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The motivation and aim of the talk.

* 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” .

[ Avinash Agarwal et al. PHYSICAL REVIEW C 103, 034602 (2021)]

The aims of this work are

* To calculate the yield of evaporation residues formed in the incomplete
fusion reactions in the framework of the dinuclear system model.

* To explore a role of physical quantities determining the cross section of
the incomplete fusion processes.



The citation from the report of the reviewer of the paper by
A.K. Nasirov et al., Physics Letter B 842, (2023) 137976.
"A new dynamical mechanism of incomplete fusion in heavy-ion collision"

“Understanding such (incomplete fusion) experiments has renewed interest in
the formation of superheavy elements.

The authors show that their model description, without additional adjustment,
reproduces the experimental data qualitatively. This and the interpretation of this

specific exit channel provide an interesting insight into the experiment and might
be interesting for future studies.”

This is a result of the fruitful cooperation of the nuclear physicists of India, Russia and Uzbekistan in JINR.



The popular mechanism of incomplete fusion in heavy-ion collisions
since 1961 from the first experiment:
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Role of the orbital angular momentum in the reaction mechanism.
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The role of the centrifugal forces was discussed by Prof. Vadim Volkov in his paper
Centrifugal fragmentation of a dinuclear system in the process of its evolution toward a
compound nucleus V. V. Volkov Physics of Atomic Nuclei volume 70, pages 2046—-2053 (2007)
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isotopes of elements whose charge number Z ranges from 2 to 17[10, 11].



https://link.springer.com/article/10.1134/S106377880712006X#auth-V__V_-Volkov-Aff1
https://link.springer.com/journal/11450

Competition between quasifission and formation of the compound nucleus is
the other reason causing decreasing of the probability of synthesis of
superheavy elements. The quasifission is dominant in cold fusion processes.
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Role of the orbital angular momentum in the reaction mechanism.
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Experimental setup to observe evaporation residues which are formed in

complete and incomplete fusion reactions.

Experiment was performed in Inter University Accelerator Centre in New Delhi .

1%Ho - Target

Faraday cup
’w

Al-catcher

3¢ ion-beam

—)

Figure 2.6: (Color online.) A schematic diagram of target-catcher foil

arrangement used for the study of excitation function measurements.
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A. Agarwal et al., Phys. Rev.C 105, 034609 (2022).

D. Singh et al., Phys. Rev.C 79, 054601 (2009).



Main reaction channels of the heavy ion collisions
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Two mechanisms of formation of the evaporation residues
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Dependence of incomplete fusion contribution on the entrance channel
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Comparison of the cross sections of the capture, complete fusion,
guasifission cross sections
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Competition of different reaction mechanisms in complete fusion of colliding nuclei at
synthesis of 2/?Ds

324 -
% 322:
2 [

a [
$ s20f
318 [
\C 316

W o314l

15

324

] 8

320 [

318 [

Ezot’ VCoqumb+ |/nuclear (MeV)

316 [

314 [

A. K. Nasirov et al,
Eur. Phys. Jour. A55, (2019) 29. 16



Calculation of the competition between complete fusion and quasifission:
'Dcn(EDNS'L)
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Fazio G. et al, Modern Phys. Lett. A 20 (2005) p.391 17



Calculation of the charge distributions.
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Details of calculation of the matrix elements are presented in papers:
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Nucleon transfer coefficients for evolution of the charge asymmetry of
dinuclear system
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Classical equations of the radial and tangential motions with
the kinetic coefficients which are calculated microscopically
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A.K. Nasirov et al., Nucl. Phys. A 946 (2016) 89.
B.M. Kayumov et al., Phys. Rev. C 105 (2022) 014618.
A.K. Nasirov et al. Eur. Phys. J. A 49 (2013) 147.
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Appearance of the hindrance to complete fusion
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Appearance of the hindrance to complete fusion




The excitation energy of dinuclear system as a function of the
beam energy and orbital angular momentum
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Driving potential of dinuclear system for the reaction 180+165Ho0 and

dependence of its excitation energy on the orbital angular momentum L.
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Partial capture cross section (mb)
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Y, (Z=2)

Partial cross section of the incomplete fusion
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Contact time (1 0* S)
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Solutions of the transport master equations for the evolution and
decay dinuclear system formed in reaction 1*0+'%°Ho
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Solutions of the transport master equations for the evolution and
decay dinuclear system formed in reaction 1*0+'%°Ho
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Partial cross sections of incomplete fusion in the ¥0+%°>Ho reactions
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Experimental data obtained from the paper by H. Bruchertseifert et al.,
Soviet Journal of Nuclear Physics; v. 33(6); p. 778=-782 (1981)).
The conjugate nucleus !%?Au has enough small excitation energy E* .. (L) .
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Explanation of the formation of the cold conjugate nucleus in the incomplete fusion.

This work has been published in A. K. Nasirov, B.M. Kayumoy, O. K. Ganiev, G.A. Yuldasheva
Phys. Lett. B 482, 137976 (2023).
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Comparison of the experimental and theoretical results the formation of the
evaporation residues accompanied by emission of 3 neutrons in the
incomplete fusion and complete fusion reactions.

c(mb)

L L B L L L L ILIL N B L L B BB LR B BB
"0+ Nb Ag(a3n) channel
1000 k i
s 5 ®F ®g
100 b . LI
F []
10 i
- m Exp. [Agarwal Phys.Rev.C103-034602]
- DNS model results
1 |
F bl Exp. [Agarwal Phys.Rev.C103-034602] 3
s : ; DNS model results
0.1 B2u ooiin o § oms sifa s soelio mn fmas oo e bal ema s Lot i oy sua i gws o [0 )0} [ S P B IS B NI I S PRI S W B
50 55 60 65 70 75 80 85 90 95 100 105 50 55 60 65 70 75 80 85 90 95 100 105
E,, (MeV) ., (MeV)

34



Comparison of the experimental and theoretical results the formation of
the evaporation residues accompanied by emission of 4 neutrons in the
incomplete fusion and complete fusion reactions.
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Comparison of the experimental and theoretical results the formation of the
evaporation residues accompanied by emission of 5 neutrons in the incomplete
fusion and complete fusion reactions.
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Comparison of the results by dinuclear system model and PACE4 code.
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Comparison of the results by dinuclear system model and PACE4 code.
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Comparison of the results by dinuclear system model and PACE4 code.
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Conclusion

We can conclude that the incomplete fusion is a quasifssion in the region of

the very asymmetric masses. Projectile nucleus transforms into a-particle during
evolution of the dinuclear system formed as the capture. a-particle could not

be transformed to the partner nucleus due to hindrance caused by the centrifugal force
and this force throws away a-particle.

The difference between the evaporation residue cross sections in complete fusion
and incomplete fusion is explained by the strong increase of the intrinsic fusion barrier
at large angular momentum of the dinuclear system. Therefore, contribution from the

evaporation residues formed in the incomplete fusion increases in the large values of the
beam energy.
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