑇) +
)ℏ2𝐿(𝐿 + 1

)2ℐ(𝑞

𝑚1 𝑚2

Ecm

Incident energy

Moment of inertia

1.

cf. TDHF



Mass and Angle(136Xe+198Pt)
defaultパラメータ
0<b<1.94 Ecm=700MeV
Tadi=10-21s Fact_iner=1.5

default

default

default

default

EcmTadi

S. Amano (Kindai)



To set unknown parameters
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238U-target  Mass and Angle distribution of fission fragment
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1. We calculated Mass and Angle distribution of fragments 
using Langevin equation.

2. The dependence of 
the relaxation time from diabatic potential to 

adiabatic potential and
the moment of inertia 
is discussed.

 Reliability of the model  try to calculate  SHE

3. Transfer reaction using 254Es was discussed 

… and 

Summary
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