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Projects:
• Microscopic models for exotic nuclei and nuclear astrophysics

• Low-energy nuclear dynamics and properties of nuclear systems

• Quantum few-body systems

• Relativistic nuclear dynamics and nonlinear quantum processes

Не удается отобразить рисунок.

Publication activity: About 350 papers in the peer-reviewed
journals for 5 years. 

PAC for Nuclear Physics   26.01.2023



Scientific Staff 
Habilitation PhD No degree Total

Nuclear
Physics 27 24 9 60

Including: 3 PhD students
4 Students

49 – full-time positions
11 – half-time positions



Project:
Microscopic models for exotic nuclei and nuclear astrophysics

V.Voronov, A.Dzhioev



A.A. Dzhioev, K. Langanke, G. Martinez-Pinedo, A.I. Vdovin, Ch. Stoyanov
Unblocking of stellar electron capture rates for neutron-rich N = 50 nuclei at finite temperature
Phys. Rev. C 101 (2020) 025805

Electron capture rates as functions of core
density during a supernova collapse.

Neutron-rich nuclei with N close to 50 are abundant in the
core during a supernova collapse. The N = 50 shell gap
could serve as an obstacle for electron captures in
supernovae blocking GT transitions. However, the finite-
temperature calculations show that this blocking is overcome
at finite temperatures due to thermal excitations.

Nuclear Astrophysics



First calculation of the γγ -decay width of a nuclear 2+
1 state: The case of 48Ca

A. P. Severyukhin, N. N. Arsenyev, N. Pietralla, Phys. Rev. C 104, 024310 (2021)

The γγ-decay reactions are formally analogous to neutrinoless double-β
decay processes where in the latter two β-particles and in the former two
γ-quanta appear in the final state and share the total transition energy.

Competitive γγ -decays open up new approaches to aspects of nuclear
structure. The γγ / γ -decay of the low-energy quadrupole state of an
even-even nucleus is studied. Choosing the first excited state of 48Ca as
an example, its γγ / γ branching ratio of 3x10-8 is computed for the first
time for an even-even nucleus. This prediction can be tested
experimentally. This work elucidates a new way to test our understanding
of collective modes of nuclei and opens a perspective area of research.



Phys.Rev. C 105, 024311 (2022)



Microscopic shell-model counterpart of the Bohr-Mottelson model

Two fundamental models of nuclear structure:
1) Bohr-Mottelson collective model – Nobel Prize (1975);
2) Shell Model – Nobel Prize (1963);

H. G. Ganev

The BM CM has proved to be very successful in describing the low-lying excitations in 
different nuclei with various collective properties (rotational, vibrational, transitional).

 How the BM collective dynamics is related to the more complete SM many-fermion 
dynamics?

 Solution: by algebraic approach  
 Embedding: 
1) In the one-component SM theory /G.Rosensteel and D.Rowe, Phys.Rev.Lett.38,10(1977)/    

BM → Sp(6,R) model (rotations with vorticity + Giant Resonance vibrations; 
no γ-unstable submodels of BM)

2) In the two-component proton-neutron SM theory
/H.G. Ganev, Eur.Phys.J.A57,181(2021)/

BM → PNSM with Sp(12,R) dynamical group, containing:
a) Sp(6,R) submodel
b) a large class of γ-unstable type submodels

The problem: giving the BM model a microscopic foundation!
(or embedding of the BM model in the SM) ⇒

EPJ A 58, 182 (2022)



R.V.Jolos, E.A.Kolganova, Phys. Lett. B 820, 136581 (2021)



Project:

Low-energy nuclear dynamics and properties of nuclear systems

S.Ershov, N.Antonenko





Ma.von Tresckow, M.Rudigier, T.M.Shneidman et al.

“New evidence for alpha clustering structure in the ground state band of 212Po”
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L. A. Malov, G. G. Adamian, N. V. Antonenko, H. Lenske

“Shaping the archipelago of stability by the competition 
of proton and neutron shell closures”



Juhee Hong, G. G. Adamian, N. V. Antonenko, M. Kowal, P. Jachimowicz
Isthmus connecting mainland and island of stability of superheavy nuclei
Phys. Rev. C 106, 014614 (2022)

For the 48Ca +232Th → 277Ds+3n reaction, we predict a maximum cross
section σ3n ≈ 0.1 pb, which is smaller than the experimental production
cross sections in the 48Ca +226Ra → 270Hs+4n reaction and σ3n ≈ 3, 10, 3
pb in the reactions 48Ca+238U → 283Cn+3n, 48Ca+242,244Pu → 287,289Fl+3n,
48Ca+245,248Cm → 290,293Lv+3n, respectively. The nucleus with Z = 110
seems to be the boundary nucleus between the mainland (where the last
nucleus is Hs) and the island (archipelago) of stability of superheavy
nuclei. In other words, the Ds nucleus is located at the isthmus connecting
the island of stability and the mainland from the side of a relatively
neutron-rich nuclei.

The production cross section on the atomic number Z from Hs to Lv has a 
minimum in the Ds nucleus.

Hot and cold fusion reactions leading to the same superheavy evaporation residue
Eur. Phys. J. A (2022) 58:180
Employing the 48Ca+233U reaction in the 4n-evaporation channel, one can directly produce
the 277Cn isotope, which was previously synthesized in the 1n-evaporation channel of the
cold fusion reaction 70Zn+208Pb. The production cross sections are comparable within the
experimental and theoretical uncertainties.



I.S. Rogov, G.G. Adamian, N.V. Antonenko

“Cluster approach to spontaneous fission of even-even isotopes of 
U, Pu, Cm, Cf, Fm, No, Rf, Sg, and Hs”

Phys. Rev. C 105 (2022) 034619



H. Pasca, A. V. Andreev, G. G. Adamian, N. V. Antonenko

“Simultaneous description of charge, mass, total 
kinetic energy, and neutron multiplicity distributions 

in fission of Th and U isotopes”





S. N. Ershov, S. A. Rakityansky

"Jost matrices for some analytically solvable potential 
models"







Project:

Quantum few-body system

A.Motovilov, V.Melezhik



2022



We performed calculations with quantum-quasiclassical approach in which 
relative dynamics of a neutron with respect 10Be   is described by the 3D 
Schrödinger equation                        integrated simultaneously with the 
Hamilton equations                                         , which describe the relative
Be – Pb motion. It includes the projectile deformation and the energy 
transfer between the target and projectile.

11Be + 208Pb → 10Be + n + 208Pb                            

Our calculations are so far the only ones in the
region around 10 MeV/nucleon, which is of great
interest,  since this is the energy range of HIE-
ISOLD at CERN and the future ReA12 at MSU



O. Chuluunbaatar1, A.A. Gusev1, S.I. Vinitsky2 and A.G. Abrashkevich3, P.W. Wen4, C.J. Lin5, KANTBP 3.1: A program for computing energy 
levels, reflection and transmission matrices, and corresponding wave functions in the coupled-channel and adiabatic approaches, 
Comput. Phys. Commun. 278, pp. 108397–1–14 (2022).
1MLIT, JINR,  2BLTP, JINR,3IBM Toronto Lab, Canada, 4CIAE, Beijing,China, 5GNU, Guilin,China

Fusion cross sections for 64Ni+100Mo ((a) in linear scale and (b) in logarithmic scale) and 36S+48Ca ((c) in linear scale and 
(d) in logarithmic scale). The experimental data (open circles) from Ref. [C.L. Jiang, et al, Phys. Rev. C 71 (2005) 
044613; A.M. Stefanini et al, Phys. Rev. C 78 (2008) 044607] are shown for reference. The calculations are performed 
with the Woods-Saxon potential derived from the commonly adopted Akyüz-Winther parameterization, and 26 coupled 
channels are considered in the calculations. The results are calculated by means of the modified Numerov (MNumerov) 
method in the program CCFULL [K. Hagino, et al, Comput. Phys. Commun. 123 (1999) 143–152.] (dotted line), the 
improved Numerov method (MNumerov_2010) in the latest version of the program CCFULL [K. Hagino (2010), 
www2.yukawa.kyoto-u.ac.jp/~kouichi.hagino/ccfull/ccfull.f.] (dashed line) and KANTBP (solid line). 

A FORTRAN program for calculating 
energy values, reflection and 
transmission matrices, and 
corresponding wave functions in a 
coupled-channel approximation of the 
adiabatic approach is elaborated and 
published in CPC Program Library. 

Results of benchmark calculations for 
the fusion cross sections of 36S+48Ca, 
64Ni+100Mo reactions are presented in 
figures. KANTBP 3.1 calculations 
show a good agreement with 
experimental data in the both low, 
medium and high  energy.   CCFULL  
calculations [CPC 123 (1999) 143 and 
its modification (2010))] show  a good 
agreement with  experimental data 
only in medium energy.



PHYSICAL REVIEW LETTERS 128, 053001 (2022)
Ion and Electron Momentum Distributions from Single and Double 
Ionization of Helium Induced by Compton Scattering 
M. Kircher ,….., O. Chuluunbaatar, Yu. V. Popov, ….., R. Dörner.

Various cross sections of double Compton ionization of a helium
atom by a photon with an energy of 40 KeV were measured using
the COLTRIMS detector. The results were compared with
theoretical calculations within the A2 nonrelativistic approximation.
For the first time, the momentum profile of the nucleus was
experimentally obtained in this way.

Fig. Single differential cross section of
double ionization of a helium atom vs
nuclear momentum. Different curves
correspond to pairs of initial and final
trial wave functions with different
degrees of electronic correlations.

Presenter
Presentation Notes
Схема измерения полного дифференциального сечения двойной комптоновской ионизации атома гелия в установке COLTRIMS  



New mechanism for cooling ions in RF Paul traps:
to use buffer atoms near confinement-induced resonance (CIR)

It is shown:  using CIR in atom-ion trap can resolve            
long-standing problem of reaching quantum degeneracy of ions

CIR

cooling !!!

heating

ion energy after collision



Project:

Relativistic nuclear dynamics and nonlinear quantum processes

S.Bondarenko, A.Larionov



A.I. Titov , U. Hernandes Acosta, B. Kampfer,
PRA 104,(2021), NJP 23,(2021),PRA,103(2021), 
Eur.Phys.J.ST 230 (2021) 2445-2560

Further studying nonlinear, essentially multiphoton
processes in quantum electrodynamics

LULXE

LUXE-Collaboration (DESY) 
experiment

t

Predictions for LUXE experiment

Key process: positron distribution at largest еmerging European laser project 
(XFEL, DESY) 

The e+e- pair production rate is expressed as a convolution 
nonlinear hard Compton photon  production in e- laser interaction and  nonlinear 
Breit-Wheeler e+e- production in γ− laser interaction. The number of laser photons 
involved in process may reach dozen thousand depending on laser field intensity 

Positron distribution in E144 
(SLAC experiment (1997))

паа

(positron 
momentum) 

(positron energy) 
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Agreements with theoretical groups from other institutes

BLTP – Germany (Heisenberg – Landau Program) since 1991

BLTP – Romania (Titeica – Markov Program) since 2003

BLTP – APCTP (Republic of Korea) since 2007

BLTP – Bulgaria (Soloviev – Khristov Program) since 2009

BLTP -- ITP CAS (China)
BLTP -- Egypt

since 2010
since 2019

Long-term cooperation with groups from France, Brazil, Hungary, India, Poland, 
Serbia, Belarus, Kazakhstan, Uzbekistan, South Africa, Sweden, Czech, UK, 
Moldova, Spain, and Russia

Cooperation with JINR Labs: FLNR, DLNP, MLIT, FLNP, LHEP



Concept of Theme «Theory of Nuclear Systems»

Development of theoretical Applications for experiments
methods

Multidisciplinar nature

Attraction of young researchers in nuclear theory

Our future theoretical studies will be closely related to the programs of
operated and commissioning facilities at JINR (SHE-factory,
ACCULINA-2) and in the world (FAIR, ISOL facilities HIE-ISOLDE,
SPES, SPIRAL2, FRIB, RAON, HIAF). The studies of heavy-ion
collisions at high energies will be related to the NICA project at JINR.
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