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Experimental fusion excitation function 
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CCM: Coupled channels model –
reasonable for the subbarrier cross sections

BPM: Single barrier penetration model –
gives the upper limit of excitation function

TMSF: Trajectory model with surface 
friction –
accounts for the energy dissipation; moves 
down the excitation function

Theoretical description 

2



M3Y effective NN (nucleon-nucleon) 
interaction [2-4]

Migdal effective NN interaction [5]

Double folding potentials with 

[2] Satchler, Love, Phys. Rep. 55, 183 (1979)
[3] Bertsch et al., Nucl. Phys. A 284 (1977) 399
[4] Anantaraman et al. Nucl. Phys. A 398 (1983) 269
[5] Migdal, Theory of Finite Fermi Systems and Applications 
to Atomic Nuclei (Interscience, New York, 1967)

3



Comparison of our fluctuation-dissipation  
model with the experiment for a single 
reaction
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M3Y vs experiment    (91 points)
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Double‐folding model with Migdal forces:

The quote from
Zagrebaev et al., Phys. Elem. Part. At. Nucl. 38, 892 (2007). 
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Double‐folding model with Migdal forces:
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Two versions of the NN potential

16O+208Pb 
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M3Y vs Migdal:
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Systematic comparison 
of the barriers

Barrier heights

Barrier radii
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Comparison of BPM cross sections with 
the experimental ones for a single 
reaction
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Comparison of BPM cross sections with 
the experimental ones for a single 
reaction
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exp/thrσ σ σ= (1)

Migdal vs experiment    (91 points)
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Conclusions Conclusions 
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The comparison made for 19 reactions with spherical nuclei 
revealed that the Migdal barriers are always higher by several 
percent than the M3Y barriers.

This results in rather low fusion cross sections calculated  with the 
Migdal forces: 

most of the calculated cross sections significantly (up to 40%) 
underestimates the experimental values.

Using the Migdal nucleon‐nucleon interaction with the constants 
from Ref. [5] for describing fusion (capture) cross sections is 
questionable.
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Fig. 030. Comparison of the experimental charge density [10] with the 
calculated one within the Hartree‐Fock approach with the SKX 
coefficient set
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Two versions of the NN potential

16O+208Pb 



M3Y vs Migdal NN forces

Systematic comparison of  the

fusion barrier parameters:
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It was shown in Refs. [1, 2] that the high energy parts of the heavy ion fusion 

excitation functions can be successfully reproduced within the framework of the 
double folding approach. The major ingredients of this approach are the nuclear 
densities and the effective nucleon-nucleon interaction [3]. In [1, 2] the well-
known M3Y NN forces [4, 5] were used. However sometimes in the literature 
the Migdal NN forces [6] are used to calculate the nucleus-nucleus potential  
[7, 8]. The question is to what extent the fusion barrier heights are different 
when calculating interaction potentials within the double folding approach with 
two options of the nucleon-nucleon interaction: the M3Y and the Migdal ones. 

In the present work we address this question performing systematic 
calculations of the fusion barrier height for zero angular momentum, UB0. In our 
calculations the nuclear densities came from the Hartree-Fock approach with the 
SKX coefficient set [9, 10]. The charge densities obtained within these 
calculations are shown to be in good agreement with the experimental data  
[11, 12]. The values of UB0 are calculated in the wide range of the value of the 
parameter  1/ 3 1/ 3/Z P T P TB Z Z A A  : it varies from 10 MeV up to 150 MeV. 

Only spherical nuclei from 12C up to 208Pb are considered.  
Our calculations make it possible to draw definite conclusions about the 

applicability of the Migdal NN forces for describing the nucleus-nucleus 
collision. 
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