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Ø  Fusion: dominant reaction mechanism in heavy-ion collisions 
       at low bombarding energies 
 
 
 
  

Vb 

E > Vb 

classical mechanics 



4/30 Dominique BOURGIN                       XXIIIe  Congrès Général SFP                       28.08.2015 

E > Vb 

Vb 

classical mechanics 

Ø  Fusion: dominant reaction mechanism in heavy-ion collisions 
       at low bombarding energies 
  



4/30 Dominique BOURGIN                       XXIIIe  Congrès Général SFP                       28.08.2015 

E < Vb 
Vb 

classical mechanics 

Ø  Fusion: dominant reaction mechanism in heavy-ion collisions 
       at low bombarding energies 
  



4/30 Dominique BOURGIN                       XXIIIe  Congrès Général SFP                       28.08.2015 

E < Vb 
Vb 

classical mechanics 

Ø  Fusion: dominant reaction mechanism in heavy-ion collisions 
       at low bombarding energies 
  



4/30 Dominique BOURGIN                       XXIIIe  Congrès Général SFP                       28.08.2015 

E < Vb 
Vb 

classical mechanics 

Ø  Fusion: dominant reaction mechanism in heavy-ion collisions 
       at low bombarding energies 
  



4/30 Dominique BOURGIN                       XXIIIe  Congrès Général SFP                       28.08.2015 

E < Vb 
Vb 

quantum mechanics 

Ø  Fusion: dominant reaction mechanism in heavy-ion collisions 
       at low bombarding energies 
 
 
 
Ø  Fusion through the Coulomb barrier: 

quantum tunneling 
 
Ø    Studying the interplay between nuclear 

  structure and reaction dynamics 

Ø    58,64Ni + 58,64Ni and 40,48Ca + 40,48Ca 
  



4/30 Dominique BOURGIN                       XXIIIe  Congrès Général SFP                       28.08.2015 

Vb 
E < Vb 

quantum mechanics 

Ø  Fusion: dominant reaction mechanism in heavy-ion collisions 
       at low bombarding energies 
 
 
 
Ø  Fusion through the Coulomb barrier: 

quantum tunneling 
 
Ø    Studying the interplay between nuclear 

  structure and reaction dynamics 

Ø    58,64Ni + 58,64Ni and 40,48Ca + 40,48Ca 
  



5/30 

Ø  Studying the influence of 40Ca and 58,64Ni nuclear structures 
on the fusion process 

Ø  Fusion cross section measurements 

 
  

XTU Tandem accelerator 
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reaction chamber 

58,64Ni 
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Ø  Fusion excitation functions 
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Ø  Nucleon transfer Q-values [MeV] 

 
 
 
 
  

System +1n +2n -1p -2p 

40Ca+58Ni -3.8 -2.5 -3.8 -3.6 

40Ca+64Ni -1.2 +3.5 +0.3 +4.2 

58,64Ni        40Ca 
n 
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40Ca        58,64Ni 
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In collaboration with C. Simenel, Department of Nuclear 
Physics, RSPE, Australian National University, Australia 

Ø  Time-Dependent Hartree-Fock calculations:  

 scattering process        fusion process 
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58Ni + 40Ca 

Ø  Barrier distributions 
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Ø  Barrier distributions 
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Ø  Influence of the nuclear structure of the colliding nuclei on the 
fusion process for 40Ca + 58,64Ni 
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Ø  Nucleon transfer cross section measurements 

Ø  XTU Tandem accelerator and 
       PRISMA magnetic spectrometer 
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Ø  Nucleon transfer cross section measurements 
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!! 
σ f (Ec .m. )=

R0
2

2Ec .m.
!ω0 ln(1+e
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(Ec .m.−V0 ))

Ø  Barrier width 

Ø  Fit of the two fusion excitation functions with the Wong 
formula 

 
Ø  Wong formula:   
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Ø  Barrier width 

 
 
 
 
  System ħω0  

[MeV]  

V0 

 [MeV] 

R0  
[fm] 

40Ca+58Ni 4.8 ± 0.2 71.2 ± 0.1 
 

8.5 ± 0.1 
 

40Ca+64Ni 6.1 ± 0.2 69.1± 0.1 8.4 ± 0.1 
 

!! 
σ f (Ec .m. )=

R0
2

2Ec .m.
!ω0 ln(1+e

2π
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Ø  Barrier width   
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Ø  Barrier distributions for 40,48Ca + 40,48Ca 
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Ø  Logarithmic derivative for 40Ca + 48Ca 
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Ø  Logarithmic derivative for 58Ni + 58Ni 
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Ø  Logarithmic derivative for 64Ni + 64Ni 
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