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An appropriate scenario to investigate  
dissipation in fission  

   
   
FFFiiissssssiiiooonnn   iiisss   aaa   dddiiiffffffuuusssiiiooonnn   ppprrroooccceeessssss   ooofff   ttthhheee   fffiiissssssiiiooonnn   dddeeegggrrreeeeee   ooofff   fffrrreeeeeedddooommm   
“““qqq”””   ooovvveeerrr   ttthhheee   fffiiissssssiiiooonnn   bbbaaarrrrrriiieeerrr...   
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Time is needed to build up fission 
This time is determined by the dissipation 
We want to investigate this delay 



 

 

   MMMOOODDDEEELLL   FFFOOORRR   DDDEEESSSCCCRRRIIIBBBIIINNNGGG   FFFIIISSSSSSIIIOOONNN   AAASSS   AAA   
DDDIIIFFFUUUSSSSSSIIIOOONNN   PPPRRROOOCCCEEESSSSSS   

(((KKKrrraaammmeeerrrsss   111999444000   
GGGrrraaannngggééé   &&&   WWWeeeiiidddeeennnmmmüüülllllleeerrr   111999888000)))   

   
The process is considered as the evolution of the fission 
collective degree of freedom “q” in the heat bath formed by the 
individual states of the nucleons. 
This is described by the Fokker-Planck equation (FPE)   
   
   
   
   
   

Important parameter of FPE, dissipation coefficient  
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How to calculate ΓΓΓΓf(t)?    
   
                                                                                    FPE                                                       �    
                                                                        ββββ             W(q,t)             ΓΓΓΓf(t) 
   
Grangé-Weidenmüller calculated ΓΓΓΓf(t) under very specific 
initial conditions: 
   

   • 

• 

Dissipation coefficient β quantifies how fast the energy  
is transferred between “q” and the heat bath 
no energy in fission degree 
of freedom q 
spherical shape  



 

 

TTTiiimmmeee---dddeeepppeeennndddeeennnttt   fffiiissssssiiiooonnn   wwwiiidddttthhh   ΓΓΓΓΓΓΓΓΓΓΓΓ fff(((ttt))):::   
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ΓΓΓΓBW? 

 
TRANSITION STATE MODEL 

(BOHR-WHEELER 1939)    
 
 
 

 
 

 
 
 
  
                                                                                                                                 

level density parameter A 
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Ignatyuk et al. Nucl. Phys. 21 (1975) 612 
 

FISSION BARRIER Bf 
 

ROTATING FINITE-RANGE LIQUID-DROP MODEL 
 

A.J. Sierk, Phys. Rev. C 33 (1986) 2039 
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KKK⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅fffββββββββββββ(((ttt)))   ??????   
 

Solution Fokker Planck eq. for parabolic potential 
   

Two approximations for ΓΓΓΓf(t)  
 

ΓΓΓΓf(t) =Solution of FPE 
ΓΓΓΓf(t) = ΓΓΓΓBW⋅⋅⋅⋅K(1-exp(-t/ττττ))
ΓΓΓΓf(t) = Step Function 

ββββ=2⋅⋅⋅⋅1021s-1 
The fission width Γf is 0 at the 
beginning of the process!!! 

ττττf 

ττττf 

The 1-exp(-t/τ) description 
presents a too steep slope at the 
beginning  of the process!! 



 

EEExxxpppeeerrriiimmmeeennntttaaalll   aaapppppprrroooaaaccchhheeesss   fffooorrr   ttthhheee   iiinnnvvveeessstttiiigggaaatttiiiooonnn   ooofff   
dddiiissssssiiipppaaatttiiiooonnn   
   
………dddooonnneee   uuuppp   tttooo   nnnooowww………   

            

  FFFuuusssiiiooonnn---fffiiissssssiiiooonnn,,,   fffaaasssttt---fffiiissssssiiiooonnn 
 

• Large deformation and large angular momentum 
• Grangé-Weidenmüller model cannot be applied  
• Very complicated models needed to describe process,  

 e.g.  HICOL (H. Feldmeier, Rep. Prog. Phys. 50 (1987) 915) 
       ………ooouuurrr   aaapppppprrroooaaaccchhh………   
 
                   Peripheral heavy ion collisions at relativistic energies: 
 

• 
 

 
• 
Grangé-Weidenmüller model can be applied: 

-small shape distortion 
    -high intrinsic excitation  energies 
    -low angular momentum 

Inverse kinematics
??



 

 

EEExxxpppeeerrriiimmmeeennntttaaalll   ssseeettt---uuuppp   fffooorrr   fffiiissssssiiiooonnn   ssstttuuudddiiieeesss   

   
IIIdddeeennntttiiifffiiicccaaatttiiiooonnn   ooofff   fffiiissssssiiiooonnn   eeevvveeennntttsss:::   

   
   

   

238U(1000 A MeV) + CH2  



 

 

PPPRRROOOJJJEEECCCTTTIIILLLEEESSS   



 

IIINNNFFFLLLUUUEEENNNCCCEEE   OOOFFF   ΓΓΓΓΓΓΓΓΓΓΓΓFFF(((TTT)))   
 

Total nuclear fission cross sections in Pb  
 

 

 
 
 
 
 
 
Partial
Data are very sensitive to ΓΓΓΓf(t) 
σσσσf

tot are reproduced by 
              ΓΓΓΓf(t) =Step function, ββββ = 2⋅⋅⋅⋅1021s-1 
              ΓΓΓΓf(t) ∝∝∝∝  1- exp(-t/ττττ), ββββ=9⋅⋅⋅⋅1021s-1 

                             
 fission cross sections 
 

238U(1000 A MeV) + CH2 
 
σσσσf (Z1+Z2) are not reproduced by ΓΓΓΓf(t) ∝∝∝∝  1- exp(-t/ττττ), ββββ=9⋅⋅⋅⋅1021s-1 !!!

                             



 

 

 

AAAtttttteeemmmpppttt   tttooo   dddeeettteeerrrmmmiiinnneee   ttthhheee   rrreeellleeevvvaaannnttt   pppaaarrraaammmeeettteeerrrsss   
 

 
 
For a combination 
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PPPAAARRRTTTIIIAAALLL   FFFIIISSSSSSIIIOOONNN   CCCRRROOOSSSSSS   SSSEEECCCTTTIIIOOONNNSSS   
 

   
   

1 1.14Ign.

 0.8 

 0.6 

Sierk
f

f

B
B

1 

The theoretical expectations for  

n

f

a
a

 and Bf seem to be confirmed!!

238U(1000 A MeV) + CH2 
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xxxpppeeerrriiimmmeeennnttt   cccooorrrrrreeessspppooonnndddsss   tttooo   mmmooodddeeelll   ooofff   GGGrrraaannngggééé---   
WWWeeeiiidddeeennnmmmüüülllllleeerrr   
hhheee   dddeeeddduuuccceeeddd   dddiiissssssiiipppaaatttiiiooonnn   cccoooeeeffffffiiiccciiieeennnttt   ββββββββββββ   dddeeepppeeennndddsss      
tttrrrooonnnggglllyyy   ooonnn      ttthhheee   ssshhhaaapppeee   ooofff   ΓΓΓΓΓΓΓΓΓΓΓΓ fff(((ttt))) 
fff   ===   ΓΓΓΓΓΓΓΓΓΓΓΓBBBWWW⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅KKK(((111---eeexxxppp(((---ttt///ττττττττττττ ))))))   dddoooeeesss   nnnooottt   rrreeeppprrroooddduuuccceee   ooouuurrr       
aaatttaaa   

rrreeellliiimmmiiinnnaaarrryyy   pppaaarrraaammmeeettteeerrr   vvvaaallluuueeesss   dddeeefffiiinnneeeddd   bbbyyy   ooouuurrr   
xxxpppeeerrriiimmmeeennnttt   
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