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13th APCTP - BLTP JINR Joint Workshop “Modern problems
in nuclear and elementary particle physics”TheAPCTP - BLTP
JINR Joint Workshop was initiated to promote cooperation be-
tween the Asia Pacific Center for Theoretical Physics (APCTP)
and the Bogoliubov Laboratory of Theoretical Physics (BLTP)
of the Joint Institute for Nuclear Research (JINR).
The first Joint Workshop was organized by BLTP JINR and was
held in Dubna on June 18-23, 2007. After a series of very suc-
cessful Joint Workshops in the JINR and APCTPmember coun-
tries the 13th APCTP - BLTP JINR Joint Workshop will take
place in JINR, Dubna, Russia, 14-20 July 2019.
Themain organizers of the 13th JointWorkshop are BLTP JINR
and APCTP.
Therefore, one of the goals of the Workshop is to promote the
close cooperation in the field of the nuclear and elementary
particle physics between Asian countries and Russian leading
scientific centers. In particular, we will focus on the subjects
where the interests of the researchers of the two sides overlap
and thus the collaboration is highly expected.
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Modern problems in nuclear and elementary particle physics / 34

Radiative symmetry breaking in the Standard Model
Author: Andrej Arbuzov1

1 BLTP JINR

Corresponding Author: arbuzov@theor.jinr.ru

Breaking of the conformal symmetry in the Standard Model is realized with the help of the Coleman-
Weinberg mechanism. The emergence of the electroweak scale is shown. The naturalness problem
and vacuum stability of the Standard Model are discussed. The energy scale of new physics is esti-
mated.

Modern problems in nuclear and elementary particle physics / 33

Revival of supersymmetric dark matter
Author: Elena Arbuzova1

1 Dubna State University and Novosibirsk State University

Corresponding Author: al.arbuzova@gmail.com

The lightest supersymmetric particles (LSPs) are natural candidates for the constituents of dark mat-
ter. However, the constraints obtained at LHC exclude such particles with masses below roughly
1TeV. In conventional cosmology heavier LSPs would have too high energy density and overclose
the Universe. In modified gravity the expansion regime is different and the density of LSPs can be
considerably smaller. We have shown that in R+R2 theory particle kinetics is noticeably modified
and the frozen density of heavy LSPs would be strongly diminished. They become viable candidates
for dark matter if their mass is about 1000 TeV.

Modern problems in nuclear and elementary particle physics / 11

Pygmy and giant dipole resonances in 48,50Ca and 68,70Ni
Author: Nikolay Arsenyev1

Co-authors: Alexey Severyukhin 1; Van Giai NGUYEN 2; Victor Voronov 1

1 Bogoliubov Laboratory of Theoretical Physics, JINR, Dubna, Russia
2 Institut de Physique Nucléaire, CNRS-IN2P3, Université Paris-Sud, Orsay Cedex, France

Corresponding Author: arsenev@theor.jinr.ru

The structure of exotic neutron-rich nuclei is one of the main science drivers in contemporary nu-
clear physics research. An attention has been devoted to effects of varying the ratio between the
proton Z and neutron N numbers on different nuclear structure characteristics of nuclei deviated
from their valley of β-stability. One of the phenomena associated with the change in N/Z ratios
is the pygmy dipole resonance (PDR) [1]. One of the successful tools for describing the PDR is the
quasiparticle random phase approximation (QRPA) with the self-consistent mean-field derived from
Skyrme energy density functionals (EDF) [2]. Such an approach can describe the properties of the
low-lying states reasonably well by using existing Skyrme interactions. Due to the anharmonicity
of the vibrations there is a coupling between one-phonon and more complex states [3]. The main
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difficulty is that the complexity of calculations beyond standard QRPA increases rapidly with the
size of the configuration space, and one has to work within limited spaces. Using a finite rank sep-
arable approximation for the residual particle-hole interaction derived from the Skyrme forces one
can overcome this numerical problem [4-6].

In the present report, we analyze the effects of phonon-phonon coupling (PPC) on the E1 strength
distributions of neutron-rich calcium and nickel isotopes. Using the same set of the EDF parame-
ters we describe available experimental data for 48Ca, 68Ni and give prediction for 50Ca, 70Ni. The
inclusion of the PPC results in the formation of low energy 1− states of 48Ca. There is an impact
of the PPC effect on low-energy E1 strength of 48Ca [7]. The effect of the low-energy E1 strength
on the electric dipole polarizability is discussed. We predict a strong increase of the summed E1
strength below 10 MeV (12 MeV), with increasing neutron number from 48Ca (68Ni) till 50Ca (70Ni)
[8].

This work is partly supported by CNRS-RFBR agreement No. 16-52-150003.

1. D. Savran, T. Aumann, A. Zilges // Prog. Part. Nucl. Phys. 2013. V. 70. P. 210.

2. N. Paar, D. Vretenar, E. Khan, G. Colò // Rep. Prog. Phys. 2007. V. 70. P. 691.

3. V.G. Soloviev //Theory of Atomic Nuclei: Quasiparticles and Phonons. 1992. Bristol/Philadelphia.

4. Nguyen Van Giai, Ch. Stoyanov, V.V. Voronov // Phys. Rev. C. 1998. V. 57. P. 1204.

5. A.P. Severyukhin, V.V. Voronov, Nguyen Van Giai // Phys. Rev. C. 2008. V. 77. P. 024322.

6. A.P. Severyukhin, V.V. Voronov, Nguyen Van Giai // Eur. Phys. J. A. 2004. V. 22. P. 397.

7. N.N. Arsenyev, A.P. Severyukhin, V.V. Voronov, Nguyen Van Giai // Phys. Rev. C. 2017. V. 95. P.
054312.

8. N.N. Arsenyev, A.P. Severyukhin, V.V. Voronov, Nguyen Van Giai // in preparation.

Modern problems in nuclear and elementary particle physics / 15

The central cusps in dark matter halos: fact or fiction?
Author: Anton Baushev1

1 Joint Institute for Nuclear Research, Dubna, Russia

Corresponding Author: baushev@gmail.com

We investigate the reliability of standard N-body simulations by modelling of the well-known Hern-
quist halo with the help of GADGET-2 code (which uses the tree algorithm to calculate the grav-
itational force) and ph4 code (which uses the direct summation). Comparing the results, we find
that the core formation in the halo center (which is conventionally considered as the first sign of
numerical effects, to be specific, of the collisional relaxation) has nothing to do with the collisional
relaxation, being defined by the properties of the tree algorithm. This result casts doubts on the
universally adopted criteria of the simulation reliability in the halo center. Though we use a halo
model, which is theoretically proved to be stationary and stable, a sort of numerical ‘violent relax-
ation’ occurs. Its properties suggest that this effect is highly likely responsible for the central cusp
formation in cosmological modelling of the large-scale structure, and then the ‘core-cusp problem’
is no more than a technical problem of N-body simulations.

Modern problems in nuclear and elementary particle physics / 12

Investigation of level density parameters of superheavy nuclei
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Author: Anna Bezbakh1

1 JINR

Corresponding Author: bezbakh@theor.jinr.ru

In our workwe defined level density of heavy nuclei with the single-particle spectra using the saddle-
point method and based on a superconducting formalism. Calculated energy dependent level density
parameter of superheavy nuclei, by fitting the Fermi gas expression with BCS calculations at the
ground state and at saddle point, compared with the phenomenological model are presented. The
role of the shell and pairing effects on the level density are studied. The extracted level density
parameter is represented as a function of mass number and ground-state shell correction.

[1] P. Decowski et. al., Nucl. Phys. A, 110 (1968) 129.

[2] V.G. Soloview, Theory of Complex Nuclei (Pergamon Press, Oxford) (1976).

[3] W. Satuła et. al., Phys. Rev. Lett., 81 (1998) 3599.

[4] G.D. Adeev et. al., Yad. Fiz., 21 (1975) 491.

[5] A. B. Ignatyuk et. al., Yad. Fiz.,21 (1975) 485.

Modern problems in nuclear and elementary particle physics / 10

Self-consistent study of isobaric analog resonances in nuclei with
pairing
Author: Ivan Borzov1

Co-author: Sergei Tolokonnikov 2

1 NRC KI, BLTP JINR
2 NRC KI

Corresponding Author: ibor48@mail.ru

Fully self-consistent calculation of the IAR resonances is performed for the long chain of
Ni isotopes with Tz ≠0. The recently established DF3-f parametrization [1] of the Fayans energy
density functional [2] is used. Its performance in “reference”neutron-rich Sn and Pb isotopes with
developed pairing correlations is also studied. The main aim is to figure out the influence of T=1
pn-pairing on IAR characteristics and to check how the self-consistency is preserved in the calcula-
tions for long isotopic chains. Comparison with the available calculations using relativistic Hartree-
Bogolubov plus D3C* functional [3] and the HF+BCS with SAMi functional [4] is performed,

[1] I.N. Borzov, S.V. Tolokonnikov, Physics of Atomic Nuclei v.82 № 6 (2019)

[2] S. A. Fayans, JETP Letters 68, 161 (1998)

[3] N.Paar, T. Niksic, D. Vretenar and P. Ring, Physical Review C 69, 054303 (2004)

[4] Li-Gang Cao, X. Roca-Mazo, G. Colo, H. Sagawa, Phys.Rev.92, 034308 (2015)

Modern problems in nuclear and elementary particle physics / 39

Stochastic hydrodynamics and long time tails under the effect of
multiplicative noise
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Author: Jingyi Chao1

1 Institute of Modern Physics, CAS

Corresponding Author: jychao@impcas.ac.cn

We investigate hydrodynamic fluctuations on correlation functions in a conserved U(1) charge fluid
beyond the white noise approximation. We introduce two additional nonlinear mode coupling con-
stants to study the effect of multiplicative noise due to the position dependent transport coefficients.
The behaviors of two vertexes are constrained by the disappearance while averaging the noise term
due to the conservation law and the fluctuation-dissipation theorem in the near equilibrium system.
We generalize the kinetic equations for the two-point functions of pressure, momentum and heat
energy densities within the context of the path integral formalism. We reproduce the long time tails
which have obtained from other approaches.

Modern problems in nuclear and elementary particle physics / 2

Electron Ion Collider Plan in China (EicC)
Author: Xurong Chen1

1 Institute of Modern Physics, Chinese Academy of Sciences

Corresponding Author: xchen@impcas.ac.cn

Recently, an Electron-Ion Collider is proposed in China based on the High-Intensity Heavy Ion Ac-
celerator Facility (HIAF) which is under construction. The EIC in China (EicC) consists of different
phases with the capability of an upgrade for both beam energy and luminosity. The phase-I will start
with e-p(nucleus) collision with 3.5 GeV (e) × 20 GeV (p) beam energy configuration. The baseline
design for the luminosity is around 5 ×
1033 cm−2s−1. Both electron and proton (nucleus) beams will be polarized. In this talk, I will present
a preliminary design for the project and some selected physics topics at the EicC. The current status
and the proceeding plan will also be discussed.

Modern problems in nuclear and elementary particle physics / 3

Neutrino-Process for Core Collapse Supernova Explosion
Author: Myung-Ki Cheoun1

1 Soongsil University

Corresponding Author: cheoun@ssu.ac.kr

We investigate the neutrino oscillation effects by the neutrino self-interaction near to the neutrino
sphere and the MSW effect far from the sphere on the element abundances. The representative
synthesized elements by neutrino from supernova explosion are known as 7Li, 11B, 92Nb, 98Tc,
138La, and 180Ta. Near to the neutrino sphere, the neutrino density is about 1032 / cm3, whose
number is high enough to consider the neutrino self-interaction.

Their effects on the neutrino flux are estimated in the Boltzmann equation with a collision term for
the neutrino density under the mean field approximation. Due to the propagation of the shock wave
we also have to take the neutrino propagation in matter, i.e. MSW effects. One of the important
MSW regions is the O/Ne/Mg layer given by the progenitor and the hydrodynamics models.

In this work, we discuss how the neutrino self-interaction and the MSW effects influence on the
element production by using the modified neutrino spectra and the neutrino-nucleus interactions
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calculated by QRPA. Our results show that the neutrino-process element abundances are increased
by the self-interaction rather than the MSW effect. 11B/138La ratio is shown to be sensitive on the
self-interaction. Dependence on the mass hierarchy is also discussed.

Recent calculations about the non-adiabatic shock effects on the neutrino propagation and the ef-
fects by sterile neutrinos will also be discussed with the nuclear abundances by the neutrino pro-
cess.

Modern problems in nuclear and elementary particle physics / 54

Beyond the Standard Model and neutrino precision test
Author: Chitta Ranjan Das1

1 BLTP, JINR

Corresponding Author: das@theor.jinr.ru

Modern problems in nuclear and elementary particle physics / 35

On ρ meson generalized parton distributions
Author: Yubing Dong1

Co-author: Sun Bao-dong 1

1 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, China

Corresponding Author: dongyb@ihep.ac.cn

We study ρmeson unpolarized and polarized generalized parton distribution functions (GPDs) based
on a light-front constituent quark model[1,2]. The electromagnetic form factors as well as other low-
energy observables of
the ρ meson are calculated and our results are compared to other calculations and possible experi-
mental data. In our calculation, the contributions both from the valence and non-valence regimes
are analyzed in detail. Moreover, we also
give the structure functions in the forward limit. Our numerical results show that the present phe-
nomenological model is reasonable to describe the general properties of the ρ meson.

References

[1]Bao-Dong Sun and Yubing Dong, Phys. Rev. D96, 036019 (2017).

[2]Bao-Dong Sun and Yubing Dong, Phys. Rev. D99, 016023 (2019).

Modern problems in nuclear and elementary particle physics / 38

The proton size puzzle: latest news
Author: Alexander Dorokhov1

Co-authors: Alexei Martynenko 2; Andrey Radzhabov 3; Fedor Martynenko 2

1 JINR
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2 Samara University
3 Irkutsk University

Corresponding Author: dorokhov@theor.jinr.ru

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 experiments conducted by the CREMA collabo-
ration (Charge Radius Experiments with Muonic Atoms) with muonic hydrogen and deuterium by
methods of laser spectroscopy. As a result 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
7σ.

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.

Modern problems in nuclear and elementary particle physics / 7

Effects of RPA correlations on charged-current neutrino opaci-
ties in supernova neutrino-sphere
Author: Alan Dzhioev1

1 BLTP JINR

Corresponding Author: dzhioev@theor.jinr.ru

The study of neutrino interaction processes with core-collapse supernova matter is crucial to our
understanding of the explosion mechanism. The charged-current processes νe + n → p + e− and
ν̄e + p → n + e+ are mainly responsible for heating behind the stalled shock front and thus for
reviving the explosion. Neutrino transport to the shock region is sensitive to the physics of hot and
dense nuclear matter, which is a complex problem due to the strong correlations induced by nuclear
forces.

We have analyzed the combined effect of mean-field potentials and RPA correlations on the νe and
ν̄e opacity in the neutrino-sphere. The RPA response function for the hot and dense nuclear matter
is computed by a self-consistent approach based on the solution of the Bethe-Solpiter equation with
the Skyrme forces. Using different Skyrme parametrizations, we have shown that the joint effect of
mean-field potentials and RPA correlations makes the neutrino-sphere more opaque (transparent)
for (anti) neutrino radiation as compared to the noninteracting Fermi gas model.

Modern problems in nuclear and elementary particle physics / 5

B-splines and Bernstein basis polynomials
Author: Sergey Ershov1

1 JINR
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Corresponding Author: ershov@theor.jinr.ru

Computational methods based on a B-spline decomposition have found numerous applications
in different fields of physics. The Cox - de Boor recurrence relation is a main tool for numerical
calculations with B-splines. Here we derive the analytic representation of B-splines for an arbitrary
knot sequence and order using decomposition on Bernstein basis polynomials. This representation
allows to perform analytically many calculations with B-splines. Few examples of applications are
presented.

Modern problems in nuclear and elementary particle physics / 70

DK interaction as a doorway to manifestly exotic mesons
Author: Lisheng Geng1

1 Beihang University

Corresponding Author: lisheng.geng@buaa.edu.cn

In recent years, it is found that many of the newly discovered states cannot easily fit into the naïve
quark model. Because some of them are located close to two body thresholds, they have been con-
jectured as molecular states. We propose that one way to unambitiously test such a picture is going
to few body (greater than two) systems while the building blocks are the two body subsystems. The
DK/DDK/DDDK systems provide one of the be best playground for testing our proposal.

The Ds0*(2317) is widely accepted as a DKmolecule. Its existence indicates that the DK interaction is
attractive and strong enough to form a bound state. A natural question is then whether the system
will still bind with one or more D mesons added. In a series of recent works, we explored such
possibilities and showed that the DDK three-body molecular state exists, with a mass around 4140
MeV and a width of about 10 MeV. Due to the doubly charmed and doubly charged nature, such a
state is explicitly exotic. We have also performed a preliminary study of the strong decay of the
DDK state and the existence of a DDDK molecule. In this talk, I will report on these studies.

References:
1309.4743
1707.03802
1805.08330
1809.01059

Modern problems in nuclear and elementary particle physics / 48

Phase transition between the isovector to isoscalar pairing corre-
lations in deformed N=Z nuclei
Author: EUN JA HA1

Co-author: Myung-Ki Cheoun 1

1 Soongsil University

Corresponding Author: ejha@ssu.ac.kr

We demonstrated that the enhanced IS pairing brings about the IS condensation with the deforma-
tion. In fact, the relationship between the IS pairing in the tensor force and the deformation is
not clear because of the shell evolution along the deformation. In particular, the completion of the
pairing interaction in the residual interaction and the deformation in the mean field remains to be
discussed.
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Modern problems in nuclear and elementary particle physics / 40

Nuclear experiments at KoBRA and Y2L in Korea
Author: Kevin Hahn1

1 Ewha Womans University

Corresponding Author: ishahn@ewha.ac.kr

Korea is currently constructing the radioactive ion (RI) beam accelerator facility called RAON. One of
the experimental facilities called KoBRA, located in the low energy experimental hall, is expected to
carry out nuclear astrophysics and nuclear structure experiments in the early phase of RAON. Several
experiments using both stable and RI beams of tens of MeV/nucleon are considered for carrying out
nuclear structure and nuclea astrophysics experiments. There is an underground laboratory called
the Yangyang laboratory (Y2L) in Korea. Several rare decay measurements such as the half-life of
180mTa and the gamma ray transitions of E > 3 MeV in 208Pb were conducted at Y2L.The half-life of
180mTa is considered to be an important parameter for nuclear synthesis models for heavy elements.
208Pb is one of the most interesting nuclei because it is the doubly magic nucleus and its structure
has been studied. However, some branching ratios of gamma transitions with Eg > 3MeVwere never
been identified. Current activities and prospects of nuclear astrophysics using RI beams at KoBRA
and rare decay measurements at Y2L will be discussed.

Modern problems in nuclear and elementary particle physics / 23

CMSupgrade plan for high-luminosity era andprospect onheavy-
ion physics
Author: Byungsik Hong1

1 Korea University

Corresponding Author: bhong@korea.ac.kr

The CMS Collaboration has a major detector upgrade plan during the long shutdown 3 (LS3) to pre-
pare the high-luminosity runs. It includes the new tracking system, the muon system, the electro-
magnetic and hadronic calorimeters, and the trigger system. This upgrade will significantly enhance
the physics performance of the CMS detector not only for proton-proton collisions, but also heavy-
ion collisions in high-luminosity environment. In this presentation we, firstly, give an overview of
the CMS upgrade plan during LS3. Then, we present the impact of the detector upgrade to the var-
ious physics observables for heavy-ion physics to better understand the interaction of quarks and
gluons in hot, dense medium.

Modern problems in nuclear and elementary particle physics / 14

Calculation of fission fragmentmass distributions byusing a semi-
empirical method
Author: Seung-Woo Hong1

1 Sungkyunkwan University

Corresponding Author: swhong@skku.ac.kr

Fission product yield data are important for applications of nuclear technology such as the estima-
tion of decay heat, operation of nuclear reactors and handling of spent fuels. However, due to the
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short life-time, a large part of fission fragment yield data cannot be obtained from measurements.
Therefore, models of fission fragment yields are needed for such unmeasured cases. Though many
theoretical fission models are developed, the calculation results are not necessarily accurate enough
to reproduce the fission observables quantitatively. On the other hand, semi-empirical models may
be useful in describing fission product yields in a simple way but with a relatively good accuracy.
We developed a semi-empirical fission model based on the saddle point fission model of Itkis [1]
and Schmidt [2]. It is assumed that fission product yields are determined by the fission barrier to
some extent whereas values of the effects of detailed nuclear dynamics from saddle to scission are
included in our model parameters. The parameters for our empirical model are deduced by fitting
the evaluated fission yields to the ENDF data, and we found that the parameters can be expressed
in simple forms. The calculated fission product yields from our model which has 10 parameters can
reproduce the yields nearly as well as GEF.

[1] Itkis et al., Z. Phys. A 320 (1985) 433. [2] K.-H. Schmidt et al., Nucl. Data Sheets 131 (2016)
107.

Modern problems in nuclear and elementary particle physics / 71

Decay Bs → K∗0µ+µ– in covariant confined quark model
Author: Aidos Issadykov1

Co-author: Mikhail Ivanov 2

1 Jinr
2 Joint Institute for Nuclear Research, Dubna, Russia

Corresponding Author: issadykov@jinr.ru

We evaluate Bs → K∗0 transition form factors in the full kinematical region within the covariant
confined quark model. The calculated form factors used to calculate theBs → K∗0µ+µ– rare decay
branching ratio, which was recently measured by LHCb collaboration.

Modern problems in nuclear and elementary particle physics / 49

Shape coexistance in nuclei
Author: Rostislav Jolos1

1 JINR BLTP

Corresponding Author: jolos@theor.jinr.ru

Modern problems in nuclear and elementary particle physics / 46

Transfer products accompanying complete fusion
Author: Shuhrat Kalandarov1

Co-authors: Gurgen Adamian 2; Nikolai Antonenko 2; Sophie Heinz 3

1 BLTP JINR
2 BLTP, JINR
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3 GSI

Corresponding Author: shuhrat@theor.jinr.ru

Theproduct yields ofmultinucleon transfer reaction is analyzed in low-energy collisions of 48Ca+natCm
at Elab=5.63 MeV/nucleon. The transfer products accompany the complete fusion. While the colli-
sions with low angular momenta contribute to the production of very neutron-deficient isotopes,
the collisions with high (near and above critical angular momentum) angular momenta result in the
production of heavier isotopes. The model describes rather well the yields of isotopes with N>126.
The possible reasons of discrepancy for the lighter isotopes are suggested.

Modern problems in nuclear and elementary particle physics / 24

Modeling the gluon and ghost propagators in Landau gauge by
truncated Dyson-Schwinger equations
Author: Leonid Kaptari1

Co-authors: Burkhard Kaempfer 2; Pengming Zhang 3

1 Bogoliubov Lab.Theor. Phys., 141980, JINR, Dubna, Russia
2 Helmholtz-Zentrum Dresden-Rossendorf, PF 510119, 01314 Dresden, Germany
3 Institute of Modern Physics, Chinese Academy of Science, 509 Nanchang Road, 730000, Lanzhou, China

Corresponding Author: kaptari@theor.jinr.ru

We suggest a framework based on the rainbow approximation with effective parameters adjusted
to lattice data. The analyticstructure of the gluon and ghost propagators of QCD in Landau gauge
is analyzed by means of numerical solutions of the coupled system of truncated Dyson-Schwinger
equations. We find that the gluon and ghost dressing functions are singular in complex Euclidean
space with singularities as isolated pairwise conjugated poles. These poles hamper solving numer-
ically the Bethe-Salpeter equation for glueballs as bound states of two interacting dressed gluons.
Nevertheless, we argue that, by knowing the position of the poles and their residues, a reliable algo-
rithm for numerical solving the Bethe-Salpeter equation can be established.

Modern problems in nuclear and elementary particle physics / 1

Tetraquark mixing framework for the two light-meson nonets

Author: Hungchong Kim1

1 Korea Aerospace University

Corresponding Author: hungchong@kau.ac.kr

We propose a tetraquark mixing framework for the two light-meson nonets in the JP = 0+ chan-
nel, the light nonet f0(500), f0(980), a0(980), K∗

0 (800), and the heavy nonet f0(1370), f0(1500),
a0(1450), K∗

0 (1430). According to this framework, one can introduce two types of tetraquark with
different spin configuration, |J, J12, J34 = |000 >, |011 >, where J is the spin of the tetraquark,
J12 the diquark spin, J34 the antidiquark spin. They differ by the color configuration also but both
have the same flavor structure. The two tetraquark types seem to have interesting correspondence
with the two nonets in PDG. Indeed, the two tetraquarks mix strongly through the hyperfine color-
spin interaction and the eigenstates that diagonalize the hyperfine masses can be identified with
the two nonets in PDG. We report that their hyperfine mass splitting can generate the mass gap
between the two nonets qualitatively. We also discuss interesting signatures in the decays of these
tetraquarks.
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Modern problems in nuclear and elementary particle physics / 6

ThePomeron, Odderon, and nucleon resonances in φ-meson pho-
toproduction
Author: Sangho Kim1

Co-author: Seung-il Nam 2

1 Pukyong National University (PKNU)
2 PKNU

Corresponding Author: sanghokim28@gmail.com

We suggest a possible explanation for the φ(1020) photoproduction mechanism in the W = 2.0−2.8
GeV region covering the full scattering angles. We have found that, with the universally accepted
Pomeron exchange, the Odderon and three PDG N∗ resonances play a crucial to describe the cross
sections and spin-density matrix elements data from the CLAS collaboration.

Modern problems in nuclear and elementary particle physics / 68

BFKL evolutionmanifestations in jet production at colliders
Author: Victor Kim1

1 NRC KI - PNPI, Gatchina & SPbPU, St. Petersburg

Corresponding Author: victor.kim@cern.ch

Approach by Brodsky-Fadin-Kim-Lipatov-Pivovarov (BFKLP) for next-to-leading approximation (NLA)
of Balitsky-Fadin-Lipatov-Kuraev (BFKL) evolutionwith generalized Brodsky-Lepage-McKenzie (BLM)
resummation of QCD coupling constant effects is reviewed. Applications of NLA BFKL evolution
within BFKLP approach for virtual gamma-gamma scattering and dijet productions with large rapid-
ity separation in hadron collisions are discussed.

Modern problems in nuclear and elementary particle physics / 29

DeeplyVirtualMesonProductionwithCLAS and Impact on chiral-
odd GPD models
Author: Wooyoung KIM1

1 Kyungpook National University

Corresponding Author: wooyoung@knu.ac.kr

Deeply virtual compton scattering and deeply virtual meson production are useful tooo to study the
Generalized Parton distributions. We have measured cross sections and asymmetry from pi0 and eta
production with CLAS at Jefferson Lab. The results will be compared with two theoretical models
which describe the chiral-odd GPDs. We also discuss our future plan with upgraded 12 GeV electron
beams and CLAS12.

Modern problems in nuclear and elementary particle physics / 9
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QCD vacuum in nuclear matter?
Author: Youngman Kim1

1 IBS

Corresponding Author: ykim@ibs.re.kr

A possible role of QCD vacuum in dense matter is an interesting topic to be pursued.
We first present some reults from studies based on a parity doublet model and then discuss a possi-
bility to tackle the problem in terms of chiral quarks and classical gluon fields.

Modern problems in nuclear and elementary particle physics / 43

A Froissart-bounded longitudinal structure function
Author: Anatoly Kotikov1

1 JINR

Corresponding Author: kotikov@theor.jinr.ru

We present a method to extract, in the leading and next-to-leading order approximations, the longi-
tudinal deep-inelastic scattering structure function FL(x,Q2) from the experimental data by relying
on a Froissart-bounded parametrization of the transversal structure function F2(x,Q2) and, partially,
on the Dokshitzer-Gribov-Lipatov-Altarelli-Parisi equations. Particular attention is paid on kine-
matics of low and ultra low values of the Bjorken variable x. Analytical expressions for FL(x,Q2)
in terms of the effective parameters of the parametrization of F2(x,Q2) are presented explicitly. We
argue that the obtained structure functions FL(x,Q2) within both, the leading and next-to-leading
order approximations, manifestly obey the Froissart boundary conditions. Numerical calculations
and comparison with available data from ZEUS and H1-Collaborations at HERA demonstrate that
the suggested method provides reliable structure functions FL(x,Q2) at low x in a wide range of the
momentum transfer (1 GeV2 < Q2 < 3000 GeV2) and can be applied as well in analyses of ultra-high
energy processes with cosmic neutrinos.

Modern problems in nuclear and elementary particle physics / 27

Tidal deformability of neutron stars and gravitationalwaves
Author: Chang-Hwan Lee1

1 Pusan National University

Corresponding Author: clee@pusan.ac.kr

Gravitational waves (GW170817) produced in a binary neutron star inspiral
have been observed followed by gamma-ray burst (GRB 170817A) and
afterglows from X-ray to radio. By combining the distance obtained by
gravitational waves and red shift obtained by electromagnetic waves, even
Hubble constant has been estimated. This indicates the start of new era of
multimessenger astronomy. In addition to the masses of inspiralling
neutron stars, the tidal deformability which depends on the inner
structure of neutron stars has been estimated from gravitational waves.
This confirms that even strong interactions can be tested by gravitational
waves. In this talk, I review the effect of tidal deformability of neutron
stars to the gravitational waves produced in the inspiral process, and
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discuss the implications of detected tidal deformability to the neutron
star equations of state.

Modern problems in nuclear and elementary particle physics / 19

Scalar meson a0(980) as the mixed tetraquark within QCD sum
rules
Author: Hee-Jung Lee1

1 Chungbuk National University

Corresponding Author: hjl@cbnu.ac.kr

Recently the tetraquark mixing framework has been proposed for the two light-meson nonets in the
JPC = 0++ channel, namely the light nonet composed by a0(980),K∗

0 (800), f0(500), f0(980), and
the heavy nonet by a0(1450), K∗

0 (1430), f0(1370), f0(1500). According to this mixing framework,
these two nonets are represented by the linear combination of the two tetraquark types, one type
containing the spin-0 diquark and the other with the spin-1 diquark. One interesting result from
the mixing framework is that the second tetraquark with the spin-1 diquark configuration is more
important to explain the light nonet. For the light nonet, the second tetraquark with the spin-1 di-
quark is found to be more dominant configuration.
In this work, we report that this result is consistent with the QCD sum rule calculations. In particu-
lar, we construct QCD sum rules for the isovector resonance a0(980) using both type of tetraquark
currents by performing the operator product expansion up to dimension 10 operators. We perform
the operator product expansion
is performed up to dimension 10 operators and see if the we investigate whether this result is con-
sistent with QCD sum rules by constructing a QCD sum rule for the isovector resonance, a0(980).

51

Role of ρ-tensor coupling in describing nuclear structure
Author: WEN HUI LONG1

1 School of Nuclear Science and Technology, Lanzhou University

Corresponding Author: longwh@lzu.edu.cn

Modern problems in nuclear and elementary particle physics / 62

Towards an ab initio covariant density functional for nuclear struc-
ture
Author: Jie Meng1

1 School of Physics, Peking University

Corresponding Author: mengj@pku.edu.cn

Nuclear structure models built from phenomenological mean fields, the effective nucleonnucleon
interactions (or Lagrangians), and the realistic bare nucleon-nucleon interactions are
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reviewed. The success of covariant density functional theory, which starts from effective
Lagrangians, to describe nuclear ground-state and excited-state properties and its influence on
Brueckner theory within the relativistic framework are focused upon. The challenges and
ambiguities of predictions for unstable nuclei without data or for high-density nuclear matter,
arising from covariant density functionals, are discussed. The basic ideas in building an ab initio
covariant density functional for nuclear structure from ab initio calculations with realistic
nucleon-nucleon interactions for both nuclear matter and finite nuclei are presented. The current
status of fully self-consistent relativistic Brueckner-Hartree-Fock (RBHF) calculations for finite
nuclei or neutron drops (ideal systems composed of a finite number of neutrons and confined
within an external field) is reviewed. The guidance and perspectives towards an ab initio covariant
density functional for nuclear structure derived from the RBHF results are provided.

Modern problems in nuclear and elementary particle physics / 16

Studies on Λ+
c hadronic decays

Author: Seung-il Nam1

Co-authors: Jung-Keun Ahn 2; Sung-Bae Yang 2

1 Pukyong National University
2 Korea University

Corresponding Author: sinam@pknu.ac.kr

In this talk, we would like to report our recent theoretical studies on the Λ+
c hadronic decays, i.e.,

Λ+
c → π+K−p (charged) and Λ+

c → π+K̄0n (neutral), using the effective Lagrangian approach.
Considering the strong ud-diquark correlation inside the Λ+

c baryon, we confine our model to that
with the I=0 hyperon resonances and other meosonic contributions. The Belle experiment data are
reproduced qualitatively well for the charged channel, and we provide theoretical predictions for the
neutral channel as well. It tuns out that the ηΛ-channel opening effect makes a peculiar peak-like
structure atMK−p ≈ 1670MeV and nontrivial interference effects on the Dalitz plot for the charged
channel.

Modern problems in nuclear and elementary particle physics / 75

Spreading widths of giant dipole resonance in the lead region

Author: Rashid Nazmitdinov1

1 BLTP, JINR&lt; Dubna

Corresponding Author: rashid@theor.jinr.ru

The statistical properties of the 1− spectrum in energy interval
9.5-18.5 MeV for 206Hg, 204,206,208Pb and 210Po nuclei are
analysed thoroughly within the microscopic approach and the Random Matrix
Theory. The microscopic approach is based on the mean field, simulated by
means of the Skyrme interaction SLy4 and the volume pairing interaction,
treated in the BCS approximation. The quasiparticle random phase
approximation and the coupling between one- and two-phonon states are used
to generate excited states. The comparison of the results, obtained with
the aid of the coupling calculated microscopically and by means of the
Gaussian random distribution, demonstrates a close similarity in the
description of the spreading widths of the Isovector Dipole Giant
Resonanse of the
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considered nuclei. Furthermore, a good agreement is obtained with the
microscopic description of the decay widths if the random distribution is
used for the coupling between microscopic one-phonon states and two-phonon
states that are also generated by the Gaussian Orthogonal Ensembles
distribution.

Modern problems in nuclear and elementary particle physics / 4

Vortical toroidal mode in nuclei: recent progress
Author: Valentin Nesterenko1

Co-authors: Anton Repko 2; Jan Kvasil 3; P.-G. Reinhard 4

1 BLTP, Joint Institute for Nuclear Research
2 Institute of Physics, Slovak Academy of Sciences, 84511, Bratislava, Slovakia
3 Institute of Particle and Nuclear Physics, Charles University, CZ-18000, Praha 8, Czech Republic
4 Institut f\”ur Theoretische Physik II, Universit\”at Erlangen, D-91058, Erlangen, Germany

Corresponding Author: nester@theor.jinr.ru

The vortical dipole toroidal mode (TM) attracts a high attention last decades [1]. The squeezed TM
produces the pygmy dipole resonance [2,3] and forms the low-energy part of the isoscalar giant
dipole resonance. TM can also occur as the lowest dipole state in light deformed nuclei [4-6]. TM
is the only intrinsic electric vortical mode in nuclei. It can exist as a vortex ring [2,7] or vortex-
antivortex pair [4].
In the present talk, we review a recent progress in exploration of TM and various interesting aspects
related to this vortical mode.

[1] V.O. Nesterenko, J. Kvasil, A. Repko, W. Kleinig, and P.-G. Reinhard,
Phys. Atom. Nucl., v.79 (2016) 842.

[2] A. Repko, P.-G. Reinhard, V.O. Nesterenko, and J. Kvasil,
Phys. Rev. C, v.87 (2013) 024305.

[3] A. Repko, V.O. Nesterenko, J. Kvasil, and P.-G. Reinhard,
arXive: 1903.01348 [nucl-th]; to be published in EPJA.

[4] V.O. Nesterenko, A. Repko, J. Kvasil, and P.-G. Reinhard,
Phys. Rev. Lett., v.120 (2018) 182501.

[5] V.O. Nesterenko, J. Kvasil, A. Repko, and P.-G. Reinhard,
Eur. Phys. J. Web of Conf., v.194 (2018) 03005.

[6] Yoshiko Kanada-En’yo and Yuki Shikata,
Phys. Rev. C, v.95 (2017) 064319.

[7] J. Kvasil, V.O. Nesterenko, W. Kleinig, P.G. Reinhard, and P. Vesely,
Phys. Rev. C, v.84 (2011) 034303.

Modern problems in nuclear and elementary particle physics / 28

Study of nuclear structure with a generalized Skyrme functional

Author: Yongseok Oh1

1 Kyungpook National University
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Corresponding Author: yohphy@knu.ac.kr

In the framework of the KIDS generalized energy density functional (EDF), the nuclear equation
of state (EoS) is expressed as an expansion in powers of the Fermi momentum or the cubic root of
the density. Although an optimal number of converging terms was obtained in specific cases of fits
to empirical data and pseudodata, the degree of convergence remains to be examined not only for
homogeneousmatter but also for finite nuclei. One goal of the presentwork is to validate theminimal
and optimal number of EoS parameters required for the description of homogeneous nuclear matter
over a wide range of densities relevant for astrophysical applications. The major goal is to examine
the validity of the adopted expansion scheme for an accurate description of finite nuclei. To this end
we vary the values of the high-order derivatives of the EoS, namely the skewness of the energy of
symmetric nuclear matter and the kurtosis of the symmetry energy, at saturation and examine the
relative importance of each term in density expansion for homogeneous matter. For given sets of
EoS parameters determined in this way, we define equivalent Skyrme-type functionals and examine
the convergence in the description of finite nuclei focusing on the masses and charge radii of closed-
shell nuclei. The EoS of symmetric nuclear matter is found to be efficiently parameterized with only
3 parameters and the symmetry energy (or the energy of pure neutron matter) with 4 parameters
when the EoS is expanded in the power series of the Fermimomentum. Higher-order EoS parameters
do not produce any improvement, in practice, in the description of nuclear ground-state energies
and charge radii, which means that they cannot be constrained by bulk properties of nuclei.

65

Closing
Authors: Victor Voronov1; Yongseok Oh2

1 Bogoliubov Laboratory of Theoretical Physics, JINR
2 Kyungpook National University

Corresponding Author: yohphy@knu.ac.kr

Modern problems in nuclear and elementary particle physics / 32

Transversemomentumdistributions of hadrons in theTsallis nonex-
tensive statistics
Author: Alexandru Parvan1

1 JINR and IFIN-HH

Corresponding Author: parvan@theor.jinr.ru

Theexact analytical formulas for the transversemomentum distributions of the Bose-Einstein, Fermi-
Dirac and Maxwell-Boltzmann statistics of particles with a nonzero mass in the framework of the
Tsallis normalized and Tsallis unnormalized statistics were consistently derived. We have revealed
that the phenomenological classical Tsallis distribution (widely used in high energy physics) is equal
to the distribution of the Tsallis unnormalized statistics in the zeroth term approximation. The exact
ultrarelativistic transverse momentum distribution of the Tsallis normalized statistics was applied
to describe the experimental data on the transverse momentum distributions for the charged pions
produced in proton-proton collisions at high energies.

Modern problems in nuclear and elementary particle physics / 67
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Modeling of Physical Phenomena in SuperconductingNanostruc-
tures
Author: Yury Shukrinov1

1 BLTP, JINR

Corresponding Author: shukrinv@theor.jinr.ru

We study the resonance phenomena in the intrinsic Josephson junctions shunted by LC-elements
(L-inductance, C-capacitance). A realization of parametric resonance through the excitation of a
longitudinal plasma wave, within the bias current interval corresponding to the resonance circuit
branch, is demonstrated. It is found that the temporal dependence of the total voltage of the stack,
and the voltage measured across the shunt capacitor, reflect the charging of superconducting lay-
ers, a phenomenon which might be useful as a means of detecting such charging experimentally.
Thus, based on the voltage dynamics, a novel method for the determination of charging in the su-
perconducting layers of coupled Josephson junctions is proposed. A demonstration of the influence
of external electromagnetic radiation on the IV-characteristics and charge-time dependence is given.
Over certain parameter ranges, the radiation causes an interesting new type of temporal splitting in
the charge-time oscillations within the superconducting layers. We show that the amplitude depen-
dence of the Shapiro step width crucially changes when the Shapiro step is on the resonant circuit
branch.
When a barrier in the Josephson junction is a noncentosymmetric, then unusual current-phase re-
lation with a phase shift proportional to the magnetic moment perpendicular to the gradient of the
asymmetric spin-orbit potential is realized. Such Phi_0 Josephson junctions demonstrate a num-
ber of unique features important for superconducting spintronics and modern informational tech-
nologies. Here we show that a current sweep along IV-characteristic may lead to both regular and
chaotic magnetization dynamics with a series of specific phase trajectories. We demonstrate an ap-
pearance of DC component of superconducting current and clarify its role in the transformation of
IV-characteristics in resonance region. The presented results might be used for developing novel
resonance methods of determination of spin-orbit coupling parameter in the noncentrosymmetric
materials.

Modern problems in nuclear and elementary particle physics / 8

Interaction of a twisted Dirac particle with a magnetic field in
high energy physics
Author: Alexander Silenko1

Co-authors: Liping Zou 2; Pengming Zhang 2

1 JINR, Dubna, Russia
2 Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou, China

Corresponding Author: alsilenko@mail.ru

Interaction of a twisted Dirac particle with a magnetic field in high energy physics

A.J. Silenko1,2,3, Pengming Zhang2,4, and Liping Zou2,4

1. Joint Institute for Nuclear Research, Dubna 141980, Moscow region, Russia

2. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China

3. Research Institute for Nuclear Problems, Belarusian State University, Minsk 220030, Belarus

4. University of Chinese Academy of Sciences, Yuquanlu 19A, Beijing 100049, China

A relativistic quantum-mechanical description of a twisted (vortex) Dirac particle in a magnetic
field (in general, nonuniform) is presented [1-3]. Twisted particles can possess giant intrinsic orbital
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angular momenta andmagnetic moments. Methods for the extraction of a twisted beamwith a given
orbital polarization and for the beam manipulation [1] are discussed. For twisted electron beams in
magnetic storage rings, the effect a radiative orbital polarization (similar to that of a radiative spin
polarization for untwisted electrons) takes place [2]. A twisted spin-1/2 particle possesses a tensor
magnetic polarizability [3]. We suppose that twisted particles can be created at collision of heavy
ions. In this case, the presence of a strong nonuniform magnetic field leads to the Stern-Gerlach-like
force which depends on the intrinsic orbital angular momentum and influences a particle motion
[2].

REFERENCES

1. A. J. Silenko, Pengming Zhang, and Liping Zou, Manipulating Twisted Electron Beams, Phys. Rev.
Lett. 119, 243903 (2017)

2. A. J. Silenko, Pengming Zhang, and Liping Zou, Relativistic quantumdynamics of twisted electron
beams in arbitrary electric and magnetic fields, Phys. Rev. Lett. 121, 043202 (2018)

3. A. J. Silenko, Pengming Zhang, and Liping Zou, Electric quadrupole moment and the tensor
magnetic polarizability of twisted electrons and a potential for their measurements, Phys. Rev.
Lett. 122, 063201 (2019).

Modern problems in nuclear and elementary particle physics / 26

Matrix elements for neutrinoless double beta decay

Author: Fedor Simkovic1

1 Comenius University Bratislava

Corresponding Author: simkovic@fmph.uniba.sk

The present-day results of the calculation of the 0νββ-decay nuclear matrix elements (NMEs) are dis-
cussed. The progress in the calculation of the double beta decay NMEs within the QRPA is presented
in the context of the restoration of the SU(4) symmetry. A connection between the 2νββ-decay and
0νββ-decay matrix elements is analyzed. An impact of the quenching of the axial-vector coupling
constant on double-beta decay processes is investigated and a novel approach to determine quenched
value of gA is proposed. The question is addressed whether light and heavy neutrino contributions
to 0νββ-decay are experimentally distinguishable. Several simplified benchmark scenarios within
left-right symmetric models are considered and the conditions for the dominance of the light or
heavy neutrino mass mechanisms are analyzed.

Modern problems in nuclear and elementary particle physics / 36

Triton binding energy andneutron-deuteron scattering up tonext-
to-leading order in chiral effective field theory

Author: Young-Ho Song1

Co-authors: Rimantas Lazauskas 2; Ubirajara van Kolck 3

1 Institute for Basic Science
2 Universite de Strasbourg
3 INPO/IN2P3
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Corresponding Author: yhsong@ibs.re.kr

Determination of the proper power-counting scheme is an important issue for the systematic ap-
plication of Chiral Effective Field Theory in nuclear physics. We analyze the cutoff dependence of
three-nucleon observables (the neutron-deuteron scattering lengths and the triton binding energy)
at the leading and next-to-leading orders of a power counting that ensures order-by-order renormal-
ization in the two-nucleon system. Our results confirm that, as usually assumed in the literature,
three-body forces are not needed for renormalization of the three-nucleon system up to next-to-
leading order. The error correction to the previous reported result is discussed.

Modern problems in nuclear and elementary particle physics / 17

The structure of low-energy excited states in even-even spherical
nuclei within a multiphonon approach
Author: Chavdar stoyanov1

1 Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences

Corresponding Author: stoyanov@inrne.bas.bg

The low-lying spectra of heavy spherical nuclei are investigated within the microscopic Quasipar-
ticle–Phonon model. The approach goes beyond the quasiparticle random-phase approximation by
treating a Hamiltonian of separable form in a multiphonon basis. It is therefore able to describe the
anharmonic effects of collective modes as well as the multiphonon states. By associating the micro-
scopic isoscalar and isovector quadrupole and octupole phonons with proton–neutron symmetric
and mixed-symmetry bosons, respectively. The microscopic states can be classified to their phonon
content and their symmetry. Due to its flexibility, the method can be implemented numerically for
systematic studies of spectroscopic properties throughout entire regions of vibrational nuclei. The
spectra andmultipole transition strengths are in overall reasonable agreement with the experimental
data.

Modern problems in nuclear and elementary particle physics / 44

Scaling properties of azimuthal anisotropy at RHIC
Author: Arkadiy Taranenko1

Co-author: Petr Parfenov 1

1 NRNU MEPhI

Corresponding Author: avtaranenko@mephi.ru

A central goal of current experiments at RHIC is to study the properties of
the hot and dense QCD matter produced in energetic heavy-ion collisions. Such
studies can give provide on the QCD phase diagram, as well as the transport
coefficients of the strongly-coupled Quark Gluon Plasma (sQGP). Anisotropic
flow measurements of identified particles play an essential role in such studies.
We report on the results of the recent measurements of elliptic and
triangular flow at RHIC energies and discuss them using different scaling relations
for azimuthal anisotropy.

Modern problems in nuclear and elementary particle physics / 47
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Baryon Polarization in heavy-Ion Collisions
Author: Oleg Teryaev1

1 JINR

Corresponding Author: teryaev@theor.jinr.ru

The anomalous mechanism of transformation of orbital angular momentum to baryons’ polarization
is discussed. The comparison with thermodynamical mechaniam is outlined.

Modern problems in nuclear and elementary particle physics / 37

Multi-photondynamics of non-linear quantumprocesses in short
polarized electromagnetic pulses
Author: Alexander Titov1

Co-authors: A. Otto 2; Burkhard Kampfer 3

1 JINR, BLTP
2 HZ Dresden-Rossendorf, Dresden, Germany
3 HZ Dresden-Rossendorf, Dresden Germany

Corresponding Author: atitov@theor.jinr.ru

We have performed a simultaneous analysis of two essentially
non-linear QED processes in circular and linear polarized short and intensive
e.m. (laser) pulses: (i) non-linear Breit-Wheeler e+e− pair creation
in the interaction of probe photon with such a pulse and
(ii) the photon emission or the non-linear Compton scattering
when an initial electron interacts with
the short and intensive e.m. (laser) pulse.
Both processes are analyzed in the multi-photon region,
where several photons at the same time participate in the
process. In case of non-linear Breit-Wheeler e+e− pair emission, the multi-photon
region is determined uniquely by the variable ζ > 1 or s < ssthr = 4m2.
For the non-linear Compton scattering we use the partially integrated cross section
where the integration starts from the dynamical parameter κ > 1
which selects the multi-photon events and
is an analog of the variable ζ in the Breit-Wheeler process.

Our analysis shows the step like ζ (κ) behavior of the total
cross sections for Breit-Wheeler (Compton) process in the case of relatively
long pulses with the number of oscillations in a pulse N ≥ 2, similar to the
prediction for the infinitely long pulse.
In case of sub-cycle pulse (N = 1/2), the cross sections exhibit
an exponential dependence
exp[−bζζ] (exp−[bκκ]).
The slopes bζ , bκ depend on the field intensity and
the pulse duration.

The azimuthal angle distributions are very sensible and, in particularly,
depend on the carrier envelope phase ϕCEP .
In addition to the processes occurring in the circularly polarized
e.m.\ pulses considered earlier, the case of linear
polarization leads to the qualitative modification of the azimuthal
distributions of outgoing electrons. These distributions are
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non-monotonic functions %of the azimuthal angle of outgoing electrons
with peculiar maxima and minima.
Their positions, heights, and depths are determined by the
structure of the phase factor P (L) of the basis functions Ãm,
and they depend on the reduced field intensity ξ2,
dynamic variables ζ, κ, and ϕCEP

and the pulse width (∆ = πN ) as well.
In the case of non-linear Compton scattering, the angular distributions are
determined by a nontrivial destructive interference of
the terms in the partial probability w(L)(ℓ).

Our results may be used as a unique
and powerful method for studying the multi-photon dynamics of
elementary non-linear QED processes.
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Resonance mechanism of the reaction pd → pdππ in the GeV re-
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At present as one of the most realistic candidate to dibaryon resonance
is considered the resonance DIJ = D03 observed by the WASA@COSY [1]
in the total cross
section of the reaction of two-pion production
pn → dπ0π0, here I is the isospin and J is the total angular momentum of this
resonance.
Very similar resonance structure was observed by ANKE@COSY in
the differential cross section
of the two-pion production reaction pd → pdππ 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 [2].
In the distribution over the invariant mass Mdππ of the final dππ system
the resonance peaks
were observed at Mdππ ≈ 2.38~GeV [2]
that is the
mass of the isoscalar two-baryon resonance DIJ = D03,
while the kinematic conditions differ considerably from that in Ref. [1].
This data we analyzed in Ref. [3]
assuming
excitation of the D03 resonance via t-channel σ-meson
exchange between the proton and deuteron and using
the two-resonance mechanism of the D03 resonance decay [4].
The shapes of the distributions over the invariant masses
of the final dππ and ππ systems were explained qualitatively in [3]
assuming the lowest values of the orbital angular momenta in the vertices σd → D03 (L = 2),
D03 → D12 + π (l1 = 1), D12 → d+ π (l2 = 1).
In thisworkwe study the role of higher orbitalmomenta in those vertices (L = 2, 4, l1 = 1, 3, 5, l2 =
1, 3).
Furthermore, a possible contribution of the D03 excitation to the pd-backward
elastic scattering is studied in the 1 GeV region.
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The rates of electronic captures (EC) on nuclei largely determine the dynamics of the late-stage
evolution and collapse of massive star which is a prelude
to the explosion of type II supernova.

To simulate this astrophysical phenomenon one needs a large-scale set of data on the EC probabilities.
The
data are needed for a large number of nuclides most of which are unstable and, possibly, have rather
short lifetime. Besides, the EC’s occur in a
stellar matter which affects their probabilities since it is extremely hot and dense. The most reliable
and systematic calculations of ECs in stellar environment
have been performed for nuclei of sd and pf shells within the Large Scale Shell Model approach [1].
However, the approach has some restrictions, in particular, it cannot be applied to nuclei with mass
number A > 65 and
to first-forbidden transitions involved high-lying spin-dipole nuclear resonances.

In [2], the thermodynamically consistent method which overcome the above shortcomings of the
LSSM approach has been elaborated.
Essentially, the method is the quasiparticle RPA extended to finite temperatures (TQRPA) in the
framework of the
thermo field dynamics [3]. The method allows to calculate temperature-dependent strength
functions of the process taking into account both the exo- and endo-energetic nuclear transitions.
In [4], the TQRPA has been combined with self-consistent microscopic Hamiltonian based on the
Skyrme energy density functional.

Here, we compute the EC rates on even-even neutron-rich nuclides 78Ni and 76−80Ge in hot and
dense pre-supernova
matter. The contributions of allowed 0+, 1+ and first-forbidden 0−, 1−, 2− transitions are consid-
ered.
Three different Skyrme parameterizations are used: SLy4, SGII, SkM*. In agreement with our earlier
study [2] we observe that unblocking
effect for the Gamow-Teller transitions is quite sensitive to increasing temperature. For 78Ni the EC
cross sections were computed within
the Donnelly-Walecka multipole expansion method. It is found that not only thermally unblocked
allowed
1+ transitions but also thermally unblocked first-forbidden 1− and 2− transitions favour to EC.

[1] K. Langanke and G. Martinez-Pinedo, At. Data \& Nucl. Data Tables 79, 1
(2001).
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A state around 1800 MeV was generated from the interaction of the KstarKstar-bar within the local
hidden gauge approach. We show that the peak observed in J/psi->eta Kstar Kstar-bar naturally
comes from the creation of this h1 state. A second analysis, model independent, corroborates the
first result, confirming the relationship of the enhancement in the invariant mass spectrum with
the h1 resonance. On the other hand, we study the role of the f1(1285)resonance in the decays of
J/psi->phi Kbar Kstar and J/psi->phi f1(1285). The theoretical approach is based on the results of
chiral unitary theory where the f1(1285)resonance is dynamically generated from the Kbar Kstar
interaction. The results can be tested in future experiments and therefore offer new clues on the
nature of the f1(1285)state.
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Open quantum systems of atomic nuclei
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Weakly bound and unbound nuclei are complex open quantum systems (OQS) in which the cou-
pling to the scattering continuum is crucial and should be properly treated. A small uncertainty in
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modeling would change the conclusions of physics. The nuclei around driplines can simultaneously
undergo gamma-ray transitions, beta decays and particle emissions. An important feature of the
loosely bound and unbound nuclei is that their excitation spectra contain low-lying resonant lev-
els. Recently, we have made a plenty of investigations on the resonant excitation spectra of nuclei
in the region of the neutron dripline. The calculations were performed using two types of ab-initio
methods: Gamow shell model and Gamow in-medium similarity renormalization group, which were
developed recently by our group. The resonance and continuum are treated in a self-consistent man-
ner by using the Gamow-Berggren complex-momentum space. The ab-initio calculations start from
the chiral effective field theory (chiral EFT). We can well reproduce and explain the experimentally
observed resonant states, and as well predict many interesting resonant levels and decays.

References:

1. Resonance and continuum Gamow shell model with realistic nuclear forces, by Z.H. Sun, Q. Wu,
Z.H. Zhao, B.S. Hu, S.J. Dai, and F.R. Xu∗, Physics Letters B 769 (2017) 227.

2. Ab initio Gamow in-medium similarity renormalization group with resonance and continuum,
by B. S. Hu, Q. Wu, Z. H. Sun, and F. R. Xu, Phys. Rev. C 99, 061302(R) (2019).
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We present implementation of e+e− → γγ process in MCSANC project.

The dominant processes in the e+e− experiments are the processes of annihilation.
Possible alternative lumiprocess Bhabha is large angle photon-pair production and
annihilation to muon pair because the cross section value of the photon-pair production estimated
for large angles is of the same order as that of Bhabha scattering.

We calculate full one-loop electroweak radiative correction with respect of all masses and taking
into account polarization of initial beams. The results of the calculation are integrated in the Monte
Carlo generator MCSANC.

We reached good agreement and present a comprehensive comparison
with results existing in the world literature, i.e.
at tree level with CalcHEP, WHIZARD and
at one-loop level without polarization effect with BabaYaga@NLO.

Modern problems in nuclear and elementary particle physics / 20

Meson-baryon scattering in the Regge realm
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We present a model for the Regge phenomenology of meson-baryon scattering at high energies.
Diffraction features of pi-N and KN elastic scatterings are described by the Pomeron trajectory which
we newly formulated to apply for high energy data.
On the basis of the Reggeized meson exchanges in the t-channel we also discuss N* resonances in the
pi-N scatterings by using the parameterization of the Breit-Wigner type for a fit of data. The s-wave
phase shift is applied to describe the low energy data on KN scattering. Summary and conclusions
are given for the respective features of elastic and inelastic processes from threshold to tens of GeV
with a stress on the applicability of the present model.

Modern problems in nuclear and elementary particle physics / 42
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The development of worldwide rare isotope beam facilities has brought many new insights in nu-
clear physics. In particular, novel structure in nuclei towards extreme isospin and spin has acquired
great interest over the years for the challenges and implications it involves. Theoretically, covariant
density functional theory (CDFT) has achieved great success in describing many nuclear phenomena
over the past several decades. In particular, a new covariant functional PC-PK1 has been developed
recently in Ref. [1]. It considerably improves the isospin dependence of nuclear properties, and
is more reliable for the description of neutron-rich nuclei [2,3]. Based on this density functional,
CDFT has also been extended for nuclear spectroscopic properties within the tilted-axis-cranking
approach [4,5].

The extended CDFT has provided successful description of many novel rotational structure in nuclei
towards high spin, such as the magnetic rotation [4], antimagnetic rotation [6], reorientation for
nuclear spin [5], chiral rotation [7] etc. These successes have also stimulated a number of new
measurements, and the interactive research between theorists and experimentalists has presented
many novel rotational phenomena; several examples associated with the novel spin modes in triaxial
nuclei can be seen in Refs. [8-11].

The success of CDFT in nuclear spectroscopic properties with high spin is not the only accomplish-
ment recently achieved. Going to both the extreme isospin and spin, in Ref. [12], the anomalous rod
shape in carbon isotopes has been investigated in cranking covariant density functional theory, and
the coherent effects between the high spin and isospin have been discussed for the first time in the
stabilization of such a novel shape. By adding valence neutrons and rotating the system, it is found
that the spin and isospin effects enhance the stability of the rod-shaped configuration. This provides
a strong hint that a rod shape could be realized in nuclei towards extreme spin and isospin.
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HPGe detectors were used to make a precise measurement of the γ-ray spectrum produced following
ordinary (non-radiative) capture of negative muons by isotopically-enriched
(48Ti, 76Se, 82Kr, 106Cd and 150Sm) and natural tartegets (Se, Kr, Cd and Sm). By investigating
energy and time distributions, the lifetime of negative muons in the different isotopes was deduced.
A detailed analysis of the intensity of the γ-lines enabled the extraction of the relative yields of
several daughter nuclei. The partial rates of muon capture to numerous excited levels of the 48Sc,
76As and 106Ag isotopes (considered to be virtual states of the intermediate odd-odd nuclei in the
ββ decay of 48Ca, 76Ge and 106Cd respectively) were also extracted. These rates are important as an
experimental input for the theoretical calculation of the nuclear matrix elements in ββ decay.
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In this talk a quantitative analysis of the isoscalar bosonic states will be shown in the framework of
supersymmetric light front holographic QCD. The spectroscopy of the η and h mesons can be well
described if one additional mass parameter – which corresponds to the hard breaking of chiral U(1)
symmetry in standard QCD – is introduced. The mass difference of the η and η′ isoscalar mesons is
then determined by the strange quark mass content of the η′. The theory also predicts the existence
of isoscalar tetraquarks which are bound states of diquarks and anti-diquarks. The candidates for
these exotic isoscalar tetraquarks are identified. In particular, the f0(1500) is identified as isoscalar
tetraquark; the predicted mass value 1.52 GeV agrees with the measured experimental value within
the model uncertainties.
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