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DETERMINATION OF TMD GLUON DENSITY IN A PROTON USING
RECENT LHC DATA

N.A. Abdulov1!, H. Jung2 , A.V. Lipatov3,4, G.I. Lykasov4 and M.A. Malyshev3

(1) Faculty of Physics, Lomonosov Moscow State University, 119991 Moscow, Russia
(2) Deutsches Elektronen-Synchrotron, 22603 Hamburg, Germany

(3) Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 119991
Moscow, Russia

(4) Joint Institute for Nuclear Research, 141980 Dubna, Moscow Region, Russia 
f E-mail: nizami.abdulov@gmail.com

Unintegrated (or transverse momentum dependent, TMD) parton distributions in a 
proton are important in high energy physics. Using the latest LHC data on the hadron 
production in pp collisions, we determine the parameters of the initial TMD gluon density, 
derived in the framework of quark-gluon string model at the low scale ~  1 — 2 GeV 
and refine its large-x behaviour using data on the tt production at \fs =  13 TeV. Then, 
by using the Catani-Ciafaloni-Fiorani-Marchesini (CCFM) evolution equation, we extend 
the obtained TMD gluon density to the whole kinematical region. We apply the proposed 
TMD gluon density to the inclusive Higgs production in different decay modes, t-channel 
single top production at the LHC and to the proton structure functions F|(x, Q2) and 
F|(x,Q2) in a wide region of x and Q2. A good agreement with the latest LHC and 
HERA data is achieved.
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CHECK OF THE STRUCTURE IN PHOTON PAIRS SPECTRA AT AN  
INVARIANT MASS OF ABOUT 38 M e V /c2

Kh.U. Abraamyan1,2! , Ch. Austin3, M.I. Baznat4, K.K. Gudima4, M.A. Kozhin1,
S.G. Reznikov1 and A.S. Sorin5

(1) VBLHEP JINR, 141980 Dubna, Moscow region, Russia
(2) International Center for Advanced Studies, YSU, 0025, Yerevan, Armenia

(3) 33 Collins Terrace, Maryport, Cumbria CA15 8DL, England,
(4) Institute of Applied Physics, MD-2028 Kishinev, Moldova

(5) BLTP JINR, 141980 Dubna, Moscow region, Russia 
f E-mail: abraamyan@jinr.ru

Results of an analysis of the effective mass spectra of photon pairs produced in dC, 
dCu and pC interactions at momenta of 2.75, 3.83 and 5.5 GeV/c per nucleon respectively, 
are presented. A structure at effective mass of about 38 MeV/c2 is observed. The results 
of testing of the observed signal are presented. The test results support the conclusion 
that the observed signal is the consequence of detection of a particle with a mass of about 
38 MeV/c2 decaying into a pair of photons.
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COMPARISON OF THE SPALLATION NEUTRON FIELD ON THE SURFACE OF 
CARBON AND LEAD TARGETS UNDER THE 660-MEV PROTON IRRADIATION

J.Adam1,2, L.Zavorka1, A.A.Baldin1, W.Furman1, S.Gustov1, K.Katovsky2,
J.Khushvaktov1,D.Kral2,A.Solnyshkin1,J.Svoboda1,2,P.Tichy13,S.Tyutyunnikov1,

J.Vrzalova13, V.Wagner4, M. Zeman1,2

1. Joint Institute for Nuclear Research, Dubna, Russia
2. University o f  Technology, Brno, Czech Republic
3. INP, Rez near Praha, Czech Republic

Massive carbon and lead spallation targets 19 cm in diameter and 100 cm in length 
were irradiated with the 660-MeV proton beam from the Phasotron accelerator at the Joint 
Institute for Nuclear Research (Dubna). A total of 26 depleted uranium and 10 aluminum 
activation samples were installed on the surface of the targets and they were irradiated with 
secondary spallation neutrons. Using the methods of gamma-ray spectrometry, we measured 
the reaction rates of 27Al(n,y1) 24Na, 27Al(n,y2) 22Na, and 27Al(n,y3) 7Be reactions with the 
effective threshold energies of 5, 27, and 119 MeV. The average neutron fluxes between these 
energies and the end of neutron spectra were determined. We also measured spatial 
distribution of the (n, y), (n,2n), and (n,fission) reaction rates in the depleted uranium samples. 
These distributions reach a peak at about 10 cm and 345 cm for lead and carbon target, 
respectively. The ratios of the integral reaction rates of (n/y), (n,2n), and (n,fission) reactions 
in uranium samples on carbon and lead targets are 0.24, 2.22 and 1.45. The reaction rates and 
the neutron fluxes were also calculated with the radiation transport code MCNPX 2.7.0. A 
relatively good agreement between calculated and experimental data was found.
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THE INFLUENCE OF COLLECTIVE EFFECTS ON THE ETA-MESIC NUCLEUS
FORMATION

S.V. Afanasiev

Joint Institute for Nuclear Research

The formation of the meson nucleus is a secondary effect of the nucleus-nucleus 
interactions at high energies. The appearance of such a state occurs on the nucleus-residue 
involved in the primary collision. Multiple studies have shown that the nucleus-residue is in 
an excited state. In the case of a sufficiently large number of nucleons in the nucleus-residue, 
this state is the excitation of the collective type, during which large groups of nucleons of the 
nucleus move correlated. Thus, to describe the process of meson nuclei formation it is 
necessary to involve adequate collective models. Taking into account the collective effects in 
the nucleus can significantly affect the reaction.

In this paper we consider the processes associated with the formation of the meson 
nucleus on the excited nucleus-residue. The resonant character of the formation of such a 
system is shown. Calculations of the resonance position for a set of nuclei and comparison of 
the calculated values with experimental data are presented.
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CMS: PHYSICS OVERVIEW

V.Yu. Alexakhin1! on behalf of CMS Collaboration

(1) JINR, Dubna, Russia 
f E-mail: Vadim.Alexakhin@cern.ch

An overview of physics results from the CMS experiment at the LHC is given. The 
present analysis is based on data obtained for colliding proton beams at the c.m. energies 
of =  8 and 13TeV over the period of LHC Run-1 and Run-2.

New unique data on interactions of Standard Model particles at record energies were 
obtained in the course of the first run of LHC operation. The Higgs boson was discov­
ered, and investigation of its properties was initiated. Long-range correlations were ob­
served in proton-proton and proton-nucleus interactions. Measurements were performed 
for Standard Model processes, including rare and previously unobserved (associated tW 
production) ones, and for the decay process Bs ^  ^+^- . This permitted refining some 
parameters of the Standard Mode and setting limits on the parameters of some theoretical 
models beyond the Standard Model, for example, on the masses of new particles, on the 
fundamental energy scales, on the coupling constants, and on the cross sections for the 
production of new particles.

The results of the CMS experiment that are discussed in the present talk agree with 
the results of the ATLAS experiment, which is the other multipurpose experiment at the 
Large Hadron Collider.
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RECENT DEVELOPMENTS IN PARTICLE YIELD FLUCTUATION
MEASUREMENTS

Igor Altsybeev1

(1) St. Petersburg State University 
E-mail: Igor.Altsybeev@cern.ch

In relativistic heavy-ion collisions, properties of the initial state and effects arising 
during evolution of the medium, such as a transition between the hadronic and partonic 
phases, should reflect themselves in event-by-event fluctuations of the number of pro­
duced particles and correlations between particle pairs. In this talk, recent measurements 
of several event-by-event observables, performed by the ALICE collaboration in Pb-Pb 
collisions, namely, dynamical fluctuations of relative particle yields and forward-backward 
mean transverse momentum correlations, are discussed. Also, a set of new observables 
for forward-backward correlation studies is proposed. One of these observables measures 
correlations between ratios of identified particle yields in two separated rapidity intervals, 
another one is the correlation between the ratio in one interval and average transverse 
momentum in the other. With such observables it is possible, for instance, to study 
correlations between strangeness production and the density of the fireball formed in AA 
collisions. It is shown that these measures possess useful properties from the experimental 
point of view, such as robustness to volume fluctuations and detector inefficiencies. It is 
demonstrated how the so-called Identity Method, a novel experimental technique which 
allows to solve the problem of particle mis-identification, can be utilized for experimental 
determination of the correlation strengths.
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THE SYMMETRY ENERGY IN NEUTRON STARS: CONSTRAINTS 
FROM GW170817 AND DIRECT URCA COOLING

David Alvarez-Castillo

(1) Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research

In this contribution I will review the state of the art measurements for the symmetry 
energy from both astrophysical and terrestrial laboratories. In particular the recent de­
tection of gravitational radiation from the GW170817 event shed light on the properties 
of the neutron star equation of state, thus comprising both the study of the symmetry 
energy and stellar radius. Furthermore, I shall address the question on the possibility of 
a universal symmetry energy contribution to the neutron star equation of state under re­
stricted Direct Urca cooling. When these two aspects are combined, powerful predictions 
for the neutron star equation of state are obtained.
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D.A. Artemenkov

Joint Institute for Nuclear Research

The report will give a brief overview of the experimental results of the relativistic 
fragmentation of 79Be, 10B, 10,11C in the Becquerel project in JINR. The questions of 
simulating nuclear-nuclear interactions in nuclear track emulsions using Geant4 will be 
considered. The experimental data will be compared with the simulation. Issues of application 
of Geant4 to planning and preparing experiments using nuclear track emulsions are discussed.

STUDY OF LIGHT NUCLEI FRAGMENTATION IN NUCLEAR TRACK
EMULSION AND SIMULATION IN THE BECQUEREL EXPERIMENT
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THE IDEAS OF A.M. BALDIN ON OVERCOMING THE REDUCTIONISM 
PRINCIPLE IN RELATIVISTIC PHYSICS

A.A. Baldin1’2

1. Joint Institute for Nuclear Research, Dubna, Russia
2. Institute for Advanced Studies "OMEGA", Dubna, Russia

The reductionism principle and the role of the Standard Model in the general paradigm 
of modern physics are discussed. The structure of the laws of nature is considered based on 
the idea of symmetry (starting with the Curie causality principle to the specific symmetries in 
relativistic physics).

The criteria of applicability of variables used for description of relativistic nuclear 
collisions and the ideas of A. M. Baldin on the notion "elementary particle” are discussed. The 
notions of "locality" of interaction and definition of relativistic collective effects are 
considered. Particle production is considered using the main parameter of the Lobachevsky 
geometry, the angle of parallelism.

Some possible physical experiments aimed at detection of new fundamental 
regularities at the LHEP accelerator complex and the NICA collider are presented.
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SELF-SIMILARITY APPROACH FOR PREDICTION AND ANALYSIS OF 
EXPERIMENTS AT THE ACCELERATOR COMPLEX NICA

E.G. Baldina

1. Joint Institute for Nuclear Research, Dubna, Russia
2. Institute for Advanced Studies "OMEGA", Dubna, Russia

The given functional self-similarity solution quantitatively describes angular, energy 
and A-dependences of inclusive production cross sections for hadrons in relativistic nuclear 
collisions. It is applied for quantitative estimation of ф, J/ф and D meson, as well as light 
fragment, production in collider experiment at NICA accelerator complex with heavy and 
light nuclei. The results can be used for optimization of particle registration in experiment.

The extension of the self-similarity description to production of particles with high 
transverse momentum is discussed.
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EVENT RECONSTRUCTION IN THE BM@N EXPERIMENT

P. N. Batyukt, D. A. Baranov, S. P. Merts and O. V. Rogachevskiy

Joint Institute for Nuclear Research 
f E-mail: pavel.batyuk@jinr.ru

In the report the main accent is put on development of software to be used within 
the BM@N experiment consisting as a first step towards a fulfil realization of fixed target 
program at the NICA complex. A brief description of the software used for reconstruction 
of track /  hits parameters in the inner tracker of the experiment is given in the report. 
Some utmost urgent point like alignment procedure in automatic mode being made with 
the Millepede package fully integrated in the software is considered. Results illustrating 
a quality assurance of alignment performed within existing experimental data obtained 
from carbon /  argon experimental runs and recent results (primary and secondary ver­
tex estimation, strange resonance reconstruction ...), including methodological ones, got 
from a tracking procedure we are using for event reconstruction in the inner tracker are 
also presented. In addition to all mentioned above, importance of a precise geometry 
description, a realistic detector response via microsimulations done for the GEM part of 
the inner tracker in order to be subsequently used when processing experimental data and 
our recent progress on this activity are discussed within the report.
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MONTE CARLO GENERATOR DQGSM

M. Baznat1,2, K. Gudima2, G. Musulmanbekov1, V. Toneev1, V. Zhezher1

1. Joint Institute for Nuclear Research, Dubna, Russia
2. Institute o f  Applied Physics, Moldova

The Dubna Cascade and Quark-Gluon String Models are modified in the new developed uni­
versal Monte-Carlo code, DQGSM, for simulation of hadron-nucleus and nucleus-nucleus re­
actions at energies from hundred MeV to hundreds GeV per nucleon. It can serve as an effec­
tive tool for estimation of physical effects in heavy ion collisions and for planning of detector 
setup. New physical mechanisms and effects, like hyperfragments production, vorticity and 
hyperon polarization are implemented into the code. We briefly describe the main ingredients 
of the model, give essential technical details of the code such as the input parameters, the 
structure of the input and output files and provides necessary information for a practical use of 
the code.
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TSALLIS STATISTICS AND HEAVY QUARK TRANSPORT IN QUARK
GLUON PLASMA

Trambak Bhattacharyyya h

(1) Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, 141980
Dubna, Russia

f E-mail: bhattacharyya@theor.jinr.ru

Power law formulae have routinely been used to describe the transverse momentum 
spectra of the hadrons at high energies. The Tsallis distribution is one among them which 
has been very successful in explaining the experimental transverse momentum distribu­
tion, longitudinal momentum fraction distribution as well as the rapidity distribution of 
the hadrons in electron-positron and proton-proton collisions. The Tsallis distribution 
is a two parameter power-law distribution, described by the Tsallis parameter q (which 
can be related to the relative variance in temperature) and the Tsallis temperature T, 
which reduces to the Boltzmann (exponential) distribution when q goes to 1. The Tsallis 
distribution has been used in many fields of the physical as well as the social sciences 
(like Statistical Mechanics, Geology, Anatomy, Economics, Finance and many more). In 
the realm of the physical sciences it arises when there are systems with non-ideal effects 
like long range correlation, memory effect etc. Quark-Gluon Plasma (QGP), the hot and 
dense medium created during the high energy collision phenomena, is one such example. 
This medium has been under intensive study for the past few decades and characterising 
such a system with the transport properties of the heavy quarks (like charm and bottom) 
is also a very active field of research. After reviewing some basic aspects of the Tsallis 
non-extensive statistics, modification of the transport properties of the heavy quarks in 
Quark Gluon Plasma in presence of the Tsallis statistics will be discussed.

33

mailto:bhattacharyya@theor.jinr.ru


FAST NEUTRON FLUX MEASUREMENT IN THE ENERGIES RANGE FROM  10 
TO 100 M EV IN THE QUINTA ASSEMBLY AFTER SHORT PROTON

IRRADIATION

M. Bielewicz1,2, E. Strugalska-Gola1, M. Bajdel3, A. Kawalec4, P. Pisarczyk4, S. Kilim1,
M. Szuta1, S. Tyutyunnikov2

1. National Centre for Nuclear Research, 05-400 Otwock-Swierk, Poland
2. Joint Institute for Nuclear Research, 141980 Dubna, Russia
3. Warsaw University, 00-927 Warszawa, Poland
4. AGH University of Science and Technology, 30-059 Krakow, Poland

E-mail: marcin.bielewicz@ncbj.gov.pl

The monitoring of fast neutron fields is going to be more and more important especially with 
the introduction of advanced nuclear systems such as Generation IV fast reactors, accelerator- 
driven systems and spallation neutron sources generally. This work was a part of the 
international project „Energy plus Transmutation of Radioactive Wastes“ (E+T -  RAW) for 
investigations of energy production and transmutation for radioactive waste of atomic 
energetic. In the 2017 was caried three experiments on Quinta assembly. One of them it was 
short 20 minutes proton irradiation, specially for search short live isotops. Yttrium 89 samples 
were located in the QUINTA assembly in order to measurement of average high neutron flux 
density in five different energy ranges. Our paper have shown the isotops production and 
average neutron flux density from 10 MeV to 100 MeV inside the experimental assembly. 
Production of yttrium isotopes decreases in higher energies what meets theoretical 
expectations concerning cross sections and neutron spectrum.
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MEASUREMENTS OF THE INVARIANT CROSS SECTIONS FOR 
FORWARD PRODUCTION OF THE SECONDARY LIGHT NUCLEI IN 

CC-COLLISIONS AT BEAM ENERGY 20.5 GeV/n ON THE 
ACCELERATOR U-70 IHEP

M.Yu. BogolyubskyU, A.A. Volkov, D.K. Elumakhov, A.A. Ivanilov, A.Yu. Kalinin, 
A.N. Krinitsyn, V.I. Kryshkin, N.V. Kulagin, D.I. Patalakha,

K.A. Romanishin, V.V. Skvortsov, V.V. Talov, L.K. Turchanovich

National Research Center Kurchatov Institute - Institute for High Energy Physics, 
Protvino, Moscow region, Nauka square 1, 142281, Russia

f E-mail: Mikhail.Bogolyubsky@ihep.ru

The mesurements of the invarinat cross sections for forward production of the secondary 
light nuclei in CC-collisions at beam energy 20.5 GeV/n have been made on the accelerator 
U-70 (National Research Center Kurchatov Institute - Institute for High Energy Physics, 
Protvino, Moscow region, Russia) with employing the beamline no. 22 together the 
detectors of the FODS setup as spectrometer with verying beam line rigidity from 7 to 
70 GeV/c. In the experiment observation of secondary light nuclei with momenta above 
kinematic limit of NN-interactions have been obtained. Recalculations of the observed 
yelds of particles to the invariant cross section were performed with detaled simulation for 
propagation of particles and nuclei through the beam line no. 22 and the FODS detectors 
in the framework of Geant4. This approach allows to estimate both the angular aperture 
of the experiment and the loss of particles and nuclear fragments due to its decays and 
interactions in the material of the setup. A wide class of theoretical models introduced in 
Geant4 (like QGSP-FTFP-BERT-EMV) allows one to compare their predictions related 
to invariant cross section directly with experimental results and select models that are 
more appropriate to reality with possibility of refinement and adjustment of the model 
parameters.
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RECENT RESULTS FROM THE BESIII EXPERIMENT

I.R. Boyko1!

(1) JINR (Dubna) 
f E-mail: igor.boiko@cern.ch

BESIII is a 4n magnetic spectrometer taking data at the BEPCII electron-positron 
collider in Beijing, China. The collision energy varies between 2.0 and 4.6 GeV while the 
peak luminosity reaches 1033 cm- 2s-1 . The huge data samples collected by BESIII allow 
detailed studies in different fields, including charmed mesons and baryons, charmonia 
states, light meson spectroscopy, tau-leptons, ” XYZ” charmonium-like mesons and many 
others. In this talk I present the recent BESIII results based on the world record high 
statistics collected in the energy domain of charmonium and open charm.
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OBSERVATION OF DECONFINEMENT IN A COLD DENSE QUARK
MEDIUM

Vitaly Bornyakov1, Victor Braguta2,3 and Ernst-Michael Ilgenfritz3, Andrey Kotov2,3, 
Alexander Molochkov4, Aleksandr Nikolaev4

(1) Institute for High Energy Physics NRC ’’Kurchatov Institute”
(2) Institute for Theoretical and Experimental Physics NRC Kurchatov Institute

(3) Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research
(4) Far Eastern Federal University, School of Biomedicine

We present the recent results on the confinement/deconfinement transition in lattice 
SU(2) QCD with two flavors of quarks at finite quark density and zero temperature. In 
the region aq ~  1000 MeV we observe the confinement/deconfinement transition which 
manifests itself in rising of the Polyakov loop and vanishing of the string tension a. After 
the deconfinement is achieved at /aq >  1000 MeV we observe a monotonous decrease of the 
spatial string tension s which ends up with s vanishing at aq > 2000 MeV. To study the 
properties of cold dense quark medium we measure the dependence of chiral and diquark 
condensates, quark density, topological susceptibility and other physical quantities on the 
chemical potential.
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POSSIBLE SIGNALS OF TWO QCD PHASE TRANSITIONS AT NICA-FAIR
ENERGIES

K. A. Bugaev

Bogolyubov Institute for Theoretical Physics, Kiev, Ukraine

During last few years our group developed the most advanced model of the hadron resonance 
gas [1] which not only allowed us to achieve the best description of all hadronic multiplicities 
measured from the lowest AGS to the highest RHIC energies, but also to reveal the 
remarkable irregularities at chemical freeze-out [2-5]. It is intriguing that in central nuclear 
collisions we found two sets of similar irregularities. The most prominent of them are the 
sharp peaks of the trace anomaly and baryonic charge density existing at chemical freeze-out 
at the center-of-mass energies 4.9 GeV and 9.2 GeV [2, 5]. They are accompanied by two sets 
of highly correlated quasi-plateaus in the collision energy dependence of the entropy per 
baryon, total pion number per baryon, and thermal pion number per baryon which are found at 
the center-of-mass energies 3.8-4.9 GeV and 7.6-9.2 GeV [2-4]. The low-energy set of quasi­
plateaus was predicted a long time ago. On the basis of the generalized shock-adiabat model I 
show that the low-energy correlated quasi-plateaus give evidence for the anomalous 
thermodynamic properties inside the mixed phase found at the center-of-mass energies 4.3­
4.9 GeV. Furthermore, based on the thermostatic properties of the mixed phase of a 1-st order 
phase transition and the ones of the Hagedorn mass spectrum I will explain, respectively, the 
reason of observed chemical equilibration of strangeness at the collision energy 4.9 GeV and 
above 8.7 GeV. Also I will argue that the both sets of irregularities possibly evidence for two 
phase transitions, namely, the 1-st order transition of chiral symmetry restoration in hadronic 
phase at low-energy range and the 2-nd order deconfinement transition at the higher one. In 
combination with a recent analysis of the light nuclei number fluctuations our results indicate 
that the center-of-mass collision energy range 8.8-9.2 GeV may be in the nearest vicinity of 
the QCD tricritical endpoint [5]. Also I will discuss the properties of the phase of massless 
hadrons existing between two phase transitions.
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RECENT PROGRESS IN COMPUTATIONAL STUDIES OF RADIATION-INDUCED 
DISORDERS IN THE CENTRAL NERVOUS SYSTEM

A.N. Bugay

Joint Institute for Nuclear Research, Dubna, Russia

Modern accelerators provide extensive capacity for multifaceted radiobiological 
research concerning fundamental problems of radiation genetics, molecular radiobiology, and 
radiation physiology, as well as a wide spectrum of practical issues, the most challenging ones 
being space radiobiology with special reference to manned interplanetary missions and the 
use of charged particles for the treatment of malignant tumors. Possible acute and delayed 
risks to the central nervous system (CNS) are accepted now as the most concerning in these 
fields. The aim of this report is to explain basic approaches for solving the problem of 
radiation-induced disorders in CNS and estimating expected risks. Special emphasis will be 
given on current progress in theoretical studies using multi-scale computer modelling 
techniques, such as Monte-Carlo particle track simulation, biochemical kinetics, molecular 
dynamics, and simulation of biological neural networks.
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PROBING QCD W ITH THE ATLAS DETECTOR

Grazia Cabras^

(1) Alma Mater Studiorum University of Bologna
(2) INFN Bologna, 

f E-mail: grazia.cabras@cern.ch

The production of inclusive jets and di-jets at hadron colliders provides a stringent test 
of perturbative QCD at the highest energies. The process can also be used to probe the 
gluon density function of the proton. The ATLAS collaboration has measured the inclu­
sive jet production cross section in 20.3 /fb  of data collected at a center-of-mass energy of 
8TeV and in 3.2 /fb  of data collected at a center-of-mass energy of 13TeV. The measure­
ments have been performed differentially in jet rapidity and transverse momentum. The 
collaboration also presents a measurement of the di-jet cross section at a center-of-mass 
energy of 13TeV as a function of the di-jet mass and rapidity-difference. The results have 
been compared with state-of-the-art theory predictions at NLO in pQCD, interfaced with 
different parton distribution functions. Moreover, we present two measurements of dijet 
correlations allowing to test the renormalization group equation and extracting the strong 
coupling constant. The talk concludes with the latest results of jet-substructure studies at 
13 TeV, in particular the measurement of the jet soft-drop mass as a first jet-substructure 
observable which can be predicted with perturbative calculations.
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CHARMED BARYON STUDIES VIA LATTICE QCD

K.U. Can1!, H. Bahtiyar2, G. Erkol3, M. Oka4 and T.T. Takahashi5

(1) RIKEN Nishina Center, RIKEN, Saitama 351-0198, Japan
(2) Department of Physics, Mimar Sinan Fine Arts University, Bomonti, 34380 Istanbul, Turkey

(3) Department of Natural and Mathematical Sciences, Faculty of Engineering, Ozyegin University, 
Nisantepe Mah. Orman Sok. No: 34-36, Alemdag 34794 Cekmekoy, Istanbul, Turkey

(4) Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Ibaraki, 319-1195 Japan
(5) Gunma National College of Technology, Maebashi, Gunma 371-8530 Japan 

f E-mail: kadirutku.can@riken.jp

In this talk, I will introduce our group’s last five years of effort on studying the charmed 
baryons. I will go through some selected results on charmed baryon form factors [1, 2, 3] 
and radiative transition dynamics [4, 5, 6 ] and discuss our on-going calculations as well 
as future perspectives.
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SYMMETRY AND KINEMATIC HIERARCHY FOR PARTICLE REACTIONS

M. Chavleishvili 

Univercity DUBNA, Dubna

We consider general spin particle formalism based on symmetry properties. In such 
approach obligatory kinematic factors arise in helicity amplitudes and consequently in 
expressions of all observable quantities. We get many old end several new results for spin- 
particle reactions.

We discuss pp elastic scattering at high energies and large fixed angle. This is the 
region of hard collisions where perturbative QCD must work. PQCD predicts "the helicity 
conservation” which gives a zero polarization and the value 1/3 for asymmetry parameter 
which are in contradiction with the experiment. In our approach kinematic factors give small 
parameters in the considered region. These parameters suppress contributions of definite 
helicity amplitudes in observables. This "kinematic hierarchy" gives the nonzero polarization 
and is closer to the experimental value for than QCD.
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THERMODYNAMIC LIMIT IN HIGH-MULTIPLICITY PP, P P B , P B P B
COLLISIONS

Jean Cleymans1̂ , Boris Hippolyte2 and Natasha Sharma3
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An analysis is made of the particle composition in the final state of pp,pPb, PbPb 
collisions as a function of the charged particle multiplicity (dNch/dn). The thermal 
model is used to determine the chemical freeze-out temperature as well as the radius 
and strangeness suppression factor ys. Three different ensembles are used in the analysis. 
The grand canonical ensemble, the canonical ensemble with exact strangeness conser­
vation and the canonical ensemble with exact baryon number, strangeness and electric 
charge conservation. It is shown that for the highest multiplicity class the three ensembles 
lead to the same result. This allows us to conclude that this multiplicity class is close to 
the thermodynamic limit. It is estimated that the final state in pp collisions could reach 
the thermodynamic limit when dNch/dn is larger than twenty per unit of rapidity, corre­
sponding to about 300 particles in the final state when integrated over the full rapidity 
interval
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NUCLEON STRUCTURE STUDIES W ITH THE PANDA EXPERIMENT
AT FAIR

Alaa Dbeyssi
(on behalf of the PANDA collaboration)

Helmholtz-Institut Mainz 
E-mail: adbeyssi@uni-mainz.de

The PANDA experiment is one of the major projects in preparation at the upcoming 
FAIR facility in Darmstadt, Germany. A multipurpose high energy physics detector is 
currently under construction and will be operated at the High Energy Storage Ring of 
FAIR. High intensity antiproton beams will be available in the momentum range between 
1.5 GeV/c and 15 GeV/c and will allow to address a broad physics program including 
hadron spectroscopy, search for charm and strangeness in nuclei, hypernuclear physics 
and other QCD topics. In addition, the PANDA experiment will offer unique possibilities 
to investigate the structure of the proton in a very challenging regime (time-like region) 
with a large number of electromagnetic processes. In this talk, the PANDA physics 
program related to the nucleon structure aspects will be discussed. Feasibility studies of 
proton structure observables at PANDA, such as the proton electromagnetic form factors 
in the time-like region and the nucleon-to-meson transition distribution amplitudes, will 
be reported.
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INCOMPLETE FRACTAL SHOWERS 
AND RESTORATION OF DIMENSION

T.G. Dedovich ,̂ M.V. Tokarev11 

Joint Institute for Nuclear Research, Dubna, Russia

^E-mail: tdedovich@yandex.ru 
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The SePaC  and B C  methods are used for fractal analysis of mixed events containing 
incomplete fractals. Reconstruction of the distribution of events by dimension D F is stud­
ied. The procedures for analyzing incomplete fractals and correcting the determination 
of D f of combined fractals by the SePaC method are proposed. We find that the SePaC  
method fully reconstructs incomplete fractals and suppresses background, separation of 
incomplete fractals and background by the B C  method depends on the basis of the forma­
tion of the fractal, and the distribution of events over the value of D F is more accurately 
reconstructed by the SePaC  method in comparison with the B C  method.
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p MESON GENERALIZED PARTON DISTRIBUTIONS

Yu-Bing Dong1,2,3! and Bao-Dong Sun1,2

(1) Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China
(2) School of Physics, University of Chinese Academy of Sciences, Beijing 100049, China

(3) Theoretical Physics Center for Science Facilities (TPCSF), CAS, Beijing 100049, China
f E-mail: dongyb@ihep.ac.cn

The generalized parton distributions (GPDs) of spin-1 particle p meson are studied 
based on a light-front constituent quark model. The form factors and other low-energy 
observables of the p meson are calculated, particularly, the contributions to the form 
factors and to the GPDs from the valence and non-valence region are explicitly analyzed. 
Our results for the form factors are compared to the other model calculations[1, 2].

References
[1] Bao-Dong Sun and Yu-Bing Dong, Phys. ReV. D96, 036019 (2017).

[2] Bao-Dong Sun and Yu-Bing Dong, Chinese Physics C42, 063104 (2018).

46

mailto:dongyb@ihep.ac.cn


THE PROTON SIZE PUZZLE: LATEST NEWS
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Current status of the proton size puzzle from experimental and theoretical points 
of view is briefly discussed. The interest to these studies is primarily related to experi­
ments conducted by the CREMA collaboration (Charge Radius Experiments with Muonic 
Atoms) with muonic hydrogen and deuterium by methods of laser spectroscopy. As a re­
sult a more accurate value of the proton charge radius was found to be rp =  0.84184(67) 
fm, which is different from the value recommended by CODATA for 7a.

Then, we discuss recent calculations of the contribution of light pseudoscalar (PS) 
and axial-vector (AV) mesons to the interaction operator of a muon and a proton in 
muonic hydrogen atom, with the coupling of mesons to the muon being via two-photon 
intermediate state. Numerical estimates of the contributions to the hyperfine structure 
of the spectrum of the S and P levels are presented. It is shown that such contribution 
to the hyperfine splitting in muonic hydrogen is rather important for a comparison with 
precise experimental data.
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ION ACOUSTIC CNOIDAL WAVES IN ELECTRON-POSITRON-ION PLASMAS 
WITH q-NONEXTENSIVE ELECTRONS AND POSITRONS AND HIGH

RELATIVISTIC IONS
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University, Tehran, Iran
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In this work propagation of the nonlinear cnoidal ion-acoustic waves in unmagnetized 
electron-positron-ion plasma have been studied. The nonextensive distribution function was 
used to describe plasma electrons and positrons, while plasma ions are taken to be high 
relativistic. Reductive perturbation method (RPM) was employed to solve the basic equations 
and derivation of the Korteweg-de Vries equation, which describes the nonlinear fluctuations 
in such plasma. Characteristic of ion acoustic cnoidal waves in this three component plasma 
have been studied in details. In this work, we have investigated the effects of relativistic ions 
and q-nonextensive distribution of electrons and positrons on the characteristics of the 
ionacoustic periodic (cnoidal) wave, such as the amplitude, wavelength, and frequency.
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SEARCH FOR ETA-MESIC NUCLEI IN THE SRC/BM@N EXPERIMENT AT THE
NUCLOTRON

S.V. Afanasiev1, D.K. Dryablov1, K. Michalickova2

1. Joint Institute for Nuclear Research, Dubna, Russia
2. Institute o f  Physics, Faculty o f  Science, PJ. Safarik University, Kosice, Slovakia

The SRC/BM@N experiment was carried out in the 55th run of the Nuclotron using a 
liquid hydrogen target and a carbon beam with a kinetic energy of about 3.1 GeV/n.

We propose to analyze the experimental data for the searching of a quasi-bound state 
of n-meson and nucleons of carbon nucleus in the reaction p + 12C ^  n(A -  1) + X  ^  n + p 
+ (A-2). To achieve this goal, it is necessary to identify a residual nucleus (A-2) and a proton- 
pion pair formed from n-nuclei decay. We review status of the search for n-mesic nuclei.
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EMISSION OF HIGH ENERGY PARTICLES IN HEAVY ION COLLISIONS AND 
A NON-EQUILIBRIUM EQUATION OF STATE

A.T. D ’yachenko1*, I.A.Mitropolsky1 2 3 4 5 6 7 8

1. Emperor Alexander I Petersburg State Transport University, St. Petersburg, 
Russia

2. NRC “Kurchatov Institute” , B.P. Konstantinov Petersburg Nuclear Physics 
Institute, Gatchina, Russia

*E-mail: dyachenko_a@mail.ru

To describe the collisions of heavy ions and to find the equation of state of a nuclear 
matter, it is natural to choose the hydrodynamic approach (see, for example, [1]). The 
dynamics of heavy ion collisions involves the use of a non-equilibrium equation of state [2, 3, 
4] taking into account the effects of nuclear viscosity. This allowed describing energy spectra 
of protons, pions, and fragments for the collisions of different nuclei at the medium-energy 
range [3, 4, 5]. However, "high-energy tails ” of proton spectra obtained in [6], as it turned 
out, are not reproduced near the kinematic limit of the spectrum. They turn out more harden 
when we use a grand canonical ensemble for the distribution function of emitted protons. In 
this paper, we succeeded to introduce an amendment with account of the microcanonical 
distribution in the high-energy part of the spectrum to reproduce experimental data [6] 
without breaking the agreement with other data. In addition, we succeeded to reproduce the 
high-momentum proton distributions in the reaction 12C+9Be p + X  at the 12C ion energy of
300, 600, 950 and 2000 MeV/nucleon at the angle of 3.5° [7], which are related to the 
cumulative region and are not quite well described by “ molecular dynamics” and other 
cascade models. The experimental shoulder in the cross section for the production of protons 
in the cumulative region is reproduced by our calculations, and sometimes by cascade models. 
Perhaps this may be due to the contribution of the rescattering of pions to the cumulative 
production of protons, considered earlier in [8].
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SEMI-INCLUSIVE DEEP INELASTIC SCATTERING IN 
W ANDZURA-WILCZEK-TYPE APPROXIMATION1
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We present the complete cross-section for the production of unpolarized hadrons in 
semi-inclusive deep-inelastic scattering up to power-suppressed O(1/Q2) terms in the 
Wandzura-Wilczek-type approximation which consists in systematically assuming that 
адд-terms are much smaller than ад-correlators. We compute all twist-2 and twist-3 
structure functions and the corresponding asymmetries, and discuss the applicability of 
the Wandzura-Wilczek-type approximations on the basis of available data. We make 
predictions that can be tested by data from Jefferson Lab, COMPASS, HERMES, and 
the future Electron-Ion Collider. The results of this paper can be readily used for phe­
nomenology and for event generators, and will help to improve our understanding of the 
TMD theory beyond leading twist.

7The full text (70 pages) published in arXiv:1807.10606 [hep-ph].
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MONTE CARLO MODEL NEUTRINO-NUCLEUS INTERACTIONS:
PAST, PRESENT AND FUTURE
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Quantum chromodynamics (QCD) is the present-day fundamental theory of the strong 
interaction. A main direction of insestigations in physivs of elementary particles and 
nuclear physics is the testing of QCD [1]. QCD predicts that at high energy density there 
will be a transformation from ordinary nuclear matter to a plasma of free quarks and 
gluons, the Quark-Gluon Plasma (QGP). In order to gain new understanding of QCD 
from the interaction of relativistic heavy ions, one needs directly comparable data sets 
from systems of various sizes, different energies and different experimental probes.

One of the more attractive topics in modern high energy physics is the description of 
hadronization - the mechanism by which quarks and gluons produced in hard processes 
form the hadrons that are observed in the final state. This is an non-perturbative process, 
for which we only have models [2, 3]. The formation time plays an important role in the 
dynamics of nuclear reactions, e.g. heavy ion collisions, hadron attenuation in DIS off 
nuclei as measured by HERMES [4].

Lepton-nucleus scattering provides a nontrivial possibility to study space-time evolu­
tion of jets inside a nuclear matter [5]. Compared to hadronic probes, the weaker leptonic 
probe samples the complete nuclear volume. Using QCD-inspired time dependent cross 
sections for pre-hadrons we introduced [2, 3] a space-time model for propagation and 
hadronization of quark and gluon jets in nuclear matter in DIS. The aim of this work 
is to examine a multiproduction process of charged-current deep inelastic vM-NE and vM- 
emulsion scattering and to estimate quantitatively the value of a formation length. In 
conclusion, the role of neutrino generators in modern neutrino experiments with nuclear 
targets will be discussed [5].
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BOUND STATES OF pdp , ptp , AND dtp MUONIC MOLECULAR IONS IN
QUANTUM ELECTRODYNAMICS
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An investigation of the energy spectra of hydrogen muonic molecules is important 
for muonic catalysis of nuclear fusion reactions [1]. A calculation of fine and hyperfine 
structure of muonic molecular ions as well as of higher order QED corrections allows us to 
predict the rates of reactions of their formation and other parameters of the pCF cycle. 
In this work, the energy spectrum of the bound states of muonic molecules ptp, pdp, 
and dtp is calculated on the basis of variational method [2, 3]. In our work we use a 
stochastic variational method [3] for obtaining energies of a three-particle bound system 
with high accuracy. The trial wave function of the muonic molecule in this approach has 
the Gaussian form. Such a choice of the basis makes it possible to calculate the matrix 
elements of the Hamiltonian analytically. For a direct numerical calculation, a computer 
code was written in the MATLAB system to solve the many-body problem based on the 
Schrodinger equation. The program allows not only to find the values of the bound state 
energy, but also to perform refinement cycles, which improve the accuracy of previously 
calculated energies. As a result, the numerical energy levels of the ground and excited 
states of the muonic molecules ptp, pdp and dtp were obtained. We also take into account 
some corrections connected with the vacuum polarization and relativism.

The work is supported by the RSF (Grant 18-12-00128).
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HEAVY BARYON SPECTROSCOPY

R.N. Faustov

FRC Computer Science and Control RAS

The talk contains the review of recent results (both experimental and theoretical ) in heavy 
baryon spectroscopy. Last year many new excited states of heavy baryons containing the c- 
quark were observed. The outstanding result is the first observation of the doubly heavy
baryon with two c-quarks, namely “ cc , by the LHCb collaboration. The masses of all newly 
observed heavy baryons were predicted within the simple quark-diquark picture with either 
heavy or light diquarks in good agreement with experimental data.

54



ANALYSIS OF EXPERIMENTAL DATA MEASURED BY BM @N DRIFT
CHAMBERS

Jan Fedorisin1

(1) Veksler and Boldin Laboratory of High Energy Physics, Joint Institute for Nuclear Research
f E-mail: fedorisin@jinr.ru

The current status of the analysis of experimental data measured by the drift cham­
bers in the BM@N experiment is presented. Apart from the previously published analysis 
based on the pure beam data, this study shows also the results for the light nuclei collisi- 
sions at Nuclotron energies. Some practical issues, such as a removal of the combinatorial 
backround, estimation of hit coordinates errors and efficiency of the employed track re­
construction algorithm are discussed as well.
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ENERGY AND SYSTEM SIZE DEPENDENCE OF MULTI-PARTICLE 
PRODUCTION IN pp, p-Pb, Xe-Xe AND Pb-Pb COLLISIONS IN ALICE

AT THE LHC

Grigory Feofilov b, (for the ALICE Collaboration) 2

(1) Saint-Petersburg State University 
(2) CERN

f E-mail: grigory-feofilov@yandex.ru

An overview of recent studies by ALICE on energy and system size dependence of 
multi-particle production in pp, p-Pb and A-A collisions at various LHC energies is pre­
sented. It includes, in particular, investigations of unexpected signals of collectivity ob­
served in collisions of small systems like the elliptic flow of electrons from heavy flavor 
decays in p-Pb collisions and the increase of the production yields of multply strange 
baryons in pp collisions with high multiplicity. Results on production of loosely bound 
states of light nuclei, including exotic states of hyper-nuclei are also reported. Experimen­
tal results of multi-particle production are compared to different models and discussed. 
The current ALICE upgrade program aimed at the precise studies of rare processes of 
heavy flavour formation in hadron collisions is also touched briefly.
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SPIN TRANSPARENCY MODE IN THE NICA COLLIDER

Yu.N. Filatov12, A.D. Kovalenko1, A.V. Butenko1, E.M. Syresin1, V.A. Mikhailov1,
S.S. Shimansky1, A.M. Kondratenko3, M.A. Kondratenko3

1. JINR, Dubna, Russia
2. MIPT, Dolgoprudny, Russia
3. Sci. & Tech. Laboratory Zaryad, Novosibirsk, Russia

The NICA collider can operate with polarized light ions in two modes. At the 
Preferred Spin mode (PS mode) the periodic spin motion along the closed orbit is unique, i.e. 
the static magnetic lattice determines a single stable orientation of the beam polarization at 
any collider’s place. At the Spin Transparency mode (ST mode) any spin direction repeats 
every particle turn along the closed orbit, i.e. the collider’s magnetic lattice is transparent to 
the spin. ST mode allows one to revise the concept of carrying out experiments with polarized 
ions at a new precision level. The features of ion polarization control in the ST mode are 
discussed. The updated schemes of polarization control in the NICA collider providing the ST 
mode are presented.
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EXPLORING THE RELATIVISTIC BOUND STATE STRUCTURE IN 
MINKOWSKI SPACE: APPLICATIONS TO HADRONS

T. Frederico^

Institute Tecnologico de Aeronautica, 12.228-900, Sao Jose dos Campos, Brazil
f E-mail: tobias@ita.br

In this talk I will review the recent collaborative efforts to solve the Bethe-Salpeter 
(BS) equation directly in Minkowski space and the application to study the pion, using 
the Nakanishi integral representation [1], and projection to the light-front introduced in 
Ref. [2]. This method gives the valence wave function as well as the full BS amplitude, 
necessary to compute observables in a covariant form, without the limitation of the trun­
cation in the light-front Fock space. The solution of the integral equation relies on the 
uniqueness of the weight function of the integral representation of the BS amplitude. Nu­
merical solutions of the BS equation beyond the ladder, namely including the cross-ladder 
was done [3], as well as application to two fermion problem [4].

The generalization to the scattering case was done in [5], and results for the zero 
energy two-boson scattering case for the ladder kernel were obtaining in [6], relying on 
the uniqueness of the weight function, which was previously tested numerically in [7] for 
the ground state. Beyond that the method works for the excited states [8], where also the 
impact parameter structure of the valence component of the bound state was studied in 
detail, by transforming analytically the integral form of the valence wave function written 
in terms of the Nakanishi weight function. The structure of the two boson bound state 
beyond the ladder kernel was studied through the electromagnetic form factor including 
the contribution of the irreducible two-body current from gauging the cross-ladder kernel 
[9]. In addition, some first studies exploring the analytic structure of the BS amplitude 
in the complex k0 plane will be shown [10].

The numerical inversion of the integral representation for the Euclidean BS amplitude, 
as well as for the valence wave function, namely the numerical solution of an ill-posed 
problem, in order to built the Minkowski space BS amplitude was studied in [11], where 
we also checked the numerical inversion method with observables like the form factor. The 
conceptual background that our attempt to obtain the weight function is based relies on 
the uniqueness of the integral representation for non-perturbative amplitudes, while only 
the perturbative proof of this property was known so far [1].This problem on the non­
perturbative level for the bound-state was solved by recognising that the valence wave 
function is written as a generalized Stieltjes transform, which can be mathematically 
inverted, putting the bound state equation for the Nakanishi weight function in a new 
form overpassing the uniqueness problem [12].

The two fermion 0+ state in the ladder approximation was studied in [13], where the 
singular contributions to the kernel was dealt with analytically traced back to light-front 
end-point singularities, in addition the structure of the fermionic bound state was inves­
tigated, and further explored in [14]. Applying the formulation to the quark-antiquark 
system, the structure of the pion can be explored in this framework, and indeed the lad­
der kernel taking into account the color degree of freedom for Nc =  3, is dominant over 
the non-planar cross-ladder contribution to the kernel, which is suppressed by a relative

58

mailto:tobias@ita.br


factor of 1/(2Nc), giving marginal contribution to the bound state [15]. Therefore, the 
bound state of the quark-antiquark system forming the pion is dominated by the effective 
one-gluon exchange. We present some preliminary results exploring the pion structure, 
making use of the solutions of the field theoretical Bethe-Salpeter integral equation in 
Minkowski space, for the valence probability, decay constant and longitudinal and trans­
verse momentum distribution of the quarks inside the pion [16].
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SIMULATION OF NEUTRON PRODUCTION IN HADRON-NUCLEUS 
AND NUCLEUS-NUCLEUS INTERACTIONS IN GEANT4

A. Galoyan1̂ , V. Uzhinsky2 and A. Ribon3

(1) VBLHEP, JINR, Dubna, Russia
(2) LIT, JINR, Dubna, Russia

(3) CERN, Geneva, Switzerland 
f E-mail: galoyan@lxpub01.jinr.ru

Studying experimental data obtained at ITEP [1] on neutron production in interactions 
of protons with various nuclei in the energy range from 747 MeV up to 8.1 GeV, we have 
found that slow neutron spectra have scaling and asymptotic properties [2]. Particularly, 
the spectra for various nuclei are similar, and can be approximately described by the 
function Anf  (E ). The spectra approach the asymptotic regime, namely, they weakly 
depend on the collision energy at momenta of projectile protons larger than 5 - 6  GeV/c. 
The properties are taken into account in the Geant4 Fritiof (FTF) model. The improved 
FTF model describes experimental data on spallation neutron production by 1.2 GeV 
and 1.6 GeV protons on various targets (Fe, Pb) [3] and experimental data on neutron 
production by 3.0 GeV protons on targets (Al, Fe, Pb) [4] as well as the Geant4 Bertini 
model. For neutron production in antiproton-nucleus interactions, it was shown that 
the FTF results are in a satisfactory agreement with experimental data of the LEAR 
collaboration [5].

The FTF model with the scaling and asymptotic properties gives promising results for 
neutron production in nucleus - nucleus interactions at projectile energy 1 - 2  GeV per 
nucleon [6]. The observed properties allow one to predict neutron yields in the nucleus- 
nucleus interactions at high and very high energies. Predictions for the NICA/MPD 
experiment at JINR are presented.
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CHARMONIUM RADIATIVE TRANSITIONS, MESON AND  
GLUEBALL PARTICLE PROPERTIES W ITH THE EFFECTIVE

STRONG COUPLING

Gurjav Ganbold1,2,t

(1) Bogoliubov Laboratory of Theoretical Physics, JINR, 
Joliot-Curie 6, 141980 Dubna, Russia

(2) Institute of Physics and Technology, Mongolian Academy of Sciences, 
Enkh Taivan 54b, 13330 Ulaanbaatar, Mongolia, 

f E-mail: ganbold@theor.jinr.ru

Radiative transitions of charmonium excited states \cj  (J =  0, 1, 2), the particle prop­
erties of conventional mesons and scalar glueball are studied by taking into account the 
mass dependence of the strong coupling in the framework of a QCD-inspired relativistic 
model with infrared confinement [1 ,2].

A  specific behaviour of the mass-dependent strong coupling with a new infrared freez­
ing point a s(0) =  1.03198 at origin has been found and the latter does not depend on the 
confinement scale [3].

The spectrum and leptonic (weak) decay constants of conventional mesons have been 
calculated in good agreement with the latest experimental data.

New estimates on the scalar glueball mass, its 'radius' and gluon condensate value 
have been performed [3].

For the charmonium triplet excitations xcJ, their dominant radiative transitions have 
been studied and the partial decay widths r (x cJ ^  J/Ф +  7 ) have been estimated with 
reasonable accuracy.
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FEASIBILITY OF ELLIPTIC FLOW STUDIES AT N ICA/M PD

N.S. Geraksiev1,2 on behalf of the NICA/MPD Collaboration

(1) Faculty of Physics and Technology, Plovdiv University Paisii Hilendarski, Bulgaria 
(2) Veksler and Baldin Laboratory of High Energy Physics,

Joint Institute for Nuclear Research, Dubna, Russia 
E-mail: geraksiev@jinr.ru

Anisotropic flow presents a unique insight into heavy ion collision physics. The pre­
sented simulation feasibility study reveals the prospects of elliptic flow measurements 
at the Nuclotron-based Ion Collider Facility (NICA) with the Multi-purpose Detector 
(MPD). The UrQMD model was used for event generation of Au-Au collisions at energy 
yC = 1 1  GeV. The full MPD reconstruction simulation chain was used, utilizing a re­
alistic detector simulation with GEANT 4, realistic tracking, particle identification and 
event-plane reconstruction. Presented are results for differential elliptic flow of charged 
hadrons and reconstructed Л-hyperons.
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QUARK CORRELATIONS IN THE GROUND- AND  
EXCITED-NUCLEON STATES VIA THE PHOTO-ABSORPTION SUM

RULES

S.B. Gerasimov1̂

Bogoliubov Laboratory of Theoretical Physics, JINR, Dubna 
f E-mail: gerasb@theor.jinr.ru

The account of the dynamical correlations of quarks composing the nucleons is nec­
essary for relevant description of nucleon and nuclear interactions. The present work is 
devoted to use of the technique of known integral sum rules for the cross-sections and 
amplitudes of the photo-hadron processes. In particular, a kind of the graphical repre­
sentation and quantification of the valence quark correlation’s characteristics referring to 
the photo-excitations of the nucleon resonances will be presented.
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HADRONIC STRUCTURE OF THE PHOTON

S. R. Gevorkyan1!

(1) LHEP,JINR 
f E-mail: gevs@jinr.ru

The most popular manifestation of photon hadronic structure is the Vector Domi­
nance Model (VDM). Photon (real or virtual) can turn into vector meson in the course 
of time defined by uncertainty principle т =  lc =  where E is the photon energy and 
lc is so called coherence length. The transparent and simple way to check the existence 
of hadronic component in photon are measurements of high energy photons interaction 
with atomic nuclei [1].
The behavior of the nuclear transparency Aeff =  AAaANN'Av N) (V =  p, etc. vector 
mesons; A the target mass number) as a function of the photon energy gives the informa­
tion on hadronic (resolved) part of photon. It was predicted [2] that Aeff for any meson 
photoproduction should decrease with increasing of primary photon energy E, as a result 
of interference between the meson direct photoproduction off nuclei and its production 
in two step process: high energy photon coherently produce vector meson which after 
multiple scattering produced the observable meson . Such decrease with energy is really 
seen in experimental data , but it is much slower than predicted by VDM.
At present it is generally accepted that before interaction the high energy photon fluctu­
ates in quark-antiquark pair which then interacts with target if the coherence length is 
larger than size of the target (proton or nuclei). In talk we consider the changes required 
by such approach and its similarity and distinction from VDM.
The measurements of vector mesons photoproduction off a set of nuclei using the GlueX, 
JLAB facilities should give the new and accurate data on Aeff in the interval energy 
Ey =  5 — 9GeV and consequently gives a valuable information on the contribution of 
hadronic part of photon and can help to explain a long standing discrepancy between 
experimental data and theory predictions [3].
The another subject of the talk will be the consideration of impact of vector meson polar­
ization on its strong interaction and possibility of extraction of the total cross section of 
longitudinally polarized vector meson with nucleon aL(wN) from the processes of vector 
mesons production off nuclear targets by photon and pion beams.
Despite the photoproduction of p and ф mesons where due to s-channel helicity conser­
vation the produced vector mesons are transversally polarized (helicity A =  ±1), in w 
meson photoproduction owing to pion exchange the part of produced w’s have longitudi­
nal polarization (A =  0). This allows to extract the total cross section of interaction of 
longitudinally polarized omega meson with nucleon measuring the difference in absorption 
of transverse aT(wN) and longitudinally polarized ^L(wN) omega mesons.
From this point of view the special interest is connected with recent proposal of COM­
PASS collaboration to measure vector mesons production by pion and kaon beams in 
charge exchange processes on different nuclei [4]. In such reactions the main part of pro­
duced vector mesons are longitudinally polarized ( spin density matrix element relevant 
to longitudinal polarization p0o ~  0.7), which allows to measure there absorption with 
higher precision than in the case of photoproduction off nuclei where p00 =  0.2.
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RELATIVISTIC DENSITY FUNCTIONAL FOR NUCLEAR MATTER

S. Gmuca1̂

(1) Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovakia
f E-mail: gmuca@savba.sk

In the present work, we have mapped the exchange Fock contributions from the Dirac- 
Hartree-Fock (DHF) approach for nuclear matter onto the direct Hartree terms. This 
results in the relativistic mean field (RMF) model with the density dependent couplings. 
The density dependence of the effective coupling constants thus reflects the exchange 
correlations. The exchange part of an energy density of the linear DHF model in dense 
matter is evaluated in a parameter-free closed form and, after the rearrangement of the 
terms, expressed as density functional.

It is shown that the exchange contributions are responsible for an increase of the 
RMF coupling strengths in comparison with the DHF ones. The density dependence of 
the mapped Fock terms is, however, rather small, and does not account for the one seen 
in Dirac-Brueckner-Hartree-Fock (DBHF) calculations or phenomenological analyses.

Therefore, the developed formalism has been extended to the nonlinear DHF approxi­
mation with field selfcouplings allowed. The nonlinear self-interactions give essential den­
sity dependence of effective couplings that is decoupled from the Fock one. For normal 
nuclear matter densities just the isoscalar field (a - and w-meson exchange) selfinterac­
tions are relevant. The density dependence in isovector field (p- and Umeson exchange) 
is induced through exchange interactions. For dense matter also the isovector field self­
couplings may be used to model the density dependence.

Thus, this contribution is a step in a direction to formulate the effective nuclear density 
functional suitable for description of wide class of nuclear phenomena over a broad range 
of densities including the exotic and superheavy nuclei, as well as the neutron stars.
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STUDY OF EXCLUSIVE PROCESSES WITHIN GPD APPROACH

S.V. Goloskokov 1

BLTP, Joint Institute for Nuclear Research 
Dubna 141980, Moscow region, Russia 

I E-mail: goloskkv@theor.jinr.ru

We study the exclusive meson leptoproduction at large photon virtuality Q2 [1]. These 
reactions were analyzed within the handbag approach where amplitudes factorize into hard 
subprocesses and generalized parton distributions (GPDs). On the basis of this approach 
we investigate physical observables in meson production.

The essential role of transversity effects were found in pseudoscalar and light vector 
meson production. These contributions are determined by twist-3 effects and mainly 
essential at not very high Q2 [2]. The spin asymmetries In vector meson production, 
which are sensitive to transversity were studied. We learn what information about GPDs 
can be obtained from these processes.

The possibility to investigate exclusive mesons production at NICA was studied. It 
seems that one of the essential reaction might be exclusive J/Ф production which is 
dominated by a gluon GPDs. The other important process is the exclusive Drell-Yan 
production in the proton-proton reaction which is determined by two GPDs [3]. We find 
that at NICA energies da/(dQ2dtidt2) ~  30 — 40pb/GeV6 at small t\,t2 and Q2 =  5GeV2. 
This reaction can be studied at NICA and give an additional excess to GPDs.
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ANISOTROPIC FLOW  MEASUREMENT FROM  NA61/SHINE AND NA49
EXPERIMENTS AT CERN SPS

O. Golosov1, E. Kashirin1, V. Klochkov2,3, I. Selyuzhenkov13 
for the NA61/SHINE and NA49 Collaborations

1. National Research Nuclear University MEPhI
2. Johann-Wolfgang-Goethe University
3. GSI Helmholtzzentrum fur Schwerionenforschung

The NA61/SHINE experiment at the CERN SPS recently extended its program for the 
energy scan with Pb ions in the energy range of 13-150A GeV/c. In the year 2016 a sample of 
Pb-Pb collisions at 13 and 30A GeV/c was collected by the NA61/SHINE experiment. The 
NA61/SHINE measurements with Pb ions and the experimental techniques using spectators at 
the lowest energy available at the SPS are also relevant for the preparation of the Compressed 
Baryonic Matter (CBM) heavy-ion experiment at the future FAIR facility in Darmstadt.

We present results on directed and elliptic flow measurement in Pb-Pb collisions at 
30A GeV/c relative to the spectator plane determined with the Projectile Spectator Detector. 
Also a new analysis of 40A GeV/c data collected by the NA49 experiment in the year 2000 
using forward spectator calorimeters (VETO and RCAL) are presented. The flow coefficients 
are reported as a function of rapidity and transverse momentum in different classes of 
collision centrality. The new results are compared with existing results from previous NA49 
analysis and the STAR data at RHIC.
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DEVELOPMENT OF NICA/SPD SOFTWARE

A. Gribowsky, A. Ivanov

(1) Joint Institute for Nuclear Research, Dubna, Russia

First results of NICA/SPD software development are informed.
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CENTRALITY AND REACTION PLANE DETERMINATION AT B M @ N  BY NEW
FORWARD HADRON CALORIM ETER

F. Guber1, M. Golubeva1, A. Ivashkin1, A. Senger2 
for the MPD/BM@N and CBM Collaborations

1. Institute for Nuclear Research, Moscow
2. GSI Helmholtzzentrum fur Schwerionenforschung GmbH (GSI), Darmstadt, 

Germany

It is proposed that existing Zero Degree Calorimeter for the BM @N  experiment at 
Nuclotron (JINR) will be replaced by new hadron calorimeter for experiments with heavy 
ions after Nuclotron upgrade. This calorimeter will consist of modules presently constructed 
for FHCAL MPD and PSD CBM.
Proposed construction and simulation results for centrality and reaction plane determination 
for different designs of new calorimeter including calorimeter without beam hole, calorimeter 
with beam hole and calorimeter with additional scintillator detector inside the beam hole will 
be discussed.
Simulation results of radiation conditions for these different calorimeter designs at BM @N  
will be shown.
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POINCARE-INVARIANT QUARK MODEL OF LIGHT MESONS
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The work is dedicated to the calculation of the integral representation of the leptonic 
decay constants of hadrons in the framework of Poincare-invariant quantum mechanics 
(PiQM): in the course of the work the authors constructed a model, that can be considered 
as a quantum field model of a finite number of particles without interaction. As a result 
of the developed model, a scheme for constructing the hadron state vectors, as a bound 
quark system, with the following calculation of the integral representations of the leptonic 
decays of pseudoscalar and vector mesons is obtained. A distinctive feature of the work 
authors note the calculation in point form of PiQM and using the pseudoscalar density 
constant for numerical calculation of constituent quark masses.
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K- M ATRIX AND UNITARY MULTICHANNEL BREIT-WIGNER APPROACHES 
FOR SEVERAL RESONANCES: COMPARISON, ADVANTAGES AND

DISADVANTAGES

V.K. Henner, T.S. Belozerova

Department o f  Theoretical Physics, Perm State University, 614990 Perm, Russia

The K-matrix method is often used to describe several resonances with the same 
quantum numbers. Its parameters are considering to represent resonance masses and partial 
widths but such an argumentation is based only on the comparison with the Breit-Wigner 
(BW) single resonance expression. It is also unclear how to include background in the K- 
matrix scheme.

The BW approach gives a parametrization of resonances in terms which have direct 
experimental meaning. We show that taking into account the interference of BWs allows to 
construct the unitary S matrix for an arbitrary number of resonances and decay channels. A 
background is also included in the scheme and is shown to be a very important part of an 
analysis. The method and the provided algorithm can be used for different problems in high- 
energy and nuclear physics. In the presented examples we give a comparison between the K- 
matrix and unitary BW-approaches.
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CROSS-SECTIONS OF NUCLEAR ISOMERS 
IN THE INTERACTION OF PROTONS ON THIN THORIUM  TARGET

R.R. Holomb1,2, S.A. Tari2, K. Katovsky1, I.Haysak2, J. Adam3,4, V.B. Brudanin3, 
R.Vespalets4, J. Vrzalova3,4, L. Zavorka3, M.Zeman13, D.V. Karaivanov3,5,

A. A. Solnyshkin3, D.V. Philosophers3, J. Khushvaktov3, V.M. Tsupko-Sitnikov3

technological University o f  Brno, Brno, Czech Republic 
2Uzhgorod National University, Uzhgorod, Ukraine 
3Joint Institute for Nuclear Research, Dubna, Russia
4Institute o f  Nuclear Physics, Czech Academy o f  Sciences, Rez, Czech Republic 
5Institute for Nuclear Research and Nuclear Energy, Sofia, Bulgaria

We present experimental results on proton interaction with thorium nuclei at energies 
100 and 600 MeV. The experiment was carried out at the intrinsic beam of JINR Phasotron 
accelerator.

The samples were placed in an accelerator chamber at a radius corresponding to the 
energy of protons at a current of 0.3 |iA. The dimensions of the beam spot were ДХ=2.5 cm 
and ДY=2.6 cm. At irradiation, the foils of 232Th were used with a thickness of 100 microns 
and a weight of 149.5 mg. The foil area was 1.5 cm2. The thorium foil was sandwiched 
between two aluminum foils of 50^m thickness each. The front aluminum foil was used to 
determine the integral flow of protons falling on the 232Th sample by activation of 27Al to 24Na. 
The back aluminum foil serving as a collector of spallation products.

After irradiation, the samples moved to the spectroscopic complex YSNAPP-2, which 
separately measured the spectra of gamma radiation of the foils 232Th and 27Al using the 
HPGe-detector CANBERRA [1].

The processing of the gamma spectra was carried out using the DEIMOS32 program 
and a set of scripts. The cross sections of the obtained isotopes were compared with data from 
the Los Alamos National Laboratory under the program MCNP6 1.0 [2, 3].

As a result for thorium foil it was identified 258 gamma lines that belong to 45 
nuclides in case of 100 MeV protons, and 222 gamma lines belong to 55 nuclides in the case 
of 600 MeV proton beam. For the aluminum collector, it was identified 258 gamma lines that 
belong to 81 nuclides in case of 100 MeV protons, and 330 gamma lines belong to 119 
nuclides in the case of 600 MeV proton beam [4].
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CALCULATION OF NEUTRON LEAKAGE FOR A  QUASI-INFINITE URANIUM 
TARGET BY THE MONTE CARLO METHOD

I.V. Zhuk1, K.V. Husak1, S.I.Tyutyunnikov2

1. Joint Institute for Power and Nuclear Research -  Sosny o f  National Academy o f  
Sciences o f  Belarus, near Minsk, Belarus

2. Joint Institute for Nuclear Research, Dubna, Russian Federation

Experiments on the study of the neutron spectrum in accelerator systems are of 
considerable interest. One of parameters in the study of the neutron spectrum is neutron 
leakage. It occurs as a result of slowing and scattering of neutrons through openings, spacing 
between rods, lead shielding, a beam entry window, etc.

The calculated results for the 4 GeV deuterons are obtained by the Monte Carlo 
method using the program code FLUKA.

These studies are performed within the framework of the project "Energy and 
Transmutation of Radioactive Waste" in cooperation with the Laboratory of High Energy 
Physics of the Joint Institute for Nuclear Research (Dubna, Russian Federation).
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HYPERNUCLEI RECONSTRUCTION AT NICA/MPD

M. Ilieva1,2

1. Joint Institute for Nuclear Reserc, Dubna Russia
2. Plovdiv University «Paisii Hilendarski»

The main task of the NICA/MPD physics program is a study of the properties of 
nuclear matter under extreme conditions. One path is true a study of strangeness production in 
nuclear collisions.The enhance production of strange particles in heavy-ion collision is 
consider to be signal for quarck-gluon plasma formation.

The MPD detector performance to measure different hypernuclei species in Au+Au 
collisions at NICA conditions, will be presented.
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D E C A Y  Bs ^  K *V +^" IN C O V A R IA N T  Q U A R K  M O D E L

Aidos Issadykov1’2̂  and Mikhail A. Ivanov1

(1) Joint Institute for Nuclear Research, Dubna, Russia
(2) The Institute of Nuclear Physics,Ministry of Energy of the Republic of Kazakhstan,

Almaty,Kazakhstan 
f E-mail: issadykov@theor.jinr.ru

This work is devoted to the study of the rare Bs ^  K d e c a y .  We compute the 
relevant form factors in the framework of the covariant quark model with infrared confine­
ment in the full kinematical momentum transfer region. The calculated form factors are 
used to evaluate branching fractions and polarization observables in the Bs ^  K  
decay . We compare the obtained results with available experimental data and the results 
from other theoretical approaches.
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VM E-BASED DAQ SYSTEM FOR THE DEUTERON SPIN STRUCTURE 
SETUP AT THE NUCLOTRON INTERNAL TARGET STATION

A.Yu. Isupov1!

(1) Joint Institute for Nuclear Research, Dubna, 141980, Moscow reg., Russia
f E-mail: isupov@jinr.ru

The new powerful VME-based data acquisition (DAQ) system has been designed for 
the Deuteron Spin Structure setup [1] placed at the Nuclotron Internal Target Station [2]. 
The DAQ system is built using the netgraph-based data acquisition and processing frame­
work ngdp [3, 4]. The software dealing with VME hardware is a set of netgraph nodes in 
form of the loadable kernel modules, so works in the operating system kernel context. The 
specific for current implementation nodes are described, while specific software utilities 
for the user context are following.

The b2r (binary-to-ROOT) server converts raw data into per trigger and per ac­
celerator spill representations, which are based on C ++ classes derived from ROOT 
framework [5] ones. This approach allows us to generalize code for histograms filling 
and polarization calculation. The b2r optionally stores ROOT events as ROOT TTree in 
file(s) on HDD, so supports the design of some express offline.

The histGUI software module provides interactive online access for human operator 
to histograms filled by the r2h (ROOT-to-histograms) server, which obtains the ROOT 
event representations from b2r. The r2h supports the calculation and histograming of 
runtime configurable variables as well as raw data variables, and optionally stores ROOT 
histograms in file(s) on HDD.

Because the spin studies at Nuclotron requires fast and precise determination of the 
deuteron and proton beam polarization, the polarization calculator software module is 
implemented. This calculator based on runtime configurable r2h code allows us to com­
pute polarization values online and suitable for integration into the Web-based scheme of 
the polarimeters representation and control [6, 7].
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HOW TO MEASURE THE LINEAR POLARIZATION OF GLUONS IN 
UNPOLARIZED PROTON USING THE HEAVY-QUARK PAIR

LEPTOPRODUCTION

N.Ya. Ivanov1,2 f, A.V. Efremov3 and O.V. Teryaev1,3

(1) Veksler and Baldin Laboratory of High Energy Physics, JINR, 141980 Dubna, Russia
(2) Yerevan Physics Institute, Alikhanian Br. 2, 0036 Yerevan, Armenia

(3) Bogoliubov Laboratory of Theoretical Physics, JINR, 141980 Dubna, Russia
f E-mail: nikiv@yerphi.am

We study the azimuthal cos ip and cos 2^ asymmetries and the Callan-Gross ratio 
R =  daL/daT in heavy-quark pair leptoproduction, IN ^  I'QQ X , as probes of linearly 
polarized gluons inside unpolarized proton. First, we determine the maximal values for 
the cos p, cos 2^ and R quantities allowed by the photon-gluon fusion with unpolarized 
gluons. Then we calculate the contribution of the transverse-momentum dependent glu- 
onic counterpart of the Boer-Mulders function, hf9 , describing the linear polarization of 
gluons inside unpolarized proton. Our analysis shows that the maximum values of the 
azimuthal distributions and Callan-Gross ratio depend strongly on the gluon polariza­
tion. We conclude that the azimuthal cos p and cos 2^ asymmetries as well as the ratio 
R in heavy-quark pair leptoproduction are predicted to be large and very sensitive to 
the contribution of linearly polarized gluons. For this reason, future measurements of 
these quantities in charm and bottom production at the proposed EIC and LHeC collid­
ers seem to be very promising for determination of the linear polarization of gluons inside 
unpolarized proton.
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DETERMINATION OF GEOM ETRY OF HEAVY ION COLLISIONS W ITH 
FORWARD HADRON CALO RIM ETER (FHCAL) AT MPD/NICA

A. Ivashkin1, M. Golubeva1, F. Guber1, S. Morozov1, A. Izvestnyy1, D. Finogeev1

1. Institute for Nuclear Research o f  RAS, Moscow

The main purpose of the FHCal is to provide an experimental measurement of a 
heavy-ion collision centrality (impact parameter) and orientation of its reaction plane. Precise 
event-by-event estimate of these basic observables is crucial for many physics phenomena 
studies to be performed with the MPD experiment. FHCal consists of two identical arms 
placed at the left/right sides from the beam collision point. Due to the fine modular structure 
and detection of spectators in both forward/backward regions, the angular resolution of the 
reaction plane reconstruction is below 30 degrees.

Since the heavy fragments escape into beam holes, it is not possible to discriminate the 
central and peripheral collisions using only the deposited energies in FHCal. The subdivision 
of the calorimeter into two, inner and outer parts, and the calculation of the energy depositions 
separately in these calorimeter parts allows the construction of new observable, the energy 
asymmetry. Taking the two-dimensional correlation between the energy asymmetry and full 
energy deposition in calorimeter, one would be possible to resolve the ambiguity in the 
centrality determination.
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DP BREAKUP REACTION INVESTIGATION UNDER SPECIFIC 
KINEMATIC CONFIGURATIONS AT ITS OF NUCLOTRON

M. Janek1'1', V.P. Ladygin2, Yu.V. Gurchin2, A.Yu. Isupov2, J-T. Karachuk3,
A.N. Khrenov2, A.K. Kurilkin2, P.K. Kurilkin2, N.B. Ladygina2, A.N. Livanov2,

G. Martinska4, S.M. Piyadin2, S.G. Reznikov2, G. Tarjanyiova1, A.A. Terekhin2 and
I.E. Vnukov5

(1) Physics Department, University of Zilina, Univerzitna 1, 01001 Zilina, Slovakia
(2) Joint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Moscow region, Russia

(3) Advanced Research Institute for Electrical Engineering, Splaiul Unirii 313, Bucharest,
Romania

(4) Institute of Physics, University of P. J. Shafarik, Park Angelinum 9, 04001 Kosice,
Slovakia

(5) Belgorod State University, Pobedy 85, 308015 Belgorod, Russia 
f E-mail: janek@fyzika.uniza.sk

Spin structure of the np SRCs has been investigated via the measurements of the tensor 
analyzing power Ayy in deuteron inclusive breakup at JINR. Data analysis has been 
performed at various energies in the wide regions of the longitudinal xF and transverse 
proton momentum pT [1]. The Ayy data demonstrate the dependence on at least these 
two internal variables, but used approach [2] failed describe the data. In the vicinity of 
the Sagara discrepancy the currently known 3NFs contribute by up to 30% for dp breakup 
reaction measured at KVI at energy of 130 MeV [3]. 3NFs improve the description of a 
part of the data but breaks other. It was found that relativistic effects contribution is 
located mainly at backward angles in the nd elastic scattering cross section at 70 MeV 
and 250 MeV [4], but theirs contribution is not large enough to fill discrepancy between 
experimental data and theory, even in the case when standard three nucleon forces [5] 
are used. For the d(n,np)n breakup reaction at 200 MeV large relativistic effects were 
observed in configuration where one arm is fixed and second arm scans the angular range. 
The contribution which comes from relativistic effects can reach up to 60%. Dp breakup 
reaction is investigated under specific kinematic configurations (space star, coplanar star, 
...) at Nuclotron. The purpose of study is to investigate possible 3NFs and relativistc 
effects in specific configuration using unpolarized and polarized deuteron beam at energy 
between 300 MeV -  500 MeV.
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STUDY OF MULTIPION PRODUCTION IN NP-INTERACTION AT
INTERMEDIATE ENERGIES

A.P. Jerusalimov^, S.G. Arakelian A.V. Belyaev, V.P. Ladygin and Yu.A. Troyan

Joint Institute for Nuclear Research, Dubna, Russia 
I E-mail: jerus@jinr.ru

The reactions of the multipion production in np-interactions were studied at the mo­
menta of incident neutrons from 1.73 to 5.20 GeV/c. The pions multiplicity of the studied 
reactions was from 2 to 6 . It was shown that the characteristics of the reactions were satis­
factory described within the framework of OPER-model (One Pion Reggeized Exchange). 
Additionally the diagrams of one baryon exchange (OBE) were used for the better de­
scription of the data at the momenta of incident neutrons below 3 GeV/c.
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NEUTRINO PROPAGATOR IN MEDIA: SPIN PROPERTIES AND  
SPECTRAL REPRESENTATION

A.E. Kaloshin1,2I and D.M. Voronin1

(1) Irkutsk State University, K. Marx str., 1, 664003, Irkutsk, Russia
(2) Joint Institute for Nuclear Research, 141980, Dubna, Russia 

f kaloshin@physdep.isu.ru

When neutrino propagates through the media (dense matter or magnetic field), it 
modifies a standard picture of flavour oscillations [1, 2, 3] and further studying needs to 
use methods of quantum field theory.

We build a spectral representation of neutrino propagator in matter moving with 
constant velocity or in constant homogenious magnetic field. In this representation based 
on the eigenvalue problem a propagator looks as a sum of single poles, accompanied by 
orthogonal matrix projectors. A spectral representation was discussed earlier for dressed 
fermion propagator in theory with parity violation [4] and for matrix propagator with 
mixing of few fermionic fields [5].

To construct a spectral representation for inverse propagator one should solve the 
eigenvalue problem for inverse propagator S . If the eigenprojectors set П  is the complete 
orthogonal system, then neutrino propagator G in matter or magnetic field looks like

g  =  £ h  n ‘ -
(1)

In both cases there exists definite 4-axis z of complete polarization, such that corre­
sponding spin projectos commute with propagator (but not always commute with Hamil­
tonian). As a result, all eigenvalues of propagator (and, consequently, dispersion laws) are 
classified accoding to spin projection on this axis. The found generalized spin projectors 
play a special role in the eigenvalue problem, simplifying essentially algebraic calculations 
and reducing algebraic problem to the vacuum case.

Here we consider the case of one neutrino flavor but the most interesting application of 
this approach is related with neutrino oscillation in media. The presence of discovered axis 
of complete polarization will play essential role in QFT description of this phenomenon.
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BOUND STATES OF PURELY RELATIVISTIC NATURE

V.A. Karmanov1̂  J. Carbonell2 and H. Sazdjian2

(1) Lebedev Physical Institute, Moscow, Russia 
(2) Institut de Physique Nucleaire, Orsay, France 

f E-mail: karmanov@sci.lebedev.ru

Bethe-Salpeter (BS) equation [1] for two scalar particles interacting by massless ex­
change reproduces, with relativistic corrections, the spectrum given by the Schrodinger 
equation with the Coulombien potential (Balmer series). In 1954 Wick [2] and Cutkosky
[3] found that the BS equation, in addition to the Balmer series, provides another infinite 
series. The latter appears if the fine structure constant is enough large: a >  n. Whereas 
the energy levels of the Balmer series tend to zero when a ^  0, the levels of this another 
series tend to zero when a ^  |. This series has no any non-relativistic counterpart. 
Therefore, the corresponding solutions were called in [2, 3] ’’ abnormal” . There was a 
discussion, whether these solutions are the physical ones, or they indicate on a flaw of the 
BS equation.

The value a >  n corresponds to a point-like nucleus with Z >  107. We consider more 
realistic case of massive exchange, when the coupling constant of strong interaction can be 
indeed enough large. We ask: whether do the abnormal states exist for massive exchange? 
Solving the BS equation, we find that they still exist. However, the abnormal states differ 
from the normal ones by their behavior in the nonrelativistic limit, when speed of light c, 
taken as a formal parameter, tends to infinity. Then the energies of the ’ normal” states 
tend to constant values, given by the Schrodinger equation, whereas the energies of the 
abnormal states tend to zero and for enough large c disappear, like the energy levels in a 
potential well disappear when depth of the well decreases.

We conclude that the relativistic BS equation has more rich spectrum than the Schrodinger 
one. It predicts existence of additional levels, having purely relativistic origin, like the 
Dirac equation predicts anti-particles.
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THE lSo np WAVE FUNCTION FROM THE n +  p ^  d +  7  PROCESS

N.A. Khokhlov

Southwest state university, Kursk, Russia 
E-mail: nikolakhokhlov@yandex.ru

There is a well-known assumption that thermal np capture and deuteron electrodis­
integration near threshold provide convincing evidence for the pion exchange currents in 
the two-nucleon electromagnetic reactions [1]. We dispute this point of view and show 
that the part played by the meson exchange currents in the low energy n +  p ^  d +  7  
reaction may be simulated by properly fitted local 3SD l and lS0 np partial potentials that 
describe the N N  elastic scattering by construction as well as deuteron electromagnetic 
form factors.

The formalism for the n +  p ^  d +  7  cross section calculation at the threshold is 
described in [1]. Results of our calculations for different realistic np potentials (referenced 
as in [3]) are shown in Table 1. We see that it is quite possible to describe the low energy 
n +  p ^  d +  7  reaction by a properly fitted local lS0 np partial potential that describes 
also the N N  elastic scattering up to 2.7 GeV by construction (Moscow14 potential [2]). 
Moreover it seems possible to describe also all available eD elastic scattering data with fit­
ted realistic 3SD l deuteron waves and with lS0 wave stemming from an np local potential 
and fitted simultaneously to the N N  elastic scattering up to 2.7 GeV and to n +  p ^  d +  7  
data (Moscow17-eD Inverse potential [3]).

Table 1: Cross sections of the neutron capture process n +  p ^  D +  7  calculated with 
different realistic deuteron and N N  scattering wave functions.

as, Fm a(np ^  D 7 , mb

Exp -23.7 334.2 ±  0.5
NijmII -23.6 304
Idaho -23.7 308
Paris -17.5 188

JISP16 -22.4 286
Moscow14 -23.7 334

Moscow17-eD Inverse -23.7 334
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ESTIMATION OF PION EMISSION SOURCE IN SYMMETRIC AND  
ASYMMETRIC COLLISIONS USING THE URQMD MODEL

E.V. KhyzhniaU, V.K. Semenova and N.O. Ermakov

National Research Nuclear University MEPhI 
f E-mail: eugenia.sh.el@gmail.com

The femtoscopy tehnique allows one to measure the spatial and temporal character­
istics of the particle emission source produced at high energy collisions. In non-central 
ultra-relativistic heavy ions collisions emission source may be tilted in the reaction plane. 
The orientation of freeze-out distributions is interesting because it provide complementary 
information about emission source. In the experiment this information is extracted by 
measuring pion femtoscopy radii as a function of the pair angle with respect to the first 
order reaction plane.

In this talk, we will present the behavior of the pion emission source at 200 GeV in 
symmetric (Au+Au) and asymmetric (d+Au, 3He+Au and Cu+Au) collisions estimated 
using the UrQMD model.
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COMPARISON OF THE RESULTS OF IRRADIATION OF THE 237Np SAMPLE IN THE 
«QUINTA» SECONDARY NEUTRON FIELD AND IN THE DIRECT PROTON BEAM

S. Kilim1, S.I. Tyutyunnikov1, O. Dalkhjav1, M. Szuta1, E. Strugalska-Gola1,
V.I. Stegailov1, I.A. Kryachko1, A.A. Smirnov1 2, J.H. Khushvaktov1

1. Joint Institute for Nuclear Research, Dubna, Russia.
2. Institute in Physical and Technical Problems, Dubna, Russia.

E-mail:stegajlov2013@yandex.ru, kia81@bk.ru

The experiments were carried out within the framework o f  the project “Energy and 
Transmutation o f  R ad^ctive  Waste” and aimed at solving the problem o f the transmutation o f 
actinides.

The aim o f this paper is to compare the cross sections for the capture and fission reactions at 
different radii o f  the «Quinta» setup and to determine their ratio [1,2] for the residual nuclei in 
the 237Np sample.

Fig.1 shows a comparison o f  gfrom axis).
As expected, under the influence o f  a direct proto = 0) and in the field o f  secondary neutrons on 

the surface o f  uranium target «Quinta» (“B” ,
R = 200 mm from axis).

As expected, under the influence o f  a direct proton beam with an energy o f  660 MeV, 
fragmentation is more characteristic (“ A ” -gamma lines: 92Y  - 934 keV, 91Sr - 1024 keV, 118mSb - 
1050 keV, 117mCd - 1065 keV) see fig.1, while in the field o f  low-energy neutrons a significant 
fraction o f  the reactions are due to neutron capture 237Np, with the formation o f  the 238Np and the 
subsequent beta decay into 238Pu (“B” -gamma lines: 238Np - 985, 1026 and 1029 keV).

xIO3 counts xIO3 counts

E, keV
Fig.1. Gamma spectra of 237Np after irradiation: “A " -  by proton beam; “B " -  by neutron field.

1. S.Kilim et al. // Nucleonica. 2018. V.63 (1). P.17.
2. S.I.Tyutyunnikov et al. //«Nucleus-2018». Voronezh. P.232.
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NEW RESULTS OF THE CLUSTERS AND HYPERNUCLEI FORM ATION W ITHIN
PHQMD M ODEL

V. Kireyeu1, A.Le Fevre2, E. Bratkovskaya2, J. Aichelin3, Y. Leifels2

1 JINR, Dubna
2 GSI, Darmstadt
3 SUBATECH, Nantes

We present a new results on the dynamical modelling of cluster formation with the 
new combined PHQMD+FRIGA model at Nuclotron and NICA energies. The FRIGA 
clusterisation algorithm, which can be applied to the n-body transport approaches, is based on 
the simulated annealing technique to obtain the most bound configuration of fragments and 
nucleons. The PHQMD+FRIGA model is able to predict isotope yields as well as hyper­
nucleus production.

Based on present predictions of the combined model we study the possibility to detect 
such clusters and hypernuclei in the BM @N  and MPD/NICA detectors.
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HADRONIC RESONANCE PRODUCTION W ITH ALICE AT THE LHC

S. Kiselev1̂  for the ALICE collaboration

(1) Institute for Theoretical and Experimental Physics, Moscow, Russia 
f E-mail: Sergey.Kiselev@cern.ch

Hadronic resonance production plays an important role both in elementary and in 
heavy-ion collisions. In heavy-ion collisions, since the lifetimes of short-lived resonances 
are comparable with the lifetime of the late hadronic phase, regeneration and rescattering 
effects become important and resonance ratios to longer lived particles can be used to 
estimate the time interval between the chemical and kinetic freeze-out. The measure­
ments in pp and p-Pb collisions constitute a reference for nuclear collisions and provide 
information for tuning event generators inspired by Quantum Chromodynamics. In this 
talk, we present recent results on short-lived hadronic resonances obtained by the ALICE 
experiment at the LHC energies, including first results from the Xe-Xe run. The ALICE 
results on transverse momentum spectra, yields and their ratio to long-lived particles, and 
nuclear modification factors will be discussed. The results will be compared with model 
predictions and measurements at lower energies.

88

mailto:Sergey.Kiselev@cern.ch


A  LO O K  AT HADRONIZATION VIA  HIGH MULTIPLICITY

E. Kokoulina, A. Kutov, V. Nikitin, V. Riadovikov, A. Vorobiev

Multipartide production is studied experimentally and theoretically in QCD that 
describes interactions in the language of quarks and gluons. In the experiment the real hadrons 
are registered. For transfer from quarks and gluons to observed hadrons various 
phenomenological models are used.

In order to describe the high multiplicity region, we have developed a gluon 
dominance model (GDM). It represents a convolution of two stages. First stage is described as 
a part of QCD. For second one (hadronisation), the phenomenological model is used. To 
describe hadronisation, a scheme has been proposed, consistent with experimental data in the 
region of its dominance. Comparison of this model with data on e+e" annihilation over a wide 
energy interval (up to 200 GeV) confirms the fragmentation mechanism of hadronisation, the 
development of the quark-gluon cascade with energy increase and domination of 
bremsstrahlung gluons.

The description of topological cross sections in pp collisions within of GDM testifies 
that in hadron collisions the mechanism of hadronisation is being replaced by the 
recombination one. At that point, gluons play an active role in the multiparticle production 
process, and valence quarks are passive. They stay in the leading particles, and only the gluon 
splitting is responsible for the region of high multiplicity.

GDM with inclusion of intermediate quark charged topologies describes topological 
cross sections in a proton-antiptoton annihilation and explains linear growth of a secondary 
correlative momentum in the negative area.

The scaled variance of a neutral pion number mesuared by us is rising abruptly in the 
region of high total multiplicity and differs from Monte Carlo predictions by seven standard 
deviations. The growth of fluctuations of the neutral pion number in this region may indicate 
the formation of a pion (Bose-Einstein) condensate. While searching for this collective 
phenomenon, events with a predominance of a large number of neutrals (16) among total 
multiplicity (32) have been found along with an indication that “ centaurs” exist. Despite the 
growth of fluctuations on the neutral number, their average remains equal to 1/3 of the total 
pion number.

Our future study of soft photon yield in the region of high multiplicity at U-70 and 
Nuclotron is presented.
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M ODELING THE INFLUENCE OF HEAVY ION BEAMS ON THE NEUROGENESIS 
AND THE FUNCTIONING OF HIPPOCAMPAL NEURAL NETWORKS

E.A. Kolesnikova, A.N.Bugay

Joint Institute for Nuclear Research, Dubna, Russia

Radiation-induced cognitive disfunction becomes a serious concern in hadron beam 
therapy and long-term manned space flights. In recent years a number of neurocognitive 
detriments have been reported, including progressive deficits in short- and long-term memory 
loss, spatial orientation, visual motor processing and impaired learning. The analysis of recent 
experimental studies at particle accelerators with energetic protons and heavy ions suggests 
that the hippocampus is one of the most sensitive regions of the central nervous system (CNS) 
under irradiation. The sub-granular zone of hippocampus contains radio-sensitive population 
of dividing cells participating in neurogenesis, therefore detailed study of related phenomena 
is very important task. However, in order to predict any cognitive dysfunction the exisiting 
models of neurogenesis need to be supplemented with functional models of neural networks 
reflecting the actual performance of neural cells in the process of cognition. This was the goal 
of present study.

We have used well-known computational models of hippocampal neurogenesis and 
applied them in simulation of the dynamics of neural networks after the incident irradiation of 
protons and heavy ion beams of different energies and doses. Kinetic equations describing 
neuron population were solved numerically in Wolfram Mathematica, and neural networks 
were simulated using NEURON toolkit. Neuron death and suppression of neurogenesis 
caused by irradiation lead to depression of network activity. Moreover, modification of 
network topology caused by changed ratio between mature and immature neurons and/or 
between neurons of different morphology results in much complex alterations of network 
activity. Comparison of computed action potential spike rasterograms and EEG signals with 
their analogs corresponding to known pathologies of CNS could provide better understanding 
of radiation-induced effects of accelerated charged particles.
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FEASIBILITY OF MEASURING EDM IN SPIN TRANSPARENT COLLIDERS

A.M. Kondratenko1, M.A. Kondratenko1, A.D. Kovalenko2, Yu.N. Filatov3, Ya.S. Derbenev4,
V.S. Morozov4

1. Sci. & Tech. Laboratory Zaryad, Novosibirsk, Russia
2. JINR, Dubna, Russia
3. MIPT, Dolgoprudny, Russia
4. Jefferson Lab, Newport News, VA, USA

A new polarization control mode called a Spin Transparency (ST) mode is currently 
being actively developed for new facilities. The ST mode is an intrinsic feature of figure-8 
magnetic ring configuration such as the JLEIC collider at Jefferson Lab. A racetrack 
configuration can be converted to the ST mode by inserting two identical Siberian snakes into 
its opposite straights as in NICA, JINR. To detect the direct effect of the electric dipole 
moment on the spin, one must ensure the spin transparency of the magnetic dipole moment, 
the MDM Spin Transparency. The MDM Spin Transparency means that, when neglecting the 
particle’s EDM, the effect of all fields along the accelerator orbit on the spin is reduced to 
zero. For colliders in the ST mode, in the absence of electric fields, the MDM Spin 
Transparency condition is automatically satisfied for any beam momentum. To measure the 
EDM, one must introduce additional electric fields into a collider such that they, on one hand, 
do not violate the MDM transparency condition and, on the other hand, maximize the effect of 
the EDM on the spin. The ST mode is applicable to measuring the EDMs of both protons and 
deuterons. We describe an experimental setup and provide estimates of the limiting EDM 
values that can be measured in the JLEIC and NICA facilities.
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PHYSICS ARCHITECTURE. PART TWO

N.P. Konopleva^

” VNIIEM” Corporation” 
f E-mail: nelly@theor.jinr.ru

The talk is devoted to the jubilee of academician M.A.Markov, who was born in 1908. 
Now we have also 100th anniversary of the gauge invariance principle proposed by Weyl 
in 1918. During the period from 1967 to 1988 M.A.Markov was academician secretary of 
AN USSR Nuclear Department. He organized the line of conferences dedicated to actual 
problems of theoretical, nuclear and elementary particle physics. One of them was interna­
tional seminar ’’Vector mesons and electromagnetic interactions” under A.M.Baldin direct 
leadership. It went off in JINR in September of 1969. Just that seminar gave birth to 
the conferences line named ” Baldin autumn” . The discussions at the A.M.Baldin seminar 
were subsequently very useful for many critical situations in theoretical and experimental 
physics.

The first of plenary session of the seminar included L.D. Faddeev talk about gauge 
field quantization, which cleared the way to construction of renormalized quantum gauge 
field theory. My talk was dedicated to the transformation of the classical gauge field 
theory into geometrical one. As a result the unified geometrical theory was obtained, 
which could include any interactions together with Einsteinian gravity. In this connection 
both formulations of Weyl’s local gauge invariance principle (of 1918 and 1929) as well as 
Einsteinian principle of general relativity were used. This approach was based on the fibre 
bundle geometry, which was created by mathematicians at that time. This theory makes 
realizable classification of interactions in accordace with the local Lie’s symmetry groups 
associated with them. Such approach leads to the Vllth Hilbert’s problem solution.

To obtain further development of the gauge field theory it is necessary to decide 
the question of the gauge field mass origin. It is key moment both in quantum and in 
geometrical classical theories of the gauge fields. Therefore it is very important to analyse 
the experiments, which massive and massless particles are converted in each other in 
(similar Baldin experiments in JINR in 1967).
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STUDY OF PRODUCTION OF FOUR CHARGED PIONS W ITH CMD-3 
DETECTOR AT VEPP-2000 COLLIDER

A.A. Korobov1,21 (on behalf of the CMD-3 collaboration)

(1) Budker Institute of Nuclear Physics, Novosibirsk 630090, Russia
(2) Novosibirsk State University, Novosibirsk 630090, Russia 

f E-mail: korobovfech@gmail.com

Since 2010 the VEPP-2000 electron-positron collider has been operated at Budker 
Institute of Nuclear Physics in the center-of-mass (c.m.) energy range from y/s =  320 MeV 
to 2000 MeV [1]. VEPP-2000 has two interaction regions in which the Cryogenic Magnetic 
Detector (CMD-3) [2] and the Spherical Neutral Detector (SND) [3] are installed.

Production of four charged pions in e+e-  annihilation has been studied before with 
good statistics at the CMD-2 [5] and SND detectors [6] as well as using initial-state 
radiation (ISR) with BaBar [7] at which a low systematic uncertainty of about 3% was 
achieved for the e+e-  ^  п+п- п+п-  cross section in the wide c.m. energy range. Earlier 
experiments are discussed in [8].

In this work the cross section of the process e+e-  ^  п+п- п+п-  has been measured 
using an integrated luminosity of 17 pb-1  collected with the CMD-3 detector in the 
c.m. energy range 650-1000 MeV. Also studied are the internal dynamics of four-pion 
production. High-precision measurements of various hadronic cross sections are of great 
interest in relation with the problem of the muon anomalous magnetic moment g-2. The 
e+e-  ^  п+п- п+п-  cross section can be also used to test relations between e+e-  annihi­
lation and т lepton decays based on conservation of vector current.
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RESOLVING THE SELEX-LHCB DOUBLE-CHARM BARYON  
CONFLICT: THE IMPACT OF INTRINSIC HEAVY-QUARK  

HADROPRODUCTION AND SUPERSYMMETRIC LIGHT-FRONT
HOLOGRAPHIC QCD

S. Koshkarev

Institute of Physics, University of Tartu, 51010 Tartu, Estonia 
E-mail: sergey.koshkarev@ut.ee

Double charm baryons is a rigorous prediction of Quantum Chromodynamics. The 
first experimental evidence for the existence of double-charm baryons was published by 
the SELEX collaboration more than 15 years ago [1, 2]. The past two years the LHCb col­
laboration provided high statistics observation of double charm baryons [3, 4]. However, 
the mass difference between the S+(ccd) candidate reported by SELEX and the E++c+(ccu) 
candidate reported by LHCb was 103 MeV/c2, so these states cannot be readily inter­
preted as an isospin doublet since one would expect a mass difference of isospin partners 
to differ by only a few MeV/c2.

In the talk we show that the intrinsic heavy-quark QCD mechanism for the hadropro- 
duction of heavy hadrons at large Feyman-x can resolve the apparent conflict between 
measurements of double-charm baryons by the SELEX fixed-target experiment and the 
LHCb experiment at the LHC collider. We show that in fact both experiments are com­
patible, and that both can be correct [5, 6]. The observed spectroscopy of double-charm 
hadrons is in agreement with the predictions of supersymmetric light front holographic 
QCD [6, 7].
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STRUCTURE OF THE MAJORANA EQUATION AND ITS PHYSICAL
INTERPRETATION

O. Kosmachev

Joint Institute for Nuclear Research

It is generally accepted that the Mayorana article (1937) describes, particles that do 
not have antiparticles. Accurate analysis showed that this article raises questions that 
were not answered after decades up to our days. It turned out that there is the ability 
to clearly delineate what kind of equations can describe neutral leptons. In our article 
it is shown that it is not the Dirac equation. We shall call the Majorana equation an 
equation that describes stable, massive, and neutral leptons. Fulfillment of the three 
requirements listed above leads strictly and unambiguously to the corollary: Majorana 
equation describes a pair of stable, massive, neutral leptons —  particle and antiparticle. 
This situation is similar to the Dirac equation, however, the spin properties of leptons of 
this type differ from spin properties of an electron or a positron.
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COHERENT DIBARYONS

B.F. Kostenko

Joint Institute for Nuclear Research

It is shown that independent experiments of Yu. A. Troyan and V.S. Stavinsky, which 
were set out in [1-3] and discussed in [4], might reveal in concord unusual dibaryons that are 
the quantum-mechanical superposition of the conventional mass-fixed light dibaryons. 
Mathematically, such objects are usual or generalized coherent states of 2-D quantum 
oscillator excited by the momentum transfer in N-N collisions. As a probable physical 
interpretation of these states, low-energy excitations of the constituent quarks inside 6-q 
systems may be considered. A transverse momentum anomaly found out in a paper [5] in data 
[6,7] obtained by the EVA collaboration can also be explained in terms of the coherent 
dibaryons and may be a sign of another characteristic property of the coherent states under 
discussion -  a good localizability of the quark motion in the usual 3-D space.
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E M C  E F F E C T  A T SM A LL B JO R K E N  X  VALU ES

A.V. Kotikov1̂ , B.G. Shaikhatdenov1 and Pengming Zhang2,3

(1) Joint Institute for Nuclear Research, 141980, Dubna, Russia 
(2) Institute of Modern Physics, Lanzhou 730000, China 

(2) University of Chinese Academy of Sciences, Yuquanlu 19A, Beijing 100049, China
f E-mail: kotikov@theor.jinr.ru

The Bessel-inspired behavior of parton densities at small Bjorken x values, obtained in 
the case of the flat initial conditions for DGLAP evolution equations, is used [1] along with 
frozen and analytic modifications of the strong coupling constant to study the so-called 
EMC effect. Among other results, this approach allowed predicting small x behavior of 
the gluon density in nuclei.
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STATUS OF NICA-SPIN PROG RAM

A.D. Kovalenko

Joint Institute for Nuclear Research

The first goal of the NICA project is a study of hot and dense strongly interacting 
matter in heavy ion collisions. The center-of-mass energy of the facility in this mode is 
limited to Vsnn = 11 GeV. Spin physics research with extracted and colliding polarized proton 
beams can be performed over energy range from 0.5 to 12.5 GeV at fixed target mode and 
from 2 to 27 GeV at head-on collision mode. Beam of polarized deuterons is available at the 
Nuclotron also.

Preparation of the research program at the Nuclotron and the future NICA collider 
facility is carried out during the last years. The design, construction and tests of new polarized 
ion source (protons and deuterons), reconstruction of the existing linac LU-20, development 
of polarimetry and the spin control systems are current works carried out in the Laboratory.

The NICA-SPIN program foresees that the SPD detector will be constructed and 
installed in the IP-2 of to study spin physics. There is a number of processes which could be 
studied with this detector and with the fixed target detectors at beams extracted from the 
upgraded Nuclotron, namely: DY processes with longitudinally and transversally polarized p 
and d beams; extraction of unknown (poorly known) parton distribution functions (PDF); 
PDFs from J/ф production processes; spin effects in various exclusive and inclusive reactions; 
cross sections of diffractive processes; helicity amplitudes and double spin asymmetries in 
elastic reactions and other effects.

The NICA-SPIN program is considered also within the frames of a long term future 
scientific program of JINR. Possibilities of the EDM search experiments at the collider are 
discussed, in particular.

The results obtained in 2016-2018 are presented and discussed in the report.
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STRONGLY INTENSIVE FLUCTUATIONS AND CORRELATIONS IN 
ULTRARELATIVISTIC NUCLEAR COLLISIONS IN THE M ODEL W ITH STRING

FUSION

V.N. Kovalenko

Saint Petersburg State University

The exploration of the QCD phase diagram and a search for the critical point is one of 
the main subjects of heavy ion physics. The experimental investigation of the phase diagram 
of a strongly interacting matter is related to the study of the fluctuations and correlations of 
observables in the nuclear collisions at high energy. Around the critical point, anomalies, such 
as enhanced fluctuations are expected to appear.

In the present work, the string-parton Monte Carlo model is applied to to the 
relativistic nuclear collisions at high energy. The model includes the string fusion effects and 
the finite rapidity length of strings, and also charge conservation in string fragmentation. We 
calculated several types of strongly intensive event-by-event variables and long-range 
correlations for the experiment.

The research was supported by the grant of the Russian Foundation for Basic Research 
(project 18-32-01055 mol_a).
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H U N T IN G  F O R  Q C D  ST R IN G S IN e+e- -A N N IH IL A T IO N

M.E. Kozhevnikova1̂ , A.G. Oganesian1,2 and O.V. Teryaev1

(1) Joint Institute for Nuclear Research, Dubna, 141980, Russia 
(2) Institute of Theoretical and Experimental Physics, Moscow, 117218, Russia 

f E-mail: m-kojevnikova@mail.ru, armen@itep.ru, teryaev@theor.jinr.ru

We develop new mathematical tool to study the non-perturbative QCD effects in 
low-energy processes using the ordinary and the analytic perturbation theory. We apply 
this tool to extract the lowest dimensional condensates from the high-precision fits data 
on e+e- -annihilation to isovector pion channels. We are searching for the operator with 
dimension 2. Our consideration is based on the Borel transform of the Adler function 
corresponding to e+e- -annihilation into pions. It is shown that within the framework of 
the proposed method the C2 coefficient of dimension 2 operator is negative and is more 
close to zero for the analytical perturbation theory, which may therefore be partially 
responsible for short strings effect.
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C H IR A L  S Y M M E T R Y  R E S T O R A T IO N  A N D  M IX IN G  T H E O R E M S IN
H A D R O N  M A T T E R

B. Krippa

London school of economic, London, UK

I consider the phenomena of chiral symmetry restoration in dense hadron matter. 
The constraints imposed by chiral symmetry on hadron correlation functions in dense 
medium are discussed. It is shown that these constraints imply a certain structure for the 
in-medium hadron correlators and lead to the mixing theorems between chiral partners, 
similar to those considered by Day, Eletsky and Ioffe at finite temperature. The effect of 
mixing of the chiral partners correlation functions arises from the interaction of nuclear 
pions with corresponding interpolating currents. It reflects the phenomena of partial 
restoration of chiral symmetry. The different scenarios of such restoration are briefly 
discussed. Both 2-point and 3-point functions are considered.
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1S-2S E N E R G Y  SH IFT IN M U O N IC  H Y D R O G E N

R. N. Faustov1, A. A. Krutov2̂ , A. P. Martynenko2, F. A. Martynenko2 and
O. S. Sukhorukova2

(1) Institute of Cybernetics and Informatics in Education, FRC CSC RAS 
(2) Samara National Research University named after S. P. Korolev 

f E-mail: aakrutov@rambler.ru

The current experimental program for the study of fine and hyperfine structure of 
simplest muonic atoms is successfully implemented, starting with 2 0 1 0 , when transitions 
(2А /̂==1 — 2P[/=22) and (2S[=0 — 2P3F/2 1) were measured in muonic hydrogen [1]. The exper­
iments with muonic hydrogen have shown that there is significant discrepancy between 
the values of charge radii of the proton and deuteron obtained from experiments with 
electronic and muonic atoms (proton radius puzzle). The nature of this discrepancy is 
still unknown, so precise calculation of different energy intervals is an actual problem, e.g. 
[2].

One of the planned tasks of the CREMA collaboration is the measurement of the 
(1S — 2S) transition frequency in muonic hydrogen. It requires an appropriate precise 
theoretical study. It is useful to note that in the case of a hydrogen atom the interval of 
a large fine structure (1S — 2S) was measured with very high accuracy. The main goal 
of our calculation is to increase the accuracy of the previous theoretical results by taking 
into account new contributions. Our approach to the calculation of the (1S — 2S) shift in 
muonic hydrogen is based on the quasipotential method in quantum electrodynamics [3]. 
Calculating (1S—2S) fine structure interval with an accuracy 0.0001 meV, the terms of the 
Hamiltonian that contribute to the given transition of orders a4,a 5,a 6 are constructed. 
These contributions are determined by the effects of nuclear structure, recoil, one-, two- 
and three-loop vacuum polarization and relativistic corrections. The obtained complete 
result for (1S — 2S) interval in muonic hydrogen can be used for a comparison with the 
future experimental data of the CREMA collaboration and extraction new value of the 
proton and deuteron charge radii.

The work is supported by RSF (grant 18-12-00128).
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241Am INCINERATION MEASUREMENTS WITH ACTIVATION METHOD 
IN THE «QUINTA» NEUTRON FIELD

S. Kilim , S.I. Tyutyunnikov, O. Dalkhjav, M. Szuta, E. Strugalska-Gola, V.I. Stegailov,
I.A. Krvachko. J.H. Khushvaktov, A.G. Shakun, F.B. Sagimbaeva, A.S. Balandin

Joint Institute for Nuclear Research, Dubna, Russia 
E-mail:stegajlov2013@yandex.ru, tsi210647@yandex.ru

The experiments were carried out within the framework o f  the project “Energy and 
Transmutation o f  Radioactive waste” and aimed at solving the problem o f the transmutation 
o f  actinides. The experiment has been performed on a «Quinta» uranium (238U) assembly that 
generates a neutron field under the action o f  beams from the JINR Nuclotron and Phasotron.

Gamma spectra o f  the irradiated targets were measured at HPGe detector. The exposures for 
measurements o f  gamma spectra Am-241 were from 3 minutes to 10 hours. The gamma 
spectrum o f the Am-241 sample is shown in Fig.1 (at the exposure o f  3 min).
During the study o f  the spectrum o f the irradiated sample Am-241, the following nuclei were 

identified: 132I (668 keV, 718 keV); 133I (530 keV); 134I (847 keV, 884 keV, 1072 keV); 135I 
(1132 keV, 1260 keV); 91Sr (555 keV, 1024 keV); 92Sr (1383 keV); 97Zr (658 keV, 743 keV); 
138Cs (1435 keV).

For these nuclei, the fission reaction rates were determined in the energy range from 100 to 
1500 keV and the average value was obtained:
Ifission = (9.48 ± 3.53)x 10"6fissions/g/proton -  preliminary fission rate.

Determination of neutron capture rate is difficult, since the gamma radiation intensity of 
neutron capture products o f  241Am is small.

E, keV
Fig.1. Gamma spectrum of 241Am sample after irradiation by neutron field of «Quinta» setup 
(at the measurement exposure - 3 min). 1

1. S.I.Tyutyunnikov et al. //«Nucleus-2018». Voronezh. P.232.
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OVERVIEW  OF ALICE RESULTS ON ULTRA-PERIPHERAL COLLISIONS

E. L. Kryshen on behalf of the ALICE collaboration 

National Research Center “Kurchatov Institute” , Petersburg Nuclear Physics Institute

Pb nuclei, accelerated at LHC, are sources of strong electromagnetic fields that can be 
used to measure photon-induced interactions in a new kinematic regime. These interactions 
can be studied in ultra-peripheral p-Pb and Pb-Pb collisions where impact parameters are 
larger than the sum of nuclear radii and hadronic interactions are strongly suppressed. Heavy 
quarkonium photoproduction is of particular interest since it is sensitive to gluon distributions 
in target hadrons. Overview of ALICE results on vector meson photoproduction in ultra­
peripheral Pb-Pb collisions and p-Pb collisions will be presented. Implications for the study of 
gluon density distributions and nuclear gluon shadowing will be discussed.
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STATUS OF NEUTRINO OSCILLATIONS

Y.G. Kudenko

Institute for Nuclear Research o f  RAS

The review of the present status and futures perspectives of study neutrino oscillations 
in accelerator and reactor experiments will be presented. The results obtained in current long 
baseline accelerator experiments T2K and NOvA are discussed. An emphasis is put on a 
search for CP violation in neutrino oscillations. The brief overview and status of the next 
generation accelerator based experiments T2HK (Japan) with 260 kt Hyper-Kamiokande far 
neutrino detector and DUNE (USA) with 40 kt LAr TPCs will be given. Finally, the recent 
progress and results obtained in searches for light sterile neutrinos in accelerator and reactor 
experiments will be discussed.
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THE COMPRESSED BARYONIC M ATTER EXPERIMENT AT FAIR

A. Kugler
for the CBM collaboration

Nuclear Physics Institute, Czech Academy o f  Science, 25068 Rez, Czech Republic

This talk will give an overview of the Compressed Baryonic Matter (CBM) experi­
ment. The CBM is currently under construction at FAIR in Darmstadt. High-intensity heavy- 
ion beams delivered by the SIS100 accelerator (FAIR Phase 1) will be used to explore the 
QCD phase diagram in the region of neutron-star core baryon-densities. Interaction rates of up 
to 10 MHz on a fixed target will enable measurements at an unprecedented level of precision 
and thereby allow access to rare probes like, e.g., multi-strange hyperons and hyper-nuclei. In­
medium mass distributions of vector mesons can be measured via lepton pairs, and excitation 
functions of various observables will serve as sensitive probes for phase transitions.
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TH E  N U C L E A R  E M C  E FFE C T IN TH E  R E S O N A N C E  A N D  DIS
T R A N S IT IO N  R E G IO N

S.A. Kulagin^

(1) Institute for Nuclear Research of the Russian Academy of Sciences, 
Prospect 60-letiya Oktyabrya 7a, 117312 Moscow, Russia 

f sergey.kulagin@gmail.com

We discuss a model of the proton and the neutron structure functions in the resonance 
and the DIS transition region. The model utilizes the results of empirical fit of the proton 
structure function in the resonance region [1] as well as the results of the global proton 
PDF analysis to the NNLO QCD approximation [2]. We discuss application of this model 
to compute the structure functions of a few-body nuclei and compare our results with 
recent mesurements of the nuclear EMC effect in 2H (deuteron) [3], 3He and 4He [4] nuclei. 
We also discuss applications for the extraction of the F2f /F2 ratio from the measurements 
with 2H [5] and 3He nuclei in the region of large Bjorken x.
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MC SIMULATION RESULTS FOR PROJECTIVE GEOM ETRY VERSION 
OF MPD EMC AT NICA COLLIDER

V.V. Kulikov1, M.A. Martemianov1, M.A. Matsyuk1,
B. Dabrowska2,3, I.A. Tyapkin2

1. SRC “Kurchatov institute” - ITEP, 117218 Moscow, Russia
2. VBL HEP, JINR, 141980 Dubna, Russia
3. PU"Paisii Hilendarski", Tzar Assen 24, Plovdiv, Bulgaria

The report gives a description of Monte Carlo simulation software developed for 
projective geometry version of electromagnetic calorimeter of MPD-detector. At the first 
stage .root file is created which transfer all EMC geometry information to GEANT4. EMC 
consists of 4308 modules of shashlik-type. Each module is a truncated pyramid with the base 
of 4x4 cm2 and 43 cm height filled with 221 layers of 1.5 mm thick scintillator plates 
interleaved by 0.3 mm thick Pb-plates. Side surfaces of the modules are machined so that they 
compactly fill cylindrical layer with internal radius of 1.72 m and 6.28 m long (336 modules 
on circumference and 128 modules along cylinder Z-axis). An axis of each module points to 
the interaction point at the cylinder center. 64 different types of the modules are used. Total 
weight of the EMC is nearly 60 tons. Geometry file gives a description of 16M “volumes” . At 
the second stage the software analyses GEANT4 output file, produces hits -  responses of the 
modules (deposited energy, time and module number) and creates clusters. Test results of the 
software and EMC MC performance are also presented. They include precision test of module 
positions, EMC efficiency to different particles, energy and angle resolution, resolution in 
neutral pion mass, registration of high multiplicity events and others.
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FEASIBILITY STUDY OF FRAGMENTATION METHOD OF LUMINOSITY 
MEASUREMENT FOR NICA COLLIDER

V.V. Kulikov, M.A. Martemianov, M.A. Matsyuk 

SRC “Kurchatov institute” - ITEP, 117218 Moscow, Russia

Zero angle production of nuclear fragments in heavy ion collisions has an attractive 
feature for luminosity measurement at heavy ion colliders and is used at RHIC and LHC. 
Fragmentation cross section is large and has a narrow momentum distribution for each type of 
the fragment. For luminosity measurements, only the fragments with rigidity different from 
that of the beam nucleus are of interest due to possibility to use bending magnets of collider to 
separate these fragments from the beam. The best fragments are neutrons and protons. The 
later has rigidity 2 times smaller than a carbon projectile and 2.49 times for gold. In this 
report we consider a possibility to use o NICA collider beam focusing system for luminosity 
measurements. This system consists of two identical parts placed at opposite sides of 
interaction point at a distance 5-15 meters from it. They include triplet of quadrupole lenses 
and three bending magnets. One of these magnets, which is common for both beams can be 
used for deflection of protons from beam pipe and deflection of beam from straight neutron 
path. The report presents simulation of luminosity monitor with detector plane in 2 m from 
the end of the bending magnet. LAQGSM was used for simulation of nuclear fragmentation 
and precise calculation of beam optic has been performed. Main collimator of 10 cm in 
diameter was placed at the entrance of the bending magnet at 11.905 m from interaction point. 
The bending magnet deflects the protons by 7 cm from beam pipe at detector plane. In spite of 
triplet defocusing properties, proton counting rate is nearly 500 per second for Au+Au 
collisions at sqrt(s) = 11 GeV/nucleon and luminosity of 1027 cm"2c"1. It looks sufficient for 
luminosity measurement. Results for this counting rate for lower energies and for other 
colliding nuclei are also presented.
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GEM  /  CSC TRACKIN G SYSTEM OF THE B M @ N  EXPERIMENT AT THE
NUCLOTRON

S. Bazylev1, A. Galavanov2, M. Kapishin1, K. Kapusniak3, V. Karjavine1, S. Khabarov1, 
A. Kolesnikov1, E. Kulish1, V. Lenivenko1, A. Makankin1, A. Maksymchuk1, B. Mehl3, 
R. De Oliveira3, V. Palchik1, G. Pokatashkin1, A. Rodriguez3, I. Rufanov1, A. Shutov1, 

I. Slepnev1, V. Slepnev1, S. Vasiliev1, A. Vishnevskiy1 and A. Zinchenko1

1. JINR

2. MEPhI

3. CERN

BM @N  (Baryonic Matter at the Nuclotron) is the fixed target experiment aimed to 
study nuclear matter in the relativistic heavy ion collisions at the Nuclotron accelerator in 
JINR. The BM @N  tracking system is based on Gas Electron Multipliers (GEM) detectors, 
mounted inside the BM @N  analyzing magnet. Cathode Strip Chamber (CSC) is installed 
outside the magnet. CSC is used for improvement of particles momentum identification. The 
structure of the GEM detectors and CSC and the results of study of their characteristics are 
presented. The GEM detectors and CSC are integrated into the BM @N  experimental setup 
and data acquisition system. The results of first tests of the GEM tracking system and CSC in 
last runs are shortly reviewed.
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A N A L YSIS OF TH E  pp ^  { p p } sn 0 R E A C T IO N  
A T TH E  E N E R G Y  R A N G E  0 .8 -2 .8  G eV

V. Kurbatov1̂  A. Kunsafina1,2,3, Zh. Kurmanaliev1,2,3 and D. Tsirkov1

(1) Joint Institute for Nuclear Research, RU-141980 Dubna, Russia
(2) Institute of Nuclear Physics, KZ-050032 Almaty, Kazakhstan

(3) L.N. Gumilyov Eurasian National University, KZ-010000 Astana, Kazakhstan
f E-mail: kurbatov@jinr.ru

We present the results on measurements of the differential cross section for the reaction 
pp ^  {pp}sn0 where {pp}s is a 1S0 proton pair (diproton) with the excitation energy Epp < 
3 MeV. The data were obtained with the ANKE magnetic spectrometer at the COSY- 
Jiilich synchrotron(Germany). The measurements have been performed at a number of 
proton beam energies in the 0.8-2.8 GeV range. The angular range of the {pp}s diproton 
in the reaction center-of-mass system was 0° < 0pp <  18°.

The results in the form of the differential cross section are analyzed together with 
those obtained earlier by the ANKE collaboration [1, 2]. The energy spectrum of the 
zero-degree cross section exhibits a pronounced peak at the 1.5-2.2 GeV beam energies. 
Besides, within the peak region the obtained differential cross sections have a maximum 
at zero angle and drop with the increase of diproton angle, unlike those at the energies 
outside this energy interval. This could be an indication for a change of reaction dynamics 
responsible for the observed peak in the forward cross section. The mass and width of 
the peak are obtained by fitting within the framework of a simple “isobar” model with 
Д(1620) excitation in the intermediate state.
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DETERMINATION OF CEN TRALITY IN NUCLEUS -  NUCLEUS COLLISIONS ON
THE M PD/NICA INSTALLATION

A.Kurepin1, A.Litvinenko2, E.Litvinenko2

1. Institute for Nuclear Research, Moscow
2. Joint Institute for Nuclear Research, Dubna

Measurement of the number of spectators in nucleus-nucleus collisions allows to 
determine the number of nucleons participating in the interaction, i.e. get information about 
the centrality of the collision. However, at energies of the NICA collider the forward hadronic 
calorimeter does not have sufficient energy resolution for the separation of the amplitudes, the 
corresponding to different number of spectators. Uncertainty in the number of spectators leads 
to a large mistake in determining of centrality. For central events inaccuracy in the 
determination of the collision parameter is about 40%, for peripheral ones is not better than 
30% at a beam energy of 2.5 AgeV. Scintillation multiplicity detector will allow obtaining 
more accurate data. A method for determining centrality is proposed taking into account the 
real the geometry of the MPD installation.
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INVESTIGATION OF ELECTRIC FIELD IN SIPM ACTIVE VOLUME BY VOLT- 
FARAD CHARACTERISTICS ANALYSIS

V. Kushpil1, S. Kushpil1, V.P. Ladygin2

1. Nuclear Institute o f  ASCR, Rez near Prague
2. JINR, Dubna

The aim of this study is to understand a changing of SiPM structure after irradiation. 
We compared profile of electric field in SiPM (KETEK) active region for ten not-irradiated 
and irradiated detectors. Standard method of measurement of C-V characteristics was applied 
using two configurations (serial and parallel circuit) to exclude an influence of the serial resis­
tance. Dependencies of capacitance on frequency was studied in range from 10 to 1000 KHz. 
For non irradiated detectors we detected in CV characteristics local instability basically con­
nected with accumulation of charge on boundary optical isolator-silicon. Also hysteresis of C­
V  characteristics was detected. For irradiated detectors also local instability was visible, but 
hysteresis of C-V characteristics was not detected. The results demonstrate that applied 
method can be used for relative analysis how SiPM active region properties changed after ir­
radiation.
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INTERACTION OF QUANTUM SYSTEMS W ITH ENVINRONMENT IN QCD

V.I. K u vsh in ov

Joint Institute for Power and Nuclear Research -  Sosny NAS Belarus 
220109 Minskp/o box119

E-mail: kuvshinov2003@gmail. com

T o study the properties o f  co lou r  particle states behaviour in the QCD vacuum we 
calculate the density m atrix o f  the system  co lou r  particle - stoch asticQ C D  vacuum , 
con sidered  as environm ent, and averaged over  degrees o f  freedom  o f  the environm ent.A s a 
result the density m atrix o f  co lou r  particle is depended on  the W ilson  lo o p  w h ich  depends on 
spanned area RT.
In the stochastic vacuum  W ilson  lo o p  decays exponentia lly  w ith  R T  at large distances and w e  

obtain evident form  o f  density m atrix o f  co lou r  particle m ov in g  in the stochastic Q C D  v a c ­
uum.
Learning density m atrix w e  obtain characteristics o f  co lou r  particle: purity (c losen ess  o f  a 
quantum state to a pure on e), v o n  N eim an entropy, in form ation , fidelity  (m easure o f  quantum 
m otion  stability). The quantities are calculated fo r  different initial co lou r  states: superposition, 
pure, m ixed , separable, non-separable (entangled), m ultiparticle.

In the case o f  o f  stochastic (not coherent) Q C D  vacuum  (on ly  correlators o f  the se c ­
ond  order are im portant) in con fin em en t reg ion  (W ilson  lo o p  decays exponentia lly ) w e  have 
decoh eren ce  o f  pure co lou r  states into a m ixed  w hite states, w h ile  purity decays exponentially  
(decay  rate =  string ten sion ).F or m ultiparticles (pure separable, m ixed  separable and non sepa- 
parable (entangled) states) w hen  R T  - > 00 w e  obtain d iagonalization  o f  density m atrix, d e ­
creasing o f  purity and increasing o f  vonN eum ann  entropy.

114



E N E R G Y  D E P E N D E N C E  OF TH E  V E C T O R  Ay A N D  T E N S O R  Ayy A N D  
Axx A N A L Y Z IN G  P O W E R S  IN D E U T E R O N - P R O T O N  E LA STIC  

S C A T T E R IN G  A T  L A R G E  S C A T T E R IN G  A N G LE S

V.P. Ladygin1! on behalf of the DSS collaboration

(1) Joint Institute for Nuclear Research, Dubna, Moscow region, Russia 
f E-mail: vladygin@jinr.ru

The results on the angular dependencies of the vector Ay and tensor Ayy and Axx 
analyzing powers in deuteron-proton elastic scattering at large scattering angles are pre­
sented. These data were obtained at internal target at JINR Nuclotron in the energy 
range 400-1800 MeV using polarized deuteron beam from new polarized ion source [1].

New data on the deuteron analyzing powers in in the wide energy range demonstrate 
strong sensitivity to the short-range spin structure of the isoscalar nucleon-nucleon corre­
lations observed earlier [2].

The perspectives of further studies of the short-range correlations using carbon, po­
larized deuteron and proton beams are discussed.
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C H IR A L  S T U D Y  OF TH E  F O U R -Q U A R K  STATE f 0(500) IN P IO N -P IO N  
A N D  P IO N -N U C L E O N  S C A T T E R IN G

P. Lakaschus1!, F. Giacosa2, J. L.P. Mauldin1 and D. H. Rischke1

(1) Institute for Theoretical Physics, Goethe University Frankfurt am Main, Germany 
(2) Institute of Physics, Jan Kochanowski University, Kielce, Poland 

f E-mail: lakaschus@th.physik.uni-frankfurt.de

We investigate the two-flavor version of the extended linear sigma model (eLSM), 
which contains, besides the standard scalar and pseudoscalar quark-antiquark degrees of 
freedom, also vector and axial-vector mesons, as well as the nucleon and its chiral partner. 
We extend this model by an additional light scalar meson, the predominantly four-quark 
state f 0 (500): At the same time, we also do not freeze the scalar glueball (predominantly 
corresponding to f 0 (1710)). We investigate interaction terms of these states with the 
other particles, some of which preserve and some of which explicitly break the UA(1) 
symmetry. We test our model by performing a global fit to masses and decay widths 
of the scalar resonances and pion-pion scattering lengths. We also discuss the influence 
of the scalar four-quark state and the glueball on the baryon sector by evaluating pion- 
nucleon scattering parameters. We find that the inclusion of f 0(500) as predominantly 
a four-quark state is necessary for a correct description of pion-pion and pion-nucleon 
scattering length.
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E-BY-E FLUCTUATIONS OF INITIAL CONDITIONS IN INTERACTIONS OF 
LIGHT, INTERMEDIATE AND HEAVY NUCLEI AT ENERGIES 4 -  200 GEV AT

NUCLEON

A.A. Loktionov1, A.Kh. Argynova1, T.N. Kvochkina1 2

1. Satbaev University, Institute o f  Physics and Technology, Almaty, Kazakhstan
2. Institute o f  Nuclear Physics, Almaty, Kazakhstan

Better understanding the fluctuating structure in the initial conditions of nuclear 
interactions is one of the most important heavy ion physics problems. In the present report 
these problems are studied in the centrality selected interactions of light -  (C, O, Ne), 
intermediate - (Si, S) and heavy -  (Au, Pb) ions with light -  (C/N/O) and heavy -  (Ag/Br) 
nuclei on the data of JINR-AGS-SPS target emulsion experiments. The new centrality 
selection approach without any nuclear geometry models was proposed and realized for this 
goal. The analyses have performed in variables of multiplicity and pseudorapidity. The actual 
problem of fluctuations in transverse plane does not consider.

Independent and accurate measurement in each event correlations between charged 
multiplicity and sum of all fast charged fragment-spectators: proton-spectators, alpha-particle- 
spectators and heavy mass fragment-spectators open the way for effective estimation of the E- 
by-E fluctuations of multiplicity. The study in each event the third and fourth statistical 
moments of pseudorapidity distribution gives us a clear picture of E-by-E fluctuations for the 
longitudinal event shape.

The evolution of experimental fluctuation patterns has estimated in two directions: “ on 
vertically” and “ on horizontally” . In the “vertical analysis” E-by-E fluctuations in interactions 
of each group of nuclei, - light-light - (C, O, Ne) + (C/N/O), intermediate-light - (Si, S) + 
(C/N/O) and heavy-heavy - (Au, Pb) + (Ag/Br), - have been compared with each other at a 
given level of centrality: at “most central” , at “mid-central” and at“ peripheral” . In the 
“horizontal analysis” E-by-E fluctuations in these groups of interactions have been compared 
with each other at a different level of centrality: from “most central” , via “mid-central” and to 
“peripheral” .

This approach complements previous data of our research group [1, 2], which showed 
that there is a clear trend to the E-by-E fluctuation increasing with system size decreasing for 
central interactions of light-light - (C, O, Ne) + (C/N/O), intermediate-light - (Si, S) + 
(C/N/O) and heavy-heavy - (Au, Pb) + (Ag/Br) nuclei. The strong enhancement E-by-E 
fluctuations in multiplicity and pseudorapidity for the most central collisions of (C, O, Ne) + 
(C/N/O) was interpreted as the sign of intrinsic alpha-clustering in light nuclei.

In order to make the reliable inference on the system size and structure dependence for 
multihadron production processes, the new physical approaches and experiments with high 
resolution and statistics are needed. New project “ NICA” opens 
the excellent possibilities for this goal. Actual system size problems can be studied on the first 
stage of NICA project -  target experiment “ Baryonic Matter at Nuclotron” (“ B M @ N ”). It is 
very interesting to perform comparative analysis of multiparticle processes in p + p, C + C 
and Au + Au collisions at new JINR energies at MPD.

[1] A.A. Loktionov A.Kh. Arginova, A. Sh. Gaitinov, T.N. Kvochkina, Physics of Atomic 
Nuclei, 2018, in press.
[2] A.Kh. Arginova, A. Sh. Gaitinov, A.A. Loktionov, Book of Abstracts, 2016 Baldin 
ISHEPP XXIII, p. 94, Dubna, 2016.
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R E C E N T  RESULTS OF TH E  H A D R O N IC  CRO SS SE C TIO N  
M E A S U R E M E N T S  W IT H  TH E  C M D -3  D E T E C T O R

Peter A. Lukin1,2! on behalf of CMD-3 Collaboration

(1) Budker Institute of Nuclear Physics 
(2) Novosibirsk State University 
f E-mail: P.A.Lukin@inp.nsk.su

In 2017-2018 the CMD-3 detector continued collecting data at the electron-positron 
collider VEPP-2000. After upgrading the positron injection facility, an average luminosity 
increased by a factor of three. In 2017 the scan was performed in the center-of-mass energy 
range from 1 to 2 GeV while in 2018 we scanned the energy region below 1 GeV to measure 
the pion form factor and omega meson parameters more accurately. The beam energy was 
monitored continuously during data taking with precision about 100 keV using Compton 
backscattering techniques. The analysis of the collected data confirmed our previous result 
- sharp behavior of the six pion cross section near the threshold for nucleon-antinucleon 
pair production. In addition, we observed for the first time a similar anomaly in the 
cross section for the process e+e-  ^  K + K - n+n-  in the same energy region. Preliminary 
results for some other hadronic channels are also presented.
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E M P L O Y M E N T  OF M IC R O S C O P IC  M O D E L OF O P T IC A L  P O T E N T IA L  
F O R  T E S T IN G  TH E  1214Be +  p E LA STIC  S C A T T E R IN G  A T 700 M E V

V.K. Lukyanov, E.V. Zemlyanaya and K.V. Lukyanov

Joint Institute for Nuclear Research 
f E-mail: vlukyanov@jinr.ru

The experimental data [1] on the 12,14 Be +  p elastic scattering differential cross sections 
at 700 Mev are compared with those obtained by solving the relativistic wave equation 
with the microscopic optical potential [2] calculated by using densities of the 12,14Be nu­
clei in the form of the phenomenological symmetrized Fermi function with two fitted 
parameters and also in forms obtained with the help of the microscopic models in the 
so-called Generator coordinate method (GCM) [3] and of the Variational method of cal­
culations (VMC) [4]. In the case of 12Be the both microscopic models turn out in small 
disagreement with the data at ’’ large” angles 9 > 9°, while for the 14Be one sees some 
inconsistence also at smaller angles.
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ON A  SE A R C H  F O R  N E W  L IG H T  C H A R G E D  PA R TIC LE S IN
P H O T O P R O D U C T IO N

V.I. Alekseev1, V.A. Baskov1, V.A. Dronov1, Yu.F. Krechetov2, A.I. L’vov1"/
L.N. Pavlyuchenko1, V.V. Poliansky1 and S.S. Sidorin1

(1) P.N. Lebedev Physical Institute, Moscow 
(2) Joint Institute for Nuclear Research, Dubna 

f E-mail: lvov@x4u.lebedev.ru

Motivated by recent V.A. Nikitin’s reports on observation of 9-MeV/c2 charged parti­
cles with a 2 meter JINR propane bubble chamber we perform an experiment at the LPI 
electron synchrotron ” Pakhra” with the aim to detect such particles in the Bethe-Heitler 
process. Theoretical limits for masses of new light charged particles of spin 0, 1/2 and 
1 arising from precise data on the muon anomalous magnetic moment are recalculated 
and updated. A geometry of the photoproduction experiment is proposed that optimizes 
sigma-to-noise ratio. Preliminary results of the experiment are exposed.
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SE LF-C O N SISTE N T A N A L YSIS OF H A D R O N  P R O D U C T IO N  IN pp,pA  
A N D  AA COLLISIO N S A T  M ID -R A P ID IT Y

G.I. Lykasov*, A.I. Malakhov*

Joint Institute for Nuclear Research, Dubna 141980, Moscow region, Russia
f E-mail: lykasov@jinr.ru 

$ E-mail: malakhov@lhe.jinr.ru

The self-consistent approach based on similarity of inclusive spectra of hadrons pro­
duced in pp and AA collisions is reviewed. This approach allows us to describe rather 
well the ratio of proton to anti-proton yields in AA collisions as a function of the initial 
energy at a wide range from a few GeV to a few TeV. We suggest its modification due 
to the quark-gluon dynamics to describe the inclusive spectra of hadrons produced in pp 
collisions as a function of the transverse momentum pt at mid-rapidity. The extension of 
this approach to analyze the pion pt-spectra produced in pA and AA collisions at high and 
middle energies and mid-rapidity is given. The satisfactory description of experimental 
data on these spectra within the offered approach is shown.
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ON TH E  P A IR  C O R R E L A T IO N S OF N E U T R A L  K, D, B  A N D  BS 
M ESO N S W IT H  CLOSE M O M E N T A  P R O D U C E D  IN 

IN C LU SIV E  M U LTIPA R TIC LE  PRO CESSES

Valery V. Lyuboshitz 1

in collaboration with Vladimir L. Lyuboshitz

Joint Institute for Nuclear Research, 
141980 Dubna, Moscow Region, Russia 

1 E-mail: Valery.Lyuboshitz@jinr.ru

The phenomenological structure of inclusive cross-sections of the production of two 
neutral K  mesons in hadron-hadron, hadron-nucleus and nucleus-nucleus collisions is 
theoretically investigated taking into account the strangeness conservation in strong and 
electromagnetic interactions. Relations describing the dependence of the correlations of 
two short-lived and two long-lived neutral kaons KSK0, KLKL and the correlations of 
“mixed” pairs K 0KL at small relative momenta upon the space-time parameters of the 
generation region of K 0 and K 0 mesons have been obtained. These relations involve 
the contributions of Bose-statistics and S-wave strong final-state interaction of two K 0 
(K 0) mesons as well as of the K 0 and K 0 mesons, and also the additional contribution of 
transitions K + K -  ^  K 0K 0, and they depend upon the relative fractions of generated 
pairs K 0K 0, K 0K 0 and K 0K 0. It is shown that under the strangeness conservation the 
correlation functions of the pairs K°s K°S and KLK°l , produced in the same inclusive 
process, coincide, and the difference between the correlation functions of the pairs KS0KS0 
and K S0 K L0 is conditioned exclusively by the production of the pairs of non-identical 
neutral kaons K 0K 0.

For comparison, analogous correlations for the pairs of neutral heavy mesons D 0, B 0 
and B0, generated in multiple inclusive processes with charm ( beauty ) conservation, 
are also theoretically analyzed -  neglecting, just as for the case of K 0 mesons, the weak 
effects of C P  violation. These correlations have the quite similar character and they 
are described by quite similar expressions: in particular, just as for K 0 mesons, the 
correlation functions for the pairs of states with the same C P  parity (Rss =  RLL) and 
with different C P  parity (RSL) do not coincide, and the difference between them is 
conditioned exclusively by the production of pairs D 0D 0, B 0B 0 and B°SB°S . However, 
contrary to the case of K 0 mesons, here the distinction of CP-even and CP-odd states 
(and, hence, the experimental study of respective pair correlations) encounters difficulties 
-  due to the insignificant differences of their lifetimes and the relatively small probability 
of purely CP-even and CP-odd decay channels. Nevertheless, one may expect that this 
will become possible at future colliders.

122

mailto:Valery.Lyuboshitz@jinr.ru


ON TH E  p0-M E SO N  P R O D U C T IO N  IN TH E  IN CLU SIV E  
P R O T O N -P R O T O N  COLLISIO N

A.I. Machavariani1’2^

(1) LHEP JINR, Dubna 141980, Moscow Region, Russia
(2) HEPI Tbilisi State University, Tbilisi, Georgia 

f E-mail: machavar@jinr.ru

It’s shown [1] that the extended parton model with an isotropic distribution of the 
p0 meson reproduces realistically the experimental cross sections of the inclusive proton- 
proton scattering pA +  Рв M p °X . This is consistent with the experimental results [2], 
according which the angular distributions of this reaction at Plab =  12 and 24GeV/c are 
roughly isotropic.

Present formulation of the reaction pA + p B M p0+ X  based on extension of the original 
parton model for the Drell-Yan reaction pA +  pB M 7  * + X  within generalized vector 
meson dominance (GVMD) model which requires continuation of the parton distribution 
functions (PDF) in the region of the small x and Q2 < 1GeV2 and contains exactly the 
quark-antiquark-p meson vertex which is constructed via the vector gV and tensor gT 
coupling constants of the p — N N  vertex. We have used three different PDF f n/A(x) 
[3, 4, 5], where for |x| < <  1 and Q2 < 1GeV2 PDF are constructed exactly [3, 4] using 
the corresponding experimental data.

We take PDF fn/A(x, qT) as

e-qT/ (2b2) e- q T/ (2b2)
fn/A(x , qT) f n/A(x) 2b2 ’ fn/B(x , qT) f n/B)(x) 2b2 , (1)

where qT denote the transverse momentum of the quark, P  =  |P| is the momentum of
the beam proton in c.m. system; x 1.2 =  ko±pZ, and ko =  mV +  kT2 +  kf is the energy 
of final p-meson with the mass mV and the longitudinal momentum kz..

We have obtained, that the cross section for the isotropic distributions contains only 
two adjustable parameters: 2b2 from the standard PDF (1) and the related constants 
(gV — gT)2. The considered cross section depends on the quark masses through (gV — gT)2. 
This allows one to get the several set of the different quark masses which yield the same 
cross section with the same (gV — gT)2. In particular, we have demonstrated that one can 
obtain the same isotropic distributions within the constituent and current quark models. 
The detailed theoretical and experimental investigation of the anisotropic contributions 
in the considered cross sections will allow one to estimate the mechanisms of removing 
this degeneracy.

As an example of the present formulation we shall examine the total cross section 
of the reaction pA +  pB M p0X . Total cross section aPA+PB̂ poX in Fig. 1 significantly 
depend on the choice of PDF and parameters 2b2 in (1) and (gT — gV)2. However, these 
cross-sections have important features:

1) They increase dramatically in the energy region up to ~  20GeV. In particular,
®VA +PB —p0X (Pbeam 24G ev/c)/^pa+PB —p0X (Pbeam 12Gev/c) — 2.
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Figure 1: Total cross section aPA+PB-poX as a function of y/s. [M08], [G98] and [G08] 
indicate curves with the PDF from [5, 3] and [4] correspondingly. Solid and dashed lines 
correspond to 0.4082GeV/c and b =  0.3727 in PDF (1). Articles with experimental data 
are quoted in [1].

2) In the energy region > 20GeV these cross sections are growing much slower 
than before < 20GeV. The isotropic cross section aPA +PB̂ poX strongly depends on 
the choice of the parameters 2b2 in PDF (1) and the corresponding parameter (gV — gT)2. 
Sensitivity on the correlated parameters 2b2 and (gV — gT )2 of this cross section increases 
in the region 20GeV < ^ s <  65GeV.

This theoretical model [1] presents the first qualitative description of the inclusive 
reaction pA +  Рв — p0X
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THE FAST INTERACTION TRIGGER DETECTOR FOR THE UPGRADE OF THE 
ALICE EXPERIMENT AT CERN: DESIGN AND PERFORMANCE

A.I. Maevskaya
on behalf of the ALICE Collaboration

Institute for Nuclear Research o f  the Russian Academy o f  Sciences, Moscow, Russia

ALICE (A Large Ion Collider Experiment) experiment [1] at CERN LHC is designed 
to study the properties of the Quark-Gluon Plasma (QGP) in heavy-ion collisions. In 2019­
2020 the upgrade of CERN LHC will increase the luminosity and the collision rate beyond the 
design parameters of the current ALICE setup. To be able to benefit from the improved 
performance of the LHC, ALICE will upgrade several of its key detector systems including 
the Fast Interaction Trigger (FIT) [2]. FIT is designed to provide the functionality of the old 
forward detectors while retaining or even improving their performance. It will provide 
Minimum Bias trigger with efficiency higher than 90% for pp collisions, measure luminosity 
for pp and Pb-Pb, sustain interaction rates up to 1MHz and 50kHz, respectively. FIT will 
determine the collision time with a resolution better than 50ps, and will be used to measure 
the event multiplicity, the centrality and the reaction plane. The detector consists of 2 arrays 
of Cherenkov radiators with MCP-PMT sensors, placed on both sides of the interaction point 
and of a single large-diameter scintillator ring. This presentation will discuss the main design 
concepts, detector construction, beam test results, MC simulations, and the results of detector 
performance studies.

Acknowledgements. This work was performed as part of the RF Ministry of Education and 
Science’s program for Russian teams to participate in the project for modifying the ALICE 
experiment at the Large Hadron Collider.
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PH A SE  T R A N S IT IO N S  IN TH E  E X T E N D E D  P A R T IC L E  SY STE M S, 
H A G E D O R N  T E M P E R A T U R E  A N D  C R IT IC A L  D E N S IT Y  A N D  TH E  

F R A C T A L  D IM E N SIO N  OF SPACE, AS A  C O N F IN E M E N T  PH A SE  
T R A N S IT IO N  O R D E R  P A R A M E T E R

Nugzar Makhaldiani

Joint Institute for Nuclear Research, Dubna 
E-mail: mnv@jinr.ru

Concise introduction in renormdynamics and fractal calculus; boson, fermion, and su­
per oscillators and (statistical) mechanism of cosmological constant; finite approximation 
of the zeta-function and fermion factorization of the bosonic statistical sum considered.
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FRAGMENTATION PEAK SPLITTING OF THE LIGH T IONS IN 56Fe + 9Be 
COLLISIONS AT 0.23 GeV/NUCLEON

B.M. Abramov1, M. Baznat1 2 3, Yu.A. Borodin1, S.A. Bulychjov1, I.A. Dukhovskoy1,
A.P. Krutenkova1, V.V. Kulikov1, M.A. Martemianov1, M.A. Matsyuk1, E.N. Turdakina1

1. SRC “Kurchatov institute” - ITEP, 117218 Moscow, Russia
2. Institute o f  Applied Physics, Academy o f  Sciences o f  Moldova, MD-2028 Kishinev, 

Moldova

The FRAGM experiment at the ITEP-TWA heavy ion facility has a specific possibility 
to measure the momentum distributions of nuclear fragments [1]. In this paper we present the 
results of 56Fe fragmentation into light ions on Be target at 0.23 GeV/nucleon and angle of 
3.5o. The momentum spectra of projectile like fragments were measured with high resolution 
beamline spectrometer. Fragments were selected by correlated time of flight and dE/dx 
measurements with scintillation detectors. In contrast to the carbon fragmentation [2], where 
the momentum spectra have Gaussian-like shapes, in the fragmentation of iron ions into the 
light fragments the shapes have a double-humped structure.

This splitting is most pronounced in proton spectra, decreases with increasing 
fragment mass and disappears for lithium isotopes and heavier fragments. The possibility of 
describing this effect in asymmetric fission, coalescence model and multi-fragmentation is 
discussed. A comparison is made with the results of the FRS measurements in GSI [3], where 
a similar effect was observed in the fragmentation of iron and xenon ions into lithium and 
boron isotopes at 1 GeV / nucleon . The obtained experimental data is in a reasonable 
agreement with the predictions of several transport codes such as BC, INCL and LAQGSM.
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Fig. 1. Momentum spectra o f  fragment in the projectile rest frame for protons (left) and 
deuteron (right) presenting the experimental data (FRAGM) and different transport codes.
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E N E R G Y  S P E C T R A  OF M U O N IC  A T O M S IN Q U A N T U M
E L E C T R O D Y N A M IC S

A. E. Dorokhov1, A. A. Krutov2, A. P. Martynenko2"/
F. A. Martynenko2 and O. S. Sukhorukova2

(1) Joint Institute of Nuclear Research, BLTP
(2) Samara National Research University named after S.P. Korolev 

f E-mail: a.p.martynenko@samsu.ru

The hyperfine splitting (HFS) of 2S-state in muonic hydrogen was measured recently 
by the CREMA collaboration in [1]:

(2S) =  22.8089(51) meV. (2)

At present, several experimental groups plan to measure the HFS of the ground state in 
muonic hydrogen with a record accuracy of 1 ppm. The CREMA collaboration has ob­
tained in recent years significantly new experimental results that helped to re-examine the 
problem of muon bound states, posed new questions to the theory that require additional 
investigation. One possible future activity of the CREMA collaboration may be connected 
with other muonic ions containing light nuclei of lithium, beryllium and boron. For these 
muonic ions, the description of the electromagnetic interaction of the few-nucleon systems 
is particularly important, and, consequently, the role of the effects of nuclear physics can 
be studied with greater accuracy.

In our previous work, we calculated the Lamb shift in the muonic ions of lithium, 
beryllium, and boron [2]. In this work we carry out a calculation of S-states hyperfine 
splittings in a number of muonic ions. Our precise calculation of the HFS includes taking 
into account the various corrections of the fifth and sixth orders in a, which were previ­
ously taken into account also in the study of the hyperfine structure of the spectrum of 
muonic hydrogen and helium. One significant difference between these calculations and 
the previous ones is due to the fact that in this work we investigate the nuclei of spin 1 , 
3/2, 3. Corrections to the structure of the nucleus, which are determined by two-photon 
exchange amplitudes, as follows from our results, play a very important role in achieving 
high accuracy of calculation. They are defined in our approach by the electromagnetic 
form factors of the nuclei, which in this case must be taken from experimental data. 
Several basic corrections calculated in [3] are in agreement with our results.

The work is supported by RSF 18-12-00128 and RFBR 18-32-00023.
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H A D R O N IC  C O N T R IB U T IO N  OF L IG H T  B Y  L IG H T  S C A T T E R IN G  IN 
TH E  E N E R G Y  S P E C T R U M  OF M U O N IC  H Y D R O G E N

A. E. Dorokhov1, A. P. Martynenko2, F. A. Martynenko2̂  and A. E. Radzhabov3

(1) Joint Institute of Nuclear Research, BLTP
(2) Samara National Research University named after S.P. Korolev

(3) Matrosov Institute for System Dynamics and Control Theory SB RAS 
f E-mail: f.a.martynenko@gmail.com

Among the various electromagnetic interactions, the processes of two-photon meson 
production take a special place. First, they have been studied experimentally for quite a 
long time, for which a rich material has been accumulated [1, 2]. Secondly, with the devel­
opment of the quark model and nonperturbative methods of quantum chromodynamics, 
such reactions, as well as the reverse decay processes of mesons into two photons, were 
constantly in the field of intensive theoretical studies.

A new round of interest in 7  +  7  ^  meson processes is connected with their possible 
role as a new source of interactions between leptons and nucleons. Since in atomic physics 
there are precise experiments to measure fine and hyperfine structure, any new contribu­
tions to the particle interaction operator are important and can be studied experimentally. 
The first estimate of the contribution of effective meson exchange in muonic hydrogen, 
which have already appeared, show that this contribution is significant [3, 4].

In our previous papers [3, 4] we have investigated the role of effective exchanges of axial 
vector and pseudoscalar mesons for the position of the energy levels in muonic hydrogen. 
In this study we extend our analysis to the case of scalar mesons. There are several scalar 
mesons with the mass near 1 GeV, which can contribute to the effective muon-proton 
interaction: a(550), / 0(980), a0(980), / 0(1370). On the basis of quasipotential method 
in quantum electrodynamics we construct the muon-proton interaction amplitudes due 
to scalar meson exchange. Analytical expressions for corresponding energy shifts in the 
case of 2S- and 2P-states are obtained. Using quark model we calculate parameters of 
two-photon - scalar meson transition form factor and obtain numerical estimate of the 
contribution to the Lamb shift (2P-2S) in muonic hydrogen.

The work is supported by RSF 18-12-00128 and RFBR 18-32-00023.
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PREDICTION FOR THE ATOM , NUCLEAR MASS AND MASS EXCESS OF 119 
AND 120 ARTIFICIAL ELEMENTS USING THE IMPROVED NUMERICAL 

GENERALIZATION OF BETHE- W EIZSACK ER MASS FORM ULA BY TAKING 
INTERACTION OF THE ELECTRON SHELL AND NUCLEUS

Strachimir Cht. Mavrodiev1, Alexander Vol2

1. INRNE-BAS, Bulgaria
2. OSHADI Drug Administration Ltd., Israel

In this paper is presented explicit improved numerical generalization of Bethe- 
Weizsacker (BW) mass formula which describes the values of measured 2654 nuclear mass in 
AME2012 nuclear database with residual less than 1.6 MeV, starting from 2H1 to 294Og118.

In the obtained generalization of the BW formula the influence of magic numbers and 
boundaries of their influence between them is defined for ten protons (2, 8, 14, 20, 28, 50, 82, 
98, 108, 124), eleven neutrons (2, 8, 14, 20, 28, 50, 82, 124, 152, 184, 202)- from fit, and 
electrons (2, 10, 18, 36, 54, 86, 118 140) magic numbers- from Mendeleev table of elements.

In the last years appeared new experimental data which demonstrate the dramatically change 
of decay rate due to ionization of atom, because of the resonant interaction between electron 
shells and nuclei.

For example, the strong dependence of the nuclear decay rate appeared for the 229Th90, 
226Rn88, 152Eu63 154Eu63 isotopes and 178mHf72, 99mTc43 isomers.
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RECENT RESULTS FROM  STRONG INTERACTION PROG RAM  OF NA61/SHINE
EXPERIM ENT AT CERN SPS

G.L. Melkumov
for the NA61/SHINE Collaboration 

Joint Institute for Nuclear Research, Dubna, Russia

Exploration o f  predicted features o f  the phase diagram o f strongly interacting matter 
particularly the deconfinement phase transition from hadrons to a system o f quasi-free quarks 
and gluons (QGP) and quest for the critical point is the primary goal o f  a number o f 
contemporary experiments, developing projects and numerous theoretical investigations.

The NA61/SHINE experiment at CERN SPS pursuing this challenging program 
performing a two-dimensional scan a broad region o f  the QCD phase diagram by varying the 
momentum (13A-158A GeV/c) and the size o f  colliding systems (p+p, p+Pb, Be+Be, Ar+Sc, 
Xe+La and Pb+Pb).

Recent NA61/SHINE results on particle spectra and event-by-event fluctuations in 
p+p, Be+Be and Ar+Sc collisions will be discussed. Emphasis is put on the measurements o f 
particle ratios, namely of pion and strangeness production, and multiplicity fluctuations versus 
the energy and the system size.

It will be shown that the hadron production properties in heavy ion collisions which 
change rapidly in the low SPS energy domain and interpreted as the beginning of creation of 
quark-gluon plasma - onset o f deconfinement could be also the case in inelastic p+p 
interactions and probably in Be+Be collisions.

The observed rapid change o f  hadron properties that start when moving from Be+Be 
to Ar+Sc will be explained that can be interpreted as the beginning o f  formation a large 
clusters o f  strongly interacting matter - onset o f  fireball.

Recently the experimental program was extended by measurements o f production 
properties o f  open charm mesons. For this purpose the NA61/SHINE spectrometer was 
supplemented with a Vertex Detector, which allowed identification o f  D0 mesons in the first 
test measurements performed for Pb+Pb collisions at 150A GeV/c.

As an extension o f  physics program NA61/SHINE plans to measure precisely an open 
charm and multi-strange baryon production. The physics program for future measurements 
beyond 2020 will be briefly presented as well as the planned upgrade o f  the NA61/SHINE 
facility.
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STUDY OF THE DEUTERON ANALYZING POWERS IN DP-ELASTIC 
SCATTERING AT THE ENERGY OF 800 M eV

O.Mezhenska1, V.P. Ladygin2, Yu.V. Gurchin2, A.Yu. Isupov2, M. Janek4, J-T Karachuk2,5,
A.N. Khrenov2, P.K. Kurilkin2, A.N. Livanov2, N.D.Ladygina2, S.M. Piyadin2,

S.G. Reznikov2, A.A. Terekhin2, A.V. Tishevsky2, A.V. Averyanov2, E.V. Chernykh2,
D. Enache5, D.O. Krivenkov2, Skhomenko23, T.Uesaka6

1. Pavol Jozef safarik University in Kosice, Kosice, Slovakia
2. Joint Institute for Nuclear Research, Dubna, Russia
3. Belgorod State National Research University, Belgorod, Russia
4. Physics Department, University o f  zilina, zilina, Slovakia
5. National Institute for R&D in Electrical Engineering ICPE-CA, Bukharest, 

Romania
6. Nishina Center for Accelerator-Based Science, RIKEN, Wako, Japan

The preliminary results on the angular distributions of the vector A y and tensor A yy, A D 
analyzing powers in dp- elastic scattering at the energy of 800 MeV are presented. The 
measurements have been performed at Internal Target Station at Nuclotron using polarized 
deuteron beam from new source of polarized ions. The experimental data are compared with 
the preliminary calculations obtained within framework of relativistic multiple scattering 
approach.
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E TA -N U C LE I IN TH E  SC A N  E X P E R IM E N T

K. Michalickova1̂ , S.V. Afanasiev2, D.K. Dryablov2 and S. Vokal1

(1) Institute of Physics, Faculty of Science, P. J. afrik University, Koice, Slovakia 
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f E-mail: katarinamichalickova@gmail.com

Eta-mesic nucleus or the quasibound nuclear state of an n-meson in a nucleus is caused 
by strong-interaction force alone. The project SCAN2 is aimed at searching and studying 
eta-meson nuclei production. The experiment is based on two-arms spectrometer using 
internal target at the Nuclotron. The setup was designed to study products from eta- 
meson nucleus decay in the reaction d +  12C ^  (A)n +  X  ^  n +  p +  (A — 2 ) at deuteron 
energies from 0.5 to 2.5 GeV/nucl. The energy spectrum of secondary protons has been 
measured. The dependence of the yields of protons and pions on the beam energy has been 
obtained. This dependence can show us the minimum energy for S11 resonance formation. 
The first prototype of the neutron detector has been tested, which will be used in a new 
modified experimental setup SCAN3 for recording of nucleons and pions from n-nucleus 
decays in the nn and pn channels. Time-of-flight method to obtain neutron spectrometry 
was used. Time resolution and efficiency of neutron detector has been obtained.
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THE VERY FORWARD HADRON CALO RIM ETER PSD FOR THE FUTURE
CB M @FA IR EXPERIMENT

V. Mikhaylov1,2, A. Kugler1, V. Kushpil1, O. Svoboda1, P. Tlusty1, M. Golubeva3, F. Guber3, 
A. Ivashkin3, S. Morozov3,4, V. Klochkov5,6, I. Selyuzhenkov5,4, A. Senger5

for the CBM Collaboration

1. Nuclear Physics Institute, Rez, Czech Republic
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3. Institute for Nuclear Research RAS, Moscow, Russia
4. National Research Nuclear University MEPhI, Moscow, Russia
5. GSI Helmholtz Centre for Heavy Ion Research, Darmstadt, Germany
6. Goethe University Frankfurt, Frankfurt am Main, Germany

The Projectile Spectator Detector (PSD) of the CBM experiment at the future FAIR 
facility is designed to measure the energy distribution of the forward going projectile nucleons 
and nuclei fragments (spectators) produced close to the beam rapidity. The PSD is a 
compensating calorimeter which has a modular transverse structure consisting of 44 modules 
with a beam hole in the center of the calorimeter. Each module has 5.6 hadron interaction 
lengths and transverse size of 200x200 mm2. The module consists of 60 lead/scintillator 
sandwiches with the sampling ratio of 4:1. Light from each of 6 consecutive scintillator plates 
in module is collected by WLS fibers and is read out by one photodetector, 3x3 mm2 
Hamamatsu MPPC placed at the end of the module. Thus, the module has the readout from 10 
longitudinal sections that allows to measure the longitudinal hadron shower profile. 
Calorimeter will provide the information on the centrality and reaction plane orientation of the 
heavy-ion collisions at the SIS-100 beam energy range of 2 - 10 AGeV with beam interaction 
rates up to 1 MHz. The detector performance for the centrality and reaction plane 
determination will be presented based on Monte-Carlo simulations of gold-gold collisions 
with help of four different heavy-ion event generators.
The PSD energy resolution and the linearity of the response have been measured at CERN 
Proton Synchrotron (PS) T9 and T10 beam lines for PSD supermodule consisting of 9 
modules assembled in 3x3 array.
Predictions of the calorimeter radiation conditions at the CBM and response measurement of 
one PSD module with 10 neutron irradiated MPPCs used for the light read out will be 
discussed.
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P R O S P E C T S  F O R  TH E  S T U D Y  OF E V E N T -B Y -E V E N T  
F L U C T U A T IO N S A T  M P D /N IC A  P R O JE C T

A.A. Mudrokh1!

(1) Joint Institute for Nuclear Research (Dubna) f E-mail: mudrokh@jinr.ru

One of the main physic goal of the Multi Purpose Detector (MPD) is to investigate 
hot and dense baryonic matter in heavy ion collisions at NICA energies for the searching 
of the possible critical end point (CEP). Since the location of CEP is not really known 
the entire accessible region of the QCD phase diagram needs to be explored by scanning 
the full range of available beam energies. In case of presence CEP can be observed by 
abnormal fluctuations of various quantities such as net-proton multiplicity.

This task requires excellent particle identification (PID) capability over as large as 
possible phase space volume. The identification of charged hadrons is achieved at the 
momenta of 0.1 -  3 GeV/c. In my talk I will present results of hadron identification and 
preliminary possibility estimation of the study of event-by-event fluctuations at MPD.
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M U LTI P A R T IC L E  P R O D U C T IO N  IN P R O T O N -N U C L E U S 
CO LLISIO N S A T H IG H  E N E R G Y

Y. Mulian

Institut de Physique Theorique, Universite Paris Saclay, CNRS, CEA, F-91191,
Gif-sur-Yvette, France

Using the formalism of the light-cone wave function in perturbative QCD together 
with the hybrid factorization, we compute the cross-section for three particle production 
at forward rapidities in proton-nucleus collisions. In this picture, the three produced 
partons a quark accompanied by a gluon pair, or two quarks plus one antiquark are 
all generated via one or two successive splittings of a quark from the incoming proton, 
that was originally collinear with the latter. The three partons are put on-shell by their 
scattering o the nuclear target, described as Lorentz-contracted shockwave. We explicitly 
compute the three-parton Fock space components of the light-cone wave function of the 
incoming quark and also the production state, which describes the scattering between this 
dressed quark state and the shockwave for the purposes of computing particle production. 
This production state is also an ingredient for other interesting calculations, like the next- 
to-leading order correction to the cross-section for the production of a pair of jets.

136



MONTE CARLO TR A C K  STRUCTURE SIMULATION IN STUDIES OF 
BIOLOG ICAL EFFECTS INDUCED BY ACCELERATED CHARGED PARTICLES
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The study of evaluating radiation risk on the central nervous system induced by 
accelerated charged particles is very complex and challenging task in modern radiobiological 
research. Recent radiobiological experimental studies at particle accelerators have shown that 
the radiation-induced hippocampus injury leads to various behaviour and cognitive changes. 
In this regards, the development of theoretical models and computer simulation methods of 
radiation-induced structural and functional variations in the hippocampus is of great interest.

The present work investigates the influence of charged particles on the hippocampal 
cells of the rat brain using the Geant4 Monte Carlo radiation transport code. The applied 
computer simulation provides a method for simulation of full physical processes and chemical 
reactions in developed model of the rat hippocampus, which contains different types of neural 
cells -  pyramidal cells of the cornu ammonis and granule cells of the dentate gyrus, as well as 
heterogeneous populations of interneurons and neural stem cells. Particle track simulations 
were made for beams of protons and heavy ions with different energies and doses 
corresponding to real fluxes of galactic cosmic rays. The distribution of stochastic energy 
depositions and production of oxidative radical species were obtained and analyzed in 
different components of the hippocampal cells after irradiation. In result we obtained that the 
number of injured neurons in the dentate gyrus region is larger than the number of injured 
neurons in the cornu ammonis region of hippocampus after irradiation with different charged 
particles.

The precise quantification of the neuron initial damage can be of great importance for 
both radiation protection, particularly in deep-space long-term manned missions, and 
radiation treatment of cancer cells.
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HADRON M ODIFICATION IN DENSE BARYONIC M ATTER

G. Musulmanbekov 

Joint Institute for Nuclear Research

Starting with the Strongly Correlated Quark Model of a hadron structure, SCQM, we 
demonstrate how the properties of mesons and baryons are modified in hot and dense nuclear 
environment. It is shown that at these conditions nucleons are converted into delta-isobars and 
hyperons, and mesons are produced predominantly in vector states. Moreover, the masses of 
mesons consisting of light quarks changes drastically. These in-medium modifications can 
lead to the observable effects in heavy ion collisions, especially in NICA energy range, such 
as enhancement of strangeness, like “horn-effect” , and enhancement of dilepton yield which 
is related to broadening and dropping o f vector meson masses.
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M E D IU M -IN D U C E D  M O D IF IC A T IO N  OF K A O N S S P E C T R A  
M E A SU R E D  IN SIDIS A T  H E RM E S

G. Nazaryan

Yerevan Physics Institute, Yerevan, Armenia 
E-mail: gevorg91@.yerphi.am

The predicted high sensitivity of the nuclear modification factor for K -  in SIDIS in 
respect to the medium-induced flavour conversion is studied at HERMES experiment. 
Unlike n-  and K  + nuclear modification factor for K -  is assumed to increase at high 
value of Bjorken variable xBj and a hadron fraction energy z. The experimental signature 
of this phenomenon is an enhanced K -  yields compared with those of K  + for high x Bj 
and z range. This is consequence of parton energy loss of the leading quarks. The xBj 
spectra of nuclear attenuation ratios for charged pions and kaons will be presented in 
different slices of z extracted on Ne, Kr and Xe targets.
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PROGRESS IN EXPERIMENTAL STUDIES AT THE BGO-OD 
COLLABORATION AT BONN

V.G. Nedorezov 
for BGO-OD collaboration

Institute for Nuclear Research RAS, Moscow

Recent experimental results and perspectives of the BGO-OD collaboration are 
presented. Main attention is paid to investigation of formation and decay of baryonic states of 
possible multi-quark structure, i.e. beyond the minimal 3-quark structure, by means of 
photoproduction of strange mesons. Experimental facility is described in detail. Also, 
perspectives to study multifragmentation of light nuclei by intermediate energy photons are 
discussed.
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R E C E N T  F L O W  A N D  F E M T O S C O P Y  RESULTS F R O M  S T A R

G.A. Nigmatkulov^ (for the STAR Collaboration)

National Research Nuclear University MEPhI 
f E-mail: nigmatkulov@gmail.com; ganigmatkulov@mephi.ru

Relativistic heavy-ion collisions allow to explore the properties of the hot and dense 
medium known as the Quark-Gluon Plasma. The created matter expands, cools and 
freezes out to the final-state particles. Azimuthal anisotropy and femtoscopy measure­
ments provide information about collectivity and dynamics of the created medium. Data 
from the beam energy scan enables STAR to search for the turn on/off signatures of the 
QGP, for the first-order phase transition, and to constrain various models. In this talk, 
recent femtoscopy and azimuthal anisotropy results will be presented.
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E L E C T R O C O U P L IN G S F O R  L O W  LY IN G  N U C LE O N  R E SO N A N C E S 
F R O M  A  L IG H T  F R O N T  Q U A R K  M O D E L

I.T. Obukhovsky1̂  A. Faessler2, T. Gutsche2 and V.E. Lyubovitskij2,3,4

(1) Institute of Nuclear Physics, Moscow State University, 119991 Moscow, Russia
(2) Institute for Theoretical Physics, University of Tuebingen, Auf der Morgenstelle 14,

D-72076 Tuebingen, Germany
(3) Department of Physics, Tomsk State University, 634050 Tomsk, Russia

(4) Laboratory of Particle Physics, Mathematical Physics Department, Tomsk Politechnic 
University, Lenin Avenue 30, 634050 Tomsk, Russia 

f E-mail: obukh@nucl-th.sinp.msu.ru

Last decade has been marked by significant progress in the experimental study of low- 
lying baryonic resonances (the radial/orbital nucleon excitations with JP =  2 , | , 2 ). 
The new data on electromagnetic (transition) form factors provide important information 
on hadron dynamics. Hadron quantum numbers are remarkably consistent with the non­
relativistic quark model spectrum, but the traditional quark model refers only to the 
rest frame, whereas decay and scattering processes require a description of hadrons in 
motion. This may be accomplished using Light-Front (LF) wave functions. Such approach 
implies the construction of a good basis of quark light-front configurations possessing the 
definite value of the total angular momentum J =  L +  S and satisfying the Pauli exclusion 
principle. Our approach is to fit parameters of light-front quark configurations to the 
elastic nucleon form factors extracted from recent data on polarised electron scattering 
and to use these to calculate the transition form factors at large Q2 [1].

Contributions of Fock states beyond \qqq) necessarily exist for relativistic dynam­
ics, and may be described either in the quark-gluon (\qqqqq), . . . )  or hadron (\MB) , . . . )  
bases. Each basis is presumably complete, so \qqqqq) +  \MB) raises issues of double count­
ing. A complementarity between the hadron and quark bases is observed in the data and 
called “duality” , but its origins remains unclear. In Refs. [1, 2] we considered the lightest 
nucleon resonances N *(1440)/N*(1535) as a mixed state of the radially/orbitally excited 
quark configurations sp2/s2p and the “hadron molecules” (a loosely bound states Na/AK  
respectively). The two-component model allows to describe with reasonable accuracy the 
recent CLAS electroproduction data at moderate Q2 and predict the behaviour of helicity 
amplitudes at more high Q2 (see our preliminary results in Ref. [2]). Comparisons be­
tween model and form factor data indicate that the higher Fock states contribute mainly 
for Q2 < 2 — 3 GeV2, whereas “quark core” \qqq) states remain at higher Q2. It allows 
to evaluate the weight of the quark core in the resonance and to show that Higher Fock 
states appear to be enhanced for radial excitations such as the Roper N*(1440). Here we 
consider a generalisation of our model for the states of the 70-  multiplet.

References
[1] I.T. Obukhovsky et al., Phys. Rev. D 89, 014032 (2014).

[2] I.T. Obukhovsky et al., EPJ Web of Conferences 138, 04003 (2017).
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Q U A N T U M  SPIN D Y N A M IC S  IN E X T E R N A L  C LA SSIC A L FIELDS

Yu. N. Obukhov1̂ , A.J. Silenko2 and O.A. Teryaev2

(1) Nuclear Safety Institute (IBRAE), Russian Academy of Sciences
(2) JINR

f E-mail: obukhov@ibrae.ac.ru

Understanding the dynamics of fermion particles with dipole moments (electrons, pro­
tons, neutrons, neutrinos) in arbitrary electromagnetic, gravitational and inertial fields is 
important for many high-energy and astrophysical problems. We study the classical and 
quantum dynamics of spinning particles with dipole moments in the framework of the 
general-relativistically covariant Dirac theory. The exact Foldy-Wouthuysen transforma­
tion for the most general case of a fermion in arbitrary configurations of superimposed 
strong gravitational (inertial) and electromagnetic fields is derived. These results are 
used to obtain the quantum and quasiclassical equations of motion of fermion particles. 
We demonstrate the complete consistency of the quantum and classical dynamics. Phys­
ical applications in high-energy physics are discussed, in particular, spin effects in the 
gravitational wave are analysed.
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FIRST EXPERIMENTS FOR DEEP IONISATION OF Ir, Ce AND Xe ATOMS IN A
LO CAL ION TRAP IN JINR

V.P. Ovsyannikov, V.I. Stegailov, E.D. Donets, E.E. Donets, D.E. Donets, S.I. Tyutyunnikov, 
A.Y. Ramsdorf, A.Yu. Boytsov, D.N. Rassadov, A.V. Nefiodov* and A.A. Levin.

Joint Institute for Nuclear Research, Dubna, Russia.
* Petersburg Nuclear Physics Institute, 188300 Gatchina, St. Petersburg, Russia 

E-mail: v.ovsyannikov@yandex.com
The results of the production of High Charge ions Ir, Ce and Xe in the MaMFIS (Main 

Magnetic Focus Ion Source) [1] are presented. Ionization occurs in local ion traps of a 
pulsating electron beam, where the current density can reach extremely high values (~10 
kA/cm2). The electron current reaches 50 mA at an energy of an accelerating potential of 40 
kV.

The ion charge was determined by X-ray spectroscopy. M-shells of the Ir, Ce were 
completely ionized, and L-shells of the Ce and Xe partially. At the same time, the ions Ir62 +, 
Ce50 + were confidently identified (Fig. 1).

The efficiency of ionization is not inferior to existing superconducting ionizers of the 
"Livermore EBIT” type. Ionizer MaMFIS can be used to solve modern high-tech physical 
problems, in particular in surface physics, microplasma physics, in devices for single ion 
implantation, etc.

The authors are grateful to A.A. Smirnov and A.A. Karpukhin for solving methodological 
problems in conducting experiments.

Fig. 1. X-ray spectrum due to radiative recombination of Ir and Ce ions (cathode materials) 
with the beam electrons. The ionization energy is defined as difference between the energy of 
emitted photons and the electron beam energy Ee = 22.5 keV.

1. Ovsyannikov V.P., Nefiodov A.V. Main magnetic focus ion source: basic principles, theoretical 
prediction and experimental confirmation // Nuclear Inst. and Methods in Physics Research, B, 
V. 370, P. 32-41. (2016)
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EXOTIC QUARKONIUM AT E+E- COLLIDERS

G.V. Pakhlova1,2

1. Moscow Institute o f  Physics and Technology (State University), (MIPT)
2. The Lebedev Physical Institute o f  the Russian Academy o f  Sciences (LPIRAS)

We present recent results on exotic quarkonium in e+e- annihilation. We discuss the 
status of both exotic charmonium and bottomounium searches. Our review covers new results 
from Belle, BaBar, BESIII Collaborations and discussion of perspectives for future 
experiments such as Belle-II and Super-Tau-Charm factory in Novosibirsk.
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C O M P A R IS O N  OF T W O  D IF F E R E N T  D E SC R IP T IO N S OF TH E  V -I 
C H A R A C T E R IS T IC  OF G R A P H E N E : T H E O R Y  A N D  E X P E R IM E N T

A. Panferov d, D. Blaschke2,3,4, N. Gevorgian5, S. Smolyansky1

(1) Saratov State University, RU - 410026 Saratov, Russia
(2) Institute for Theoretical Physics, University of Wroclaw, 50-204 Wroclaw, Poland

(3) Bogoliubov Laboratory for Theoretical Physics, Joint Institute for Nuclear Research, RU -
141980 Dubna, Russia

(4) National Research Nuclear University (MEPhI), RU - 115409 Moscow, Russia
(5) Russian-Armenian (Slavonic) University, 0051 Yerevan, Armenia 

f E-mail: panferovad@info.sgu.ru

The formalism of the nonperturbative description of transport phenomena in graphene 
within the framework of a quantum kinetic equation for the Schwinger-like process [1, 
2] is compared with the description on the basis of Zener-Klein tunneling [3, 4] and 
experimental data [5]. The regime of ballistic conductivity in a constant electric field is 
considered.

In the latter case [3, 4] the interaction of carriers with electric field is described in terms 
of the spatial dependence of their potential energy (x-representation). For the constant 
electric field under consideration eV (x) =  - e E x  . The presented kinetic formalism uses 
an alternative method of describing the interaction with a field through the introduction of 
a quasimomentum P  =  p — (e/c)A(t) where A(t) is the vector potential (t-representation). 
Both approaches should lead to the same physical characteristics of the described process. 
But measuring the current in the experiment [5] corresponds to the x-representation and 
is realized under static conditions determined by the potential difference between the 
electrodes and the distance between them. On the contrary, in the approach based on 
the t-representation it is necessary to introduce the effective lifetime of the generated 
carriers. This time depends on the distance between the electrodes but this dependence 
is not trivial.

We give a detailed comparison of these two descriptions of the current and demonstrate 
a good correspondence with the experimental data of the alternative approach based 
on the t-representation. This provides a reliable foundation for the application of the 
nonperturbative methods adopted from the strong field QED (exact solutions [6 , 7], kinetic 
approach [8 , 9]), that allows to include in the consideration more general models of the 
field (arbitrary polarization and time dependence) and to extend the scope of the theory.

We acknowledge support from the Russian Fund for Basic Research under the project 
18-07-00778 and from the Polish NCN under grant number UMO-2014/15/B/ST2/03752.
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BEAM AND TARGET OPTIMIZATION FOR ENERGY PRODUCTION IN 
ACCELERATOR DRIVEN SYSTEMS

M. Paraipan1,2, A. A. Baldin13, E.G.Baldina13, and S. I. Tyutyunnikov1

1. Joint Institute for Nuclear Research, Dubna, Russia
2. Institute o f  Space Science, Bucharest-Magurele, Romania
3. Institute for Advanced Studies "OMEGA", Dubna, Russia

The new concept o f  light nuclear beams instead o f  proton beams for ADS is 
substantiated.

The energy efficiency is characterized by the energy gain calculated as the ratio o f  the 
energy released in the target to the energy spent for the beam acceleration. The energy 
deposited in the target is obtained viaGeant4 simulation. The energy spent for the beam 
acceleration depends on the particle type and energy, beam intensity, and accelerator type 
(synchrotron, linac, cyclotron). A  method to calculate the energy spent for the beam 
acceleration by scaling from the data for a reference beam is presented.For a given beam, the 
highest energy gain is obtained when the beam is accelerated in a synchrotron. A synchrotron, 
however, cannot ensurethe beam intensities necessary for accelerator driven systems (ADS). 
Linacs are capable to produce the required beam intensities with good energy gain. For this 
reason, we consider the beams accelerated in a linac in the further analysis.

The influence o f  the target structure on the energy efficiency o f  0.5-4 GeV proton 
beams and 0.25 -  0.5 AGeV light ion beams is studied. The target consists o f  rods 
withdifferentcomposition (metal, oxide, carbide) and different levels o f  enrichmentin order to 
implement the target with a criticality coefficient o f  0.96 -0.97, which ensure safe operation. 
The influence of the rod diameter and the distance between rods was investigated. The 
cooling with different metals(lead, lead-bismuth eutectic-LBE, and sodium) is compared. The 
use of convertors from heavy metals (uranium, lead, tungsten) and very light materials 
(lithium, beryllium, carbon) and their influence on the neutron spectrum and energy released 
are analyzed.

Our studies yield the conclusion that the best solution for ADS from the point o f  view 
o f the energy efficiency and miniaturization is as follows: beams o f  Li-7 and Be-9 with 
energies o f  0.35 - 0.4 AGeV, cooling with lead or LBE, and the use o f  convertors from Be or 
Li. 1 2 3 4

1. C. Rubbia et al., "An Energy Amplifier for cleaner and inexhaustible nuclear energy 
production driven by a particle beam accelerator” . CERN/AT/93-47, November 1993.
2. Baldin A. A., Berlev A. I., Paraipan M., Tyutyunikov S. I., "Optimization o f  Accelerated 
Charged Particle Beam for ADS Energy Production," Physics o f  Particles and Nuclei 
Letters 14(1) (2017) 113-119.
3. Baldin A. A., Baldina E. G., Paraipan M., "Comparative analysis o f  proton and light ion 
beams for energy amplification in subcritical systems," Annals o f  Nuclear Energy 110 (2017) 
973-978.
4. KairatIsmailov,Masaki Saito, Hiroshi Sagara, Kenji Nishihara, "Feasibility o f  uranium 
spallation target in accelerator-driven system",Progress in Nuclear Energy 53 (2011) 925-929.
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P E R F O R M A N C E  F O R  A N IS O T R O P IC  F L O W  STU D IES A T M P D
(N IC A )

P. Parfenov1,2’3̂ , I. Selyuzhenkov1,4 and A. Taranenko1

(1) NRNU MEPhI, Moscow, Russia 
(2) INR RAS, Moscow, Russia

(3) NRC ’’Kurchatov Institute”, Moscow, Russia 
(2) GSI Helmholtzzentrum fur Schwerionenforschung, Darmstadt, Germany 

f E-mail: terrylapard@gmail.com

Multi-Purpose Detector (MPD) experiment at NICA collider has a potential of dis­
coveries in the area of QCD phase diagram with high net baryon densities and moderate 
temperatures. Anisotropic transverse flow is one of the key observables to study the 
properties of matter created in heavy-ion collisions. MPD performance for anisotropic 
flow measurements is studied with Monte-Carlo simulations of gold ions at NICA energies 
л/sNn =  4 — 11 GeV using different heavy-ion event generators. Different combinations 
of the MPD detector subsystems are used to investigate the possible systematic biases 
in flow measurement and to study effects of detector azimuthal non-uniformity. Result­
ing performance of the MPD for flow measurements will be demonstrated for directed 
and elliptic flow of identified charged hadrons as a function of rapidity and transverse 
momentum in different centrality classes.
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R E L A T IV IST IC  LO C A L E Q U ILIB R IU M  STA TISTIC A L M E C H A N IC S 
A N D  TH E  T R A N S V E R S E  M O M E N T U M  D IS T R IB U T IO N S  OF

H A D R O N S

A.S. Parvan1,2!

(1) Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, Dubna,
Russia

(2) Department of Theoretical Physics, Horia Hulubei National Institute of Physics and 
Nuclear Engineering, Bucharest-Magurele, Romania 

f E-mail: parvan@theor.jinr.ru, parvan@theory.nipne.ro

The modern relativistic thermodynamics of a moving body has two different formula­
tions: the Planck’s and Ott’s formalisms. They differ by the form of the Lorentz transfor­
mation of temperature. In this paper we demonstrated that the Planck’s formalism is only 
correct and the Ott’s formalism is not valid because it violates the Legendre transform 
and the other relations of relativistic dynamics. We introduced the relativistic cells model 
on the base of the Planck’s formalism of the relativistic statistical mechanics under the 
assumption of the local equilibrium and apply it to describe the experimental data on the 
transverse momentum distribution of hadrons created in the heavy-ion and proton-proton 
collisions at high energies. In this model the topological forms of the spatial fireball and 
the speed filed of cells are given by definition. In the case of the spherical fireball, for 
the speed of cells we considered two scenarios: (1) the speed sphere with the spherical 
Hubble expansion and (2) the speed spheroid with the longitudinal Hubble expansion and 
transversal radial explosion. However, in the case of the spheroidal fireball, for the speed 
of cells we considered only the spheroidal Hubble expansion.
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E X C LU SIV E  STU D IES OF SH O RT R A N G E  C O R R E L A T IO N S IN
N U CLEI

M. Patsyuk1!, O. Hen1, and E. Piasetzky2

(1) Massachusetts Institute of Technology, Cambridge, MA, USA 
(2) Tel-Aviv University, Tel-Aviv, Israel 

f E-mail: mpatsyuk@mit.edu

Short Range Correlations (SRC) are brief fluctuations of high relative-momentum 
nucleon pairs. Properties of SRCs have important consequences for nuclear physics, high 
energy physics, atomic physics, and astrophysics. SRC pairs form some of the most dense 
states of cold matter achievable on earth, making them an ideal system to study the 
interplay between partonic and nucleonic degrees of freedom in nuclear systems.

Current SRC studies focus primarily on exclusive breakup reactions, where high-energy 
probes are used to break up SRC pairs, and specialized detectors measure all of the parti­
cles emitted in the reaction. These experiments allowed us to quantify properties of SRC 
pairs (isospin decomposition, nuclear mass and asymmetry dependence, c.m. momentum 
distribution) and to propel the elusive short-range part of the nuclear interaction.

Jefferson Lab plays a key role in the SRC program. CLAS (CEBAF Large Acceptance 
Spectrometer), located in Hall B at JLab, has almost 4pi coverage and is capable of 
measuring exclusive reactions of the type A(e, e ’pp). CLAS uses electron beam with 
energy of 4-5 GeV and a set of nuclear targets (d, He-3, He-4, C-12, Al-27, Fe-56, and 
Pb-208). An important advantage of the CLAS experiments is that it has an open e e 
trigger allowing to look for different signatures in the stored data.

We will discuss the recent experimental results from Jefferson Lab and future experi­
ments planned at Jefferson Lab as well as at JINR.

151

mailto:mpatsyuk@mit.edu


SPIN AS A N  IN T R IN SIC  F O R M  OF T O P  A N G U L A R  M O M E N T U M

Ivanhoe B. Pestov^

Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, 141980
Dubna, Moscow Region, Russia 
f E-mail: pestov@theor.jinr.ru

The idea of spin as an intrinsic form of orbital angular momentum on the fundamental 
(field-theoretical) level was realized by Pauli and Dirac. It will be demonstrated that the 
idea of spin as an intrinsic form of top angular momentum can be realized as well and, 
hence, the fundamental idea of electron spin of Kronig, Uhlenbek and Goudsmit can be 
presented as an intrinsic form of symmetric top rotation motion. It will be shown that 
symmetry of intrinsic top can be realized on a set of the simplest geometrical quantities, 
which themselves do not exhibit this property. That is why an intrinsic form of top an­
gular momentum will be called emergent spin. The theory of field that carries emergent 
spin (emergent spin field) can be considered as a dual realization of the Standard Model 
derived from the first principle.The local internal transformations, which allows to con­
sider the emergent spin field as a system and spin as its emergent property, form a group 
of general linear transformations. It can be shown that emergent spin is a bipolar struc­
ture on this group. The bipolar structure means that the two dual sets of commuting 
operators exist which define the Lie algebra of the group in question and its two dual 
e The transformations of these subgroup commute with each other and subgroup S and
S. the emergent spin field is the space of their two-valued representation. The emergent 
spin field describes the physical entity retaining the elementarity and is considered to be 
characterized by its equation and the electrical charge in one case and the pseudocharge, 
electric charge, neutrino charge in the other case. The neutrino charge is a new quantum 
number that is tightly connected with the orientation of space (neutrino charge exists if 
space is orientable). This explains the pairing of the electron and neutrino in the Standard 
Model. Comparing the equations of emergent spin field with the Dirac equation, one can 
conclude that in the case of the Dirac equation the symmetry of intrinsic top is violated 
and as a consequence new interactions and new quantum number (neutrino charge) are 
lost. From the concept of the natural time, formulated earlier, it follows that there are 
particles with properties of a symmetric top. We put forward idea that particles of such 
kind correspond to the particles of the Standard Model known as quarks. By this the 
unusual properties of quarks do get the natural explanation. The observed generations of 
quarks and leptons can be considered in this case as different states of the particle that 
we put in correspondence to the complex emergent spin field and the number of these 
generation equals four. The concept of emergent spin is more general than the concept 
of Pauli and Dirac spin and, hence, it can be interesting in terms of discussion of the 
possible ways to look for a physics beyond the Standard Model. In this context it should 
be mentioned that concept of emergent spin is tightly connected with gravity.
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DIFFRACTIVE DATA FROM  THE LHC AND THEIR PHYSICAL IMPLICATIONS

V.A. Petrov

A. A. Logunov Institute for High Energy Physics 
o f  the NRC Kurchatov Institute, 

Protvino, Russia

Experiments undertaken by the LHC collaborations TOTEM and ALPHA/ATLAS in 
revealed new interesting phenomena which have posed questions on their physical meaning. 
From general consideration these phenomena are related to the large distance behavior of 
underlying quantum fields. In this review talks I will exhibit our present (mis)understanding 
of these data and problems which confront the theory.
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A N A L Y T IC A L  C A L C U L A T IO N  OF P H A SE -SP A C E  IN T E G R A L S
IN M ASSLESS Q C D

A.F. Pikelner

Bogoliubov Laboratory of Theoretical Physics, 
Joint Institute for Nuclear Research 

141980 Dubna, Russia 
E-mail: pikelner@theor.jinr.ru

We present results of our calulation [1] of five-particle phase-space integrals in massless 
QCD. Analytical results for the integrals are obtained using Dimensional Recurrence 
Relations. Dicussed technique used for phase-space integrals evaluation and its extension 
for calcualation of the integrals with virtual corrections.

References
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MEASUREMENT OF ANALYZING POWERS FOR NEUTRONS SCATTERING ON 
CH2, CH, C AND CU TARGETS AT THE M OM ENTA FROM  3.0 TO 4.2 GEV/C

S.N. Basilev1, J. R.M. Annand2, E. Brash3, Yu.P. Bushuev1, O.P. Gavrishchuk1,
V.V. Glagolev1, K. Hamilton2, M.K. Jones4, D.A. Kirillov1, N.V. Kostayeva1,

A.D. Kovalenko1, A.N. Livanov1, D. Marchand5, G. Martinska6, R. Montgomery2,
J. Musinsky7, I.A. Philippov1, C.F. Perdrisat8, N.M. Piskunov1, A.A. Povtoreiko1,

V. Punjabi9, P.A. Rukoyatkin1, R.A. Shindin1, A.V. Shipunov1, A.V. Shutov1,
I.M. Sitnik1, V.M. Slepnev1, I.V. Slepnev1, A.V. Terletskiy1,

E. Tomasi-Gustafsson10, J. Urban6, Y. Wang5

1. Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
2. University o f  Glasgow, Glasgow G12 8QQ, Scotland, UK
3. Christopher Newport University and TJNAF
4. Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA
5. IPN Orsay, 91406 ORSAY cedex, France
6. University o f  PJ. Safarik, Jesenna. 5, SK-04154 Kosice, Slovak Republic
7. Institute o f  Experimental Physics, Watsonova 47,SK-04001 Kosice, Slovak Republic
8. the College o f  William and Mary, Williamsburg, VA 23187, USA
9. Norfolk State University, Norfolk, VA 23504, USA
10. IRFU, DPhN, CEA, Saclay, France

Analyzing powers for polarized neutrons have been measured only for thin hydrogen 
targets. Cross sections and analyzing powers for np, for both elastic scattering and charge 
exchange are known up to 29 GeV/c. No data exist for thick analyzers.

During two beam runs in the years 2016 and 2017, the analyzing powers for protons 
and neutrons scattering on CH2, CH, C and Cu targets were measured at the nucleon 
momentum from 3.0 to 4.2 GeV/c with the ALPOM2 setup at the Nuclotron accelerator. The 
data for polarized neutron beam are obtained for the first time, thanks to the unique polarized 
deuteron beam that is presently available up to 13 GeV/c.

The measurement of the angular dependence of Ay for the neutron is essential to the 
continuation of the neutron form factor measurements to the highest possible transferred 
momentum-Q2 at the Jefferson Laboratory. The reaction p+Cu(W), with the detection of a 
neutron in the forward direction by a hadron calorimeter, can be used for the measurement of 
the proton polarization at the future NICA collider.
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H Y P E R O N S A T  B M @ N  E X P E R IM E N T : F IR S T  RESULTS

J. Gornaya1, M. Kapishin2, G. Pokatashkin2!, I. Rufanov2, V. Vasendina2, A. Zinchenko2

(1) National Research Nuclear University (MEPhI)
(2) Joint Institute for Nuclear Research (JINR) 

f E-mail: pokat@jinr.ru

BM@N (Baryonic Matter at Nuclotron) is the first experiment to be realized at the 
accelerator complex of NICA-Nuclotron at JINR (Dubna). The aim of the experiment 
is to study interactions of relativistic heavy ion beams with a kinetic energy from 1 to 
4.5 AGeV with fixed targets. Some results of the analysis of minimum bias experimental 
data on interactions of the deuteron and carbon beams at 4 AGeV with different targets 
collected during technical runs are presented. Preliminary results on the data processing 
from the first physical run with argon beam are also shown and discussed.
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P S E U D O R A P ID IT Y  D E P E N D E N C E  OF M U L T IP L IC IT Y  A N D  
T R A N S V E R S E  M O M E N T U M  F L U C T U A T IO N S A T  TH E  SPS EN ERG IES

Daria Prokhorova1! for the NA61/SHINE Collaboration

(1) Saint Petersburg State University, Saint Petersburg, Russia 
f E-mail: daria.prokhorova@cern.ch

A search for the critical behavior of strongly interacting matter was done by study­
ing the event-by-event fluctuations of multiplicity and transverse momentum of charged 
hadrons produced in inelastic p+p collisions at 2 0 , 31, 40, 80 and 158 GeV/c beam mo­
mentum and central Be+Be collisions at 150A GeV/c at the NA61/SHINE experiment. 
Results for energy dependence of the scaled variance of the multiplicity distribution [1] and 
for two families of strongly intensive measures [2] of multiplicity and transverse momentum 
fluctuations A[PT, N] and X[PT, N] are presented. These strongly intensive quantities are 
assumed to be independent both of the reaction volume and of the trivial fluctuations of 
the volume. Therefore, one may expect much higher sensitivity in the search of the critical 
point. The study was performed in different pseudorapidity regions, which corresponds to 
changing the rapidity averaged baryo-chemical potential and the value of temperature at 
the freeze-out stage. The strongly intensive measure X[NF, NB] [3] is used in the analysis 
of short- and long-range multiplicity correlations and is considered to be sensitive for the 
initial conditions of particle production such as string fragmentation and fusion.

Results on multiplicity and transverse momentum fluctuations significantly depend on 
width and/or location of pseudorapidity intervals. Monte Carlo event generator EPOS1.99 
describes well the data for the u[N] and X[PT, N] measures. However, a significant dis­
crepancy between data and EPOS1.99 is observed for A[PT, N] at all collision energies 
both for p+p and Be+Be collisions. The deviation grows with the pseudorapidity window 
width. Results for forward-backward correlations in terms of strongly intensive quantity 
E[NF, Nb] calculated in EPOS1.99 are in a good agreement with data. An increase of 
the value of X[NF, NB] with the distance between forward and backward pseudorapidity 
intervals corresponds to the predictions of model of independent quark-gluon strings [4].
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IN FLU E N CE  OF M E D IU M  N O N S T A T IO N A R IT Y  ON A X IA L  C U R R E N T

G. U. Prokhorov1̂ , O. V. Teryaev1,2,3* and V. I. Zakharov2,4*

(1) Joint Institute for Nuclear Research, Dubna, Russia
(2) Institute of Theoretical and Experimental Physics, B. Cheremushkinskaya 25, Moscow,

Russia
(3) National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),

Kashirskoe Shosse 31, 115409 Moscow, Russia
(4) School of Biomedicine, Far Eastern Federal University, 690950 Vladivostok, Russia

f E-mail: prokhorov@theor.jinr.ru 
$ E-mail: teryaev@theor.jinr.ru 

* E-mail: vzakharov@itep.ru

Polarization of particles is closely related to their axial charge, which they can acquire 
due to the chiral effects associated with the nonstationary motion of the medium. We 
calculate the axial current for a medium with local rotation and acceleration, consisting 
of weakly interacting fermions in a state of local thermodynamic equilibrium based on 
two different approaches. In the first of the approaches, the properties of such a medium 
are described using the covariant Wigner function. A  formula for an axial current is 
derived outside perturbation theory, and it leads to the Chiral Vortical Effect in the 
limiting case. In the resulting formula, the chemical potential ^, angular velocity П and 
the acceleration a appear in the combination ^ ±  (П ±  га)/2. At zero temperature, the 
axial current, depending on the angular velocity and chemical potential, is suppressed in a 
two-dimensional plane region, which also means suppression of polarisation. In the second 
approach, the hydrodynamic coefficients in the axial current are calculated on the basis 
of the equilibrium quantum statistical density operator in the third order of perturbation 
theory in thermal vorticity. It is shown that the approaches of the Wigner function and 
the statistical density operator lead to the same result in describing effects associated only 
with vorticity when the local acceleration is zero, but differ in describing mixed effects for 
which both acceleration and vorticity are sufficient simultaneously. On the basis of the 
obtained formulas for the axial current, the correspondence of various approaches to the 
calculation of polarization of baryons is justified.
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RECENT RESULTS FROM  PHENIX AT RHIC

V. Riabov1,2 (for the PHENIX Collaboration)

1. Petersburg Nuclear Physics Institute named by B.PKonstantinov o f  NRC 
«Kurchatov Institute», Gatchina, Russia

2. National Research Nuclear University MEPhI, Moscow, Russia

The PHENIX experiment at the relativistic heavy ion collider (RHIC) has finished 
data taking in 2016. However, huge datasets taken in different collision systems (p+p, p+A 
and A+A) at different energies (Vsnn = 19-500 GeV) in the last years of the detector operation 
are actively analyzed by the collaboration and bring a wealth of new experimental results. In 
this talk, we present review of the most recent PHENIX results on the light and heavy flavor 
hadron production, yields and angular correlations of the direct photons in heavy-ion 
collisions as well as on search for onset of collectivity in high multiplicity p+p and p+A 
collisions.
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IN V E S T IG A T IO N  OF TH E  F R A C T A L  P R O P E R T IE S  F O R  TH E  
M U L T IP A R T IC L E  E V E N TS IN H E A V Y  ION  COLLISIO N S

A.V. Bychkov, O.V. Rogachevsky

Joint Institute for Nuclear Research, Dubna

The method of the Higuchi’s fractal dimension estimation is applied to the events 
distribution on the maximum transverse momenta. In this case the maximum transverse 
momentum is the global variable characterized the event as a whole and particles distri­
bution in the event. Study of such distribution could reveal the features of the physics 
for particle production.
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INVESTIGATION OF THE ELECTROM AGNETIC CALO RIM ETER RESPONSE
FUNCTION BY COSMIC MUONS

D.G. Sakulin1 *, N.M. Zhigareva2

1. Joint Institute for Nuclear Research, Dubna

2. NRC "Kurchatov Institute" -  ITEP

*E-mail: sakulin@jinr.ru

In this work, the passage of cosmic muons in calorimetric modules was simulated [1]. The 
coefficients for converting signal amplitudes into absorbed energy of a passing particle 
were obtained. The data collected during the exposure of the electromagnetic calorimeter 
to cosmic muons were analyzed. The results of the analysis were used to process the 
experimental data obtained in the interaction of carbon, argon and krypton at 3.5 
GeV/nucleon energy with different targets.

Dependence o f the effective thickness of the scintillator from the cell
number o f the electromagnetic calorimeter with transverse scanning
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1. Chirikov-Zorin I., Krumshtein Z., Olshevsky A., Utkin V., Zhmurin P., Letters to the 
EChAY, vol. 11, 2014, p. 412-417
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OFF-SH ELL IN IT IA L  STATE E FFE C TS IN D R E L L -Y A N  PR O C E SS AT
H A D R O N  CO LLID E RS

M.A. Nefedov1,2 and V.A. Saleev1'1'

(1) Samara National Research University
(2) Hamburg University 

f E-mail: saleev@samsu.ru

Precise theoretical and experimental study of angular distributions of Drell-Yan lep­
tons, produced in pp-collisions, demonstrates the important role of initial-state interac­
tions and influence of intrinsic transverse momenta of initial-state partons. If annihilating 
initial-state quark and anti-quark have transverse momenta they should be off-shell. The 
one way to preserve gauge-invariance of scattering amplitudes in all orders of perturbative 
QCD is consideration of initial-state partons as Reggeized partons which are constituents 
of Lipatov's effective theory. In this talk we present results of calculations of invariant 
mass, transverse momentum spectra of Drell-Yan lepton pairs and virtual-photon po­
larization observables in unpolarized pp-collisions at the energy range of NICA collider 
which were obtained in the Parton Reggeization Approach [1, 2, 3, 4]. The properties of 
Boer-Mulders function in Parton Reggeization Approach will be also discussed.
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PENTAQUARK AND HYBRID STATES

E. Santopinto 

INFN Genoa, Italy

The LHCb pentaquark states have been shown to be described by several models: as 
compact or molecular states or even very recently as molecolar states with a core.

A review of different models and different predictions will be given and they will be 
compared. Moreover new predictions for the most intresting channels where to look for new 
pentaquark states will be discussed, as it can be intresting also for the experimentalists. 
Finally, the lowest supermultiplet of charmonia hybrids- as predicted for the first time in 
Ref.[1]- will be presented and a possible experimental hybrid candidate, i.e. the Y(4260), will 
be discussed.

[1] P. Guo, A. P. Szczpaniack, G. Galata’ , A. Vassallo, E. Santopinto, Phys.Rev. D78 (2008) 
056003
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B O U N D  STATE D E S C R IP T IO N  IN QED: A L T E R N A T IV E  
F IE L D -T H E O R E T IC A L  A P P R O A C H

A.M. Arslanaliev1, Y.O. Kostylenko1 and A.V. Shebeko2̂

(1) V.N. Karazin National University, Kharkov, Ukraine 
(2) Institute for Theoretical Physics, National Research Center KIPT, Kharkov, Ukraine

f E-mail: shebeko@kipt.kharkov.ua

We will present a field-theoretical method to construct in a consistent way relativistic 
(Hamiltonian) interactions in QED. In particular, the interaction operators for processes 
of the type e- e-  ^  e- e- , e- e+ ^  e- e+, e- e+ о  2y , ye-  ^  ye-  are derived on one 
and the same physical footing. The method is based on the unitary clothing procedure 
[1,2] (cf. [3]) which introduces a new representation of the primary total Hamiltonian in 
terms of the operators for creation and destruction of the so-called clothed particles, viz., 
those particles that can be observed. Within the approach all interactions constructed 
are responsible for physical (not virtual) processes in a given system of interacting fields. 
Such interactions are Hermitian and energy independent including the off-energy-shell 
and recoil effects (the latter in all orders of the v2/c 2 - expansion). The persistent clouds 
of virtual particles are no longer explicitly contained in the clothed-particle representation 
(CPR), and their effects are included in the properties of the clothed particles (electrons 
and positrons) and interactions between them. The QED Hamiltonian H  in the CPR and 
the e- e+ interaction operators in the e2 - order are employed when finding the simplest 
H-eigenvectotrs with the positronium (Ps) properties. The Ps ground state is determined 
by the so-called three-dimensional convolution formula (cf. Eqs. (1.8) in [4] and (12.303) 
in [5]) similar to that for the deuteron state from [1]. In this context we are drawing 
parallels with our calculations of the S and D components of the deuteron wave function 
(WF) where all constituents are on their mass shells. Starting from the well-known K  - 
shell WF in the Coulomb field as the lowest-order approximation to the Ps WF we obtain 
a perturbative expansion. We will show our calculations of the corresponding relativistic 
and off-energy-shell corrections.
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MULTIQUARK CONFIGURATIONS IN BARYONS AND NUCLEI

S. Shimanskiy

Joint Institute for Nuclear Research, Dubna

The recent decade researches has shown increasing need to include the multi-quark con­
figurations into consideration to describe such phenomena as: the production of hadrons 
in high рт (рт >  1 GeV/c) region in PP-, PA- and AA-collisions; discovery tetraquarks 
and pentaquarks; investigation of cumulative processes and others. We discuss the ex­
perimental programs of research at new installations which will be created at the nearest 
time SPD (NICA, Dubna) and PANDA (FAIR, GSI). These investigations should give 
unambiguous prove of existence the multiquark configurations and should determine their 
properties.
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A N G U L A R  C O R R E L A T IO N S IN G A M M A  +  2 JET E V E N TS A T H IG H  
EN ER G IE S IN TH E  P A R T O N  R E G G E IZ A T IO N  A P P R O A C H

A.V. Karpishkov, V.A. Saleev and A.V. Shipilovaf

Samara National Research University 
f E-mail: alexshipilova@samsu.ru

A study of correlation observables provides a good test for perturbative QCD (pQCD) 
because of its sensitivity to emissions of additional partons. Moreover, the prompt pro­
duction of photon in a hard process is suitable for probing pQCD due to an absence of 
nonperturbative effects of hadronisation. In the present work we investigate in the Parton 
Reggeization Approach (PRA) the process of prompt photon production associated with 
two jets within the kinematical conditions of the Tevatron and consider the interplay of 
single and double parton scattering contributions. PRA is based on the high-energy fac­
torization in the multi-Regge regime [1, 2] and on the Lipatov’s effective field theory for 
Reggeized gluons and Reggeized quarks [3,4] .

Considering the single parton scattering (SPS) we take into account all the 2 ^  3 
subprocesses in the PRA with two Reggeized particles, quarks or gluons, in the initial 
state. For the first time we have calculated analytically the amplitudes accordingly to 
Feynman rules of the PRA [5], using the model file ReggeQCD [2] for the package FeynArts
[6]. We strongly proved the gauge invariance of all the amplitudes and then calculated the 
squared matrix elements. We demonstrate the subprocess QR ^  qgY, where q =  u,d ,s  to 
give the main contribution in the SPS mechanism. In the double parton scattering (DPS) 
we consider the convolution of the all combinations of 2 ^  1 and 2 ^  2 subprocesses of 
PRA with Reggeized partons in the initial state.

Taking into account the single and double parton scattering processes in the PRA we 
reproduce well the azimuthal angle differences spectra at the Tevatron [7] in the differ­
ent ranges of transverse momenta of the subleading jet, and achieve the same degree of 
agreement as parton model calculations at the NLO level. We demonstrate the DPS to 
give the dominant contribution in the region of small azimuthal angle differences.
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FE A TU R E S OF R A D IA T IO N  OF R E L A T IV IS T IC  E LE C TR O N S IN
S T O R A G E  R IN G S

O.E. Shishanin

Moscow State University of Food Production 
f Email: olegsh55@gmail.com

The formulation of the problem is due to the fact that the spectral properties of radia­
tion in alternating magnetic fields, as compared with homogeneous fields, differ little, but 
the angular characteristics depend significantly on betatron oscillations. The dynamics of 
an electron in the magnetic systems of accelerators is quite complicated, so a number of 
simplifications have been made here. The asymptotic formulas for the spectral and angu­
lar distributions of the radiation intensity with the first quantum correction are oblained 
by Schwinger’s operator method.

For them, as well as for the angular characteristics of synchrotron light, approximate 
expressions are given, allowing researchers to determine the desired properties of emission 
at certain points of the orbit. In addition, on a particular example for radition problems, 
the solution of the Hill equation by the methods of Whittaker and stretched parameters 
is considered in the linear approximation. As a result, it was revealed that the degree of 
polarization of the radiation and the angular properties are essentially affected by vertical 
vibrations of electrons; this coincides with the available experiments. The beam effect is 
determined by the fact that the averaging over the phases of the electron oscillations is 
carried out and the mean-square amplitudes are taken into account.
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P R E D IC T IO N  OF TH E  PA R T IC L E  P R O D U C T IO N  IN P P  COLLISIO N S 
W IT H  TH E  M P D  D E T E C T O R  A T  TH E  N IC A  C O L L ID E R

K. Shtejer 1̂,2

(1) Joint Institute for Nuclear Research (JINR), Dubna, Moscow Region, Russia 
(2) Centro de Aplicaciones Tecnologicas y Desarrollo Nuclear (CEADEN), Havana, Cuba

f E-mail: katherin.shtejer.diaz@cern.ch

The proton-proton collisions have been extensively used as a baseline reference for 
nucleus-nucleus collisions. In this work, Monte Carlo simulations of pp collisions at \fs =  
4-25 GeV were performed to study the possibilities of the Multi-Purpose Detector (MPD) 
to register data from small systems at the energy range of NICA. For that purpose EPOS 
1.99 was used as particle generator and the MpdRoot code to simulate and reconstruct 
the generated data. The production of identified protons, pions and kaons from pp colli­
sions was studied through their mean multiplicity, rapidity spectra and particle ratios as 
function of the collision energy. The production of Л hyperons was also estimated. The 
comparison with recent data from NA61/SHINE experiment is presented.
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DYNAMICS OF A  TENSOR POLARIZATION OF PARTICLES AND NUCLEI AND 
ITS INFLUENCE ON THE SPIN M OTION IN EXTERNAL FIELDS

A.J. Silenko1’2

1. Joint Institute for Nuclear Research, Dubna 141980, Moscow region, Russia
2. Research Institute for Nuclear Problems, Belarusian State University, Minsk 220030, 

Belarus

The tensor polarization o f  particles and nuclei becomes constant in a coordinate system 
rotating with the same angular velocity as the spin, and it rotates in the laboratory frame with 
the above angular velocity [1]. The general equation defining the time dependence o f  the ten­
sor polarization is derived. An explicit form o f the dynamics o f  this polarization is found in 
the case when the initial polarization is axially symmetric. It is shown that the spin tensor in­
teractions result in mutual transformations of the vector and tensor polarizations and do not 
rotate the spin. Nevertheless, the spin tensor interactions can influence the angular velocity o f 
spin rotation in some cases.
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DYNAMICS OF AN ORBITAL POLARIZATION OF TWISTED ELECTRON BEAMS
IN ELECTRIC AND M AGNETIC FIELDS

A.J. Silenko1,23, Pengming Zhang3,4, and Liping Zou3

1. Joint Institute for Nuclear Research, Dubna 141980, Moscow region, Russia
2. Research Institute for Nuclear Problems, Belarusian State University, Minsk 220030, 

Belarus
3. Institute o f  Modern Physics, Chinese Academy o f  Sciences, Lanzhou 730000, China
4. University o f  Chinese Academy o f  Sciences, Yuquanlu 19A, Beijing 100049, China

Relativistic classical [1] and quantum [2] dynamics of twisted (vortex) Dirac particles in 
arbitrary electric and magnetic fields is constructed. This allows us to change the controversial 
contemporary situation when the nonrelativistic approximation is used for relativistic twisted 
electrons. The relativistic Hamiltonian and equations of motion in the Foldy-Wouthuysen rep­
resentation are derived. Methods for the extraction of an electron vortex beam with a given 
orbital polarization and for the manipulation of such a beam are developed. A critical experi­
ment for a verification of the results obtained is proposed. The new effect of a radiative orbital 
polarization of a twisted electron beam in a magnetic field resulting in a nonzero average pro­
jection of the intrinsic orbital angular momentum on the field direction is predicted.
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D E U T E R O N  B R E A K U P  A T ZE R O  A N G L E  IN TH E  C O U L O M B
N U C L E A R  FIELD

I.M. Sitnik

Joint Institute for Nuclear Research 
E-mail: sitnik@dubna.ru

Additional analysis of data, presented earlier [1], has performed. The investigated 
reaction was

d +  A ^  Z 1 +  X,

where Z 1 is charged particle, mostly a proton. Due to high precision of measuring of 
transversal momentum of Z 1 , pt =  p sin 9, where p is deuteron momentum, the dependence 
of ratio V2C/1H  on pt was investigated. The results are presented in Fig.1.

Figure 1: Ratio 12C /1H cross sections at different transversal momentum regions.

Here qL is a longitudinal momentum of the proton in the deuteron rest frame.
Sharp enlarging of the ratio at small pt we view as a manifestation of deuteron breakup 

in the Coulomb field of the nucleus.
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DEUTERON BEAM POLARIM ETER AT NUCLOTRON INTERNAL TARGET

Ya.T. Skhomenko1,2, V.P. Ladygin1, Yu.V. Gurchin1, A.Yu. Isupov1, M. Janek3, J-T Karachuk1,4, 
A.N. Khrenov1, P.K. Kurilkin1, A.N. Livanov1, S.M. Piyadin1, S.G. Reznikov1, A.A. Terekhin1, 
A.V. Tishevsky1, A .V  Averyanov1, A.S. Belov5, E.V. Chernykh1, D. Enache4, V.V. Fimushkin1,

D.O. Krivenkov1, I.E. Vnukov2, V.S. Volkov1,2

1. Joint Institute for Nuclear Research, Dubna, Russia
2. Belgorod State National Research University, Belgorod, Russia
3. Physics Department, University of Zilina, ~ Zilina, Slovakia ~
4. National Institute for R&D in Electrical Engineering ICPE-CA, Bukharest, 

Romania
5. Institute of Nuclear Physics, Moscow, Russia

The current deuteron beam polarimetry at Nuclotron is provided by the Internal Target 
polarimeter based on the use of the asymmetry in dp-elastic scattering at large angles in the 
c.m.s. at 270 MeV. The upgraded deuteron beam polarimeter has been used to obtain the 
vector and tensor polarization during 2016/2017 runs for the DSS experimental program. The 
polarimeter has been used also for tuning of the polarized ion source parameters for 6 
different spin modes. The report contain vector and tensor polarization values. The data 
analysis has been performed using developed software based on C++ language and ROOT5 
library.
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E X O T IC  H A D R O N S W IT H  H E A V Y  Q U A R K S : E X P E R IM E N T A L
P E R S P E C T IV E

Tomasz Skwarnicki

Syraucse University, Syracuse, NY 13244, USA

B-factory, charm-factory and hadron-collider experiments have produced evidence for 
a large number of heavy hadronic structures with unusual properties. We will discuss their 
experimental signatures, together with underlying uncertainties and future prospects for 
improvement.
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A NEW APPROACH TO THE LONGITUDINAL ELECTROMAGNETIC CASCADES 
DESCRIPTION IN HEAVY AMORPHOUS SEGMENTED MATERIALS

B. S low in sk i1,2, P .Duda2
National Centre for Nuclear Research, Swierk, Poland 

2Faculty of Physics, Warsaw University of Technology, Warsaw, Poland 
A lth ou gh  the process  o f  electrom agnetic cascades (E M C ) created b y  h igh energy 

(E y>  100 M e V ) gam m a quanta (G Q ) in heavy am orphous m edia  is kn ow n  fo r  a lon g  tim e (fo r  
exam ple, [1 ]), until the present tim e it is used in practice very sim ple in form ation  about E M C  
on ly : three-param eter approxim ation  o f  their longitudinal p rofile  (L P ) and the average relative 
energy dispersion. N evertheless, fo r  som e advanced applications it is reasonable to better the 
so far prevailing sim ple m odel description  [2] and, m oreover, to  investigate as w ell the 
prob lem  o f  segm entation o f  E M C  registration m edia in order to find the m ost favorable  one 
fo r  optim al reconstruction  o f  prim ary energy o f  G Q  produ cin g  E M C .

In the w ork  a fiv e  param eter m odel (1 ) o f  longitudinal E M C  profile  in liqu id  X e , B G O  
and P W O  has been  introduced and the values o f  its param eters as a function  o f  E y in the range 
o f  2 0 0 -3 5 0 0  M e V  and fo r  three c u t -o f f  energy values o f  cascades electrons: 0.5, 1.2 and 2 .0  
M e V  determ ined. F or this purpose G E A N T 4  co d e  w as used and 104 events fo r  each case w ere 
m odeled , i.e. З хЗ хбхЮ 4 histories in total [3].

-dE
dt

= a[t—ef  e x p j-y t15 (1 )

It has been  fou n d  that our m odel satisfactorily approxim ates all calculated data (see, 
fo r  exam ple, F ig .1 ) and available experim ental results too . M oreover , it w as also fou n d  that 
the segm entation o f  m aterials registering E M C  in the form  o f  a sequence o f  layers a long  the 
direction  o f  prim ary G Q  is optim al w hen  the layer thickness is equal to  A t=0.5 r.l. (radiation 
length).

F ig.1 . Longitudinal p ro file  o f  E M C  created in B G O  b y  G Q  o f  energy E y= 2 0 0 0  M eV . B G O  is 
segm ented w ith  a layer o f  A t=0.5 r.l. Solid  curve dem onstrates the approxim ation  function  (1). 
In inlet show n are the corresponding  values o f  its param eters and x2/nof.
[1 ]  . B . S low inski. Phys. Part. N u cl. 25 (2 ) M arch -A pril 1994, pp .1 7 3 -2 0 9 ; R adiat.Phys.C hem . 
V .49, N o .3 , p p .327 -329 , 1997.
[2 ]  . K onrad K leinknecht. D etectors fo r  particle radiation. C am bridge U niversity Press. 
L o n d o n -N e w  Y ork -N ew  R och e lle -M elb ou rn e-S yd n ey , 1986; C .G rupen. Particle detectors. 
C am bridge U niversity Press. 1996; D an  Green. The P hysics o f  Particle D etectors. C am bridge 
U niversity P ress.2000; R e v ie w  o f  Particle Physics. W .-M . Y ao, et al., Journal o f  P h ysics G 33, 
1 (2006 ).
[3 ]  . D .G lazek . E ngineer thesis (under scientific leadership o f  B .S low in sk i). W F  PW . W arsaw, 
2018.
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CLO SED  SY ST E M  OF E Q U A TIO N S F O R  D E S C R IP T IO N  OF TH E  e+e- Y 
P L A S M A  G E N E R A T E D  F R O M  V A C U U M  B Y  S T R O N G  E L E C T R IC

FIELD

S.A. Smolyansky1̂  A.M. Fedotov2, A.D. Panferov1, S.O. Pirogov1

(1) Saratov State University, RU - 410026 Saratov, Russia
(2) National Research Nuclear University (MEPhI), RU - 115409 Moscow, Russia

f E-mail: smol@sgu.ru

We develop a self-consistent kinetic description of a e+e- y plasma, generated from 
the vacuum in a focal spot of counterpropagating laser pulses. At the moment our model 
assumes purely time-dependent external (laser) field, but properly takes into account the 
semiclassical internal (plasma) field, as well as quantum radiation. While nonperturbative 
kinetic description of e+e-  pair production from vacuum [1] and the simplest variant of 
backreaction problem [2] have been previously addressed, quantum radiation is included in 
such a model for the first time. To achieve this goal we derived coupled kinetic equations 
for the electron, positron, and photon plasma species and the Maxwell equation for the 
internal electric field. Photon subsystem is included systematically using the BBGKI 
chain, which we truncate at second order of perturbation theory by taking into account 
the annihilation and radiation channels (preliminary consideration of the annihilation 
channel was previously discussed in [3]). An important application of our results would 
be consideration of laser field depletion due to cascade production [4] beyond the locally 
constant field approximation.

We acknowledge support from the Russian Fund for Basic Research under the project 
17-02-00375.
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N U M E R IC A L  E V A LU A TIO N  OF M E L L IN -B A R N E S IN T E G R A L S 
U SIN G  E FFIC IE N T A P P R O X IM A T IO N S  T O  TH E  C O N T O U R  OF

S T A T IO N A R Y  PH A SE

A.V. Sidorov1 and O.P. Solovtsova1,2̂

(1) BLTP, Joint Institute for Nuclear Research, Russia
(2) ICAS, Gomel State Technical University, Belarus 

f E-mail: olsol@theor.jinr.ru

We present the result of the application of a new efficient integration contour for 
numerical calculation of one-dimensional Mellin-Barnes (MB) integrals, which are widely 
used in high-energy physics, in the case of a finite asymptotic behavior the corresponding 
stationary-phase contour in the limit Rez ^  -x> . Such asymptotic behavior is observed, 
for example, for some MB integrals arising in Feynman diagrams, and in the case of the 
reconstruction of the DIS structure functions on the basis of its the Mellin moments. The 
best efficiency in a numerical integration can be achieved on the contour of the stationary 
phase, where the oscillations of the integrand are minimal. However, the solution of the 
differential equation for the stationary phase contour and its subsequent an application 
in the calculation of the MB integral may require big computing expenses.

Recently, significant progress has been made in the efficient computing of MB integrals 
and it has been shown that a shape of the integration contour by which the integration 
is carried out is very important [1, 2, 3, 4]. We show that our approximation for the 
integration contour, the construction of which is quite simple, reproduces the asymptotic 
behavior of the exact stationary phase contour well, and the use of the proposed contour 
can provide the required high relative accuracy for the MB integral, say, of the order 
~10-20. Comparison of the efficiency of the numerical calculation of the MB integral 
using different approximations of the stationary phase contour is discussed.
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DENSE COLD M ATTER

A.V. Stavinskiy1,2

1. NRC “Kurchatov Institut” -ITEP
2. JINR

The possibility to study o f  dense nuclear matter with the density as high as neutron 
star core and even larger in the laboratory with SPD (NICA) is discussed. Special rare 
kinematical trigger for relativistic ion-ion collisions is proposed for such study. Expected 
properties o f  the matter in such unusual conditions and experimental methods for its study 
o f  is discussed.
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INVESTIGATION OF THE EFFECT OF COHERENT 
ELECTROMAGNETIC RADIATION BY RADIOACTIVE 

DECAY OF 239Np AND 152Eu

E .V . B arm ina A .V . Sim akin A .A . Sm irnov 2, V.I. S tegailov  3 , S .I.Tyutyunnikov 3,
G .A . Shafeev 1>4, I.A . Scherbakov  1

1. Prokhorov General Physics Institute, RAS, 119991, Moscow, Vavilov Str., 38
2. Institute in Physical and Technical Problems, Dubna, Russia
3. Joint Institute fo r  Nuclear Research, 141980 Dubna, Russia
4. National research nuclear University, MEPhI, Moscow
E-mail: tsi210647@yandex.ru, stegajlov2013@yandex.ru
S om e experim ents, w h ich  have been  carried out in the fram es o f  “ E nergy and 

Transm utation”  p ro ject and directed to  so lve  tasks o f  studying the nuclear- physical p rocesses ’ 
characteristics, ensuing on  nuclei under the in fluence o f  coherent electrom agnetic radiance, 
have been  discussed in the report. The aim  o f  the experim ents /  1, 2 /  is to  study the 
m echanism s o f  in fluence o f  e lectrom agnetic radiation o f  m icrow a ve  range and laser radiation 
on  the probability  o f  the nuclear decay. A  nuclear decay  o f  152Eu, 137Cs, 231Th, 234Th, 239N p 
under the in fluence o f  laser radiances to their w ater solutions has been  investigated. W e  
have a great interest in studying a w e ll-  kn ow n  and an investigated in details nucleus o f  
152Eu.

The solution  o f  152Eu has been  under the in fluence o f  the laser radiance w ith w ave  length o f  
radiation to  1064 nm , pulse repetition frequ en cy  to 10 H z and energy in im pulse to 700 mJ. 
Futher, w e  have used another laser, w ith w a v e  length o f  radiation to  1064 nm, pulse 
repetition frequ en cy  to  10000 H z and an energy in im pulse 1 mJ. It is necessary to note that 
w hen  w e  decrease a pulse repetition frequ en cy  to 1000 tim es, but increase the energy o f  the 
im pulse to 700 tim es, the com m on  tendency o f  the decreasing activity is kept (F ig .1 ).T h ese  
experim ental data have been  discussed in the report.

Fig.1.The change in the intensity o f  the gamma line 121keV,344 keV 152Eu is shown in the
figure.
1.S.N. A ndreev, E .V . Barm ina et al. / /  Phys. Part. N uc. Lett. 2017. V .14. N o .6 . P. 630 -637 .
2 . E .V . Barm ina, A .V .S im akin  et al. / /  Inter. C on f. «N u c le u s -2 0 1 7 »  A lm aty. Abstracts. P.169.
3. E .V . Barm ina, A .V . Sim akin et al. / /  Quantum  E lectronics. 2017. V .47 (7 ). P .627-630.
4 . A .A . Sm irnov, V.I. Stegailov, S.I. Tyutyunnikov et al. //Inter. C on f. «N u c le u s -2 0 1 5 » . P.259.
5. Z . H on s et al. / /  P roc. o f  the 9th Intern. W orksh op  «S tron g  M icrow a v es  and Terahertz 
W aves: Sources and A p p lica tion s», N izh n y  N o v g o ro d , July 24 -3 0 , 2014.
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M AGIC - H OW  M ATTER'S EXTREME PHASES CAN BE REVEALED IN 
GRAVITATIONAL WAVE OBSERVATIONS AND IN RELATIVISTIC HEAVY ION

COLLISION EXPERIMENTS

Horst Stoecker

FiAS and Goethe Universitaet Frankfurt Giersch Science Center
and

GSi Helmholtzzentrum fuer Schwerlonenforschung Darmstadt

This talk combines a survey of our recent advancements in two rather distinct fields, which 
reveal - on first sight - a surprising similarity of both, namely relativistic collisions of nuclei 
and of neutron stars.

Recently, the group at FiAS and at Goethe University discovered that the emitted gravitational 
waves, as predicted from general relativistic magneto- hydrodynamics from binary neutron 
star merger - calculations, are extremely sensitive to the appearance of quark matter and the 
stiffnes of the equation of state of QCD Matter in the inner cores of the two colliding Neutron 
Stars, as also in their gravitational collapse to one black hole. This is a new observable 
messenger from outer space, which does provide direct signals for the phase structure of 
strongly interacting QCD matter at high baryon density and high temperature.

Those astrophysically created extremes of thermodynamics do match , to within 20% , the 
values o f temperatures which we find in relativistic hydrodynamics and transport theory of 
heavy ion collisions at the existing laboratories like LHC, SpS at Cern, RHIC at Brookhaven, 
and HaDes - SiS18 at GSi and at the NICA and FAIR accelerators under construction, if 
though at quite different rapidity windows, impact parameters and bombarding energies of the 
heavy nuclear systems.

We demonstrate how the gravitational wave signals from future advanced LIGO-Virgo - to 
radiowave signals from SKA-events can be combined with the high multiplicity fluctuation - 
and flow measurements in heavy ion detectors in the lab to pin down the EoS and the phase 
structure of dense matter.
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TH E  E F F E C T  OF FIN A L STATE IN T E R A C T IO N S  IN T W O -P IO N  A N D  
K K  T R A N S IT IO N S  OF C H A R M O N IA  A N D  B O T T O M O N IA

Yu.S. Surovtsev1!, P. Bydzovsky(2), T. Gutsche3, R. Kaminski(4), V.E. Lyubovitskij(3,5,6),
and M. Nagy(7)

(1) Bogoliubov Laboratory of Theoretical Physics, JINR,141 980 Dubna, Russia
(2) Nuclear Physics Institute of the AS CR, 25068 Rez, Czech Republic

(3) Institut fur Theoretische Physik, Universitat Tubingen, Kepler Center 
for Astro and Particle Physics, Auf der Morgenstelle 14, D-72076 Tubingen, Germany

(4) Institute of Nuclear Physics of the PAN, Cracow 31342, Poland
(5) Department of Physics, Tomsk State University, 634050 Tomsk, Russia

(6) Mathematical Physics Department, Tomsk Polytechnic University,
Lenin ave. 30, 634050 Tomsk, Russia

(7) Institute of Physics of the SAS, Bratislava 84511, Slovak Republic
f E-mail: surovcev@theor.jinr.ru

The decays J/ф ^  ф (пп,К К ), ^ (2S) ^  J/фпп, Y (4260) ^  J/ф nn and two-pion 
transitions among bottomonia states are considered in fact jointly with the isoscalar S- 
wave processes nn ^  nn ,K K ,nn  which were analysed earlier in our model-independent 
method based on analyticity and unitarity. When adding to the analysis data on the 
additional decays, it is obtained further confirmation of the fact that the basic shape 
of dipion and K K  mass spectra in the indicated charmonia and bottomonia decays are 
explained by an unified mechanism based on the contribution of the nn, K K  and щ  
coupled channels including their interference. The role of the individual f 0 resonances in 
making up the shape of the dipion mass distributions in the charmonia and bottomonia 
decays is considered. When analyzing the decay Y (4260) ^  J/ф n+n- , some indication 
is obtained that the charmonium X  (4260)(Y(4260)), the dipion spectrum of which is 
published in [Z.Q.Liu et al. (Belle Collaboration), Phys. Rev. Lett. 110, 252002 (2013)], 
is a third radial excitation, i.e. the 4S state with the mass 4.3102 GeV.
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IM PACT OF AVERAGE NEUTRON ENERGY ON THE FAST NEUTRON FLUENCY 
MEASUREMENT BY Np-237 FISSION TO CAPTURE RATIO AND REVERSE 

D ARK  CURRENT OF PLANAR SILICON DETECTOR METHODS

M. Szuta1, S. Kilim1, E. Strugalska-Gola1, M. Bielewicz1,2, N.I. Zamyatin2, 
A.I. Shafronowskaya2, S. Tyutyunnilov2

1. National Centre for Nuclear Research, 05-400 Otwock-Swierk, Poland
2. Joint Institute for Nuclear Research, 141980 Dubna, Russia

It is a subsequent step of feasibility study of fast neutron fluency measurement using two 
different complementary methods.

The idea of the first method is to search the neutron energy for the ratio of fission cross 
section to capture cross section of the selected actinide isotope from the nuclear data base that 
is equal to the measured ratio of fissioned and captured actinide isotope Np-237.

The idea of the second method is measurement of fast neutron irradiation induced reverse 
dark current increase of planar silicon detectors which is linearly proportional to neutron 
fluence.

We have focused on the efficiency dependence of incineration the minor actinides on the 
distance of their samples from the neutron spallation source. So far, we have not been able to 
place actinide samples in any place other than the lead specimen window.

We have processed the experimental data of irradiated Np- 237 actinide samples and 
silicon detectors directly placed on sections 2 and 4 of the QUINTA setup without lead shield- 
reflector. These samples were 12 cm from the source of the neutron spallation source, what is 
about 8 cm closer than before when we placed the actinides samples in the window of the lead 
shield-reflector.

Applying the try and error method we find the neutron energy for which the ratio of 
fission cross section to capture cross section of the actinide Np-237 from the nuclear data base 
is equal to the measured ratio of fissioned and captured actinide isotopes. It means that the 
retrieved distinct fission and capture cross sections for the distinct neutron energy from the 
nuclear data base describe the average values because the measured ratio (spectral index) is 
defined as the ratio of average fission and capture cross sections. The obtained values for 
average fission and capture cross sections let us to evaluate the neutron fluencies.

Given the considered above experimental data and the earlier obtained data we have 
found that the higher is the average neutron energy the smaller is the difference of neutron 
fluency measurement between the two methods. This effect was expected since the silicon 
detector method effectively measure the fast neutrons of energy higher than 170 keV.

181



ANISOTROPIC FLOW  MEASUREMENTS FROM  LHC TO SIS

A.Taranenko

National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)

Extensive measurements of azimuthal anisotropy in relativistic A+A collisions, have provided 
invaluable insights on the expansion dynamics and the transport properties of the strongly 
interacting matter produced in such collisions. The recent results of flow measurements from 
the top LHC energy (5.2 TeV) to the top SIS energy (2.4 GeV) will discussed with emphasis 
on techniques, interpretation, and uncertainties in the measurements. The prospects for future 
measurements at NICA energies will be presented and discussed.
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TH E  D IF F E R E N T IA L  CRO SS SE C TIO N  F O R  D P -E L A S T IC  S C A T T R IN G  
A T 500-900 M E V /N  A N D  L A R G E  T R A N S V E R S E  M O M E N T A

A.A. Terekhin1̂ , S.M. Piyadin1, V.P. Ladygin1, A.N. Khrenov1, A.Yu. Isupov1, Yu.V. 
Gurchin1, A.K. Kurilkin1, P.K. Kurilkin1, S.G. Reznikov1, M. Janek2

(1) JINR, 141980, Dubna, Moscow region, Russia
(2) Physics Department, University of Zilina, Zilina, Slovakia 

f E-mail: aterekhin@jinr.ru

The results of the differential cross section elastic dp-scattering measurements at 500­
900 MeV/n, performed at Internal Target Station at Nuclotron JINR are presented. The 
measurements have been performed on the unpolarized deuteron beam using CH2 and C 
targets. The data were obtained for angular range 70°-120° in the c.m.s. The angular 
dependence is compared with the world experimental data at close energies as well as with 
the theoretical calculations performed within the framework of the relativistic multiple 
scattering theory. Differential cross section at fixed scattering angles cover a total c.m. 
energies =  3.1 - 3.42 GeV were obtained. The results are compared with the behavior 
of the world data.
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POLARIZATION IN HIC: COMPARISON OF METHODS

M. Baznat1, G. Prokhorov1, A. Sorin1, O. Teryaev1, V. Zakharov2

1. JINR
2. ITEP

The polarization of hyperons in Heavy-Ion collisions is considered. The model of mesonic 
superfluid with quantized vortices is suggested [1]. The different methods of its polarization 
calculation are systematically compared[2]. The polarization as a branch of anomalous 
transport contains similarity and difference to hydrodynamical methods. The numerical 
simulations allow to compare the contribution of holographic anomaly to the data[3].

[1] From the chiral vortical effect to polarization of baryons: A model
Oleg V. Teryaev, Valentin I. Zakharov Published in Phys.Rev. D96 (2017) no.9, 096023

[2] Anomalous current from the covariant Wigner function 
George Prokhorov, Oleg Teryaev
Published in Phys.Rev. D97 (2018) no.7, 076013

[3] Hyperon polarization in heavy-ion collisions and holographic gravitational anomaly 
Mircea Baznat, Konstantin Gudima, Alexander Sorin, Oleg Teryaev
Published in Phys.Rev. C97 (2018) no.4, 041902
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STUDY AND MONTE CARLO SIMULATIONS OF CENTRAL REGION OF 
URANIUM TARGET QUINTA IRRADIATED W ITH  HIGH-ENERGY PROTON AND

DEUTERON BEAMS

P. Tichy1’2’3, J. Adam14, A. A. Baldin15, P. Chudoba26, V. I. Furman1, S. A. Gustov1,
J. Kh. Khushvaktov1, Yu. Kish1,7, I. I. Mar’in1, A. A. Solnyshkin1, M. Suchopar23,

J. Svoboda1,4, S. I. Tyutyunnikov1, R. Vespalec13, J. Vrzalova1,23, V. Wagner2, L. Zavorka13,
M. Zeman14

1. Joint Institute for Nuclear Research, Dubna, Russia
2. Nuclear Physics Institute, Czech Academy o f  Sciences, Rez, Czech Republic
3. Czech Technical University, Prague, Czech Republic
4. Brno University o f  Technology, Brno, Czech Republic
5. Institute for Advanced Studies “OMEGA” , Dubna, Russia
6. Charles University, Prague, Czech Republic
7. Uzhgorod National University, Uzhgorod, Ukraine

Spent nuclear fuel management represents a serious worldwide issue. One possible 
option of nuclear waste reduction is the accelerator driven system (ADS) use. The ADS 
research has a long tradition in the Joint Institute for Nuclear Research (JINR). Experiments 
of simple-geometry setup irradiation are performed on a regular basis in JINR for decades. 
These setups are usually composed of a spallation target (lead, uranium) and a subcritical 
blanket (natural or depleted uranium) and are irradiated by high-energy proton or deuteron 
beams. The JINR accelerator fleet offers the usage of a 660 MeV proton beam from Phasotron 
accelerator and 1 - 12 GeV proton and deuteron beams from Nuclotron accelerator. Due to 
spallation and fission reactions, huge neutron fields are created inside the setups. Neutron flux 
and radionuclide production is measured by activation detectors and evaluated by activation 
techniques.

Results' overview of experiments of irradiation subcritical assembly QUINTA by 660 
MeV proton beams and by 4 GeV and 8 GeV deuteron beams will be presented. Activation 
foils of aluminium, cobalt and lead were used and radionuclide production along the beam 
passage in QUINTA was investigated. Comparison of the experimental results to Monte Carlo 
simulations will be discussed.
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S P E C T R A  OF N E G A T IV E  PA RTIC LES 
IN A u + A u  CO LLISIO N S F R O M  BES-I A T  R H IC  

A N D  z-SC A L IN G

M.V. Tokarev1̂ , A.O. Kechechyan1̂ , I. Zborovsky2b

(1) Joint Institute for Nuclear Research, Dubna, Russia 
(2) Nuclear Physics Institute,

Academy of Sciences of the Czech Republic,
Rez, Czech Republic

^E-mail: tokarev@jinr.ru 
ИE-mail: kechech@jinr.ru 

bE-mail: zborovsky@ujf.cas.cz

We present results of a new analysis of negative charged particle yields in Au +  Au 
collisions as a function of transverse momentum obtained by the STAR Collaboration 
for the first phase of the RHIC Beam Energy Scan Program in the framework of the 
z-scaling approach. The spectra were measured over a wide range of collision energy 
/ sNN =  7.7 — 200 GeV and transverse momentum of produced particles in different 
centralities at |n| < 0.5. Scaling behavior of the spectra as a function of a collision 
energy and centrality in z-presentation is verified. The concept of the z-scaling based on 
fundamental principles such as self-similarity, locality, and fractality of hadron interactions 
at a constituent level at high energies is discussed. The microscopic scenario of hadron 
production in terms of constituent momentum fractions and recoil mass of produced 
system is developed. The constituent energy loss as a function of energy and centrality 
of collision and transverse momentum of inclusive particle was estimated in the z-scaling 
approach. The present results indicate on self-similarity of fractal structure of nuclei and 
fragmentation process with negative charged particles produced in Au +  Au collisions. 
Discontinuty of the model parameters - the fractal and fragmentation dimensions and 
” heat capacity” , are discussed from the point of view of the search for a phase transitions 
in the nuclear matter.
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U P D A T E  ON TH E  SE A R C H  OF T W O  P H O T O N  E X C H A N G E  IN 
E L E C T R O N  P R O T O N  E LA STIC  S C A T T E R IN G

E. Tomasi-Gustafsson1!, and V.V. Bytev2 3 4 5 6

(1) DPhN, IRFU, CEA, Universite Paris-Saclay, 91191 Gif-sur-Yvette Cedex, France
(2) Joint Institute for Nuclear Research, BLTP, 141980 Dubna, Russia 

f E-mail: egle.tomasi@cea.fr

Following Akhiezer-Rekalo method [1], polarized electron-proton elastic scattering al­
lows a precise measurement of the electromagnetic proton form factor ratio, assuming 
that the interaction occurs through the exchange of one virtual photon (see Ref. [2] and 
References therein). The recently obtained results seem to show a disagreement with the 
common understanding that the electric and the magnetic form factors dependence on 
the transferred momentum should be similar. It was suggested that the reason of this 
discrepancy is related to an accidental increase of the exchange of two photons, above the 
expected order of a with respect to the Born approximation. Three experiments mea­
sured recently the cross section ratio of electron over positron elastic scattering on protons 
[3, 4, 5]. The deviation from unity of this ratio, i.e., a charge asymmetry different from 
zero, is the signature of contributions beyond the Born approximation. After reviewing 
the published results, we discuss the applied radiative corrections and compare the elastic 
data to a calculation which includes the diagram corresponding to two-photon exchange
[6]. It turns out that all the data on the cross section ratio, in the limit of their precision, 
do not show evidence of enhanced two-photon contribution beyond the expected percent 
level. Our analysis confirms that two-photon exchange can not constitute the explana­
tion for the difference between unpolarized and polarized measurements of the proton 
electromagnetic form factors.
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F L U C T U A T IN G  SH APES OF TH E  FIR E B A LLS IN H E A V Y -IO N
COLLISIO N S

B. Tomasik

Univerzita Mateja Bela, Banska Bystrica, Slovakia
and

FJFI, Ceske vysoke ucena technicke v Praze, Prague, Czech Republic 
f E-mail: boris.tomasik@cern.ch

In each relativistic heavy-ion collision, strongly interacting bulk matter is created with 
different initial conditions. The initial conditions can only poorly be controlled. Moreover, 
during the evolution of the fireball, processes may happen, which are individual for every 
collision.

At the highest collision energies, like those probed at the LHC and RHIC, these are e.g. 
jets, which are always produced in different numbers and different directions. We have 
shown that the energy and the momentum which the jets deposit into hydrodynamicaly 
evolving bulk matter can lead to important contributions to the anisotropies of transverse 
collective expansion. Those, in turn, show up as anisotropies in final hadron distributions 
[1,2]

At lower energies, like those studied in the RHIC Beam Energy Scan programme, or 
at the planned NICA and FAIR facilities, irregularities may appear due to the passage of 
the matter in vicinity of the critical point.

For the sake of obtaining higher statistics, data are usually examined from samples of a 
very large number of events. In such samples many of the fluctuating features of azimuthal 
hadron distribution may get averaged out. If there are events with some interesting 
structure, they would also be hidden in the large sample of many events. Therefore, 
we have proposed and studied a method for the selection of events according to their 
shape [3]. In a way, the paradigm is similar to the better known method of Event Shape 
Engineering [4]. However, our method of Event Shape Sorting does not make any bias as 
to how to select the events, it just sorts the events according to their similarity. I will 
show how the method works and present applications to studies of azimuthal anisotropies 
of hadron distributions and correlation femtoscopy.
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PROPOSED FIXED TARGET EXPERIM ENT AT THE LHC BEAMS

N.S. Topilskaya, A.B. Kurepin 
for AFTER@LHC study group

Institute for Nuclear Research, RAS, Moscow

Physics opportunities of using the LHC beams for fixed target experiment developed 
in several publications, for example [1,2]. The main physical goals of the experiment are:

i) investigation of the large-x gluon, antiquark and heavy quark content in the nucleon 
and nucleus;

ii) investigation of the dynamics and spin of quarks and gluons inside polarized 
nucleus, using polarized target;

iii) study of the ion-ion collisions between SPS and RHIC energies towards large 
rapidity.

The ALICE and LHCb installations provide possibilities to use them in fixed target 

mode. For 7 TeV proton beam the energy in N-N centre-of-mass system is V % jv =114.6

GeV, and for 2.75 TeV Pb beam V SNN = 71.8 GeV. The energy of the particles reaches values 
of only two times less than at the RHIC collider, but the luminosity exceeds the luminosity of 
colliders many times. The experiment could investigate a wide rapidity region. ALICE muon 
arm together with a future MFT access the mid- to backward rapidity region (ycms <0). ALICE 
central barrel probes end of phase space for very backward region.

Feasibility of using an internal gas target for fixed target experiment was shown by 
LHCb Collaboration with the SMOG system. Storage Cell gas target (like HERMES 
experiment) gives possibility to increase the gas density by several order of magnitude. It's 
also possible to use internal solid wire target in beam halo or to use a bent crystal to deflect a 
beam halo on internal solid target. Also in the extracted beam it is possible to install a 
polarized target. The project AFTER@LHC will study rare processes, polarization 
phenomena, will measure parameters needed to analyze the data of cosmic rays and neutrino 
astrophysics. The goal of experiment is also detailed study of quarkonia production and 
suppression depending on the phase transition of matter to the quark-gluon phase.

[1.] A.B.Kurepin, N.S.Topilskaya and M.B.Golubeva, Phys. Atom. Nucl. 74, 446 (2011).
[2]. J.-P.Lansberg et al., Special Issue in Adv. High Energy Physics V.2015 (2015).
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H A LF M ASSES OF PA R TIC LE S P R O D U C E D  IN n- C IN T E R A C T IO N  A T 
40 G E V /C  A N D  PH A SE  T R A N S IT IO N

Ts. Baatar1, A.I. Malakhov2, B. Otgongerel1, M. Sovd1, T. Tulgaa2, G. Sharkhuu1

(1) Institute of Physics and Technology, MAS, Ulaanbaatar, Mongolia 
(2) Joint Institute for Nuclear Research, Dubna

In this paper we present the experimental analysis of the parameter T (temperature) 
as a function of the cumulative number nc of n-  - mesons, K 0 - mesons and protons 
produced in n- C interactions at 40 GeV/c.

On the basis of this analysis we established a dependence between half mass of particle 
(mi/2) and the target mass value (mc =  mpnc) which is required from the target for the 
production of the particle.

We suggest that the dependence between above mentioned two masses may be con­
nected with the beginning of the mixed phase with constant temperature.
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R E A C T IO N  OF T W O  PIO N  P R O D U C T IO N  pd ^  pdnn IN R E S O N A N C E
R E G IO N

N. Tursunbayev12!, Yu.N. Uzikov12

(1) Joint Institute for Nuclear Researches, Dubna, Russia 
(2) Dubna State University, Dubna, Russia 

f E-mail: tursunbayev.n@gmail.com

Search for dibaryon resonances in two-nucleon systems has a long history (for review 
see [1]). At present as one of the most realistic candidate to dibaryon is considered 
the resonance D u  =  D03 observed by WASA@COSY [2] in the total cross section of the 
reaction of two-pion production pn ^  dn0n0, here I  is the isospin and J is the total angular 
momentum of this resonance. The mass of the resonance is 2.380 GeV is close to the ДД- 
threshold, but its width Г =  70 MeV is twice lower as compared to the width of the free Д- 
isobar. This narrow width is considered as the most serious indication to a non-hadronic, 
but most likely, quark content of the observed resonance state. The spin-parity of this 
resonance JP =  3+ were established by polarized measurements, however information 
about its production (decay) channels is non-complete. One possible mechanism of the 
reaction pn ^  dn0n0 suggested in paper [4] involves sequential excitation and decay of 
two dibaryon resonances, D03(2380) and D 12(2150). Very similar resonance structure was 
observed by ANKE@COSY in the differential cross section of the two-pion production 
reaction pd ^  pdnn at beam energies 0.8-2.0 GeV with high transferred momentum 
to the deuteron at small scattering angles of the final proton and deuteron [3]. In the 
distribution over the invariant mass M d of the final d system the resonance peaks were 
observed at M d 2.380 GeV [3] that is the mass of the isoscalar two-baryon resonance 
D u  =  D03, while the kinematic conditions differ considerably from that in Ref. [2]. 
We apply here the two-resonance model [4] to the reaction in question by inclusion of 
the a-meson exchange between the proton and deuteron. Since not all required partial 
width were know from analysis [4] and quark model [5], we discuss only the shapes of 
the distributions over the invarinat masses of the final dnn and nn systems and find a 
qualitative agreement with the ANKE data [3].
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Д-IS O B A R  C O N T R IB U T IO N  T O  TH E  P IO N  P R O D U C T IO N  IN TH E
R E A C T IO N  pp ^  {pp}sn0

Yu.N. Uzikov1!

(1) Joint Institute of Nuclear Researches, DLNP 
f E-mail: uzikov@jinr.ru

The resonance structure observed in the total cross section of the reaction pp ^  dn+ 
with the maximum at about 600 MeV was explained by the Д-isobar excitation in the 
intermediate state [1]. New analysis performed in Ref. [2] shows, however, that the pure 
Д-mechanism is not sufficient to explain the absolute value of the total cross section of 
the reaction pp ^  dn+ and therefore dibaryon contributions were considered in [2]. In 
this situation it is important to study another channel of this reaction, pp ^  {pp}sn0, at 
similar kinematics conditions but with formation of the diproton {pp}s in the final state 
with small excitation energy Е№ <  3 MeV providing a dominance of the 1S0 state. Due to 
difference of the spin and isospin of the deuteron and diproton the reaction pp ^  {pp}sn0 
provides an independent test for the dynamics of the single pion production in pp-collision. 
Recently data on the reation pp ^  {pp}sn0 were obtained by ANKE@COSY collaboration 
at beam energies 0.3 -  0.8 GeV [3].

We analyze the reaction pp ^  {pp}sn0 using one-loop diagrams with the subprocess 
n0p ^  Д ^  n0p [4]. The parameters for the coupling constants and vertex form factors 
were taken from Ref. [5] describing the COSY data on the reaction dp ^  {pp}snN  [5]. 
The model explains the position of the peak observed in [3] at 0.6 GeV for zero diproton 
scattering angle, but cannot describe anomalous slope of the angular dependence of the 
differential cross section in the peak region. The helicity amplitudes formalism is devel­
oped in Ref. [4] for the partial wave analysis of this reaction. It is shown that the main 
contribution is made by the 3P0, 3P2, 3F2 states in the initial pp-channel. The Д-model 
and helicity formalism can be applied for analysis of the new ANKE data on the resonance 
behaviour of this reaction at higher energies 1.5 -  2.5 GeV [6].
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ST R IN G  M O D E L C A L C U L A T IO N  OF ST R O N G L Y  IN TE N SIV E  
O BSE R VA B LE  F O R  M U LTIPLIC ITIE S IN T W O  W IN D O W S

V.V. Vechernin1!

(1) Saint Petersburg State University 
f E-mail: v.vechernin@spbu.ru

In quark-gluon string model we calculate the strongly intensive variable

E{nF,п Б) =  [(nF) шПв +  (nB) шПр -  2 cov(nF nB)}/[{nF) +  (nB)] (3)

for the charged particles multiplicities nF and nB in forward and backward rapidity win­
dows, introduced like in [1] to suppress the contribution of the ’’volume” fluctuations in 
hadronic interactions at high energy (шп =  Dn/(n ) is a scaled variance). We express this 
observable through the fundamental characteristics of a string: the multiplicity q0 per 
unit of rapidity and the two-particle correlation function Л(п1 — n2), describing the frag­
mentation of a single string. In particular we show that at mid-rapidities for symmetric 
reactions and small symmetric observation windows of a same width (5rqF =  5qB =  8rj)

S (nF,n B) =  1 +  UoSq [Л(0) — Л(АП)] , (4)
where An is a distance between the centers of these two observation windows. This con­
firms the strongly intensive character of the observable in the case with fluctuating number 
of identical strings. It does not depend on the average number of strings, nor on the mag­
nitude of event-by-event fluctuation of their number. By (4) we analyze the properties of 
the S(nF, nB). For this we use the information on the two-particle correlation function of 
a string, Л(Ап), obtained in paper [2] by a fitting of the experimental pp ALICE data [3] 
on forward-backward correlations between multiplicities in windows separated in rapidity 
and azimuth in the framework of the model with independent identical strings.

We also consider the strongly intensive observable (3) taking into account the particle 
charge sign. In the case of charge symmetry, which is a very good approximation for mid­
rapidity region at LHC collision energies, these charge-wise strongly intensive observables 
are expressed through the string pair correlation functions for particles of the same and 
opposite signs, Л5“те(Ап) and Лорр(Ап). We get information about these two functions 
by using the relations:

Л(Ап) =  [Лорр(Ап) +  Лвоте(Ап)]/2, В (An) =  [Л ^ А п ) — Лвоте(Ап)]/2,
where В(Ап) is the so-called balance function, measured by ALICE [4]. Then we calculate 
the strongly intensive observables taking into account the sign of the particle charge.
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TERNARY SU(3)-GROUP SYM M ETRY AND ITS POSSIBLE APPLICATIONS IN 
H ADRON-QUARK SUBSTRUCTURE. TOWARDS A  NEW SPINOR-"FERM ION”

STRUCTURE

A.A. Maslikov1, G.G.Volkov2

1. «Dubna» University, «Protvino» branch, Protvino,
2. Peterburg Institute o f  Nuclear Physics NRC“Kurchatov Institute” , Gatchina

Questions about the existence of three color quark symmetries and three quark-lepton 
generations could have a single nature associated with new exotic symmetries outside the 
Cartan-Killing-Lie algebras / groups. Our long-term search for these symmetries began with 
our Calabi-Yau classification of spaces on the basis of the n-ary algebra of reflexive projective 
numbers and led us to the expansion of complex and hyper complex numbers in the 
framework of which we construct new Abelian and non-Abelian symmetries. One of the 
exceptional features of these symmetry groups is the appearance of new spinor n-dimensional 
structures that lead to an extension of the concept of spin.

We discuss some possible applications of these exotic n-spinor matter (maarcrions) on 
the quantization of quantization of a proton, on the one hand, and on the other on the 
geometric origin of three quark-lepton generations. It's natural to think that these new exotic 
states would be candidates for representatives of dark matter. We will also be interested in the 
detection of exotic n-spinor matter in the different experiments.
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BEAM POWER GAIN FOR MASSIVE URANIUM TARGET UNDER 
RELATIVISTIC PROTON, DEUTERON AND CARBON NUCLEI IRRADIATION

V .A . V oron k o1, А .А . Zh adan 1, V .V. S otn ik ov1, I. A d a m 2, А .А . B ald in2, A .I. B erlev2, 
A .A . Solnyshkin2, S.I. Tyutyunnikov2, W .I. Furm an2, K .V . H usak3, I.V . Z h u k 3

1. NSC Kharkov Institute of Physics and Technology, Kharkov, Ukraine
2. Joint Institute for Nuclear Research, Dubna, Russia
3. Joint Institute for Power and Nuclear Research -  SOSNY, Minsk, Belarus

The experim ental determ ination results o f  the relativistic beam  p ow er gain fo r  deep - 
subcritical uranium  assem bly “ Q U IN T A ”  (m ass o f  natural uranium  512 k g ) 0 .66  G e V  protons 
and 2 and 4 G e V /n u clon  deuterons and carbon  nuclei irradiation are presented. Irradiations 
w ere  carried out at the accelerators “ N U C L O T R O N ”  and “ P H A S O T R O N ” , JINR, D U B N A . 
B eam  p ow er  gain is determ ined b y  the fo llo w in g  expression  (Ep+nf*Ef)/Ep, w here Ep - the 
accelerated particle energy, nf - the uranium  fission  num bers, initiated b y  the accelerated 
particle in the assem bly, Ef - the fission  energy. The fission  num bers in the assem bly w ere 
determ ined b y  num erical integration o f  the experim ental spatial distributions o f  the uranium 
fission  rates. The fo llo w in g  beam  p ow er gain values fo r  the uranium  assem bly "Q U IN T A " 
w ere  obtained: p (0 .6 6  G e V ) -  (2 .2 ± 0 .1 ); d (4  G e V ) -  (2 .9 ± 0 .2 ); d (8  G e V ) -  (2 .8 ± 0 .2 ); 
12С (2 4  G e V ) -  (2 .3 ± 0 .2 ); 12С (48  G e V ) -  (2 .4 ± 0 .2 ). In a num ber o f  A ccelerator D riven  System  
(A D S ) projects, it is planned to  use quasi-infinite assem blies w ith alm ost zero  neutron 
em ission  generated w ithin  the assem bly as a result o f  spallation reactions. U sin g  the results o f  
the study o f  R .G . V asilkov  et al. (A E , v. 44, 1978, p. 32 9 ) the beam  p ow er gain values o f  the 
“ Q U IN T A ”  assem bly w ere  extrapolated fo r  a quasi-infinite uranium  assem bly: p (0 .6 6  G e V )»  
-  (8 .1 ± 0 .4 ); d (4  G e V )»  -  (1 1 .6 ± 0 .8 ); d(8 G e V )»  -  (1 1 .2 ± 0 .8 ); 12С (2 4  G e V )»  -  (8 .6 ± 0 .7 ); 
12С (48  G e V )»  -  (9 .1 ± 0 .9 ). The obtained results can b e  used in the A D S  assem blies design.
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n J / f — D D * INTERACTION VIA THE QUARK EXCHANGE DIAGRAM

Exotic hadrons reported in the heavy flavor sector have been one of the interesting 
topics in hadron and nuclear physics [1, 2]. Especially near the thresholds, the heavy 
quark symmetry inducing the mass degeneracy of heavy hadrons provides (i) the one pion 
exchange being the driving force of nuclei, and (ii) the many channel-couplings. Such 
effects are expected to produce an attraction and the hadron-hadron bound states, called 
hadronic molecules, near the hadron-hadron thresholds. On the other hand, an exis­
tence of thresholds induces the cusp structure which may be misinterpreted as a physical 
resonance [2]. Hence, careful analysis of the scattering is needed near the thresholds.

In order to discuss the dynamics near the thresholds, the hadron-hadron interaction 
is very important, while the high-precision interaction is not established yet in the heavy 
flavor sector. In Ref. [3], the Lattice QCD simulation by HALQCD indicates the impor­
tance of the nJ/f — DD * potential which is given by the charm quark (hadron) exchange 
process. Such interaction must be very short range interaction, but the mechanism is not 
understood yet. As for the standard method, the meson exchange potential such as the 
D  meson exchange has been introduced. However, the interaction range of the D  meson 
exchange is about 0.1 fm, which is smaller than the hadron size, typically 1 fm.

Understanding the n J / f  — DD * potential is important in the studies of the Exotic 
hadrons which couples to a quarkonium. To describe this potential, we introduce the 
quark exchange process instead of the meson exchange one. The meson-meson scattering 
is described by the Born-order quark exchange diagram [4]. The meson wavefunctions and 
the quark interaction are given by the constituent quark model, where the parameters are 
fixed to reproduce the meson mass spectra. In this study, the cross section and the energy 
dependent potential for the n J / f  — D D * process are computed. We find that the hyperfine 
(spin-spin) and linear potential terms of the quark interaction plays an important role, 
while the coulomb one plays a minor role. We also find the difference between the results 
of the D  meson exchange and the quark exchange calculations.
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CALCULATION OF FIELD OF SPECTROMETRIC M AGNET W ITH 0.13 M  GAP

I.P. Yudin

Joint Institute for Nuclear Research, Dubna, Russia 

E-mail: yudin@jinr.ru

The spectrometric SP-94 magnet is widely used in experiments on high-energy physics 
and a number of other fields. In this report we present the results of calculating the magnetic 
field for a variant of a magnet with an interpolar gap of 0.13 m. Our spectrometer magnet 
has external dimensions of 2.95 x 2.12 x 1.62 m and an aperture (occupied by the beam) of
0.30 x 0.13 m.

The simulation was carried out using an integral method of magnetostatics. The 
corresponding formulas and algorithms for solving the magnetostatic problem are given.

The results of the calculated field distribution of the analyzing magnet with interpolar
0.13 m gap are given. The calculation was performed for the volume 0.33 x 0.0645 x 
1.02~m, the volume of overlapping dimensions. Described in the work the calculation of the 
spatial distribution of the three components of the magnetic field of the magnet are conducted 
to obtain information about the magnitude and uniformity of the magnetic field for different 
modes of operation of the spectrometer.

Planned to use the obtained results in the processing of physical data.
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D E S C R IB IN G  PH A SE  T R A N S IT IO N S  IN FIELD T H E O R Y  B Y  
SE LF-SIM ILA R  A P P R O X IM A N T S

V.I. Yukalov^ and E.P. Yukalova

Joint Institute for Nuclear Research, Dubna 141980, Russia 
f E-mail: yukalov@theor.jinr.ru

Self-similar approximation theory is shown to be a powerful tool for describing phase 
transitions in quantum field theory. Self-similar approximants present the extrapolation 
of asymptotic series in powers of small variables to the arbitrary values of these variables. 
The approach is illustrated by considering three problems: (i) The influence of the coupling 
parameter strength on the critical temperature of the O (N )-symmetric multicomponent 
field theory. (ii) The calculation of critical exponents for the phase transition in the latter 
theory. (iii) The evaluation of deconfinement temperature in quantum chromodynamics. 
The results are in good agreement with the available Monte Carlo simulations, Pade-Borel 
summation, and lattice data.
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RELATIVISTIC INVESTIGATION OF THE TRITON IN THE BETHE-SALPETER-
FADDEEV APPROACH

S.G. Bondarenko,V.V. Burov, S.A. Yurev

Joint Institute o f  Nuclear Research

Three nucleon system(triton) was considered. Relativistic properties of this system were 
investigated. For this relativistic generalization of Faddeev approach was used. As two 
particle T-matrix which contained in relativistic Faddeev equation we used solution of Bethe- 
Salpeter equation. So eventually we had Bethe-Salpeter-Faddeev(BSF) equation for describe 
three nucleon system. As potential of nucleon-nucleon(NN) interaction we used saparabel 
potential. Form factors of this potential taken in Yamaguchi-type function. Using of separable 
potential in particular allow to reduce integration on two variables into integration on one 
variable in BSF equation. Six states 1S0, 3S1, 3D1, 3P0, 3P1 and 1P1 with different angular 
momenta were considered. For this we made particle wave decomposition of BSF equation. 
System of 12 integral equations(for real and imaginary parts of amplitudes of 1S0, 3S1, 3D1, 
3P0, 3P1 and 1P1 states) was solved with used iteration method. Bound state energy of triton 
and amplitudes of S,P and D states was found. Amplitudes used for calculation electric and 
magnetic form factors of triton.
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OBSERVATION OF THE HOYLE-STATE IN DISSOCIATION OF RELATIVISTIC 
12C NUCLEI IN NUCLEAR T R A C K  EMULSION

A. A. Zaitcev

Joint Institute for Nuclear Research, Dubna, Russia

Recently it is suggested to search in relativistic 12C dissociation for a-particle triples in 
the second excited state 0 2 of the 12C nucleus (the Hoyle state). The relevant events are 
identified by invariant mass values calculated on a basis of measurements of a-particle 
emission angles. HS events are observed in dissociation 12C 3a at 4.5 A GeV/c and 1 A
GeV/c 12C nuclei with a contribution preliminary estimated to be of the order of 10-15%.
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OVERVIEW  OF RECENT EXPOSURES OF NUCLEAR TR A C K  EMULSION IN
THE BECQUEREL EXPERIMENT

P.I. Zarubin

Joint Institute for Nuclear Research

Preserving a status of a universal and inexpensive detector, the nuclear track emulsion 
(NTE) with unrivaled resolution and completeness ensures the observation of tracks 
beginning with fission fragments and down to relativistic particles. Development of a study of 
formation of triplets of alpha particles in the Hoyle’s state arising in dissociation of relativistic 
12C nuclei in a nuclear track emulsion is presented. The analysis of layers transversely 
irradiated by muons with an energy of 160 GeV at CERN and about 2.5 GeV in the "muon 
torch” of the U-70 IHEP accelerator is in progress. In the disintegration of 12C nuclei into 
three a-particles induced by relativistic muons a picture typical of nuclear diffraction appears. 
Preparation for a study of the uranium ternary fission excited by thermal neutrons in samples 
impregnated with a uranium compound is presented.
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F R A C T A L IT Y  IN H A D R O N  IN T E R A C T IO N S : A  C O N SE R V A TIO N  LA W  
A N D  Q U A N T IZ A T IO N  OF F R A C T A L  D IM E N SIO N S

I. Zborovsky

Nuclear Physics Institute of the CAS 
Rez, Czech Republic 

E-mail: zborovsky@ujf.cas.cz

A microscopic scenario of constituent interactions in high energy collisions of hadrons 
and nuclei is studied. The concept is based on the z-scaling of inclusive spectra observed in 
a wide range of collision energies, multiplicity densities, momenta, and angles of detected 
particles. We bring arguments that, due to the fractality and self-similarity of hadron 
interactions assumed in the z-scaling scheme, there exists a symmetry parametrized at any 
resolution (scale) by elements from the space of the momentum fractions. The continuous 
symmetry is connected with a conservation law of new quantity named here “fractal 
cumulativity” . In the initial state, the quantity characterizes cumulative property of 
internal fractal structures of the colliding objects. In final state, the cumulativity reflects 
aggregation property in fragmentation processes by production of inclusive particles. The 
conserved quantity is proportional to the corresponding fractal dimensions and is a simple 
function of the respective momentum fractions. Based on statistical ideas and entropy 
considerations we will demonstrate that the fractal dimensions possess quantum character. 
This results in quantization of fractal cumulativity characterizing hadron interactions at 
constituent level.
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NEW PIXEL DETECTORS FOR ALICE AT LHC AND FOR NICA EXPERIMENTS

V.I. Zherebchevsky, G.A. Feofilov, E.B. Krymov, T.V. Lazareva, N.A. Maltsev,
D.G. Nesterov, N.A. Prokofiev

Saint-Petersburg State University, Russia

E-mail: v.zherebchevsky@spbu.ru

ALICE (A Large Ion Collider Experiment) was constructed to study the physics of 
extremely hot and dense hadronic matter, and in particular the quark-gluon plasma (QGP), 
which is formed in relativistic heavy-ion collisions at the Large Hadron Collider (LHC). The 
upcoming upgrade o f ALICE [1] is motivated by new physics goals that could be reached 
after the LHC upgrade planned in 2020, which will allow an increase in the luminosity of Pb- 
Pb collisions by almost a factor ten. These include measurements of the heavy-flavor yields, 
their diffusion coefficients, thermalization processes and mass dependence, azimuthal 
anisotropy, as well as the study of thermal dileptons and charmonium yields at very low 
transverse momenta, and investigations of the space-time evolution of the QGP. To achieve 
these goals, it is critical to improve the spatial resolution on the reconstruction of secondary 
vertices and increase the efficiency of reconstructing the tracks of charged particles with low 
transverse momentum. To this purpose, a new silicon Inner Tracking System (ITS) tracker 
with much higher granularity, lower material budget, and higher readout rate capabilities than 
the one currently operated, will be installed in ALICE in 2020. The upgraded ALICE ITS will 
consist of seven concentric layers instrumented with Monolithic Active Pixel Sensors (MAPS) 
which were fabricated using a 180 nm CMOS Imaging Sensor process [1]. These sensors have 
a detection efficiency above 99%, a spurious hit rate below 10-8 /pixel/event, and a spatial 
resolution of about 5 ^m, also after irradiation at doses in excess of 1MRad. The ALICE pixel 
sensor is also being considered as building block for the construction of the vertex and inner 
tracker of the Multi-Purpose Detector (MPD) [2] at the JINR NICA (Nuclotron-based Ion 
Collider fAcility).

This contribution will present the work carried out to characterize the ALICE ITS 
pixel sensors, including comprehensive studies with a variety of gamma and beta sources. The 
performance of irradiated sensors at different temperatures, including cryogenic temperatures, 
will also be presented.

Acknowledgements. V.I. Zherebchevsky would like to thank St.-Petersburg State 
University for grants no. 11.42.684.2017 and 11.40.531.2017.
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T R A N S IT IO N  F O R M -F A C T O R  OF nY ^  nn IN N O N L O C A L  Q U A R K
M O D E L

A.S. Zhevlakov1’2*

(1) Department of Physics, Tomsk State University, 634050 Tomsk, Russia
(2) Matrosov Institute for System Dynamics and Control Theory SB RAS Lermontov str., 134,

664033, Irkutsk, Russia 
f E-mail: zhevlakov@phys.tsu.ru

The transition form factor of gamma pion into pair of pions F3n is studied in a frame­
work of nonlocal chiral quark model [1]. In local limit the result is in agreement with chiral 
perturbative theory and reproduce Wess-Zumino-Witten anomaly [2, 3]. Nonlocality does 
not change a value of transition form factor in chiral limit. On the physical threshold of 
reaction the form factor F3n was calculated in effective nonlocal model [4].
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SIGMA-HYPERONS IN NUCLEAR COLLISIONS AT ENERGY OF FEW GEV/C

A. Stavinskiy1,2, N. Zhigareva1

1. NRC «Kurchatov Institute» - ITEP
2. Joint Institute o f  Nuclear Research

Perspectives o f  identifying and studying the mechanisms o f  E-hyperons formation 
(isotopic and charged ratios) at Nuclotron-based Ion Collider fAcility NICA are discussed. 
Investigation o f  ion-ion interactions at few GeV/c per nuclei energy is the main interest for 
searching new phenomena and phase transitions in range o f  high baryonic densities and 
moderate temperatures o f  nuclear matter. New discoveries in this area known before will be 
associated with a qualitatively new level o f  detectors and the progress in theory. In this paper, 
the possible extensions o f  physical program o f planned measurements are considered. The 
possibility o f  measurement E-hyperons cross section and their correlations is discussed in 
order to understand properties o f  cold dense baryonic matter.
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A  TR A C K  FINDING ALG O RITH M  FOR THE INNER TRACKIN G SYSTEM OF
MPD/NICA

D.A. Zinchenko, A.I. Zinchenko, E.G. Nikonov 

Joint Institute for Nuclear Research (JINR)

At present, the accelerator complex NICA [1] is being built at JINR (Dubna). It is 
intended for performing experiments to study interactions of relativistic nuclei and polarized 
particles (protons and deuterons). One of the experimental facilities MPD (MultiPurpose 
Detector) [2] was designed to investigate nucleus-nucleus, proton-nucleus and proton-proton 
interactions.

As one of the possible MPD upgrade steps, an Inner Tracking System (ITS) based on 
the next generation silicon pixel detectors [3] is being considered to be installed between the 
beam pipe and the Time Projection Chamber (TPC). It is expected that such a detector will 
increase the research potential of the experiment for both the proton-proton (high luminosity) 
and nucleus-nucleus (high particle multiplicity) interactions. According to the proposed 
design, the MPD ITS will consist of five layers of silicon pixel detectors. The main purpose of 
the ITS is to provide a better precision of the primary and secondary vertex reconstruction and 
improve track reconstruction in the MPD in the region close to the interaction point.

The existing in the MPD track reconstruction method is based on the Kalman filter in 
the TPC. Its simple extension to the ITS is not adequate to fully exploit the potential of the 
new detector, therefore such a method can not be considered as a good tool to study ITS 
performance. That is why another algorithm, based on the cellular automaton approach, was 
developed. This paper describes the new track finding algorithm for the ITS of MPD and 
presents some performance results obtained on Monte-Carlo generated data of proton-proton 
collisions. 1 2 3

[1] Nuclotron-based Ion Collider fAcility web-site: http://nica.jinr.ru
[2] MultiPurpose Detector web-site: http://mpd.jinr.ru
[3] B.Abelev et al [ALICE Collaboration], J. Phys., G41 (2014) 087002
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NLO A N D  F SR  N N LO  R A D IA T IV E  C O R R E C T IO N S  
F O R  D R E L L -Y A N  PR O C ESSE S A T  LHC

V.A. Zykunov1̂

(1) Laboratory of High Energy Physics of Joint Institute for Nuclear Research, Dubna, Russia
f E-mail: zykunov@cern.ch

The NLO electroweak and QCD radiative corrections to Drell-Yan process at extra 
large invariant dilepton mass M  in fully differential form have been studied. The results 
are the compact expressions, they expand via Sudakov and collinear logarithms. The 
new G/N-method of taking into account of radiative events without any approximations 
is demonstrated. Both at the parton and hadron level the FORTRAN code READY 
gives fast convergence and a good coincidence for cross section and forward-backward 
asymmetry with other groups at M  > 0.5 TeV.

Using the soft-photon approximation and on-mass-shell renormalization the compact 
formulas for the two-loop electromagnetic corrections of final state radiation (FSR) to four- 
fermionic process in s-channel are obtained. The scheme of effective numerical estimation 
of radiative effects of final state for the Drell-Yan process experiments at LHC with large 
invariant mass is proposed. We have also first result on leading log “hard” FSR NNLO 
radiative corrections to Drell-Yan process.
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FU LLY SOLVABLE M A T H E M A T IC A L  SC H E M E  F O R  F IN D IN G  O U T 
TH E  R IG H T  M A SS A N D  W ID T H  VALU ES OF / 0(500) A N D  p0(770)

M ESON S

Stanislav Dubnicka1 and Anna Zuzana Dubnickova2

(1) Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovakia 
(2) Department of Theoretical Physics, Comenius University, Bratislava, Slovakia

By using the worked out fully solvable mathematical scheme for finding explicit forms 
of the pion scalar-isoscalar and vector electromagnetic form factors as functions of the 
absolute value of the pion three-momentum in c.m. system of the elastic nn scattering 
process one finds the most correct mass and width values of the / 0(500) and p0(770) 
mesons.
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R IG H T  SIGN  OF SPIN R O T A T IO N  O P E R A T O R

R. A. Shindin, D.K. Guriev, A. N. Livanov, I. P. Yudin

VBLHEP JINR, 141980 Dubna, Russia 
E-mails: shindin@jinr.ru, gurdm@yahoo.com, livanov@jinr.ru, yudin@jinr.ru

For the fermion transformation in the space all books of quantum mechanics propose 
to use the unitary operator =  exp (—i|(U ■ n)), where p is angle of rotation around
the axis n. But this operator turns the spin in inverse direction presenting the rotation 
to the left. The error of defining of Un(p) action is caused because the spin supposed 
as simple vector which is independent from U-operator a priori. In this work it is shown 
that each fermion marked by number i has own Pauli-vector U and both of them change 
together. If we suppose the global U-operator and using the Bloch Sphere approach 
define for all fermions the common quantization axis z the spin transformation will be the 
same: the right hand rotation around the П-axis is performed by the operator U+(<p) =  
exp (+i|(U ■ П)).
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ANALYTICAL DESCRIPTION OF HADRON PRODUCTION IN HADRON- 
HADRON AND NUCLEAR-NUCLEAR COLLISIONS IN THE MID RAPIDITY

REGION

A.I. Malakhov and G. Lykasov 

Joint Institute for Nuclear Research

It is shown that the inclusive spectra of the produced hadrons in hadron-hadron and 
nuclear-nuclear collisions can be presented as the universal function dependent of the self­
similarity parameter in analytical form. A description of the self-similarity parameter 
depending on the rapidity in the mid-rapidity region is obtained. The experimental data are in 
good agreement with results our calculations in a wide energy range from a few GeV to a few 
TeV in central rapidity region.
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COHERENCE CONTROL OF TRIPLE ELECTROM AGNETICALLY INDUCED 
TRANSPARENCY AND AUTLER-TOW NES EFFECT USING AN ATOMIC

MEDIUM

Gul Tiaz1, Fazal Ghafooor1, Rashid G Nazmitdinov2, and Ehtiram Shahaliyev3

1. COMSATS University Islamabad
2. BLTP JINR, Dubna
3. VBLHEP JINR, Dubna, National Nuclear Research Center, Baku

In this contribution we analyze the interplay between the Autler-Townes 
phenomenon and the electromagnetically induced transparency in a five-level atomic system. 
This interplay is controlled by cyclically driving optical fields. The optical fields consist of 
two strong microwave, two strong optical- fields and a weak probe field. The comparison 
of both the effects in the system are studied with respect to the probe field transmission in the 
presence and in the absence of various decay processes.
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