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e Introduction

* Nature of hindrance in complete fusion of the massive nuclei in heavy ion
collisions.

 Role of the entrance channel of collision in formation of the reaction
products.

* Two presentations of the complete fusion mechanism of the colliding nuclei.

Conclusions.
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Differences in the mechanisms of cold and hot fusion according to dinuclear system model

A.K. Nasirov, A.l.Muminov, G. Giardina, and G. Mandaglio,
Physics of Atomic Nuclei, 2014, Vol. 77, No. 7, pp. 881-889
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Potential energy surface for the dinuclear system, Z and A charge-mass numbers of the light fragment.
U(Z,AR)=V, (R, Z,A) +B(Z,A) + B,(Z;y — Z,Acy — A) — Bey» B; (i=1,2,CN) binding energies
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The cross sections of the synthesis of the same superheavy elements,
obtained for the cold and hot fusion reactions, shows the dependence
of the fission barrier on neutron numbers.
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1. Theoretical methods are developed on the base of the knowledge of
the reaction mechanism obtained from the experimental studies.

2. At the same time the analysis of the experimental data requires the relevant
methods allowing to identify surely the mechanism producing the observed
nuclei by detectors.

3. The successful choice of the degrees of freedom of the interacting system
depends on the assumption about the way of complete fusion.
There are two ways of complete fusion.



Two different mechanisms of the complete fusion.

Fusion mechanism as confluence of liquid drops
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Multinucleon transfer mechanism of the complete fusion suggested by Prof. Vadim Volkov
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Reasons causing a hindrance to formation of the evaporation residues in
synthesis of the superheavy elements complete fusion.
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N.V. Antonenko, V.V. Volkov, E.A. Cherepanov, A.K. Nasirov, V.P. Permyakov
Phys.Lett. B 319 (1993) p.425; Phys.Rev.C 51, (1995) p.2635. For first time
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Calculation of the competition between complete fusion and quasifission: P_ (Epys,L)-

Influence of the nuclear shell effects are in intrinsic barrier B*¢ . and in Y, charge (mass) distributions.
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Main reaction channels of the heavy ion collisions
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1. About incomplete fusion mechanism---as a type of the quasifission.

* The authors of the recent experiments concluded that “none of the theoretical models is
able to explain satisfactorily the incomplete fusion reaction dynamics at lower energies
below 10 MeV/nucleon” .

[ A. Agarwal et al. PHYSICAL REVIEW C 103, 034602 (2021)] Light fragment

Incomplete fusion

= O- { )

Mechanism of incomplete fusion which is popular during 60 years
since the first experiment was performed.
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A.K.Nasirov, et. Al. Phys. Lett. B 942 (2023) 137976

Incomplete fusion
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Classical equations of the radial and tangential motions with
the kinetic coefficients which are calculated microscopically.
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Nucleus-nucleus interaction potential
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Density dependent effective nucleon-nucleon forces

fr ()=C,(f+ f'77,+(9+09'7,7,)5,5,)
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The values of the constants of the effective nucleon-nucleon forces from the textbook gg

A.B. Migdal, “Theory of the Finite Fermi-Systems and properties of Atomic Nuclei”,

Moscow, Nauka, 1983. The constants of version Il were used in our calculations. C,=300 MeV fm-3
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Expressions for the friction coefficients
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The role of the orbital angular momentum
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Calculation of the charge distributions.
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Application of the dinuclear system model for the interpretation of the experimental data
measured at the Inter-University Accelerator Centre (IUAC), New Delhi by the group of
Prof. Indranil Mazumdar from Tata Institute of Fundamental Research, Mumbai, India.

R. SARIYAL et al. PHYSICAL REVIEW C 110, 044610 (2024)
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FIG. 17. Comparison of the theoretical (solid curve) and mea-
sured total cross sections of the evaporation residues formed in
the 2§ + '>*Sm reactions. The filled diamonds and open squares
present the experimental data of this work and the ones obtained
from Ref. [14], respectively. The dashed and dot-dashed curves are
contributions of the complete and incomplete fusion mechanisms
estimated by the DNS model, respectively.

FI1G. 16. The partial cross section of the incomplete fusion
[oicg (Eem . £)] calculated in this work for the *2S + **Sm reaction
as a function of the collision energy E.,, and orbital angular mo-
mentum £.



Role of the orbital angular momentum in the reaction mechanism.
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The appearance of the hindrance to complete fusion in reactions with the light nuclei

due to centrifugal forces in collisions with the large impact parameters.
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(A.K. Nasirov et al. Physics Letters B 842: 137976 (2023))

Potential energy surface for the dinuclear system, Z and A charge-mass numbers of the light fragment.
U(Z,AR)=V (R Z A)+B(Z,A) +By(Zey—Z,Acy — A) — Bey s B; (i=1,2,CN) binding energies
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Appearance of the hindrance to complete fusion

E*DNS(Z)= Ec.m.'V
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Comparison of the results by dinuclear system model and PACE4 code.

Theoretical result of this work Avinash Agarwal, Phys.Rev.C103-034602 (2021)]
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“Unexpected entrance-channel effect in the fission of 216Ra”
A. Yu. Chizhov, M. G. Itkis, G. N. Kniajeva, et al, Phys. Rev. C67, 011603,
(2003). Experiment.
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Conclusion

1. Experience of the synthesis of superheavy elements shows that there is

a huge hindrance for complete fusion of the colliding nuclei as a function of the mass
asymmetry of the entrance channel.

2. The hindrance to fusion increases by the increase of the angular momentum
of collision.

3. Complete fusion occurs by multinucleon transfer through the neck connecting

two fragments of dinuclear system.
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