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BLTP’s Scientific Policy 
Development of research in Theoretical Physics  

on the basis of Advanced Mathematics; 

Multidisciplinary research; 

Support of the JINR  Experimental Programme;  

Strengthening of the efficiency of scientific staff  through 

the interplay of  Research and Education. 
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Bogoliubov Laboratory of Theoretical Physics 

 
Publications, 2014 

Journals & Conf. Proc ~ 490 

 

Educational Activity 

More than 40  lecture courses at JINR UC,  

DIAS-TH, Moscow U., Dubna U., MPTI, etc. 

Conferences and Schools 

Total  -  16 (~ 1000 participants) 

DIAS-TH and Helmholtz Schools  - 4 

> 20 countries were represented 

Awards, Grants and Fellowships 
 

Outstanding APS Referee Award –  V.S. Melezhik 
 

Panarmenian Award by World Armenian Congress “Best scientific work” - V. Sargsyan 

The Grant of RF President for Young Scientists – A.Bednyakov, A. Pikelner 

Fellowship for Young International Scientists of CAS –   T. Schneidman 

Fellowship FAIR Russia Research Center Young Scientist – I.Egorova 
 

Dozens of grants:  RFBR, RFBR-CNSF, RFBR-DFG, RFBR-CNRS, etc. 

 

                  



High precision calculations for LHC 
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Field-theoretical approach to neutrino oscillations 

The  field-theoretical approach to neutrino oscillations was developed.  It 

was shown that the higher-order corrections to  the large-distance asymptotic 

behavior of the wave-packet modified neutrino propagator could lead to the  

observable effects of breakdown of the classical inverse-square law (ISL) 

at short but macroscopic distances. A statistical analysis of available 

reactor data suggests that the ISL violation could be fully or partially 

responsible for the reactor anomaly observed in SBL experiments.    

 

V. Naumov, D.S. Shkirmanov,  Eur. Phys. J. C 73 (2013) 

    



Topological gluon configurations and deconfinement transition in QCD 

     

V. Bornyakov, E.-M. Ilgenfritz, B. Martemyanov, V. Mitrjushkin, M. Muller-Preussker, Phys.Rev.D 87 (2013) 

In pure gluodynamics with increasing temperature, topological succeptibility drops sharply  

down just at the deconfinement transition.  In Lattice QCD, the topological susceptibility –   

Indicator for the transition itself. The large-scale topological objects play a major role in the  

change of thermal gauge field ensembles at the deconfinement phase transition in  

gluodynamics and at the crossover phenomenon in full QCD.  

  

QCD vacuum structure under extreme conditions:  

Lattice QCD  



Transverse momentum dependence of the 

directed flow for pions  produced in peripheral 

Cu+Au collisions  at   √s
NN

 = 200 GeV.  Filled and 

empty circles correspond to pions π
+
 and π

-
  

respectively .  

                         Relativistic Heavy Ion Physics:                             

Charge-dependent directed flow in asymmetric nuclear collisions 

The new effect of splitting of the directed flow  of identified hadrons with  opposite electric charges was 

predicted for the asymmetric system Cu+Au in non-central collisions at √s
NN

=200GeV.   Due to the difference 

in the number of protons of the colliding nuclei an electric field emerges which is directed from the heavy to 

the light nucleus. This strong electric field leads to a splitting of the directed flow  for particles with the same 

mass but opposite electric charges.   It is shown that this splitting as a function of the transverse momentum  

provides a direct access to the electromagnetic response of the very early nonequilibrium phase of relativistic 

heavy-ion collisions.                                                  
 

V.Voronyuk, V.Toneev, S.Voloshin and W.Cassing, Phys. Rev. C  90 (2014)  



Electric field  in asymmetric collisions 

V. D. Toneev et al.        

 Cu-Au       √sNN   =200 GeV       Au-Au 

Due to the difference in the number of protons of the colliding 

nuclei an  electric field directed from the heavy to the light 

nucleus. emerges in the nuclear overlapping region  



Structure of heaviest nuclei 
N.Yu. Shirikova, A.V. Sushkov, R. V. Jolos, V.G.Kartavenko, V.O.Nesterenko, 
L.A.Malov, G.G.Adamian, N.V.Antonenko, A.N.Bezbakh 
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Properties of Nuclei at the Border of Stability  

The development of modern microscopic methods to predict 

and describe spin- and isospin properties of exotic nuclei.  

A.P. Severyukhin, V.V. Voronov, 
I.N. Borzov, N.N. Arsenyev et al. 
 

Energies and B(E2) values for up 
transitions to the 2+

1 QRPA states in the 
neutron-rich N = 50 isotones.  Results of 
the calculations without the tensor 
interaction (open triangles) and with 
the tensor interaction (filled triangles) 
are shown. Experimental data (filled 
diamonds) 
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Inelastic neutrino scattering off hot nuclei in supernova environments  
Alan A. Dzhioev, A.I. Vdovin, J. Wambach, V. Yu. Ponomarev 
Phys. Rev. 89 (2014) 035805 

   

The cross sections of neutrino neutral-

current inelastic scattering off the hot 

nucleus 56Fe  calculated within the 

present approach and the LSSM+RPA 

approach. The solid and dashed lines 

show the present results for the two 

temperatures. The dash-dotted and 

dash-double-dotted lines show results of 

the LSSM+RPA approach for the same T 

values. 

Inelastic neutrino scattering off hot nuclei for temperatures relevant under supernova 

conditions was studied. Thermodynamically consistent method based on the thermo 

field dynamics was used. It is shown that the main contribution to inelastic ν-A scattering  

at Eν <10 MeV is due to the de-excitation processes of  hot nuclei. The de-excitation is 

responsible also for the emission of pairs from hot nuclei.  At the energies Eν < 10 MeV 

the present results for σ(ν-A) are larger than the previous ones (based on the shell 

model) by an order of magnitude.  

  



Heavy Ion Reactions  

- Study of nuclear dynamics at low energies 

• Mechanisms of fusion, quasifission, and multinucleon transfers 

• Sub-barrier reactions and reactions of astrophysical interest 

• Cluster features of fission 

• Study of the ways to produce superheavy nuclei and unknown 
isotopes 
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- Influence of properties of superheavies on their formation and decay 
 
G.G.Adamian, N.V.Antonenko, R.V.Jolos, A.K.Nasirov, V.G.Kartavenko,  
L.A.Malov, T.M.Shneidman, A.Sushkov, A.N.Bezbakh 

Calculated (symbols connected by 

lines) and experimental energies of 

α decay of the nuclides with even Z 

from the range 108 ≤ Z ≤ 126. 

Two-center shell model.    
Conclusions: the next 
magic nucleus after  208Pb 
has the charge  Z ≥ 120 
and the half-life (Z=120, 
N=175-179): 1,7ms – 0,16s 

Predictions of shell closures in the region of unknown nuclei. 



Study of production of new isotopes 
 
- in transfer reactions with stable and radioactive beams 

The predicted cross 
sections of the production 
of neutron-rich isotopes 
170-178Dy in the transfer 
reactions. The symbols 
correspond to the 
indicated reactions and 
solid lines trace the results 
for the same isotopes. 

For example, 58Ni+58Ni → 100In or 101Sn in 12C3n evaporation channel. 



 Efimov Physics and Beyond 
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4He_3 Measurements: 

 [M.Kunitski M. et. al.Science 348 (2015) 551] 

*

1| | 0.98 0.2mKES dE   

  4He_3 Predictions: 

*

1| | 0.972mKES dE  

o

1.3035mK 100.23Ad scl   

 E.A.Kolganova,  A.K.Motovilov,  W.Sandhas,    
 

*

1126.507mK 2.276mKGS ESE E 

A: Dependence of the binding energies of the ground 

(GS) and first excited (1ST) states of the He trimer on 

the scattering length calculated by scaling the He-He 

potential. 

B and C: Structure of the excited and ground states of 
4He_3. 

Future plans:    
     Search for Efimov resonances in three-body systems of 
other noble gas atoms;      
     Study of universal properties of few-body systems 
beyond the Thomas-Efimov effects. 
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.AA A concept for a graphene tunnel field-effect transistor has been proposed  The main idea is based on the use of two 

graphene electrodes with zigzag termination divided by a narrow gap under the influence of the common gate. The 

analysis shows that such device will have a pronounced switching effect at low gate voltage and high on/off current ratio 

at room temperature. 

 

Approved Patent: RU 2014103818  



Yu. M. Shukrinov, I. R.Rahmonov, M. A. Gaafar, Phys.Rev.B  86 (2012) 

Variation of Longitudinal Plasma Wavelength under Irradiation  

in Coupled Josephson Junctions 

Intrinsic Josephson junctions in high 

temperature superconductors are the sources 

of the coherent electromagnetic radiation in 

terahertz region of frequencies. 

     

A precise numerical study of phase dynamics 

in high-temperature superconductors under 

electromagnetic radiation was performed.  A 

remarkable change in the longitudinal plasma 

wavelength at parametric resonance was 

shown. Double resonance of the Josephson 

oscillations with radiation and plasma 

frequencies leads to additional parametric 

resonances.  

 

 

An external electromagnetic radiation can 

change the longitudinal plasma  

wavelength, excited at parametric 

resonance. Figure illustrates  the  change 

of plasma wavelength with increase of the 

amplitude of external radiation. 



    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SELECTED RESULTS 

 
 

 Math. Phys & Condensed Matter Physics:  
 
 
 
 

Twisted toroidal vortex-solitons in a Bose-Einstein condensate 
 
 

New 3-dimensional twisted toroidal vortex-solitons were found in the  Gross-Pitaevsky model  for inhomogeneous 
media with repulsive nonlinearity.  Configurations of this type were implemented in Bose-Einstein condensate by 
means of the Feshbach resonance controlled by inhomogeneous magnetic fields. 
 

Y.V. Kartashov, B.A.Malomed, Y.Shnir, and  L.Torner ,  Phys. Rev. Lett. 113 (2014)  

Twisted toroidal field configurations  are labeled by two independent winding numbers. 



Dubna International Advanced School of Theoretical 
Physics (DIAS-TH) 

Training courses for students, graduates, and young 
scientists in the JINR Member States and other 
countries. 

Looking for and supporting gifted young theorists in 
the JINR Member States. 

Organization of schools of different scales in Dubna 
and coordination with similar schools. 

Cooperation with the JINR University Center in training 
students and postgraduates as well as in organizing 
schools for students. 

Publication of lectures  with the use of modern 
electronic equipment. 
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Thank you for your attention! 





Dmitrii Ivanovich Blokhintsev (11.01. 1908 – 

27.01.1979), one of the pioneers of  atomic science 

and technology in USSR, the organizer and the first 

director of the JINR. 

Main scientific results in the fields: 

•Quantum mechanics 

•Acoustics of an inhomogeneous moving medium 

•Neutron physics 

•Quantum field theory 

•Paricle physics  

1954 – the scientific supervisor of creation and putting 

into     operation of the world first atomic power station. 

1956- 1965 – the JINR Director 

1965 – 1979 – Director of Lab of Theoretical Physics  




