LXX International conference
“NUCLEUS - 2020. Nuclear
physics and elementary
particle physics. Nuclear
physics technologies”

11 - 17 October 2020

Online part

Book of Abstracts



LXX International conference "NUCLEUS - 2020” Book of Abstracts

Co-authors: E.A. Kolganova LEV. Mardyban 1. D.A. Sazonov ?; T.M. Shneidman *

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

* Dubna State University, Russia
Corresponding Author: jolos@theor.jinr.ru

A structure of atomic nuclei have many examples of a phase transitions with increase of the exci-
tation energy, rotational moment and changing of the number of nucleons. These are phase transi-
tions in the equilibrium shape and structure of the ground and low-lying excited states related to
symmetry changed. The problem of phase transitions has caused of new wave of researches of the
structure of atomic nuclei. In the review are considered different examples of nuclear phase transi-
tions. Description of phase transitions in collective nuclear model and microscopic aspects of phase
transitions are discussed.

RECENT RESULTS FROM NA61/SHINE STRONG INTERACTION
PROGRAMME

Author: Seweryn Kowalski' (for the NA61/SHINE Collaboration)

' University of Silesia, Poland
Corresponding Author: seweryn.kowalski@cern.ch

The research programme of the NA61/SHINE Collaboration covers a wide range of hadronic physics
in the CERN SPS energy range (beam momentum 134 - 158 A GeV/¢), encompassing measurements
of hadron-hadron, hadron-nucleus as well as nucleus-nucleus collisions. Data are analysed to better
understand the properties of hot and dense nuclear matter. This talk will present the energy depen-
dence of quantities inspired by the Statistical Model of Early Stage (kink, horn and step) as well as
recent results of particle production properties in p+p and centrality selected Be+Be, Ar+Sc at the
SPS energies. Moreover, the current achievements and future plans related to the measurement of
open charm production will be presented.

NEW NUCLEAR PHYSICAL PHENOMENON - SPONTANEOUS
NUCLEAR SYNTHESIS

Authors: Alexander Yushkov'; Mikhail Itkis?; Vyacheslav Dyachkov®; Yuliya Zaripova®

! Al-Farabi Kazakh National University, Almaty, Kazakhstan
? Joint Institute of Nuclear Research (JINR), Dubna, Russia
* National Nanotechnology Laboratory of Open Type, Al-Farabi Kazakh National University, Almaty, Kazakhstan

Corresponding Author: zjkaznu2016@gmail.com

For the first time, a new nuclear-physical phenomenon is described - the flight out from complex
nuclei of the lightest clusters with mass numbers from 1 to 4. The interpretation of the phenomenon
consists in the assertion that the multiclusters recently experimentally discovered in the volume
of nuclei [1] spontaneously enter into thermonuclear fusion reactions with each other. While they
have the indicated lightest clusters with noticeable kinetic energies in the output channels.

Until now, only the spontaneous fission of nuclei discovered in 1940 by Petrzhak K.A. and Flerov
G.N. and alpha-decays were known. An experimental search for spontaneous fusion of nuclei was
not carried out, first of all, due to the lack of physically reasonable initial premises. Currently, such
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physical conditions have arisen in connection with the experimental discovery in the volume of
nuclei of spatially separated clumps of nuclear matter — multiclusters with mass numbers A = 1, 2,
3, 4 [1] and measurements of their cluster widths.

In fact, with an asymptotic giant mean density of nuclear matter of 0.147 Fm<SUP>"(-3)</SUP>, it
turned out that spatial clusters coexist in the volume of complex nuclei in the form of deuterons
(d), tritons (t), helium-3 nuclei (h) and helium-4 nuclei (o) [2]. Naturally, this gives rise to a
noticeable probability of their fusion in various combinations, including exothermic ones, which
in modern terminology can be described as the implementation of “spontaneous thermonuclear
fusion” in the solid phase of a substance. Note that until now they are trying to carry out controlled
thermonuclear fusion only in the gas-plasma phase, for example, in installations of the Tokamak
type.

In this work, the calculation of the spectra of spontaneous thermonuclear particles emitted as a
result of spontaneous nuclear fusion between multiclusters inside the volume of complex nucleus
was performed under the condition that the effective number of clusters (multicluster widths),
which are given in [1], are equal. Theoretical spectra of spontaneous intranuclear synthesis for
gamma quanta, neutrons, protons, deuterons, tritons, helions, alpha ions (intranuclear a-particles)
and heavy ions are calculated. The calculated spectra contain only high-energy components for
each output channel, without taking into account the loss of their energy in nuclear matter inside
the nucleus volume. Comparison with experiment shows satisfactory agreement. It should be noted
that in the world literature there is no information about the search for deuteron, triton and helion
radioactivity of complex nuclei. Therefore, these sections of the physics of stable and radioactive
nuclei are relevant for research.

References:

1. Y.A. Zaripova, V.V. Dyachkov, AV. Yushkov, TK. Zholdybaev, D.K. Gridnev, Int. J. of Mod. Phys.
E 27(2), 1850017 (2018).

2. V.V. Dyachkov, Yu.A. Zaripova, AV. Yushkov, TK. Zholdybaev, Zh K. Kerimkulov, Bull. Rus.
Acad. Sc.: Phys. 81(10), 1174 (2017).

NUCLEAR PHYSICS IN MEDICINE: PRESENT AND
PROSPECTS

Author: Alexander Chernyaev'

Co-authors: Polina Borschegovskaya '; Ekaterina Lykova '; Sergey Varzar '; Marina Zheltonozhjskaya '; Stanislav
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Modern medicine has a large arsenal of equipment for diagnostic and therapeutic purposes, which
uses sources of ionizing radiation - these are x-ray tubes, natural and artificial isotopes, accelerators.
The science of physical radiation and devices, medical diagnostic devices, facilities and technologies,
the ability to diagnose and treat diseases of the human body using methods and means of physics,
mathematics and technology is called medical physics.

Modern medical physics includes a number of major areas of application of physical methods in
medicine: physics of remote and contact radiation therapy, nuclear medicine, radiation diagnostics,
physics of non-ionizing methods of diagnosis and therapy and radiation safety.

A coordinated interaction between a doctor and a medical physicist is necessary for successful work
on radiation treatment of patients.

Very specific and deep training requires for successful work of such a specialist in the field of
radiation therapy.

The training in the educational program of professional retraining of specialists in the field
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The mechanisms for the formation of cross sections for elastic scattering of heavy ions on light
nuclei remain controversial and require more detailed studies. In the differential cross sections of
earlier papers [1], weak oscillations are observed in the region of small and medium angles, while
in the backscattering angles they manifest themselves quite sharply, and with increasing energy of
the incident ion, the oscillations increase. A noticeable increase in cross sections in the region of
large angles is also observed. Such a behavior of the angular distributions of elastic scattering of
heavy ions is difficult to theoretical description within the framework of the standard optical model.
It follows from this that, in addition to the purely potential interaction, other mechanisms that must
be taken into account in theoretical analysis contribute to the formation of elastic scattering cross
sections in these processes. In particular, it is necessary to take into account the cluster structure of
the studied nuclei and the mechanisms of cluster transfer.

At the DC-60 accelerator of the Institute of Nuclear Physics (Nur-Sultan, Kazakhstan), differential
cross sections of elastic scattering of **N ions on 190 nuclei were measured at energies of 1.5 and
1.75 MeV/nucleon in the range of angles 30°-165° in the center of mass system [1].

The analysis of angular distributions at energies of 21-76.2 MeV was carried out in the framework of
the optical model and the distorted wave Born approximation (DWBA) methods using the FRESCO
program. It should also be noted that we introduced two additional potentials in a phenomenological
way, exploring the sensitivity of scattering to the optical potential. In the framework of the DWBA,
elastic scattering was analyzed taking into account the contribution of the cluster transfer mecha-
nism, which showed that for *0(*4N,60)1“N processes in the region of large angles, the influence
of this mechanism on the formation of scattering cross sections is significant.

References:
1. N. Burtebaev, Zh.K. Kerimkulov, N. Amangeldi et al., Izvestiya NAS RK: series of phys. mat.
3(307), 170 (2016).

UNIQUE CORRELATION OF QUADRUPOLE DEFORMATION OF
NUCLEI WITH THEIR HALF-LIVES

Author: Yu. Zaripova'

! Institute of Experimental and Theoretical Physics, Al-Farabi Kazakh National University, Almaty, Kazakhstan
Corresponding Author: zj_kaznu@mail.ru

The problem of halo nuclei [1] in a detailed analysis of sizes and deformations in isotopic series
reveals not abrupt behavior in the topology of nuclei, but a sequential continuous change in the
structural nuclear parameters as they move away from the axis of the “Line of stability”. This sug-
gests the inevitable correlation of structural isotopic parameters with electromagnetic and purely
nuclear [2].

In the this work, this phenomenon is traced by the example of isotopic series of Barium and Xenon,
in which, as in the previous study [2], it was possible to find a correlation between the parameter 32
and half-life T1/2 for oblate nuclei with sign/32<0 and anti-correlation for elongated nuclei sign/32>0.
Using the found analytical expressions for the function 52(T1/2) in these isotopic series, it is possible
to semi-empirically approach the boundary of the bound states of nucleon systems both from the
side of neutron-deficient nuclei and from the side of neutron-rich ones, which is an independent fun-
damental problem. These relations make it possible to calculate quadrupole deformation parameters
(2 from the usually measured half-lives T1/2 with high accuracy (from 5 to 10%), and through them
the average radii of exotic nuclei < R >. Of particular interest is the possibility of extending this
pattern to the region of superheavy nuclei. This method is a new way of assessing the Z-region, in
which, probably, the maximum of the “Island of stability” is located.

In addition, when considering isotopic changes in the radii of nuclei in the present work, it can be
seen that if the law of growth of radii, based on the growth of their masses < R >= roA'/? (or for
isotopic series < R >= roN 1/ 3) is well observed in the direction of neutron excess, then this law
is broken in the direction of neutron deficiency due to Coulomb repulsion of protons. And, as the
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mass number A decreases, it does not lead to a decrease in their radii, but, on the contrary, to their
growth. This effect apparently allows for the first time to ascertain the experimental detection of
void nuclei.

References:

1. Yu.E. Penionzhkevich, R. Kalpakchieva, Light nuclei at the neutron stability boundary. — Dubna:
JINR, (2016).

2. Yu.A. Zaripova, V.V. Dyachkov, YuM. Sereda, AV. Yushkov, Dependence of deformation of
exotic nuclei from the half-life, The LXIX International Conference “Nucleus-2019” on Nuclear
Spectroscopy and Nuclear Structure “Fundamental Problems of Nuclear Physics, Nuclei at Borders
of Nucleon Stability, High Technologies”, Dubna, 42 (2019).

FORMATION OF INCLUSIVE REACTION SPECTRA (p, xd) ON
MIDDLE CORES

Authors: G. Aliyeval’z; J.K. Kerimkulov?; M. Nassurlla?; B.M. Sadykovz; TK. Zholdybayevz’3
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* Al-Farabi Kazakh National University, Almaty, Kazakhstan
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The development of the concept of the mechanism of pre-equilibrium decay in nuclear reactions,
reflecting the dynamics of the formation and evolution of an excited system to an equilibrium
state, remains an urgent task of the theory of nuclear reactions [1] To a large extent, its solution is
connected with the need to obtain precision experimental data that are currently missing for double
differential cross sections in reactions with charged particles.

The experimental measurements of the double-differential reaction cross sections (p, xd) were
carried out on a beam of accelerated protons with an energy of 30 MeV of the isochronous cyclotron
U-150 M INP using self-sustaining targets. The measurements were performed in the angular range
of 30-135° in the laboratory coordinate system with a step of 15°.

The systematic errors in the cross sections were mainly caused by errors in the determination
of the target thickness (<5%), calibration of the current integrator ( 1%), and solid angle of the
spectrometer (1.3%). The energy of a beam of accelerated particles was measured with an accuracy
of 1.2%. The total systematic error did not exceed 10%. The statistical error varied for deuterons from
5% in the low-energy to 20% in the high-energy energy regions. After integration over the angle of
the double-differential cross sections, integral cross sections of these reactions were obtained.

The analysis of the experimental results was carried out in the framework of the Griffin exciton
model [2] of pre-equilibrium nuclear decay according to the PRECO-2006 program [3], which
describes the emission of particles with mass numbers from 1 to 4. Satisfactory agreement was
obtained between the experimental and calculated values in the energy region corresponding to the
pre-equilibrium mechanism.

References:

1. E. Gadioli, P.E. Hodgson, Oxford Univ. Press, New York, (1992).

2. JJ. Griffin, Phys. Rev. Lett. 9, 478 (1966).

3. C. Kalbach, PRECO-2006: Exiton model preequilibrium nuclear reaction code with direct reaction.
— Durham NC 27708-0308, (2007).
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CHARGE DIPOLE POLARIZATION IN ULTRAMAGNETIZED
NUCLEI

Author: Vladimir Kondratyevl’z

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

® Dubna State University, Russia
Corresponding Author: vkondrat1401@mail.ru

Properties of ultramagnetized atomic nuclei relevant for supernovae, neutron star mergers, mag-
netar crusts and heavy-ion collisions are analyzed. Nuclear magnetic reactivity of Zeeman type is
shown to dominate for field strengths below ten teratesla. Respective linear magnetic response is
given as a combined reactivity of valent (outer shell) nucleons and can be described in terms of nu-
clear magnetic susceptibility. Valent protons and neutrons occupy [1] orbitals with minimum and
maximum spin projection on a field axis, respectively. Consequently, charged (protons) and neutral
(neutrons) nucleons are spatially separated. Effects of such charge dipole polarization in nuclear
reactions are discussed.

References:
1. V.N. Kondratyev, Phys. Lett. B 782, 167 (2018).

INTRANUCLEAR CASCADES EFFECTS ON THE COMPOSITION
AND ENERGY OF (p,x)-NUCLEAR REACTION PRODUCTS

Authors: N.V. Novikov!; N.G. Chechenin’; TV. Chuvilskayal; V.Ya. Chumanov'; A.A. Shirokova'

! Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Russia
Corresponding Author: nvnovikov65@mail.ru

The relaxation of the nucleus in the pre-equilibrium phase, excited in reaction with protons of high
energy, proceeds predominantly via an emission of several nucleons and a-particles. In addition to
light nuclei with Z < 2 and neutrons at the proton energies E0 > 140 MeV, v quanta, leptons, and
mesons there can also be emitted. The charge, mass, and energy distributions of heavy fragments
formed in the collisions of protons with silicon and iron nucleus are studied using TALYS-1.9 [1],
GEANTH4 [2] and FLUKA [3] programs. The divergence between TALYS and GEANT4, FLUKA results
above 300 MeV is analyzed and ascribed to the contribution of intranuclear cascades developed in the
p+Siand p+Fe nuclear systems which is taken into account in GEANT4 and FLUKA, but not in TALYS.
From the comparison, we deduce the essential role of intranuclear cascades in the compound p+Si
and p+Fe nuclear systems at the pre-equilibrium phase of reaction at high colliding energies.

References:

1. A. J. Koning, D. Rochman, Nucl. Data Sheets 113, 2841 (2012); www.talys.eu

2. J. Allison, K. Amako, J. Apostolakis et al., Nucl. Instr. Met. A 835, 186 (2016); geant4.web.cern.ch
3. TT. Bohlen, F. Ceruttii, M.PW. Chin et al., Nucl Data Sheets 120, 211 (2014);
www.fluka.org/fluka.php

ELECTROMAGNETIC INTERACTIONS IN THE VOLUME OF
NUCLEI
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Authors: V. Dyachkovl; Yu. Zaripova1 ; A. Yushkov'
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Corresponding Author: slava_kpss@mail.ru

Structuring the volumes of nuclei and the complex topology of their surfaces, along with attractive
nuclear forces, in certain conditions, electromagnetic forces manifest themselves more significantly.
At the line of the stability path of exotic nuclides, these forces begin to prevail.

In this paper, we describe the mechanism of interaction of nucleons in the nucleus volume as the
interaction of dipole-dipole intranuclear clusters. Such an interaction and its sign, first of all, will
depend on the spatial orientation of nucleons or clusters in the nucleus and, therefore, the interac-
tion potential of electromagnetic forces should include not only the Coulomb repulsion of charged
nucleons (clusters) but also the magnetic component, which includes the spin-orbit the interaction
of nuclear clusters V' = V. + V,,,(sl), where V.. is the Coulomb potential; V,,,(sl) is the potential
of the dipole-dipole interaction. The magnetic component of the electromagnetic potential depends
both on the total spin of the nuclear clusters and on their spatial position (orbital). This paper con-
siders nucleons and nuclear clusters that form in dipoles. Based on experimental data on the elastic
scattering of alpha particles by Mg from the found cluster widths for mass numbers from 1 to 4
[2], it was possible to construct the corresponding dipole — dipole interaction in s, p, and d states. In
the field of heavy nuclei, neutron-deficient and neutron-rich isotopes, the density of nuclear matter
fluctuates with respect to the constant 0.15 fm =3 [1]. This fluctuation is associated not only with
the deformation of nuclei, but also with the spatial distribution of nucleons within the volume of
the nucleus. With an increase in the mass number, the Coulomb repulsive forces cause protons and
isolated nuclear clusters to move to the periphery of the nucleus, thereby abnormally increasing
the average radius of the nucleus and its deformation, which should affect the density of nuclear
matter. From the constructed isotonic dependences of the binding energy of nucleons in the nucleus
on the proton excess and deficit, it can be seen that the binding energy per one nucleon decreases
quadratically with a decrease and addition of each subsequent proton, which leads to inflation of the
nucleus volume and, possibly, the formation of “bubble” nuclei that were still unsuccessfully tried
to find in the experiment. Such an idea about inflating the volumes of nuclei was expressed to the
authors by Oganessian Yu.T., who drew attention to a particularly significant effect in the field of
“Island of stability”.

References:

1. O. Bohr, B. Mottelson, The structure of the atomic nucleus, M.: Mir, T.1, 456 p. (1971).

2. N. Burtebayev et al., Investigation of cluster configurations of nuclei from 11B to 2“°Bi on «-
particles beams, Book of abstracts. 68 International Conference “Fundamental problems of nuclear
physics, atomic power engineering and nuclear technologies” NUCLEUS-2018, Voronezh, 2-6 July
2018, p. 67 (2018).

EXPLOSION OF LOW-MASS NEUTRON STAR IN CLOSE BINARY
SYSTEM AND NUCLEOSYNTHESIS OF HEAVY ELEMENTS.

Authors: L. Panov'?; N. Kramarev '; A. Yudin *?

! Institute for Theoretical and Experimental Physics, National Research Center “Kurchatov Institute”, Moscow, Russia

% National Research Center “Kurchatov Institute”, Moscow, Russia
Corresponding Author: igor.panov@itep.ru

First observation of neutron star merger and registration of heavy elements presence in this process
[1] confirmed our understanding that main scenario for the r-process is connected with the ejecta
during neutron star merger (NSM) at the end of close binary system evolution rather than with the
supernova explosion [2].

A number of NSM model were created [3] since 1999 year and with their help the main conditions
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CHARGE MEASUREMENTS OF EvRs IN EXPERIMENTS ON THE
SYNTHESIS OF Ra AND Th ON A NEW GAS-FILLED SEPARATOR
DGFRS-II

Authors: D. Ibadullayev'; R. Sagaidak '; V. Utyonkov '

! Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research (JINR), Dubna, Russia
Corresponding Author: dastan_96.com@mail.ru

Since 1998, experiments on the synthesis of superheavy elements (SHE) have been carried out
at the Flerov Laboratory of Nuclear Reactions (FLNR) of the Joint Institute for Nuclear Research
(JINR) on a gas-filled recoil separator (DGFRS). The heaviest element 2°*Og with Z = 118 was reg-
istered in 2002, 2005, 2012 and 2015. In all these experiments, 18Ca heavy ion beams accelerated
at the U-400 cyclotron were used. Further use of calcium ions as an incident projectile does not
allow the synthesis of elements heavier than 2?4QOg, since there is no sufficiently stable target ma-
terial. To conduct further studies of SHEs at the JINR FLNR, the SHE Factory based on the new
DC-280 cyclotron was created. Achieved beam intensity is 10 times higher than U-400. The first
experimental setup of the SHE Factory is the new DGFRS-II which have configuration of QDQQD
magnets (Q — quadrupole, D — dipole). The main feature of this setup is the high collection effi-
ciency of synthesized superheavy nuclei, exceeds 60% for targets up to 0.5 mg/cm? thick, which is
2 times higher than DGFRS-I. In 2019, test experiments on the new separator were conducted. The
main goal of this experiments was to determine the optimal parameters of the DGFRS-II separator:
170ET +48 Cai >214,215 Ra’nath’l’M Yb +48 Ca— >216,217 Th

In this talk, results of this experiments are shown. For each experimental reaction charge of the syn-
thetized nuclei were calculated together with dispersion on two main dipoles. Energy losses during
evaporation residues transport were calculated as well.

MODELING OF THE DISTRIBUTION OF RADIONUCLIDE
CONCENTRATIONS IN ORGANS AND TISSUES OF THE
HUMAN BODY

Authors: M. Bigeldiyeva'; V. Dyachkov'; Yu. Zaripova'; A. Yushkov'

! National Nanotechnology Laboratory of Open Type, Al-Farabi Kazakh National University, Almaty, Kazakhstan

Corresponding Author: 83mika@mail.ru

Monitoring the accumulated dose in the population from natural terrestrial radionuclides and timely
assessment of the maximum dose to prevent potential risks of radiogenic oncological diseases is an
important and one of the priority tasks. The main source of the accumulated dose by the population
is the natural terrestrial radionuclides that enter the body through human life, and this problem is
international in nature [1].

The concentration of chemical elements in the organs and tissues of the human body pretty much
depends not only on the use of certain products, but also on geographical residence with a different
geological landscape [2]. Different concentrations of chemical elements accumulated in various or-
gans or tissues entail the accumulation and corresponding distribution of natural radionuclides. In
this work, the authors developed a software-mathematical complex [3], which allows you to simu-
late the distribution of natural nuclides and radionuclides in the organs and tissues of the human
body. Unlike existing software systems that simulate the interaction of radiation with biological
objects, such as Geant4-DNA, etc. [4], the developed program simulates the spread of radionuclides
throughout the body, taking into account the conversion factors from one organ to another. Thus, a
mathematical calculation based on experimental accumulation coefficients and methods for calculat-
ing the doses of ICRP makes it possible to calculate the internal radiation doses of the corresponding
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organs and tissues. Such modeling allows us to calculate the risks of cancer due to internal expo-
sure to incoming natural terrestrial radionuclides. The distribution of the studied radionuclides is
visualized, which allows you to visually study the potential areas of internal sources of radioactive
radiation.

The result of the development of this software was the collective work of a team of authors, which
was carried out in an open-type nano-technological laboratory at KazNU al-Farabi from 2018 to 2020.
with the support of state grant funding for basic research (project: “Fundamental research on the
mechanisms of formation of nanoscale oncradiogenic structures in the body and the development
of anti-cancer rapid devices for their detection”, No. IRN AP05131884).

References:

1. The risk of lung cancer due to exposure to indoor daughter products of radon decay: Publication
50 of the ICRP. - M .: Energoatomizdat, 1992.- 112 p.

2. L.P. Rikhvanov, N.V. Baranovskaya, T.N. Ignatova et al., Geochemistry International 49(7), 738
(2011).

3. V.. Dyachkov, M.T. Bigeldiyeva, AV. Yushkov, Yu.A. Zaripova, Calculation of the dose of
radionuclides in the human body, Kazpatent, Application for software copyright No. 49831 dated
02.20.2020.

4. S. Guatelli, S. Incerti, Physica Medica 33, 179 (2017).

STUDY OF THE INTERACTION TRIGGER AND BEAM ION
FRAGMENTATION FOR Au + Au COLLISIONS IN BM@N
EXPERIMENT

Authors: N. Lashmanov'; S. Sedykhlg V. Yurevich!

! Joint Institute for Nuclear Research (JINR), Dubna, Russia
Corresponding Author: lashmanov@jinr.ru

The Monte-Carlo simulation of the trigger detector performance and interaction trigger efficiency
for Au + Au collisions in BM@N[1-2] experiment at energy of 44 GeV was performed with a code
DCM-QGSM[3] + GEANT4[4]. The Au ion fragmentation and detection of spectator neutrons by a
neutron zero-degree calorimeter and charged nuclear fragments by a forward Cherenkov counter
were studied with the aim to include this information to the fast interaction trigger providing more
reliable selection of events by centrality.

References:

1. M. Kapishin, Eur. Phys. J. A 52 (2016) 213.

2. V.I. Yurevich, O.I. Batenkov, G. N. Agakichiev et al., Phys. Part. Nucl. Lett. 12, 778 (2015).
3. V.D. Toneev , K.K. Gudima, Nucl. Phys. A. 400, 173 (1983).

4. J. Apostolakis, M. Asai, A.G. Bogdanov et al., Rad. Phys. and Chem. 78(10) 859 (2009).

NEWBY SHIFTS IN ODD-ODD TRANSITIONAL NUCLEI AT
A~190

Authors: T. Krasta'; L. Simonova'; D. Riekstina®

! Institute of Solid State Physics, University of Latvia, Riga, Latvia
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of the nuclei is \,, < 0. These isotopes can be considered as neutron-stable. For the isotopes "°Ca
(forces UNEDF1) and %®Ca (forces SLy4) in the vicinity of the min curve E(3z), the chemical potential
of the nuclei is \,, > 0. If we consider the condition \,, < 0 as a condition for the stability of the
nucleus with respect to the emission of one neutron, then the nucleus "°Ca (for forces UNEDF1)
and 98Ca (for SLy4 forces) cannot be considered as neutron-stable. In [3], these nuclei are given as
neutron-stable for which the separation energies of one neutron have positive values.

References:

1. MV. Stoitsov et al., Comp. Phys. Com. 184, 1592 (2013).

2. V.N. Tarasov et al., Phys. Atom. Nucl. 75, 17 (2012).

3. J.Erler et al., Nature 486, 509 (2012); http://massexplorer.frib.msu.edu/.

THE ELECTRONS AND GAMMA QUANTA SOURCE AT THE
LUE-8-5 ACCELERATOR OF INR RAS FOR CALIBRATION OF
NUCLEAR DETECTORS.

Authors: G. Solodukhov'; V. Ponomarev '; V. Nedorezov !

! Institute for Nuclear Research of the Russian Academy of Sciences (INR RAS), Moscow, Russia
Corresponding Author: solod@inr.ru

A source of electrons and gamma quanta for nuclear detectors calibration is described. The source
was developed on the basis of the LUE-8-5 electron accelerator of the INR RAS. The electrons energy
is variable within 4 — 10 MeV. The energy resolution (FWHM) is better than 1%, the counting rate is
of order of one particle per acceleration cycle. Repetition rate is up to 300 s-1. beam pulse duration
of 3 s, the duty cycle equals to 0.1%. The source consists of a stretching magneto-optical system and
beam correction, collimation and cleaning systems. The source is provided by information storage
and processing system.

METHODS FOR MEASURING DAUGHTER PRODUCTS OF
RADON DECAY IN THE SURFACE ATMOSPHERIC LAYER OF
THE EARTH

Authors: V. Dyachkovlg Yu. Zaripoval; A. Yushkov'; M. Bigeldiyeval; A. Shakirov'

! National Nanotechnology Laboratory of Open Type, Al-Farabi Kazakh National University, Almaty, Kazakhstan

Corresponding Author: slava_kpss@mail.ru

Despite numerous studies of radon emanation [1-3], the problem of studying the distribution of
radon concentrations in the surface atmospheric layer of the Earth is relevant. The contribution of
radon and its daughter decay products to the general background radiation is large and amounts
to more than 50%. Time of variations of radon emanation, studied by the authors of [4], showed
its strong concentration dynamics not only from daily and seasonal variations, but also from other
external factors. In addition to time of distributions, we and other authors have shown that radon
and its daughter decay products are distributed in the surface atmospheric layer of the Earth both
in a complex manner depending on the height inside the buildings and on the geological landscape
[5]. We performed measurements with a spectrometric setup of beta spectra for the period from
October 2018 to February 2020, from which it is clear that the integral values of the spectra of beta
particles during the day strongly fluctuate relative to the average daily value. The mechanism of
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such fluctuations may be the soft electron-photon component of the secondary cosmic radiation.
To measure the low-background beta radiation of various samples for the content of natural beta-
radionuclides in the present work, the authors proposed a technique that will allow for taking into
account events arising from other sources. Based on this technique, a spectrometric “telescope” was
developed [6], in which, as protection against cosmic radiation, active protection was applied in the
form of a second detector that detects external radiation, which is included in the anticoincidence
scheme with the main detector. The opposite arrangement of the detectors on the vertical axis and
in the lead glass of the main detector allows one to register events that occur in the local area of the
space to which the telescope is oriented.

The work was supported by the state grant financing of basic research (project No. IRN
AP05131884)
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The scalar quark condensate x(p) = (M])_, g;q;|M) in nuclear matter can be presented as
k(p) = k(0) + knp + S(p) with (M| the ground state of the matter while ¢ are the operators
of the light quarks u and d. Here p is the density of the matters, x(0) is the vacuum value of the con-
densate. In the second term on the right hand side the matrix element xx is ky = (N| >, §;¢;| N)
with (N[ standing for the free nucleon at rest. This matrix element can be expressed in terms of the
nucleon sigma term oy related to observables. The various experiments provide the values between
40 MeV and 65 MeV for o . The first two terms in definition of k(p) compose the gas approxima-
tion.

The contribution S(p) describes the change of x(p) caused by the nucleon interactions. It was
demonstrated that S(p) is due mostly to the pion cloud created by interacting nucleons (see [1] for
references). In the latter calculations S(p) was obtained employing the nonrelativistic approxima-
tion for nucleons of the matter (curve 1 in Fig. 1). The latest results obtained in framework of chiral
perturbation theory [2] are shown by the curve 2.

In the present report the matter is viewed as a relativistic system of nucleons. In the first step
we neglect their interactions. We find that the quark condensate can be presented as k(p) =
k(0) + knpF(p,m*(p)) with F(p,m*(p)) = 2/(x?p) [ dpp® m*//m*? + p?. Here pp is the
Fermi momentum, m* is the nucleon Dirac effective mass. Note that the same function F'(p, m*(p))
connects the vector and scalar densities in the Walecka model.

The effective mass m™ can be calculated in a hadron model. In the version of QCD sum rules pre-
sented in [3] the right hand side of the scalar channel equation contains the effective mass m™*(p)
while the left hand side contains the scalar condensate x(p, m*(p)). Thus we come to self-consistent
equation for m*(p) which was solved in [3]. Here we employ these results for calculation of x(p)
(curve 3 in Fig. 1). One can see that inclusion of the relativistic dynamics of nucleons is as important
as that of nucleon interactions.
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