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1. Purpose 
 
2. Model 
         Dynamical model  with Langevin equation 
          Two center shell model 

 
3. Results 
           236U, 234U, 240Pu at  E*=20 MeV 
 
             Mass distribution of Fission fragments 
             TKE 
             Charge distribution  
             Independent Fission Yields 
 

4. Summary  

Contains 



• Fission process of low excited nuclei 

           estimation  amounts of heavy elements  

                                                       radioactive fission products 

                                                       melted spent nuclear fuel 

           improving the safety of planned nuclear power plants 

           obtain the nuclear data that could not be measured  

                                                                                                  by experiments 

• Dynamical model      Statistical model 

 

• Mass distribution of fission fragments of U, Pu   (thermal neutron) 

     Charge distribution 

     Independent fission yields 
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  2. Model                         Fission process 240U     E* < 20 MeV 

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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   Nuclear Shape 
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Curvature: negative 
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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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  Potential Energy 

Fission barrier recovers  

at low excitation energy 

298114 



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 ） 

 

 

 

 

    )(
2

1 11

1

tRgpmppm
qq

V

dt

dp

pm
dt

dq

jijkjkijkjjk

ii

i

jij
i




















),,( z

  )(
2

1 1*

int qVppmEE jiij  

energy excitation :   energy, intrinsic : *

int EE

多次元ランジュバン方程式  Dynamical Equation for mean trajectory 

Newton equation 
 Friction  

 dissipation     sinma mg v  

Kinetic energy  Intrinsic energy 
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236U  E*=20 MeV 
All off 
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        Taking into account the fluctuation around the mean trajectory 
 
                     Thermal fluctuation of nuclear shape 
                            thermal fluctuation of collective motion 

        

 

 

         



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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process) (Markovian noise  white:)(2)()(  ,0)( 2121
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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 equation  Friction      Random force 

 dissipation    fluctuation 
ordinary differential equation 

Einstein relation Fluctuation-dissipation theorem 
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  Fission process 240U     E* < 20 MeV 

Trajectory  on  potential 
energy surface 





236U E*=20 MeV 
All on 

50 75 100 125 150 175

0

50

100

150

50 75 100 125 150 175

0

50

100

150

 

 

C

Mass

 all on
 all off
 only 33 on
 only 22 on

 

    )(
2

1 11

1

tRgpmppm
qq

V

dt

dp

pm
dt

dq

jijkjkijkjjk

ii

i

jij
i




















 摩擦力      ランダム力 

   散逸       揺動 
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Mass distribution  
of fission fragments 



  236U  Mass distribution of fission fragments E* = 20 MeV  

J.Katakura, JENDL FP Decay Data File 2011 and Fission Yields Data File 2011,  
JAEA-Data/Code 2011-025 (Mar 2012). 

http://wwwndc.jaea.go.jp/cgi-bin/FPYfig 
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  Mass distribution of fission fragments  E* = 20 MeV  



  236U  Mass Distribution of Fission Fragments E* = 20 MeV  

Dependence of Shell damping energy 
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  236U  Mass distribution of fission fragments  E* = 20 MeV  

Friction -dependence 





236U   E* = 20 MeV 

with random force without random force 

Fission time scale 1.5 times longer 



S.C. Burnett et. al., Phys. Rev. C 3, 2034 (1971) 
233U 238U 

236U   E*=20 MeV 

<TKE>cal=171.8 MeV   
                
            (=151.8 MeV  no fluctuation)                 

 
<TKE>exp=168.2~171.3 MeV 
                 (E*=21 MeV) 

   236U  Mass Distribution of Fission Fragments E* = 20 MeV   
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   236U   E* = 20 MeV   

   δ distribution                                TKE distribution 

Fission fragments 

δ  = - 0.2 



   236U   E* = 20 MeV   



   236U   E* = 20 MeV   Mass-TKE distribution   
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Calculation with Langevin equation 
 
100,000 trajectories 



1. Development of calculation method for independent fission yields 
 
2. Dynamical calculation    
          Langevin equation and two-center shell model   
 
3. Mass distribution of fission fragments (234,236U, 240Pu) 
 
4. Charge distribution and total kinetic energy distribution of fission fragments 
 
5. Independent fission yields 
 
Further study 
      improve the model to decrease the difference  
                                                    between the calculation and Exp. 
      increase the number of variables  δ1 and δ2 
     estimation of nuclear transfer rate 
      taking into account neutron emission  
….AND…. 

   

   4.  Summary 
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