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Conference Program

CONFERENCE PROGRAM

Time is specified for the Time Zone UTC/GMT+3, Eastern European Time

MONDAY, 3rd of JUNE

9:50-10:00

Opening Remarks
Director of the B. Verkin ILTPE of NAS of Ukraine
Corresponding Member of NAS of Ukraine
Prof. Yurii Naidyuk
and
Chair of Organizing Committee Diana Hurova

PLENARY LECTURES OF INVITED SPEAKERS

Chair
10:00-10:30

10:30-11:00

Valentin Koverya

Desorption of excited atoms via bi-exciton creation from solid Ne surfaces by
electron impact 34

Issei Kawada', Takayuki Tachibanal? and Takato Hirayama-?
! Department of Physics, Rikkyo University, Tokyo, Japan
2 Research Center for Measurements in Advanced Science, Rikkyo University, Tokyo, Japan

Quantum Scaling for the Metal-Insulator Transition in a Two-Dimensional
Electron System 36

V. Kagalovsky?, S.V. Kravchenko?, D. Nemirovsky?
! Shamoon College of Engineering, Beer-Sheva, Israel
2 Physics Department, Northeastern University, Boston, Massachusetts, USA

ELECTRONIC PROPERTIES OF CONDUCTING AND SUPERCONDUCTING SYSTEMS

Chair
11:00-11:15

11:15-11:30

Valentin Koverya

Topological features and transport properties of Sro.FeMoOs double perovskite 55

S. M. Konoplyuk, M. M. Krupa, Yu. B. Skyrta
Institute of magnetism of NAS of Ukraine and MES of Ukraine, Kyiv, Ukraine

Effect of dysprosium trioxide on the structural and electrical properties of

TI-1223 HTS 56
I. R. Metskhvarishvili?, G. N. Dgebuadze!, D. L. Surmanidze®?,

T. E. Lobzhanidze®, B. G. Bendeliani!, V. M. Gabunial*, M. R. Metskhvarishvili®,

D. A. Jishiashvili®

lia Vekua Sukhumi Institute of Physics and Technology, Laboratory of Cryogenic Technique and
Technologies, Thilisi, Georgia

2 Georgian Technical University, Faculty of Informatics and Control Systems, Department of
Microprocessor and Measurement Systems, Thilisi, Georgia

3 lvane Javakhishvili Thilisi State University, Faculty of Exact and Natural Sciences, Department of
Chemistry, Thilisi, Georgia

4 Petre Melikishvili Institute of Physical and Organic Chemistry of the Iv. Javakhishvili Thilisi State
University, Thilisi, Georgia

5“Talga™ Institute of Georgian Technical University, Thilisi, Georgia

6V. Chavchanidze Institute of Cybernetics of the Georgian Technical University, Thilisi, Georgia




11:30-11:45

11:45-12:00

12:00-12:15
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New states of Fermi superliquid with conformational degrees of freedom 57

M. Yu. Kovalevsky!, A. A. Rozhkov?
INSC ““Kharkiv Institute of Physics and Technology™, Kharkiv,Ukraine
2 National Technical University Kharkiv Polytechnical Institute, Kharkiv,Ukraine

Influence of strong electron irradiation on fluctuation conductivity and

pseudogap in YBaxCuzO7-5 single crystals 58
A. L. Solovjovi?, M. V. Shytov?, E. V. Petrenko?, L. V. Bludoval, R. V. Vovk?,

K. Rogacki?

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2 Institute for Low Temperatures and Structure Research, Wroclaw, Poland
% Department of Physics, V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

A detailed investigation of anomalies on the temperature dependences of

the electrical resistance of Bigg.0sMnu1.92 in fields up to 90 kOe 59
V. M. Yarowyil, K. Rogacki?, A. V. Terekhov!, E. Lahderanta®, A. L. Solovjov?

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2 Institute for Low Temperatures and Structure Research, Wroclaw, Poland

% Lappeenranta University of Technology, School of Engineering Science, Lappeenranta, Finland

12:15-13:00

BREAK

PLENARY LECTURES OF INVITED SPEAKERS

Chair
13:00-13:30

13:30-14:00

Yuliya Savina

Quantum transport and optics theory and simulations with applications to
noninvasive medical diagnostics and novel photonic functionalities 42

M.F. Pereiral?, Humaira Zafar! and A. Apostolakis?
! Department of Physics, Khalifa University of Science and Technology, UAE
2 Institute of Physics, Czech Academy of Sciences, Czech Republic

Analysis, design, and applications of polygon mirror-based laser scanners 33

V.-F. Duma'*® and M.-A. Duma*

1 30M Optomechatronics Group, Faculty of Engineering, Aurel Vlaicu University of Arad, Arad,
Romania

2 Faculty of Electronics, Telecommunications, and Information Technology, Polytechnic University of
Timisoara, Timisoara, Romania

% National University of Science and Technology POLITEHNICA Bucharest, Center of Research and
Development for Mechatronics, Bucharest, Romania

4School of Science and Engineering, University of Groningen, The Netherlands

OPTICS, PHOTONICS AND OPTICAL SPECTROSCOPY

Chair
14:00-14:15

14:15-14:30

Yuliya Savina

Luminescent and scintillation properties of CsPbCls perovskite crystal 103
V. Kolomiets, V. Kapustianyk
I. Franko National University of Lviv, Physics Department, Lviv, Ukraine

Peculiarities of J-Aggregate Formation in Liquid Crystal Matrices: Enhancing
Stability and Optoelectronic Characteristics 104
I. Yu. Ropakova!, O. M. Samoilov?, I. I. Grankina!, S. L. Yefimova?!, O. V. Sorokin?,

N. A. Kasian!, S. S. Hrankina?, L. N. Lisetski'

! Institute for Scintillation Materials of NAS of Ukraine Kharkiv, Kharkiv 61072, Ukraine
2 Kharkiv National Medical University, Kharkiv, Ukraine




Conference Program

14:30-14:45 Engineering optical metasurfaces for far- and near-field applications 105
A. A. Hrinchenko?!, O. Yu. Demianyk?, S. Yu. Polevoy?, A. I. Ovcharenko?,
V. R. Tuz}, K. E. Nemchenko?, O. Y. Yermakov?
1V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
20. Ya. Usikov Institute for Radiophysics and Electronics NAS of Ukraine, Kharkiv, Ukraine
14:45-15:00 Polaritons in the magnetic-«epsilon-near-zero» multilayers, with noncollinear
orientation of magnetizations 106
A. F. Bukhanko
Donetsk Institute for Physics and Engineering Named after O.0. Galkin, Kyiv, Ukraine
15:00-15:30 BREAK
PLENARY LECTURES OF INVITED SPEAKERS
Chair Oleksii Konotop
15:30-16:00 Optical emission studies of C, formation upon electron irradiation of Ar

matrices doped with CH4 45

M. A. Bludov, I. V. Khyzhniy, S. A. Uyutnov, E. V. Savchenko
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

QUANTUM LIQUIDS AND QUANTUM CRYSTALS, CRYOCRYSTALS

Chair
16:00-16:15

16:15-16:30

16:30-16:45

16:45-17:00

Oleksii Konotop

Influence of acoustic emission on the resonance properties of a quartz tuning
fork vibrating in superfluid ®He - “He mixtures 123

V. K. Chagovets, V. E. Syvokon, S. S. Sokolov
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Two-step energy dissipation of oscillating tuning fork in 3He-*He superfluid
mixtures 124

J. Amrit!, N. Herashchenko?, K. Nemchenko?, S. Rogova?, T. Vikhtinskaya?
LLISN, CNRS, Université Paris-Saclay, Orsay, France
2V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Phase composition of large substrate-free binary Ar-Kr clusters 125

0. P. Konotop, O. G. Danylchenko
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

BREAK
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17:00-18:40

POSTER SESSION (1 AND 4 SECTIONS)

ELECTRONIC PROPERTIES OF CONDUCTING AND SUPERCONDUCTING SYSTEMS

Chairs
17:00-17:15
17:15-17:30
P1

P2

P3

P4

P5

P6

P7

17:35-17:50
17:50-18:05
P8

Valentin Koverya and Oleksii Konotop

All participants of Stage 1 (short presentation one by one for 1,5 — 2 minutes)

Breakout Rooms Stage 1

The acoustoelectric transformation in the mixed state in superconducting
chalcogenides FeSe1xSx (x=0.075)

G. A. Zvyagina®, V. D. Fil, I. V. Bilych?, K. R. Zhekov?, D. V. Fil*3

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2 Institute for Single Crystals, NAS of Ukraine, Kharkiv, Ukraine
3V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

Combined electrical breakdown of a dielectric nanolayer between
thin film electrodes

S. I. Bondarenko, A. V. Krevsun, V. P. Koverya
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

The formation of IVV-characteristics of long Josephson junctions at
zero-field steps

A. Grib, O. Chykina
V. N. Karazin National University, Kharkiv, Ukraine

Experimental evidences for a favor of the staged nature of temperature
evolution of the HTSC’s pseudogap state

N. A. Azarenkov, V. A. Frolov, E. V. Karaseva, V. I. Sokolenko, A. V. Poida
National Science Center Kharkiv Institute of Physics and Technology, Kharkiv, Ukraine

Quantum capacitance of qubit-based systems
0. Y. Kitsenko'?, S. N. Shevchenko?

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Electron transport in one dimensional disordered lattice

M. V. Klimov
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Pressure effect on electronic structure and magnetic properties of LaFeAsO

A. S. Panfilov, I. P. Kobzar, G. E. Grechnev, A. V. Fedorchenko
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

All participants of Stage 2 (short presentation one by one for 1,5 — 2 minutes)

Breakout Rooms Stage 2

Edge states at the boundary of hexagonal and Lieb lattices in a quantizing
magnetic field

I. V. Kozlov, Yu. A. Kolesnichenko
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

60

61

62

63

64

65

66

67



P9

P10

P11

P12

P13

P14

Conference Program

Manifestation of homogeneous superconductivity in single-crystalline [100]
boron-doped diamond film near Superconductor-Insulator transition 68
0. Onufriienko?, P. Szabd!, V. V. Moshchalkov?, P. Samuely?, G. Zhang®** and

T. Samuely?

! Centre of Low Temperature Physics, Institute of Experimental Physics, Slovak Academy of Sciences
and Faculty of Science, P.J. Safarik University, KoSice, Slovakia

2 Department of Physics and Astronomy, KU Leuven, Heverlee, Belgium

% National Key Laboratory of Science and Technology on Advanced Composites in Special
Environments, Harbin Institute of Technology, Harbin, China

4 Zhengzhou Research Institute, Harbin Institute of Technology, Zhengzhou, China

Study of the pseudogap temperature dependence in YBCO films in
magnetic fieldsupto 8 T 69

E. V. Petrenko?, L. V. Bludoval, A. V. Terekhov!, A. L. Solovjov!, K. Rogacki?
1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Institute for Low Temperatures and Structure Research, Wroclaw, Poland

Experimental verification of the occurrence of rectified voltage (“diode effect”)
in multiply connected superconducting structures 70
A. G. Sivakov!, O. G. Turutanov??, A. S. Pokhilal, A. V. Krevsun?, A. E. Kolinko?,

and S. 1. Bondarenko'
1B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Department of Experimental Physics, Comenius University, Bratislava, Slovakia

Hopping Hall effect in multi-walled carbon nanotubes 71

R. M. Rudenko?, O. O. Voitsihovskal, A. A. Abakumov?, V. M. Poroshin?
YInstitute of Physics, Kyiv, Ukraine
2 L.V. Pisarzhevskii Institute of Physical Chemistry, Kyiv, Ukraine

Controlling the efficiency of the superconducting “diode effect” using

microwave radiation 72
A. G. Sivakov!, O. G. Turutanov®!, A. S. Pokhilal, A. E. Kolinko!, M. Grajcar?®

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2 Department of Experimental Physics, Comenius University, Bratislava, Slovakia

3 Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovakia

Josephson weak link based on proximity effect in long bimetallic thin-film

bridge 73
0. G. Turutanov!?, A. G. Sivakov?, A. S. Pokhila?, M. Grajcar'?

! Department of Experimental Physics, Comenius University, Bratislava, Slovakia

2B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

3 Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovakia

QUANTUM LIQUIDS AND QUANTUM CRYSTALS, CRYOCRYSTALS

Chairs
18:10-18:25
18:25-18:40
P15

Valentin Koverya and Oleksii Konotop
All participants of Stage 3 (short presentation one by one for 1,5 — 2 minutes)
Breakout Rooms Stage 3

Structural characteristics of solid nitrogen. Isotopic effect 127

N. A. Aksenoval, D. E. Hurova?, N. N. Galtsov?
1V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
2B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
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P17

P18

P19

P20

P20a
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Observation of new band in stimulated luminescence of solid nitrogen 128

M. A. Bludov, I. V. Khyzhniy, S. A. Uyutnov, E. V. Savchenko
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

The influence of a point impurity on the phonon spectrum of a chain of noble
gas atoms adsorbed on a carbon nanobundle 129

E. V. Manzhelii, [S. B. Feodosyev, E. S. Syrkin
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Observation of dynamic- and thermo- anomalies at surface electron to surface
anions transition over helium film on structured substrate 130

V. A. Nikolaenko, A. V. Smorodin, E. Ya. Rudavskii and S. S. Sokolov
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Four-particle states of low-dimensional fermions with three-body interaction 131

V. Polkanov, V. Pastukhov
Professor Ivan Vakarchuk Department for Theoretical Physics, lvan Franko National University of
Lviv, Lviv, Ukraine

Heat capacity features of epoxy-based composites with different graphene oxide
contributions at low temperatures 132
0. 0. Romantsova'?, D. Szewczyk?, A. Jezowski?, Yu. Horbatenko?,

0. Krivchikov'?, M. Vinnikov!, S. Cherednichenko!

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Institute of Low Temperatures and Structure Research, Wroclaw, Poland

Thermal conductivity of ABS polymer composite with 0.5 wt% of the thermally
reduced graphene oxide 126

V. V. Sagan, A. I. Krivchikov, V. A. Konstantinov
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

TUESDAY, 4th of JUNE

PLENARY LECTURES OF INVITED SPEAKERS

Chair
10:00-10:30

Maksym Barabashko

Electronic and Reactive Properties of Nano- and Sub-nano Clusters 31

Tore Brinck
Department of Chemistry, CBH, KTH Royal Institute of Technology, Stockholm, Sweden

NANOPHYSICS AND NANOTECHNOLOGIES

Chair
10:30-10:45

10:45-11:00

Maksym Barabashko

Rate-equation approach for a driven two-electron four-level

double-quantum dot 135
M. P. Liul*?, A. I. Ryzhov!?, S. N. Shevchenko?

1B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2 Theoretical Quantum Physics Laboratory, Cluster for Pioneering Research, RIKEN, Wakoshi,

Saitama, Japan

Selective uptake and desorption of carbon dioxide in carbon honeycombs 136

D. G. Diachenko, N. V. Krainyukova
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
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11:00-11:15

11:15-11:30

11:30-11:45

11:45-12:00

12:00-12:15

12:15-12:30

Conference Program

Aluminum uptake in carbon honeycomb 137

M. A. Kabanenko, D. G. Diachenko, N. V. Krainyukova
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Low-temperature ultrasonic investigation of severe deformed high-purity
titanium 138
V. S. Klochko, A. V. Korniiets, V. I. Sokolenko, V. I. Spitsyna, M. A. Shulgin,

I. F. Kislyak, I. V. Kolodiy, O. O. Kondratov, T. M. Tikhonovska
National Scientific Center "Kharkov Institute of Physics and Technology", Kharkiv, Ukraine

Impact of pressure on electrical properties of silver nanofilms 153
S. Udachan?, S. B. Kolavekar!, N. H. Ayachit?, L. A. Udachan?, S. Siddanna?,

S. S. Kolkundi®, K. N. Kumar*, S. Ramya®, S. Veeresh®

! Department of Physics, School of Advanced Sciences, KLE Technological University, Hubballi-

580031, India

2. S. Tegnoor Degree College, Kalaburagi-585105, India

3 Government First Grade College, Shahapur-585223, Yadgir, India

4 Department of Physics and Center for Nanomaterials and MEMS, Nitte Meenakshi Institute of
Technology, Yelahanka, Bangalore-560064, India.

5 Shree Sangam Vidya Mandir, Kalburagi, Karnataka, India.

Interpolation expressions for dependencies of heat transfer parameters on
the boundary diffusivity factor in nanoribbons 140
J. Amrit!, K. Nemchenko?, Ye. Nemchenko, S. Rogova?, M. Spotar?,

T. Vikhtinskaya?
LLISN, Université Paris-Saclay, CNRS, Orsay, France
2V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Heat transfer in 3D samples of definite cross-section at diffusive boundary
scattering 141

J. Amrit!, K. Nemchenko?, Ye. Nemchenko?, S. Rogova?, T. Vikhtinskaya?
LLISN, Université Paris-Saclay, CNRS, Orsay, France
2V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Iterative analytical solution to the problem of heat flow in
a two-dimensional conductor 142

J. Amrit!, K. Nemchenko?, M. Spotar?, T. Vikhtinskaya?
LLISN, Université Paris-Saclay, CNRS, Orsay, France
2V.N.Karazin Kharkiv National University, Kharkiv, Ukraine

12:30-13:30

BREAK

PLENARY LECTURES OF INVITED SPEAKERS

Chair
13:30-14:00

14:00-14:30

Sergii Poperezhai

Challenging properties of magnetic shape memory alloys 41
V. A. L’vovt?

YInstitute of Magnetism NAS of Ukraine and MES of Ukraine, Kyiv, Ukraine

2 Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

Controlling multimagnon processes in magnetic nanostructures 48
R. Verbal, J. Kharlan'?, V. Borynskyi!, D. Slobodianiuk®?, A. Etesamirad®,

I. Barsukov*

YInstitute of Magnetism NAS of Ukraine and MES of Ukraine, Kyiv, Ukraine,

ZInstitute of Spintronics and Quantum Information, Adam Mickiewicz University, Poznas, Poland

3 Institute of High Technologies, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,

4 Physics and Astronomy, University of California, Riverside, USA
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MAGNETISM AND MAGNETIC MATERIALS

Chair
14:30-14:45

14:45-15:00

15:00-15:15

15:15-15:30

15:30-15:45

15:45-16:00

16:00-16:15

16:15-16:30

16:30-16:45

Sergii Poperezhai

Effect of higher-order exchange interactions for skyrmion stability in
monolayer MnSeTe
Megha Arya!, Lionel Calmels!, Ritmi Arras?, Soumyajyoti Haldar?, Stefan Heinze?,

and Dongzhe Lit
L CEMES, Universiti de Toulouse, CNRS, Toulouse, France
2 Institute of Theoretical Physics and Astrophysics, University of Kiel, Kiel, Germany

Ni-Fe-based layered double hydroxides: cluster glass and low-temperature
magnetic phase separation

A. V. Fedorchenko?, E. L. Fertman?, Yu. G. Pashkevich?, D. E. L. Vieira®,

E. Cizmar*, V. Tkag*, R. Tarasenko?, A. Feher®, A. N. Salak®

1B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2. Galkin Donetsk Institute for Physics and Engineering, Kyiv, Ukraine

3 Aveiro Institute of Materials, University of Aveiro, Aveiro, Portugal
4 Institute of Physics, Faculty of Science, P.J. Safarik University in KoSice, KoSice, Slovakia

Nano-Oscillator Based on a 3D Non-Uniform Antiferromagnetic Spin Texture
V. S. Gerasimchuk?, Yu. I. Gorobets!?, O. Yu. Gorobets!, I. V. Gerasimchuk!+?

! National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
2 Institute of Magnetism, NAS of Ukraine and MES of Ukraine, Kyiv, Ukraine

Multiphonon Raman scattering in BaBiO3

A. Glamazda®#, V. Gnezdilov*?, P. Lemmens??

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, 61103, Ukraine
2 Institute for Condensed Matter Physics, TU-Braunschweig, Braunschweig, Germany

% Technische Universitat Braunschweig, Braunschweig, Germany

4V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Quasi-two-dimensional S = 1/2 antiferromagnet Cu[CsH2(COQ).][C2HsNHs]2:
evidence of field-induced Berezinskii—Kosterlitz—Thouless transition
I. Kozin!, R. Tarasenko! A. Orendacoval, E. Cizmar!, P. Danylchenko?, V. Tkéag!,

and M. Orendag? ]
Institute of Physics, Faculty of Science, P.J. Safarik University in KoSice, KoSice, Slovakia

Locked domain structure of magnetostrictive FeTb/Fe multilayers via
the Fe sublayers

Iryna Lukiienko!?, Vojtéch Uhlii

! Central European Institute of Technology, Brno University of Technology, Brno, Czechia
2B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Single-layer methods for three-dimensional tensor networks
I. V. Lukin!? A. G. Sotnikov'?

! Karazin Kharkiv National University, Kharkiv, Ukraine
2 Akhiezer Institute for Theoretical Physics, NSC KIPT, Kharkiv, Ukraine

Spectroscopic signatures of cross-Kerr coupling in a vibrating magnetic beam
A. M. Sokolov?, T. T. Heikkil&?

Institute of Physics of the National Academy of Sciences, Kyiv

2 University of Jyvaskyla, Jyvaskyla, Finland

Electrical and magnetic properties of (C2HsNH3).CuCls magnetic multiferroic
at low temperatures

0. I. Viral, Yu. Eliashevskyy?, V. Kapustianyk?, R. Tarasenko?

!lvan Franko National University of Lviv, Faculty of Physics, Lviv, Ukraine
2 pavol Jozef Safarik University, Institute of Physics, Faculty of Science, Kosice, Slovakia
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16:45-17:15

BREAK

17:15-19:30

POSTER SESSION (2 AND 3 SECTIONS)

MAGNETISM AND MAGNETIC MATERIALS

Chairs
17:15-17:30
17:30-17:45
P21

P22

P23

P24

P25

P26

P27

Sergii Poperezhai and Yuliya Savina
All participants of Stage 1 (short presentation one by one for 1,5 — 2 minutes)
Breakout Rooms Stage 1

Features of magnetic properties of a-Cr3(POa4)2 crystal 87
0. Bludov?, Yu. Savinal, V. Pashchenko!, M. Kobets! T. Zajarniuk?,

M.U. Gutowska?, A. Szewczyk?
1B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Institute of Physics of PAS, Warsaw, Poland

Temperature changes in magnetostatic properties of Al-doped yttrium iron
garnets 88
V. Yu. Borynskyil, A. F. Kravets?, D. L. Popadiuk?®, Yu. Yu. Shlapa?, S. O. Solopan?,

A. G. Belous?, A. I. Tovstolytkin?
Institute of Magnetism of the NAS of Ukraine and MES of Ukraine, Kyiv, Ukraine
2V.1. Vernadsky Institute of General and Inorganic Chemistry, Kyiv, Ukraine

Lattice dynamics in the thiospinel Culr.Ss: Raman spectroscopic studies across
the metal-insulator transition 89
A. Glamazda®®, V. Gnezdilov!?, V. Tsurkan*®, P. Lemmens®®

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2 Institute of Condensed Matter Physics, TU Braunschweig, Braunschweig, Germany

3V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

4 Experimental Physics V, Center for Electronic Correlations and Magnetism, University of Augsburg,
Augsburg, Germany

S Institute of Applied Physics, Moldova State University, Chisinau, Moldova

¢ Laboratory of Emerging Nanometrology LENA, Braunschweig, Germany

Magnetic Properties of Low-dimensional Spin System Formed by Spin-1/2 XX
Chains Coupled through Ising Spins 90

E. V. Ezerskaya, A. O. Kabatova, S. Ye. Kononenko
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

On the Energy Spectrum and Magnetic Properties of Quasi-One-Dimensional
Branched Spin Chain 91

E. V. Ezerskaya, D. D. Kolesnyk
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Low Temperature Magnetic Properties of Anisotropic Spin Ladder Systems 92
V. O. Cheranovskii, E. V. Ezerskaya, S. Ye. Kononenko
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Tunnel Magnetic Contacts with Perpendicular Anisotropy of Magnetic
Electrodes as Promising Elements for Recording Information 93

M. M. Krupa
Institute of Magnetism of the NAS of Ukraine and MES of Ukraine, Kyiv, Ukraine
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17:50-18:05 All participants of Stage 2 (short presentation one by one for 1,5 — 2 minutes)
18:05-18:20 Breakout Rooms Stage 2

P28

P29

P30

P31

P32

P33

P34

The possibility of existence the magnetic field induced structural phase
transition in KEr(MoOs).

N. Nesterenko?, K. Kutko!, B. Bernath?, D. Kamenskyi®

1B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2 High Field Magnet Laboratory (HFML - EMFL) Radboud University, Nijmegen, The Netherlands
3 Experimental Physics V, Center for Electronic Correlations and Magnetism, Institute of Physics,
University of Augsburg, Augsburg, Germany

Magnetic susceptibility as a tool for studying the phenomenon of
mixed valence in SmBs
A. A. Lyogenkaya®, A. S. Panfilov!, V. A. Desnenko?, G. E. Grechnev?,

and N. Yu. Shitsevalova?
1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Institute for Problems of Materials Science of the NAS of Ukraine, Kyiv, Ukraine

Position of optical axes of magnetized along tetragonal axis antiferromagnetic
garnet CasMn,GesO12
0. V. Bibik?, O. V. Myloslavska®, Yu. Kharchenko?!, M. Kharchenko?

1B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Georgia Institute of Technology | GT - School of Aerospace Engineering Atlanta, Georgia, USA

Spectroscopic peculiarities of a trigonal TbAI3(BO3)4 single crystal

A. V. Peschanskii', A. Yu. Glamazda®?
1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Determination of Nd-Fe exchange interaction signs in excited states of Nd3* in
NdFes(BO3)4 crystal using optical spectroscopy

V. G. Piryatinskaya, V. S. Kurnosov, I. S. Kachur
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Impact of the magnetic Fe*" ions substitution by nonmagnetic Ga®** on
the properties of holmium iron borate
Yu. Savina!, O. Bludov?, V. Pashchenko?, T. Zajarniuk?, A. Lynnyk?,

M.U. Gutowska?, A. Szewczyk?
1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Institute of Physics, Polish Academy of Sciences, Warsaw, Poland

Nickel-zinc spinel ferrites: Synthesis and magnetic characterization

V. O. Zamorskyi!, A. F. Kravets!, D. L. Popadiuk?, Yu. Yu. Shlapa?, S. O. Solopan?,

A.G. Belous?, A. I. Tovstolytkin®
Institute of Magnetism of the NAS of Ukraine and MES of Ukraine, Kyiv, Ukraine
2V.1. Vernadsky Institute of General and Inorganic Chemistry of the NAS of Ukraine, Kyiv, Ukraine

94

95

96

97

98

99

100
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OPTICS, PHOTONICS AND OPTICAL SPECTROSCOPY

Chairs
18:25-18:40
18:40-18:55
P35

P36

P37

P38

P39

P40

P41

Sergii Poperezhai and Yuliya Savina
All participants of Stage 3 (short presentation one by one for 1,5 — 2 minutes)
Breakout Rooms Stage 3

Temperature-dependent operation of laser passive Q-switches based on
polyurethane matrices 107
T. Bezrodna!, V. Bezrodnyil, A. Negriyko?, L. Kosyanchuk?, O. Antonenko?,

V. Nesprava'

Institute of Physics NAS of Ukraine, Kyiv, Ukraine
2 Institute of Macromolecular Chemistry NAS of Ukraine, Kyiv, Ukraine

First-principles investigation of optical features for

gyrotropic a-HgsS2Clz polymorph 108
0. V. Bokotey?!, T. V. Vu?, O. O. Bokotey?, A. G. Slivka?

! Faculty of Physics, Uzhhorod National University, Ukraine

2 Laboratory for Computational Physics, Institute for Computational Science and Artificial
Intelligence, Van Lang University, Ho Chi Minh City, Vietnam

Spectral characteristics of three-particle ionic molecular system of the exotic
Carbon atom in one-dimensional space 109
A. |. Haysak!, M. 1. Haysak?

1 Uzhhorod National University, Uzhhorod, Ukraine
2 Institute of Electron Physics NASc of Ukraine, Uzhhorod, Ukraine

Emission of monochromatic sub-THz radiation by IR-active

phonons in KY(Mo004)2 110
D. Kamenskyil?3, K. Vasin®, K. Kutko*, V. Khrustalyov*, S. G. Paviov?,

H.-W. Hubers!?

Institute of Optical Sensor Systems, German Aerospace Center (DLR), Berlin, Germany

2 Department of Physics, Humboldt-Universitét zu Berlin, Berlin, Germany

3 Experimental Physics V, Center for Electronic Correlations and Magnetism, Institute of Physics,
University of Augsburg, Augsburg, Germany

4B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Enhancement of local fields in the vicinity of biconic and bipyramidal metal
nanoparticles 111
A. V. Korotun'?

! National University Zaporizhzhia Politechnic, Zaporizhzhya, Ukraine
2G.V. Kurdyumov Institute for Metal Physics of the NAS of Ukraine, Kyiv, Ukraine

Frequency splitting of surface plasmon resonance in a cylindrical shell of
variable thickness 112
R. O. Malysh?, A. V. Korotun'?, 1. M. Titov!

! National University Zaporizhzhia Politechnic, Zaporizhzhia, Ukraine
2G.V. Kurdyumov Institute for Metal Physics of the NAS of Ukraine, Kyiv, Ukraine

Methodology for studying the properties of gas discharge plasma in mixtures of
inert gases with chalcogen atoms vapours 117

A. General, E. Svitlichnyi
Institute of Electron Physics of NAS of Ukraine, Uzhhorod, Ukraine
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19:15-19:30
P42

P43

P44

P45

P46

P47
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All participants of Stage 4 (short presentation one by one for 1,5 — 2 minutes)
Breakout Rooms Stage 4

Radiation efficiency of an ensemble of disk-shaped plasmonic nanoparticles

N. I. Pavlyshche!, A. V. Korotun'?, V. P. Kurbatsky*
! National University Zaporizhzhia Politechnic, Zaporizhzhia, Ukraine
2G.V. Kurdyumov Institute for Metal Physics of the NAS of Ukraine, Kyiv, Ukraine

Color centers in undoped lithium fluoride LiF
O.M. Pop, V.I. Roman, I.H. Megela, V.T. Maslyuk, 1.V. Pylypchynets,

E.V. Olejnikov, O.0. Papp
Institute of Electron Physics of NAS of Ukraine, Uzhhorod, Ukraine

Time limits for measurement of gravitational waves with dynamical
Casimir effect in solid-state detectors

A. M. Sokolov
Institute of Physics of the National Academy of Sciences, Kyiv, Ukraine

Optical response of chains of oblate metal nanospheroids on a dielectric
substrate

M. S. Maniuk?, A. V. Korotun®?, V. P. Kurbatsky
! National University Zaporizhzhia Politechnic, Zaporizhzhia, Ukraine
2G.V. Kurdyumov Institute for Metal Physics of the NAS of Ukraine, Kyiv, Ukraine

Experimental setup for spraying chalcogens onto a surface in a gas discharge

A. Minyal, E. Svitlichnyi?
1 Uzhgorod National University, Uzhgorod, Ukraine
2 Institute of Electron Physics of NAS of Ukraine, Uzhhorod, Ukraine

Relevance and prospects for studying low-temperature photoluminescence of
GO of various morphologies and its derivatives with impurities

V. N. Zoryansky, P. V. Zinoviev
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, 61103, Ukraine

114

115

116

113

118

119

WEDNESDAY, 5th of JUNE

PLENARY LECTURES OF INVITED SPEAKERS

Chair
10:00-10:30

10:30-11:00

Diana Hurova

Swift lon Irradiation Related to Complex Organic Molecules in Cold Space
Environments

P. Boduch, A. Domaracka, H. Rothard
Centre de Recherche sur les lons, les Matériaux et la Photonique, Normandie Univ, ENSICAEN,
UNICAEN, CEA, CNRS, CIMAP, Caen 14000, France

Contribution of mass spectrometry to molecular biophysics of nucleic acids

M. V. Kosevich
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

43

37
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BIOPHYSICS AND PHYSICS OF MACROMOLECULES

Chair
11:00-11:15

11:15-11:30

11:30-11:45

11:45-12:00

12:00-12:15

12:15-12:30

12:30-12:45

Diana Hurova

Characterization of graphene oxide by Raman spectroscopy and atomic force
microscopy 157

A. Glamazda®?, A. Linnik!, O. Lytvyn®, V. Karachevtsev!

1B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

3 Borys Grinchenko Kyiv University, Kyiv, Ukraine

Biopharmaceutical studies of a novel sedative drug based on glycine and
tryptophan in model membrane medium: revealing of bioavailability and
synergistic properties 163
0. V. Vashchenko?, R. Ye. Brodskii?, I. O. Davydova®, P. V. Vashchenko?,

O. I. Ivaniuk®, O. A. Ruban®

Institute for Scintillation Materials of NAS of Ukraine, Kharkiv, Ukraine
2 Institute for Single Crystals of NAS of Ukraine, Kharkiv, Ukraine

% National University of Pharmacy, Kharkiv, Ukraine

Electronic transport in composite film of reduced graphene oxide with
molybdenum disulfide 159

N. V. Kurnosov!, A. M. Plokhotnichenko?, V. A. Karachevtsev?
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Metal-dielectric metasurface sensoring structure for 1gG/glucose concentration
determination in solutions 160
K. S. Kuznetsova?, V. A. Pashynskal 2, Z. E. Eremenko®?

1 Usikov Institute for Radiophysics and Electronics of the NAS of Ukraine, Kharkiv Ukraine

2 B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

% Leibniz Institute for Solid State and Materials Research, Dresden, Germany

Biologically significant intermolecular interactions of doxorubicin with
phospholipids and supporting drug molecules 161
V. A. Pashynska?!, V. O. Karachevtsev!, A. Gomory?, L. Drahos?

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2 Institute of Organic Chemistry of the HUN-REN Research Center for Natural Sciences, Budapest,
Hungary

Influence of structural defects in MoS; on interaction with biological molecules 162
T. Piddubnyi?, S. Stepanian?, L. Adamowicz?

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2 Department of Chemistry and Biochemistry, University of Arizona, Tucson AZ, USA

Mathematical modeling of the freezing zone temperature dynamics of
the hydrogel for cryoablation and cryotherapy applications 158

0. V. lvakhnenko®?, S. N. Shevchenko?, and O. F. Todrin?

1B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2 Theoretical Quantum Physics Laboratory, Cluster for Pioneering Research, RIKEN, Wako, Saitama
Japan

3 Institute for Problems of Cryobiology and Cryomedicine, Kharkiv, Ukraine

12:45-14:00

BREAK
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PLENARY LECTURES OF INVITED SPEAKERS

Chair Diana Hurova
14:00-14:30 War-derived nanohybrids composed of carbon-containing smoke nanoparticles,
copper and sulphur compounds poses health hazard 32
G. Dovbeshko'?, O. Gnatyuk!?, V. Boiko!?, N. Kirsanoval?, O. Bezkrovnyi?,
N. Pozdnyakoval?, W. Strek!, T. Borisoval?®
! Institute of Low Temperature and Structure Research, Wroc/aw, Poland
2 |nstitute of Physics of National Academy of Sciences of Ukraine, Kyiv, Ukraine
3 0.V. Palladin Institute of Biochemistry of NAS of Ukraine, Kyiv, Ukraine
14:30-15:00 DNA as an exemplary polymer 39
Oleg Krichevsky
Physics Department, Ben-Gurion University of the Negev, Beer-Sheva, Israel
OPTICS ROUND TABLE
Chair Maksym Barabashko
15:00-15:30 International opportunities for researchers: Light of your future career
Nataliia Mysko-Krutik
Ruhr-Universitat, Bochum, Germany
15:30-16:00 Communicating Technical Expertise to Non-Technical Audiences
Olha Kravchuk
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
16:00-16:20 Photonics Cluster Ukraine 50
K. Gorokhovskyi
Public Union Photonics Cluster Ukraine, Kyiv, Ukraine
16:20-16:40 BREAK
16:40-19:00 POSTER SESSION (5 AND 6 SECTIONS)
NANOPHYSICS AND NANOTECHNOLOGIES
Chairs Maksym Barabashko and Diana Hurova
16:40-16:55 All participants of Stage 1 (short presentation one by one for 1,5 — 2 minutes)
16:55-17:10 Breakout Rooms Stage 1
P48 Aluminium doped ZnO thin films 143
V. V. Zaika, N. K. Shvachko, I. V. Sukhenko, V. L. Karbivskyy
G. V. Kurdyumov Institute for Metal Physics of NAS of Ukraine, Kyiv, Ukraine
P49 Modeling and calibration of the electrical features of submicron p-n and p-i-n
junction structures based on Si and GaAs over a broad temperature. 144

J. Sh. Abdullayev, I. B. Sapaev
National Research University TIIAME, Tashkent, Uzbekistan
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P50

P51

P52

P53

17:15-17:30
17:30-17:45
P54

P55

P56

P57

Conference Program

On the Energy Spectrum and Magnetic Properties of low-dimensional spin
systems of complex topology 145

K. S. Dzhenzherova, O. S. Dzhenzherov, E. V. Ezerskaya, V. O. Kovalenko
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Influence of the defects on the behavior of the heat capacity of

MWCNTSs with @9.4 nm 146
M. I. Bagatskii!, V. V. Sumarokov?, M. S. Barabashko?!, A. . Krivchikov?!,

A. Jezowski?, D. Szewczyk??

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

2\W. Trzebiatowski Institute for Low Temperatures and Structure Research, Wroclaw, Poland

% Low Temperature Laboratory, Condensed Matter Physics Department, Universidad Auténoma de
Madrid, Madrid, Spain

Raman, UV-Vis, MS and IR Characterization of Molecular-Colloidal Solution

of Hydrated Fullerenes Cso Obtained Using Vacuum-Sublimation Cryogenic
Deposition Method 147
R. M. Basnukaeva', S. V. Cherednichenko?, G. V. Andrievsky?, N. A. Vinnikov?!,

A. V. Dolbin, M. V. Kosevich?, V. S. Shelkovsky!, L. M. Buravtseva’,

G. I. Dovbeshko®#, O. P. Gnatyuk®, O. Bezkrovnyi*, M. Ptak*, M. Chaika®,

P. O. Kuzema®

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Institute of Physiologically Active Compounds LLC, Kharkiv, Ukraine,

% Institute of Physics of the National Academy of Sciences of Ukraine, Kiev, Ukraine
4 Institute of Low Temperatures and structural Research PAS, Wroclaw, Poland

5 Chuiko Institute of Surface Chemistry of NAS of Ukraine, Kyiv, Ukraine

Electron excitation energy transfer in mixed krypton-xenon clusters 148
Yu. S. Doronin, A. A. Tkachenko, V. L. Vakula, G. V. Kamarchuk,

O. G. Danylchenko and O. P. Konotop
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

All participants of Stage 2 (short presentation one by one for 1,5 — 2 minutes)
Breakout Rooms Stage 2

Mechanical stability and electronic properties of heterostructures
based on B-InSe/MoSe; 149

0. I. Korolov, K. E. Glukhov, L. Yu. Kharkhalis
Institute for Physics and Chemistry of Solid State, Uzhhorod National University, Uzhhorod, Ukraine

Electronic and Sensing Properties of ZnO Nanoribbons: a DFT Analysis 150

M. Kovalenko, O. Bovgyra, D. Malanchuk
Ivan Franko National University of Lviv, Lviv, Ukraine

Magnetotransport properties of carbon nanotubes decorated with magnetic

alloys 151
I. Ovsiienko!, D. Shpylkal, D. Zaiatc?, T. Len?, L. Matzui®, I. Mirzoiev?,

E. Beliayev?

! Taras Shevchenko National University of Kyiv, Departments of Physic, Kyiv, Ukraine
2B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Reversible luminescent hydrogen peroxide sensors based on
CeO2 and CeOzx:Eu®* nanocrystals 152
P. Maksimchuk?, Ye. Neuhodov?, K. Hubenko?, A. Onishchenko?, S. Yefimoval,

V. Seminko?!

! Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
2 Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
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Modification of transmission gaps by an optical field in a molecular field-effect
transistor 139

V.O. Leonov, E.G. Petrov, Ye.V. Shevchenko
Bogolyubov Institute for Theoretical Physics of NAS of Ukraine, Kyiv, Ukraine

BIOPHYSICS AND PHYSICS OF MACROMOLECULES

Chairs
17:50-18:05
18:05-18:20
P59

P60

P61

P62

P63

P64

P65

Maksym Barabashko and Diana Hurova
All participants of Stage 3 (short presentation one by one for 1,5 — 2 minutes)
Breakout Rooms Stage 3

Binding characteristics of systemic glucocorticoids with the SARS-CoV-2 spike
glycoprotein: in-silico evaluation 164

N. V. Khmil*?, V. G. Kolesnikov?, A. O. Boiechko-Nemovcha?
1 0. Ya. Usikov Institute for Radiophysics and Electronics of NAS of Ukraine, Kharkiv, Ukraine
2 Kharkiv National University of Radio Electronics, Kharkiv, Ukraine,

Intermolecular interactions of glutathione with molybdenum disulfide probed
by laser desorption/ionization mass spectrometry 165
0. A. Boryak!, V. A. Pashynska!, M. V. Kosevich?, P. O. Kuzema?,

V. A. Karachevtsev?
1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Chuiko Institute of Surface Chemistry of the NAS of Ukraine, Kyiv, Ukraine

Analysis of cholinomimetic pharmacological properties of a new agonist of
muscarinic cholinergic receptors 166
T. O. Fedirko!, O. V. Tsymbalyuk?, I. S. Voiteshenko?, S. A. Starosyla?,

V. G. Bdzhola®, A. O. Prykhod’ko®, A. Yu. Nyporko!

! Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2Receptor Al Inc., 20-22 Wenlock Road, London N1 7GU, United Kingdom
3 Institute of Molecular Biology and Genetics of NAS of Ukraine, Kyiv, Ukraine

The influence of the type of charged particles on the parameters of
zigzag patterns in BSA films 167
D. Glibitskiy*, O. Gorobchenko?, O. Nikolov?, T. Dzhimieva?, |. Zaitseva®?,

A. Roshal*, M. Semenov?, G. Glibitskiy!

1 0. Ya. Usikov Institute for Radiophysics and Electronics, NAS of Ukraine, Kharkiv, Ukraine;
2V. N. Karazin Kharkiv National University, Kharkiv, Ukraine;

0. M. Beketov National University of Urban Economy in Kharkiv, Kharkiv, Ukraine;

4 Institute for Chemistry, V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Immobilization of glucose oxidase on graphene using 1-pyrenebutanoic acid
succinimide ester: molecular dynamics study 168

M. V. Karachevtsev, V. A. Karachevtsev
B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Fluorescence responses of silica gel films with two coumarin dyes measured on
a portable endogenous acetone analyzer in the microconcentration range 169

Ya. P. Lazorenko, V. P. Mitsai
Institute of Magnetism NAS of Ukraine and MES of Ukraine, Kyiv, Ukraine

Study of fluorescent responses of film polymer structures with dyes and
guantum dots using a model of a portable analyzer of endogenous ammonia
trace concentrations 170

V. P. Mitsai, Ya. P. Lazorenko
Institute of Magnetism NAS of Ukraine and MES of Ukraine, Kyiv, Ukraine
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18:25-18:40
18:40-19:00
P66

P67

P68

P69

P70

P71

Conference Program

All participants of Stage 4 (short presentation one by one for 1,5 — 2 minutes)
Breakout Rooms Stage 4

Binding of Pheophorbide-a and its Derivatives to Biopolymers of Different
Composition and Secondary Structure: a Spectroscopic Study
0. A. Ryazanova?!, I. M. Voloshin?, L. V. Dubey?, 1. Ya. Dubey?, and

V. A. Karachevtsev?
1B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Institute of Molecular Biology and Genetics of NAS of Ukraine, Kyiv, Ukraine

Mass spectrometric probing of nanocomposite of methylene blue with
molybdenum disulfide flakes

V. S. Shelkovsky?, O. A. Boryak!, M. V. Kosevich?!, P. O. Kuzema?,

V. A. Karachevtsev!

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 Chuiko Institute of Surface Chemistry of the NAS of Ukraine, Kyiv, Ukraine

The comparative characterization of DNA:TiO2 nanoparticle and DNA:MoS>
nanoparticle nanoassemblies colloidal solutions investigated by dynamic light
scattering method

A. Yu. Svidzerska!, V. A. Valeev!, A. N. Lahuta??, S. I. Petrushenko?,

A. Yu. Glamazdal, V. A. Karachevtsev*

1B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

3 Aston University, Birmingham B4 7ET, U.K.

Effect of TiO. nanoparticles on the thermal stability of native DNA under
conditions close to physiological ones

E. L. Usenko, A. Yu. Glamazda, V. A. Valeev, V. A. Karachevtsev
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

PEGylation of cytosine nucleic acid base: experiment and modeling
V. G. Zobnina, M. V. Kosevich
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

The effect of glycocalyx on the partitioning of antimicrobial peptides into
plasma membrane of erythrocytes

O. Yu. Borikov, D. A. Liadov, V. P. Berest

V.N. Karazin Kharkiv National University, 4 Svobody Sq., Kharkiv, 61022, Ukraine

171

172

173

174

175

176

THURSDAY, 6th of JUNE

PLENARY LECTURES OF INVITED SPEAKERS

Chair
10:00-10:30

Anna Herus

Leverage cloud technologies for enhanced research data accessibility and more

effective scientific collaboration
Philipp Jaeger
Pexon Consulting GmbH, Eschborn, Germany

35
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TECHNOLOGIES AND INSTRUMENTATION FOR PHYSICAL EXPERIMENTS

Chair Anna Herus
10:30-10:45 Control of the effective value of b parameter in an RF SQUID by
the high-frequency electromagnetic field 235

V. I. Shnyrkov'?, V. Yu. Lyakhno'?, O. G. Turutanov*3, O. O. Leha®
1 G.V. Kurdyumov Institute for Metal Physics, N.A.S. of Ukraine, Kyiv, Ukraine

2 Kiev Academic University, Kiev, Ukraine

3 B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
4 Department of Experimental Physics, Comenius University, Bratislava, Slovakia

10:45-11:00 System spectral analysis of infrasonic waves in the atmosphere caused by
a powerful explosion of a unique volcano 236
L. F. Chernogor?, O. I. Liashchuk?, M. B. Shevelev!, N. M. Tilichenko!

1V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
2 Main Center of Special Monitoring, urban village Gorodok, Zhitomir region, Ukraine

PLENARY LECTURES OF INVITED SPEAKERS

Chair Yevhen Petrenko

11:00-11:30 Exploring the Unified Theory of Thermal Transport: Experimental Insights,
Predictive Precision, and Phenomenological Implications 47

D. Szewczyk?, A. 1. Krivchikovl?, A. Jezowskil
Institute for Low Temperatures and Structure Research, Wroclaw, Poland
2B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

11:30-12:00 Functional properties of Ni-Mn-based alloys: Theory and experiment 38

Anna Kosogor!?
Institute of Magnetism NASU and MESU, Kyiv, Ukraine
2 University of Vienna, Faculty of Physics, Vienna, Austria

12:00-12:30 Topological semimetals in heavy fermion compounds 51

Silke Paschen
Institute of Solid State Physics, Vienna University of Technology, Vienna, Austria

MATERIALS SCIENCE

Chair Yevhen Petrenko

12:30-12:45 First-principles study of point defects in C-doped yttrium aluminum garnet 179

K. V. Hermash?, D. V. Fil'?
YInstitute for Single Crystals of NAS of Ukraine, Kharkiv, Ukraine
2 Karazin Kharkiv National University, Kharkiv, Ukraine

12:45-13:00 Ring and linear structures of CdTe clusters 180
I. V. Semkiv, M. Y. Rudysh?3 R. S. Yavorskyi*, N. Y. Kashuba,
P. A. Shchepanskyi?, A. 1. Kashuba®
! Lviv Polytechnic National University, Lviv, Ukraine
2 lvan Franko National University of Lviv, Lviv, Ukraine
3 Jan D#ugosz University in Czestochowa, Czestochowa, Poland
4Vasyl Stefanyk Precarpathian National University, Ivano-Frankivsk, Ukraine
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13:00-14:00 BREAK

MATERIALS SCIENCE

Chair Yevhen Petrenko

14:00-14:15 Influence of Long-Term Exposure on Mechanical Properties of Polyimide
Kapton H Films 182

V. A. Lototskaya, L. F. Yakovenko
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, 61103, Ukraine

14:15-14:30 Radiation-Induced Effects in Polyimide Kapton H Films of Different
Thicknesses. Influence on Mechanical Properties 183
V. A. Lototskaya, L. F. Yakovenko, G. I. Saltevskiy, I. P. Zaritskiy, Yu. S. Doronin,

A. A. Tkachenko
B.Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, 61103, Ukraine

14:30-14:45 Hysteresis phenomena in Cd2P,Se layered crystals 184

H. Ban, D. Gal, S. Motrja, A. Molnar
Uzhhorod National University, Department of the Physics of Semiconductors, Uzhhorod, Ukraine

14:45-15:00 Multiple phase transitions in thin ethanol films obtained by physical deposition
from the gas phase 185
A. Aldiyarov?, D. Yerezhep?2, D. Yu. Sokolov!*, E. Korshikov!, A. Nurmukan®
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2 Sathayev University, Almaty, Kazakhstan
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Chairs Yevhen Petrenko and Diana Hurova
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P72 Microcomputers’ applications at robotic medical systems prototypes 237
V. V. Anufriiev, O. O. Kravchuk, E. P. Fedorenko
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hydrocarbon materials 238
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M. Romanov?, D. Harbuz!, V. Gudimenko?, O. Pospelov?, D. Chudak?,
G. Kamarchuk!

1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2 National Technical University “Kharkiv Polytechnic Institute””, Kharkiv, Ukraine
3V. Karazin Kharkiv National University, Kharkiv, Ukraine

MATERIALS SCIENCE

Chairs Yevhen Petrenko and Diana Hurova
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P76 In situ video recording of crystallization of amorphous Sb.Ses films 189
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P77 Optical properties of TlsTaSes chalcogenide crystals 190
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P78 Study of Structural and Mechanical Properties of
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M. E. Ishaje!, K. A. Minakova?, V. A. Sirenko?, 1. S. Bondar®
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Relationship between microhardness and yield strength of nanostructured
CoCrFeNiMn high-entropy alloy at T=77-290 K
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M. A. Tikhonovsky?, Y. Huang?, T. Langdon®
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V. Geidarov, I. Braude, Yu. Pohribna
B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

The influence of internal strains induced by hydrogen on the electrical
resistivity of the nanocrystalline vanadium film

A. Grib, A. Kononenko, S. Petrushenko, S. Dukarov
V. N. Karazin National University, Kharkiv, Ukraine
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Influence of phase disequilibrium on changes in elastic properties of
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Electronic Structure of Sr-doped CsPbClz Crystal:
First Principles Investigation
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Ivan Franko National University of Lviv, Lviv, Ukraine
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nanocomposites
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The specificity of the interaction of palladium with hydrogen
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Donetsk National Technical University "Donetsk National Technical University", Lutsk, Ukraine
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the microstructure of ultrafine-grained/nanocrystalline titanium
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B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine

Dilatometric properties of Rb2SO4 crystals in the region of low temperatures
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The reverse indentation size effect in heavily deformed materials
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B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
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The influence of the Gorsky effect on the hydrogen diffusion and the formation
of microcracks in vanadium films 213

A. Grib, A. Yaroshenko
V. N. Karazin National University, Kharkiv, Ukraine

Mechanical properties of high-entropy CoCrFeNiCy alloys at 77 K and 300 K 181

A. V. Levenets, V. S. Okovit, M. A. Tikhonovsky, O. M. Velikodnyi
National Science Center "Kharkiv Institute of Physics and Technology"” of NAS of Ukraine,
Kharkiv, Ukraine
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Fractional types of statistics: state of the art and some historical flashbacks 44
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Professor Ivan Vakarchuk Department for Theoretical Physics, lvan Franko National University of
Lviv, Lviv, Ukraine
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Chair
10:30-10:45

10:45-11:00

11:00-11:15

11:15-11:30
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Denys Laptev

Spectral characteristics and energy gaps of 2D and 3D quantum many-body
systems in thermodynamic limit 217
I. V. Lukin*?, D. I. Bondar®, A. G. Sotnikov*?

! Karazin Kharkiv National University, Kharkiv, Ukraine

2 Akhiezer Institute for Theoretical Physics, NSC KIPT, Kharkiv, Ukraine

3 Department of Physics and Engineering Physics, Tulane University, New Orleans, LA, USA

Quantum control and enhancement of superconducting pairing in

one-dimensional Fermi-Hubbard chains 218
0. V. Povitchan®, D. I. Bondar?, A. G. Sotnikov'?

1V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

2 Department of Physics and Engineering Physics, Tulane University, New Orleans, LA, USA

3 Akhiezer Institute for Theoretical Physics, NSC KIPT, Kharkiv, Ukraine

Identification of Open Quantum Systems: A Novel Approach Based on
Polynomial Optimization 219

Z. Popovych, D. Bondar

Department of Physics and Engineering Physics, Tulane University, New Orleans, LA, USA

Effects of symmetry breaking in four component interacting Fermi gas in

periodic potential 220

V. I. Unukovych?, A. G. Sotnikov?
1V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
2 Akhiezer Institute for Theoretical Physics, NSC KIPT, Kharkiv, Ukraine

Magnetic states in the XY Heisenberg model on the honeycomb lattice 221

I. V. Lukin®?, M. O. Luhanko?!, A. G. Sotnikov'
! Karazin Kharkiv National University, Kharkiv, Ukraine
2 Akhiezer Institute for Theoretical Physics, NSC KIPT, Ukraine
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11:45-12:00 Residual symmetry and classification of degenerate states of equilibrium SU(4)
magnets with spin s=3/2 222
M. Yu. Kovalevsky, A. A. Rozhkov
National Scientific Center "Kharkov Physics and Technology Institute™ Kharkiv, Ukraine

12:05-12:30 POSTER SESSION (8 SECTION)

THEORY OF CONDENSED MATTER PHYSICS

Chairs Denys Laptev and Diana Hurova

12:05-12:15 All participants of Stage 1 (short presentation one by one for 1,5 — 2 minutes)

12:15-12:30 Breakout Rooms Stage 1

P102 Many-body hamiltonian on the basis of spherical tensor operators for studying
collective phenomena in quantum high-spin systems 229
M. Bulakhov?, A. S. Peletminskii'2, and Yu. V. Slyusarenko®-2
! Akhiezer Institute for Theoretical Physics, National Science Center "Kharkiv Institute of Physics and
Technology", NAS of Ukraine, Kharkiv, Ukraine
2V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

P103 Calculation of optical modes for chalcogenide compounds SnzP2Xs (X=S, Se) 230
V. Yu. Klevets, N. D. Savchenko, A. G. Slivka, A. I. Susla, V. Yu. Bihanych
Uzhhorod National University, Uzhhorod, Ukraine

P104 Nonequilibrium protection effect and spatial localization of noise-induced
fluctuations under gas flow scattering on partially penetrable obstacle 231
S. P. Lukyanets, O. V. Kliushnichenko
Institute of Physics of NAS of Ukraine, Kyiv, Ukraine

P105 Electron-impact excitation and ionization of K atom 232
V. Roman
Institute of Electron Physics, National Academy of Sciences of Ukraine, Uzhhorod, Ukraine
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14:00-14:30 Controlled rotations of a hot hole spin qubits 49
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E. Bakkers?, J. C. Egues?, D. Loss'#, D. Zumbiinhl*

1 University of Basel, Switzerland

2QuTech and Kavli Institute of Nanoscience, Delft University of Technology, Netherlands

% Eindhoven University of Technology, Netherlands 4 Instituto de Fisica de Sdo Carlos, Universidade
de S&o Paulo, S&o Carlos, Brazil
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Electronic and Reactive Properties of Nano- and Sub-nano Clusters
Tore Brinck

Department of Chemistry, CBH, KTH Royal Institute of Technology,
SE-100 44 Stockholm, Sweden
e-mail: tore@kth.se

Nanoparticles of metals and metal oxides often have physical and chemical properties that are
distinctly different from crystalline materials of the same chemical composition. A classic example
is the reactivity of gold; crystalline gold is chemically inert whereas nanoparticles are known to be
efficient catalysts. Most commonly, the size dependence of properties has been rationalized in terms
of electronic structure modulation due to quantum confinement. However, this rationale is in many
instances in disagreement with empirical observations. As an example, the size effect in gold
catalysis has been connected to an increasing frequency of low coordinated binding sites, i.e.
corners, with diminishing particle size rather than quantum confinement. Moreover, nanostructural
effects induced by local structure variations, e.g. steps or dislocations, on crystalline metal surfaces
cannot be attributed to a reduction in the translational freedom of electrons.

We have recently shown that the nanostructural effect on the catalytic properties of coinage
metals, i.e. Cu, Ag, Au, is a consequence of high positive surface electrostatic potential [Vs(r)] at
the low-coordinated atomic sites, e.g. the corner of nanoclusters[1,2]. The magnitude of Vs(r) at the
corner sites is independent of particle size for symmetrical clusters within the range of 8-512 atoms.
In non-symmetrical clusters there is a direct correlation between the Vs(r) maxima and the binding
affinity of Lewis bases at those sites. Positive Vs(r) at low coordinated sites are also found for other
metals and the magnitude of Vs(r) can be rationalized from the atomic electron configuration by
means of the s-hole concept[1-3]. In this presentation, | will discuss how the Vs(r) of nanoclusters
and crystalline surfaces can be modulated by changes to the chemical and geometric structure and
how the resulting Vs(r) affects physical and chemical properties[1-4]. The procedure for calculating
Vs(r) by means of periodic density functional theory will also be described.

In the final part of the talk, I will focus on the recent observation by Savchenko et al. of
vibrational fine structure in the g-line of solid N2 as detected by NIR cathodoluminescence
spectroscopy[5]. The potential molecular species behind this observation will be discussed with
reference to our earlier quantum chemical studies of sub-nano nitrogen clusters[6,7].

[1] J. H. Stenlid, T. Brinck. J. Am. Chem. Soc. 139, 11012-5 (2017).
http://dx.doi.org/10.1021/jacs.7b05987

[2] J. H. Stenlid, A. J. Johansson, T. Brinck. Phys. Chem. Chem. Phys. 20, 2676-92 (2018).
http://dx.doi.org/10.1039/C7CP06259A

[3] J. H. Stenlid, A. J. Johansson, T. Brinck. Crystals 7, 222 (2017).
http://dx.doi.org/10.3390/cryst7070222

[4] J. H. Stenlid, A. J. Johansson, T. Brinck. Phys. Chem. Chem. Phys. 21, 17001-9 (2019).
http://dx.doi.org/10.1039/C9CP03099A

[5] E. V. Savchenko, I. V. Khyzhniy, S. A. Uyutnov, M. A. Bludov. Low Temp. Phys. 50, 89-96
(2024). http://dx.doi.org/10.1063/10.0023897

[6] M. Bittererova, H. Ostmark, T. Brinck. Chem. Phys. Lett. 347, 220-8 (2001).

[7] T. Brinck, M. Bittererova, Ostmark, H. in Theoretical and Computational Chemistry
(Elsevier, 2002).
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War-derived nanohybrids composed of carbon-containing smoke nanoparticles,
copper and sulphur compounds poses health hazard

G. Dovbeshko!?, O. Gnatyuk!?, V. Boiko'?, N. Kirsanova®?, O. Bezkrovnyi?,
N. Pozdnyakoval®, W. Strek!, T. Borisoval?

! Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
ul. Okolna 2, 50-422 Wrocfaw, Poland
2 Institute of Physics of National Academy of Sciences of Ukraine,
46 Nauky Ave., Kyiv, 03028, Ukraine
8 0.V. Palladin Institute of Biochemistry of the National Academy of Sciences of Ukraine,
9 Leontovicha Str., Kyiv, 01054, Ukraine
e-mail: matinelli@gmail.com

The air pollution with heavy particles is a significant health hazard. Especially now, as the impact
of such pollution is increased due to the explosions and fires caused by the war in Ukraine. Because
of the artillery shelling and missile attacks a large amount of smoke enters the atmosphere bearing
copper, iron, sulphur, and carbon particles. And this is the main danger, because the toxic effect of
such particles can be significantly increased due to the formation of complex nanohybrids in the
atmosphere.

In this work, a modelling of such nanohybrids and their characterization using a number of mutually
complementary methods is performed. We applied FTIR spectroscopy, optical and electron
microscopy, photoluminescence spectroscopy and dynamic light scattering to investigate the
structure, morphology, optical and dynamic properties of such nanohybrids. According to SEM and
DLS studies, the size of nanoparticles in an aqueous suspension increases with the addition of
copper ions. FTIR spectra of poplar smoke display the absorption bands originating from the wood
combustion products, cellulose and lignin oxidation products. One of the most toxic components of
the wood burning smoke are polycyclic aromatic hydrocarbons, aldehydes, benzopyrene, various
solid particles, as well as heavy metal ions. The neurotoxic effects associated with the formation of
the nanohybrids comprising metal ions and smoke nanoparticles are discussed.

References

[1]. Galyna Dovbeshko and Tatiana Borisova. War-derived air pollution nanohybrids and their
membrane-active properties, Fizyka Nyzkykh Temperatur/Low Temperature Physics, 2024, Vol.
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Analysis, design, and applications of polygon mirror-based laser scanners
V.-F. Duma'® and M.-A. Duma*
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Laser scanning systems are utilized in a wide range of applications, from commercial (such as
barcode scanning or laser printers) to industrial (for optical micrometers, laser manufacturing, or 3D
printing) and to high-end ones (including biomedical imaging, for example for Optical Coherence
Tomography (OCT) [1]). Such systems include mostly galvanometer scanners (GSs), Micro-
Electro-Mechanical Systems (MEMS), polygon mirror (PM), and Risley prisms [2].

This presentation briefly reviews laser scanning systems, scanning modalities (from raster [3]
to Lissajous and spiral scanning [4]), as well as some of their main applications. Further on, the
main focus is on PM scanners, because of their advantages, i.e. fast and versatile scanning, the
former in contrast to GSs and the latter in contrast to scanners with refractive elements. An
overview of the different types of PMs is made. Our newly-developed theory of PMs is presented in
detail, with its multi-parameter optical analysis [5]. Characteristic parameters and functions have
been defined, deduced, and studied, with regard to all the constructive and functional parameters of
such systems. The kinematics of the deflected laser beams are investigated, in comparison to the
simpler case of GSs. The non-linearity of the scanning functions of PMs versus GSs is approached,
as well as the variable scanning velocities they produce. The two pairs of characteristic angles,
angular and linear Fields-of-View (FOV), as well as duty cycles are analyzed. We point out to how
this theory allows for extending the (simpler, usually approached) case of a single ray to the more
general case of finite diameter laser beams [6]. Rules-of-thumbs are extracted from the analysis for
designing such systems. Also, a device with two supplemental mirrors is proposed and designed to
increase the distance between a GS- or a PM-based scanning head and its objective lens (or scanned
plane) in order to linearize the scanning function and thus, to reach a more constant scanning
velocity, in a lower-cost solution compared to using F-theta lenses.

The optical analysis and design are complemented by a Finite Element Analysis (FEA) of
PMs, in order to evaluate their capability to hold structural integrity and to be within the elastic
deformation domain — for fast movements of up to 120 krpm in terms of rotational velocity. Our
studies have been concluded so far with a design scheme of PM scanners that connects optical and
mechanical aspects — in order to allow for an as comprehensive as possible approach of such
scanners. One must point out that such a scheme can be utilized for other, different types of
optomechanical scanners, with moving mirrors or refractive elements, as well.

Acknowledgement: This work was supported by the Romanian IPCEI (Important Project of
Common European Interest) on microelectronics, via Continental Automotive Romania.

[1] W. Drexler, M. Liu, et al. J. Biomed. Opt. 19, 071412 (2014). Doi: 10.1117/1.JB0O.19.7.071412
[2] G.F. Marshall, G.E. Stutz, Eds., Handbook of optical and laser scanning (CRC, London 2011).
[3] V.-F. Duma, Appl. Math. Modelling 67, 456-476 (2019). Doi: 10.1016/j.apm.2018.11.001

[4] V.-F. Duma, A-L. Dimb, Appl. Sci. 11, 8451 (2021). Doi: 10.3390/app11188451

[5] V.-F. Duma, Proc. of the Romanian Academy Series A 18, 25-33 (2017).

[6] V.-F. Duma, M.-A. Duma, Appl. Sci. 12, 5592 (2022). Doi: 10.3390/app12115592
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Desorption of excited atoms via bi-exciton creation from solid Ne surfaces by
electron impact
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e-mail: hirayama@rikkyo.ac.jp

Desorption induced by electronic transitions (DIET) in rare gas solids by elementary ex-
citation has been investigated over the past 30 years [1]. Cavity ejection (CE) is one of the
mechanisms that lead to excited atom desorption. In this process, an excited atom created on the
surface of the solid by incident electrons or photons is repelled by surrounding atoms in the ground
state and desorbs from the surface.

A bi-exciton is a pair of neighboring excitons produced by a single incident particle. The
desorption of ions via bi-excitation creation from solid Ar and Ne surfaces has been previously
reported in electron- [2] and photon- [3-5] stimulated
ion desorption studies. These studies suggest that
doubly excited molecules can desorb from the surface
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desorption of a doubly excited Ne molecule (Ne* - yield of metastable atoms from solid Ne
Ne*) through the cavity ejection mechanism. A on the incident electron energy. The
detailed discussion will be given at the conference. film thickness is 100 ML.

[1] T. Hirayama and I. Arakawa, J. Phys. Condens. Matter 18, S1563 (2006),
https://doi.org/10.1088/0953-8984/18/30/S10 and references therein.

[2] Y. Baba et al., Phys. Rev. Lett. 66, 3269 (1991). https://doi.org/10.1103/PhysRevLett.66.3269 .
[3] T. Schwabenthan et al., Solid State Comm. 80, 773(1991). https://doi.org/10.1016/0038-
1098(91)90906-C .

[4] G. Dujardin et al., Appl. Phys. A66, (1998) 527. https://doi.org/10.1007/s003390050708 .

[5] P. Wiethoff et al., Fiz. Nizk. Temp. 29, 351 (2003). https://doi.org/10.1063/1.1542447
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Leverage cloud technologies for enhanced research data accessibility and more
effective scientific collaboration

Philipp Jaeger
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In this presentation | will outline a conceptual design for managing research data using Cloud
Computing technologies based on Microsoft Azure [1]. Using the Internet of Things (IoT) Hub and
Azure Digital Twins alongside metadata storage on Azure Cosmos DB and analytics services such
as Azure Machine Learning (AML) or Synapse Analytics [2-6], | will present an example
architecture for such a setup, with only minor changes to measurement automation programs.

By storing research data on the cloud, researchers will

- Ensure easy access to all data across international collaborations
Have the ability to restrict access to certain sensitive data
Make their data interchangeable and compatible for analytics across several data sets
Prepare data for publication in a collaborative way
Annotate all their data with relevant metadata
Automatically trace data related to certain setups or samples using Digital Twins
Enable data recovery, e.g. after failure of local hard disks

In domg so, they implement the best practices as outlined by the Research Data Alliance
(RDA) [7] and the FAIR principles for findable, accessible, interoperable and reusable data [8].
Additionally, by using the analytics capabilities Synapse and AML, many data processing steps can
be automized, increasing efficiency and output of research collaborations, while also ensuring a
constant data quality.

With this infrastructure in place, individual datasets can easily be published compliant with
ISO 26324 and receive a DOI [9], which can be cross-referenced with journal publications. Hence,
publications increase in quality regarding transparency of the research process and making it easier
to reproduce the results for other researchers.

[1]Microsoft, https://azure.microsoft.com/en-us/resources/cloud-computing-dictionary/what-is-
azure

[2] Microsoft, https://learn.microsoft.com/en-us/azure/iot-hub/iot-concepts-and-iot-hub

[3] Microsoft, https://learn.microsoft.com/en-us/azure/digital-twins/overview

[4] Microsoft, https://learn.microsoft.com/en-us/azure/cosmos-db/introduction

[5] Microsoft, https://learn.microsoft.com/en-us/azure/machine-learning/overview-what-is-azure-
machine-learning

[6] Microsoft, https://learn.microsoft.com/en-us/azure/synapse-analytics/overview-what-is

[7] Klump, J., Wyborn, L., Downs, R., Asmi, A., Wu, M., Ryder, G., & Martin, J. (2020).
Principles and best practices in data versioning for all data sets big and small. Version 1.1. Research
Data Alliance. DOI: https://doi.org/10.15497/RDA00042

[8] Wilkinson, M., Dumontier, M., Aalbersberg, I. et al. The FAIR Guiding Principles for scientific
data management and stewardship. Sci Data 3, 160018 (2016).
https://doi.org/10.1038/sdata.2016.18

[9] DOI Foundation, DOI Handbook, DOI https://doi.org/10.1000/182 (Links [1-6] were last
accessed on March 15, 2024)
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Quantum Scaling for the Metal-Insulator Transition in a Two-Dimensional
Electron System

V. Kagalovsky?, S.V. Kravchenko?, D. Nemirovsky?
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e-mail: victork@sce.ac.il

We suggest Gaussian approximation to describe the quantum phase transition observed
experimentally in seminal studies of two-dimensional (2D) electron systems [1-3]. Our approach
explains self-consistently the universal value of the critical exponent 3/2 (found after scaling
measured resistivities on both sides of the transition as a function of temperature) as the result of the
divergence of the correlation length when the electron density approaches the critical one. We also
provide numerical evidence for the exponential temperature dependence of the metallic phase's
resistivities (never suggested before) and show that it leads to correct qualitative results. Finally, we
interpret the phase diagram on the density-temperature plane exhibiting the quantum phase
transition and two crossover lines (see Fig. 1 below).
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Fig. 1. Phase diagram of the system. The quantum critical point (QCP) is on the horizontal axis
T=0 n,»0.85. Quantum critical trajectory is a vertical dash-dotted line starting at QCP. Solid

lines represent crossover lines (n < n_for an insulator and n>n, a metal).

[1] T. N. Zavaritskaya and E. I. Zavaritskaya, JETP Lett. 45, 609 (1987).

[2] S. V. Kravchenko, G. V. Kravchenko, J. E. Furneaux, V. M. Pudalov, and M. D’lorio, Phys.
Rev. B 50, 8039 (1994).

[3] S. V. Kravchenko, W. E. Mason, G. E. Bowker, J. E. Furneaux, V. M. Pudalov, and M. D'lorio,
Phys. Rev. B 51, 7038 (1995).
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Contribution of mass spectrometry to molecular biophysics of nucleic acids
M. V. Kosevich
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The impact of deciphering of the structure of DNA molecule by X-ray method in 1953 was
not limited by demonstration of efficiency of addressing biological problems by physical methods,
thus initiating the development of molecular biophysics as such. It also stimulated the race in
elaboration of novel physical techniques and instrumentation for biophysical studies, which is
exemplified in the present communication by a story of biological mass spectrometry. To convert
mass spectrometry from a method of nuclear physics research employed in the middle of the last
century for creation of nuclear weapon, to peaceful biomedical method, it was necessary to
overcome two main obstacles: transfer of fragile biomolecules to the gas phase and their
nondestructive “soft” ionization.

In this mainstream, the initiated by B.l. Verkin, the founder of the Institute for Low
Temperature Physics and Engineering (ILTPE), investigations on physics of nucleic acids were
supported by development of the relevant physical methods [1]. ILTPE scientists not only
witnessed, but actively participated in the biological conversion of mass spectrometry, successively
introducing field ionization, field desorption, fast atom bombardment, and secondary ion mass
spectrometry. Applying these techniques fundamental data on ionization energies of DNA nitrogen
bases, included into the database of the National Institute of Standards and Technology (USA),
were obtained at the ILTPE. Numerical data on the energy of interactions of DNA nitrogen bases
[1, 2] were used as empirical parameters in the first quantum chemical methods of computer
simulation being under development at that time. Later on, a number of aspects of nucleic acids
functioning were studied by mass spectrometry, including hydration, DNA components interactions
with anticancer chemotherapeutic agents, protein-nucleic acids interactions.

Further efforts of international community in elaboration of electrospray ionization and
matrix-assisted laser desorption/ionization methods for study of biopolymers, awarded by the Nobel
Prize in 2002, permitted creation of “Nucleic acids in the gas phase” [3] branch of molecular
biophysics. The up-to-date mass spectrometry is positioned not only as an analytical technique, but
as a branch of science dealing with all phenomena related to molecules and ions. In this direction
mass spectrometric approaches were developed aimed at elucidation of DNA damages caused by
low-energy (units of eV) or high-energy (MeV) ionizing radiation. Biophysical experiments on
DNA melting were reproduced in the gas phase by variation of the electrospray conditions.
Sequencing of nucleic acids under mass spectrometric conditions becomes possible. Mass
spectrometry contributed to the success of “The Human Genome Project”. Emerging imaging mass
spectrometric approaches are applied to nucleic acids as well.

Finally, recent achievements of ILTPE in nanotechnology-related mass spectrometric and
computer modeling of PEGylation of nucleic acids components [4], aimed to drug delivery
application, will be described.

[1] B.1. Verkin, I.K. Yanson, L.F. Sukhodub, and A.B. Teplitsky, Interactions of biomolecules: new
experimental approaches and methods (Naukova Dumka, Kiev, 1985).

[2] I.LK. Yanson, A.B. Teplitsky, and L.F. Sukhodub, Biopolymers 18, 1149-1170 (1979).
https://doi.org/10.1002/bip.1979.360180510

[3] V. Gabelica (Ed.), Nucleic acids in the gas phase (Springer, Berlin, Heidelberg, 2014).
[4] V.G. Zobnina, V.V. Chagovets, O.A. Boryak, and M.V. Kosevich, A mass spectrometric study
and computer modeling of noncovalent interactions of cytosine with polyethylene glycol oligomers.
J Anal Chem 70, 1533-1541 (2015). https://doi.org/10.1134/S1061934815130110
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Functional properties of Ni-Mn-based alloys: Theory and experiment
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Exploring the properties of Ni-Mn-based alloys is of great significance owing to their
extraordinary magnetic and structural characteristics, positioning them as highly prospective
materials across diverse applications. These alloys exhibit notable features such as magnetocaloric
and elastocaloric effects, shape memory behavior, superelasticity, and giant magnetoresistance [1].
The exceptional properties of Ni-Mn-based alloys arise from the magnetic, structural, and
magnetostructural phase transitions. Comprehending the mechanisms behind these transitions and
elucidating them is crucial for advancing our knowledge in this field. Thus, a phenomenological
approach combining experimental data with theoretical models has arisen as a powerful tool for
characterizing functional properties during these phase transitions. The Landau theory, a key
theoretical framework within this approach, offers a systematic method for describing phase
transitions and linked physical phenomena [2-5]. In particular, the application of this approach
resulted in:

1) Prediction of giant anhysteretic deformation of martensitic alloys in post-critical regime
[2]. It has been demonstrated that the presence of a critical point in the stress-temperature phase
diagram leads to two distinct modes of deformation behavior: one characterized by significant
hysteresis inherent in first-order phase transitions, and another exhibiting nonlinear anhysteretic
deformation of crystal lattice.

2) Quantitative description of the conventional and inverse magnetocaloric effects in Ni-Mn-
based Heusler alloys [3,4]. It enabled the estimation of both the conventional magnetocaloric effect
near the Curie temperature and the giant inverse magnetocaloric effect resulting from the transition
between ferromagnetic austenite and weakly magnetic martensite. Notably, these computations
were conducted without relying on the magnetic Maxwell relationship, as its applicability to first-
order phase transitions remains uncertain.

3) Elaboration of procedure of determination of magnetic part of the low-temperature specific
heat of ferromagnetic (FM) solid from the results of the low-temperature measurements. It has been
shown that the disregard of magnetic contribution to the specific heat of FM solid results in the
noticeable underestimation of Debye temperature and overestimation of the specific heat of electron
subsystem of FM solid [5].

[1] A. Planes, L. Mafiosa, and M. Acet, J. Phys.: Condens. Matt. 21, 233201 (2009). DOI
10.1088/0953-8984/21/23/233201.

[2] A. Kosogor, N. J. Matsishin, and V.A. L’vov, Phase Trans. 86, 796 (2013).
https://doi.org/10.1080/01411594.2012.726725.

[3] V.A. L'vov, A. Kosogor, J.M. Barandiaran, and V.A. Chernenko, J. Appl. Phys. 119, 013902
(2016). https://doi.org/10.1063/1.4939556.

[4] A. Kosogor, V.A. L’vov, P. Lazpita, C. Segui, and E. Cesari. Metals, 9, 11 (2018).
https://doi.org/10.3390/met9010011.

[5] A. Kosogor, V.A. L'vov, R.Y. Umetsu, X. Xu, and R. Kainuma, J. Magn. Magn. Mater. 541,
168549 (2022). https://doi.org/10.1016/j.jmmm.2021.168549.
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DNA as an exemplary polymer
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Different topics in polymer physics textbooks start with simple, beautiful, exactly solvable
models. However, in order to describe actual polymer systems, different corrections have to be
introduced that render these models heavy and often mathematically intractable. In my talk, I will
review our work demonstrating that in several experimental situations DNA polymers follow the
predictions of the simplest polymer theories.

We developed a new approach to study DNA structure and dynamics through a combination
of fluorescence labeling and fluorescence correlation spectroscopy. We show that DNA behaves as
an “ideal” colil in dilute solutions and a “mean-field” polymer in semi-dilute solutions.

Finally, I will describe our current measurements of bacterial DNA/chromatin structure
tentatively supporting a fractal globule model of its organization.

I would also like to say a few words about my (and your) dear colleague Prof. Sergey
Gredeskul, who together with his wife Victoria have been brutally murdered by Hamas terrorists in
their home on Oct. 7™

[1] E. Shafran, A. Yaniv and O. Krichevsky, Marginal nature of DNA solutions, Phys. Rev. Lett.
104, 128101 (2010 https://doi.org/10.1103/PhysRevLett.104.128101

[2] Nepal M., Yaniv A., Shafran E. and O. Krichevsky, Structure of DNA coils in dilute and
semidilute solutions, Phys. Rev. Lett. 110, 058102 (2013).
https://doi.org/10.1103/PhysRevLett.110.058102

[3] M. Nepal, A. Oyler-Yaniv and O. Krichevsky, Scanning fluorescence correlation spectroscopy
as a versatile tool to measure static and dynamic properties of soft matter systems, Soft Matter 11,
8939-47 (2015). https://doi.org/10.1039/c5sm01582k
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Transport signatures of plasmon fluctuations in electron hydrodynamics

Dmitry Zverevich and Alex Levchenko
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In two-dimensional electron systems, plasmons are gapless and long-lived collective excitations of
propagating charge density oscillations. We study the fluctuation mechanism of plasmon-assisted
transport in the regime of electron hydrodynamics. We consider pristine electron liquids where
charge fluctuations are thermally induced by viscous stresses and intrinsic currents, while
attenuation of plasmons is determined by the Maxwell mechanism of charge relaxation. It is shown
that, while the contribution of plasmons to the shear viscosity and thermal conductivity of a Fermi
liquid is small, plasmon resonances in the bilayer devices enhance the drag resistance and near field
heat transfer. In systems without Galilean invariance, fluctuation-driven contributions to dissipative
coefficients can be described only in terms of hydrodynamic quantities: intrinsic conductivity,
viscosity, and plasmon dispersion relation.

[1] Low. Temp. Phys. 49, 1515-1524 (2023) https://doi.org/10.1063/10.0022363
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Challenging properties of magnetic shape memory alloys
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The properties of magnetic shape memory alloys (SMASs) are traditionally considered as the
important subject for researchers working in the area of material science, while the understanding
and improvement of these properties need the great efforts of physicists. Present communication is
aimed to explain the essence of physical problems related to these properties.

At present, those magnetic SMAs, which attract attention of researches, are conventionally
subdivided into ferromagnetic and “metamagnetic” SMAs (FMSMAs and MMSMAs, respectively).

FMSMAs undergo the first-order magnetostructural phase transition from the cubic
ferromagnetic phase to the low-symmetry ferromagnetic phase possessing the twinned crystal
lattice. The external magnetic field displaces the twin boundaries and induces a giant deformation
(DI/1~5¢10-2) of the single crystalline samples of FMSMAs [1]. This deformation masks the
ordinary magnetostriction in the twinned low-temperature phase, and therefore, the measurement of
the temperature dependence of magnetostriction of FMSMAs is an open problem [2]. The
magnetoelastic constant of the piezopolymer/FSMA composite material was estimated recently
from the value of magnetoelectric coefficient [3]. It was concluded that the magnetoelastic constant,
which characterizes the whole material, increased by one order of magnitude due to the phase
transition in FSMA filler; it pointed to the existence of special mechanism of magnetostriction of
composite material, because the volume fraction of filler was equal to 3% only [4].

MMSMAs undergo the first-order magnetostructural phase transition from the high-
temperature ferromagnetic phase to one of the low-temperature “weakly magnetic” phases [5]. First
of all, it should be emphasized that the magnetic structure of the weakly magnetic phases (probably
antiferromagnetic, ferrite, spin glass, e.t.c.) is not firmly established and their properties strongly
depend on the chemical composition of MMSMAs. The identification of these phases is strongly
needed for the improvement of practically important properties of MMSMAS, in particular, for the
enhancement of inverse magnetocaloric effect, which is considered promising for applications.

The subject of present communication involves the following points:

- The procedures of estimation of magnetostriction and magnetoelastic constants characterizing the
twinned FMSMA:s.

- Magnetically induced piezoelectric effect in the piezopolymer/FMSMA composite materials.

- Two probable explanations of the temperature dependence of magnetization of MMSMAs.

- Two theoretical approaches to evaluation of the inverse magnetocaloric effect caused by the
magnetostructural phase transitions; the agreement between theoretical and experimental results.

[1] O. Heczko, A. Sozinov, K. Ullakko, IEEE Trans. Mag. 36, 3266 (2000).
https://www.researchgate.net/publication/224068920. doi: 10.1109/20.908764.

[2] O. Heczko, Journ. Magn. Magn. Matter. 290-291, 846 (2005).
https://doi.org/10.1016/j.jmmm.2004.11.391.

[3] P. Martins, A. C. Lima, V. A. L’vov, et al. Applied Materials Today 29, 101682 (2022).
https://doi.org/10.1016/j.apmt.2022.101682

[4] V. A. L’vov, P. Martins, N. Pereira, et al., Composite Sci. Technol. 241, 110101 (2023).
https://doi.org/10.1016/j.compscitech.2023.110101.

[5] R. Y. Umetsu, X. Xu, R. Kainuma, Scripta Materialia, 116, 1 (2016).
https://doi.org/10.1016/j.scriptamat.2016.01.006.
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Quantum transport and optics theory and simulations with applications to
noninvasive medical diagnostics and novel photonic functionalities

M.F. Pereiral?, Humaira Zafar® and A. Apostolakis?
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A nonequilibrium many-body approach is used to predict and control giant THz nonlinearities
in superlattices at both steady state and time domains in excellent agreement with experiments
[1-5]. Both analytical approximations and numerical solutions, with outlines of the corresponding
methods will be presented. Superlattices are promising nanomaterials for a wide range of
applications in the Sub-Terahertz and Terahertz (THz) region is their ability to generate high-order
harmonic generation (HHG). Superlattice multipliers have been recently applied to the experimental
detection of nitrides in the urine of cancer patients treated by chemotherapy, heralding the potential
for a new non-invasive metabolomics approach for diagnostics technique that can potentially detect
side effects of chemotherapy using THz spectroscopy, much before conventional diagnostics could
indicate damage to the kidneys [6]. In the second part of the talk, superlattice waveguides are used
to demonstrate theoretically and experimentally functionalities such as rotators and splitters in a
silicon on insulator platform [7-10]. Progress in all projects highlighted above will be presented at
the conference.

[1] M.F. Pereira, Nanomaterials 12, 1504 (2022).

[2] M.F. Pereira, et al, Sci. Rep. 10, 15950 (2020).

[3] M.F. Pereira et al, J. Nanophoton 11 (4), 046022 (2017).

[4] A. Apostolakis and M.F. Pereira, Nanophotonics, vol. 9, no. 12, pp. 3941-3952 (2020).

[5] A. Al-Ateqi and M.F. Pereira, Opt Quant Electron 55, 1287 (2023).

[6] V. Vaks, V. etal., Sci Rep. 12, 18117 (2022).

[7] H. Zafar, et al, IEEE Journal of Selected Topics in Quantum Electronics 29, 4400109, 1-9
(2023).

[8] H. Zafar, et al, Opt. Express 31, 21389-21398 (2023).

[9] Zafar, H. et al, Opt. Express 2022, 30, 10087-10095.

[10] Zafar, H. et al, AIP Advances 2020, 10, 125214.
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Swift lon Irradiation Related to Complex Organic Molecules in Cold Space
Environments
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“Where do we come from” is one of the important fascinating open questions of science and
philosophy. How did life emerge, what is the origin of organic matter in the universe? Could life
also emerge on other worlds than our Earth? Complex organic molecules have indeed been
observed in space (comets, meteorites, molecular clouds). In cold space environments, the synthesis
of complex organic molecules (COMs) is possible by implantation of ions trapped in the
magnetospheres of giant planets into the icy surfaces of their satellites (like e.g. C or S ejected by
lo's volcanism impacting Europe) [1]; following radiolysis of small molecules (H-O, CO, CHs, NH3
etc.) on cold surfaces of icy bodies in the outer solar system or grains in the dense molecular
clouds) [2]. Irradiation of COMs also occurs in condensed phase in radiobiology cases (cancer
therapy, dosimetry and radiation protection). Thus, it is pertinent to study both formation and radio-
resistance of COMs under swift charged particle irradiation of icy samples in a wide temperature
range (10-300K).

We performed ion irradiation experiments related to COMs at different accelerator facilities
(GANIL/Caen/France, GSI/ Darmstadt/Germany, ATOMKI/Debrecen/ Hungary). Infrared
absorption spectroscopy FTIR and mass spectrometry QMS allow in situ observation of physico-
chemical modifications of the icy layers. Ex-situ analysis of residues is performed by e.g. high
resolution mass spectrometric methods. Within the PEPR Origins [pepr-origins.fr], a unique multi-
beam irradiation device (UV photons, keV electrons and keV-GeV ions delivered by the GANIL-
Grand Accélérateur National d'lons Lourds, Caen/France) equipped with an infrared spectrometer
and a cold head to prepare layers of ices made of mixtures of small molecules is under construction.
Complex organic molecules formed during the irradiation of ice layers will be detected using gas
phase chromatography and in-situ mass spectrometry. This new versatile MIRRPLA platform [3]
will be open to the various scientific communities (astrophysics, radiobiology, environmental and
materials sciences) as well as to industry via the CIMAP-GANIL user platform CIRIL [4].

[1] G. Strazzulla, M.E. Palumbo, P. Boduch, H. Rothard, lon Implantation and Chemical Cycles in
the Galilean Satellites, Earth, Moon, and Planets 127:2 (2023), doi: 10.1007/s11038-023-09550-4
[2] H. Rothard, A. Domaracka, P. Boduch, M. E. Palumbo, G. Strazzulla, E. F. da Silveira and

E. Dartois, Modification of ices by cosmic rays and solar wind, J. Phys. B : At. Mol. Opt. Phys. 50,
062001 (2017), doi: 10.1088/1361-6455/50/6/062001

[3] Alicja Domaracka and Grégoire Danger, Multiple Beam Irradiation Platform MIRRPLA: Origin
and Evolution of Organic Matter in the Solar System, Nuclear Physics News 33(4), 36-37 (2023),
doi: 10.1080/10619127.2023.2265772

[4] J. Rangama, C. Grygiel, A. Mery, P. Rousseau and H. Rothard, CIRIL: Interdisciplinary
Research at GANIL, Nucl. Phys. News. 32(1), 29-33 (2022), doi: 10.1080/10619127.2021.1990680
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Fractional types of statistics: state of the art and some historical flashbacks
A. Rovenchak
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The history of quantum statistics dates back to the mid-1920s, with seminal works by Bose
(1924) and Einstein (1925) for what is now known as bosons, as well as Fermi (1926) and Dirac
(1926) for what is now known as fermions. As the current scientific understanding states, real
particles can be classified as either fermions or bosons. Various generalizations, known as
“intermediate,” “fractional,” “nonstandard,” “interpolation,” “modified,” or “exotic” statistics, arise
effectively, often due to consideration of interactions or the transition to two-dimensional space. In
many cases, the application of such new types statistics is also linked to the simplification of
mathematical formulations.

In 1940, Gentile, Jr., proposed the first generalization of the statistics, suggesting that the
maximum occupation of a particular level can be a finite number larger than unity. In subsequent
decades, other types of non-standard statistics were proposed by various authors, including Green’s
parastatistics (1953), g-oscillator by Arik and Coon (1976), and fractional exclusion statistics by
Haldane (1991) and Wu (1994), just to mention a few. Approaches included deformations of
commutation relations, modifications of wave-function symmetry properties, new ways of
microstate counting, etc.

We will focus of a few types of statistics, including anyons and models for their effective
description, approaches based on nonadditive substitutions of the Gibbs factor, as well as
modifications arising, in particular, from deformations of algebras of creation and annihilation
operators. Possibilities of establishing at least approximate correspondence between some types of
fractional statistics will also be discussed.

Approaches utilizing fractional statistics concepts have demonstrated success in analyzing
phenomena such as the fractional quantum Hall effect, high-temperature superconductivity,
interactions in low-dimensional systems, cold atomic gases, nuclear matter, and even models of
dark matter. Nonadditive modifications of statistics have the capacity to explain various phenomena
across a broad spectrum of physical systems, including cold atoms, open quantum systems, plasma
dynamics, or cosmological models, and extending beyond traditional physics domains to encompass
complex networks, linguistics, financial data, and epidemiology.

Anyons arise effectively in descriptions of the fractional quantum Hall effect in two-
dimensional systems. Modifications of the Gibbs factor and even more complicated changes of the
functional form of the occupation numbers allow for effective descriptions of real-world systems as
ideal systems of particles obeying some fractional statistics. Deformed algebras are sometimes
linked to searches for nonconventional formulations of thermodynamics. Virial and cluster
expansions are efficient techniques for relating parameters in various types of fractional statistics,
even coming from different approaches.

To conclude, the study of quantum statistics continues to evolve, driven not only by pure
mathematical and academic interest but also by its practical applications in understanding the
behavior of particles in diverse physical systems.
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Optical emission studies of C, formation upon electron irradiation of Ar
matrices doped with CH4
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Radiation-induced fragmentation of carbon-containing species and formation of new ones is
currently the topic of considerable interest in different fields of science (see e.g. [1-3] and
references therein). Methane, as the simplest hydrocarbon molecule, attracted a lot of attention in
these studies. The original approach, based on combination of the matrix isolation technique with
excitation by electrons and nonstationary spectroscopy [4], permitted unravel both neutral and
charge channels of relaxation. Our previous research [3, 4] were focused on the dynamics of H and
CHs species, the recombination of which resulted in a delayed burst of desorption.

The presented study is devoted to the processes of molecular carbon formation in CHs-doped
Ar matrices irradiated with electrons. Mixture of Ar and CH4 of chosen concentration (from 0.1 to
10%) was deposited onto a cooled to LHe temperature substrate. The irradiation was performed in
dc regime with electrons of subthreshold energy. Three type experiments were carried out — (i)
measurements of optical emissions in the visible and VUV range, (ii) recording the curves of
nonstationary luminescence NsL at the selected wavelengths during gradual heating of samples
under the electron beam and (iii) measurements of the thermally stimulated exoelectron emission
TSEE from preirradiated samples. C lines and Swan bands of C> molecule were detected in the
optical emission spectra. Due to the small penetration depth of the electron beam the main part of
the matrix was excited preferentially via energy transfer processes involving free FE and self-
trapped excitons STE of the Ar matrix, what can be considered as “internal photolysis”. Additional
channel of energy transfer is charge transfer from matrix holes to the products of CH4 radiation-
induced transformation because of the high ionization potential |1 of Ar (1=15.76 eV) exceeding the |
of methane and its fragments. Analysis of direct formation of C atom from CHs via internal
photolysis shows that this channel is down. The most efficiently C atoms are formed from CH>
radical in reaction: CH, + Aiv — C+2H with branching ratio BR=1 via FE and BR=0.4 via STE of
Ar matrix. Measurements of NsL demonstrated correlation of NsL recorded at C or C> line and H
line with TSEE vyield pointing that atoms C and H are formed simultaneously in reactions of
dissociative recombination: CHz" + e — C + H + H, with BR=0.35 and CH,* +e- - C+ H+ H
with BR=0.68 [5, 6]. Migration of C atoms at low temperatures to recombine with C, formation
becomes possible due to the kinetic energy of ,hot” atoms that are formed in these reactions.
Thermally induced mobility was detected around 35 K.

[1] G. Strazzulla, M.E. Palumbo, P. Boduch, H. Rothard, Earth, Moon, and Planets 127:2 (2023),
https://doi.org/10.1007/s11038-023-09550-4

[2] O. Kirichek, C.R. Lawson, G.L. Draper, D.M. Jenkins, D.J. Haynes and S. Lilley, Journal of
Neutron Research, vol.22, 281 (2020), https://doi.org/10.3233/JNR-190132

[3] M. Bludov, I. Khyzhniy, S. Uyutnov, E. Savchenko, Methane, 2(4), 372 (2023);
https://doi.org/10.3390/methane2040025

[4] E. Savchenko, I. V. Khyzhniy, S. A. Uyutnov, M. A. Bludov, and V. E. Bondybey, J. Mol.
Structure, 1221, 128803 (2020), https://doi.org/10.1016/j.molstruc.2020.128803

[5] T. Taketsugu and Y. Kobauashi, Computational and Theoretical Chemistry, 1150, 1 (2019),
https://doi.org/10.1016/j.comptc.2019.01.010

[6] A. Larson, A. Le Padellec, J. Semaniak, C. Stromholm, M. Larsson, S. Rosen, R. Peverall, H.
Danared, N. Djuric, G. Dunn, & S. Datz, Astrophys. J., 505, 459 (1998), DOI: 10.1086/306164
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Engineering electronic flat bands in two dimensions
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The electronic band structure of several intentionally designed lattices is analyzed using the
tight-binding approximation. By assumption, the tight-binding model's transfer integrals are
nonzero exclusively for electron hopping between the nearest neighbors in the lattices under
consideration. The spatial arrangement and the connectivity of lattice sites in each crystal lattice are
deliberately engineered so that their respective band structures can feature at least one flat (in other
words, dispersionless) band under a specific set of model parameters. The corresponding
restrictions that must be imposed on the parameters of the tight-binding model to ensure the
existence of a flat band are formulated.

A kind of one-dimensional diamond ladder with the ABC composition is studied as a toy
lattice structure. The results obtained for its electronic spectrum provide insight into methods of
devising novel two-dimensional lattices capable of yielding flat bands in their band structure. The
conventional square lattice serves as the underlying framework for their construction. Two distinct
new lattice structures are suggested. They are tentatively named "Tornado Siren" and "Clous De
Paris" based on their visual appearance. The necessary conditions for the presence of a flat band or
almost flat band in their spectra are determined. Special attention is paid to the case when the flat
band is composed of compact localized states with a dumbbell-like configuration. In this case, all
the eigenstates corresponding to the flat band do not overlap spatially. The developed method for
analyzing the electronic spectrum for the existence of a flat band is also applied to the dual kagome
lattice with the ABC composition.

It is found that adherence to the straightforward rules listed below is essential to achieve a flat
band within a described set of lattice structures. Electron hoppings between lattice sites of the
chosen bare lattice should occur only through additional intermediate sites. At least two different
paths should be present for each indirect hopping between sites of the bare lattice, which implies the
existence of two supplementary sublattices. Then, the electronic band structure of such lattice has a
flat band when on-site potentials in these sublattices coincide. If the above conditions are met, the
flat band appears in the spectrum regardless of the hopping integral values.

In addition, it is demonstrated that the band structure features an almost flat band when on-
site potentials in these supplementary sublattices differ, and one hopping integral is much less than
the other.
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Exploring the Unified Theory of Thermal Transport: Experimental Insights,
Predictive Precision, and Phenomenological Implications
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Appreciating thermal transport phenomena is essential from both theoretical and experimental
standpoints. The 2019 introduced unified theory of thermal transport in crystals and glasses [1]
centers on diffusive thermal transport, particularly evident in the temperature dependencies of
thermal properties in both crystalline and disordered systems. The collaborative work of Simoncelli,
Marzari, and Mauri not only offered a qualitative understanding of thermal conductivity but also
facilitated the quantitative prediction of the thermal conductivity coefficient «(T) for any given
substance. According to this theory, thermal transport occurs through two channels concurrently: a
"classical" pathway, acknowledged by Peierls, and other - grounded in tunneling mechanisms and
diffusion laws. Furthermore, it posits that this novel "diffusive” channel is universal, irrespective of
the material's crystalline structure or amorphous composition.

The significance of determining thermal properties will be underscored, not solely for
cognitive reasons, but also in light of future applications, as demonstrated by experimental instances
and related phenomena. These will include thermal conductivity exhibiting amorphous
characteristics [2-4], an atypical elevation of «(T) at high temperatures [2-7], and anomalous low-
temperature heat capacity [8-12].

[1] M. Simoncelli et al. Nature Physics 15, 809 (2019)

[2] Yu.V. Horbatenko et al.Journal of Physics and Chemistry of Solids 127, 151 (2019)
[3] A.l. Krivchikov et al. Thermochimica Acta, 733, 179696 (2024)

[4] D. Szewczyk et al. Journal of Physics Communications, 8(1), 015001 (2024)
[5] M.A. Strzhemechny et al. Chemical Physics Letters 647, 55 (2016)

[6] A. Jezowski et al. AIP Advances 9, 015121 (2019)

[7] A.l. Krivchikov et al. Materialia, 32, 101944 (2023)

[8] J. F. Gebbia et al. Physical Review Letters 119, 215506 (2017)

[9] D. Szewczyk et al. Low Temperature Physics, 49(5), 593 (2023)

[10]A. Jezowski et al. Physical Review B 97, 201201(R) (2018)

[11]D. Szewczyk et al. Scientific Reports 11, 18640 (2021)

[12]A.1. Krivchikov et al. Journal of Physical Chemistry Letters 13, 5061 (2022)

The authors acknowledge support of Polish National Science Centre (Grant No.
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Controlling multimagnon processes in magnetic hanostructures
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Variety of nonlinear processes is a prominent feature of ferromagnetic materials, which has
already become a basis for many technological applications. Tailoring nonlinearity on demand is an
intriguing feature, opening a way for novel functionalities of magnetic and spintronic devices in
microwave electronics, signal processing, logic and beyond-Boolean applications. Although been
studied for several decades, nonlinear processes in bulk samples and thin films were found to
exhibit just a few ways for their control, such as a whole spectrum shift or alternation of the static
magnetization direction by a bias magnetic field [1-2].

In contrast, magnetic nanostructures offer much wider possibilities to control nonlinear
multimagnon scattering. The simplest method relies on the discreteness of spin-wave spectrum,
which allows one to change the detuning from the resonance condition for a particular multimagnon
splitting or confluence process, thus enhancing or suppressing this process [3-4]. This ability
becomes particularly prominent in magnetic nanostructures with a sufficiently sparse spectrum —
when intermode distance overcomes the eigenmode linewidth [3].

In this work, we report another, more involved methods for controlling nonlinear processes,
specifically the most important three- and four-magnon scattering. Specific symmetry of static
magnetization state and spin-wave modes results in specific selection rules for multimagnon
scattering. Altering this symmetry is a key for a powerful tool for mode-selective control of
multimagnon scattering, especially for three-magnon interaction. Detailed analytical and
micromagnetic study of an exemplary system — a thin elliptic nanodot — uncovers the potential of
the method. While in a symmetric ground state three-magnon scattering is restricted to a few
specific allowed channels or could be even prohibited at all, a weak perturbation could open
additional scattering channels with a considerable efficiency. Important, that different perturbations,
e.g., a field tilt or field gradient, are mode-specific, affecting interaction of modes with a certain
symmetry only. Four-magnon processes are harder to control as most of them do not possess
specific symmetry restrictions for interacting modes. We present an alternative way, which relies on
the mode hybridization in multilayer structures, which also can be efficiently altered by a
perturbation field.

Our results could serve as a guide for static and dynamic control of multimagnon scattering
processes in magnetic nanostructures and spintronic devices, in particular, for boosting their
performance or engineering a specific nonlinear response of a device used in signal processing and
non-Boolean spintronic application.

Support by the NAS of Ukraine project No. 08/01-2024(5) is gratefully acknowledged.

[1] P.E. Wigen, Nonlinear Phenomena and Chaos in Magnetic Materials (World Scientific,
Singapore, 1994).
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Controlled rotations of a hot hole spin qubits
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We report on the first realization of conditional rotations of two exchange-coupled hole spin
qubits, at the elevated temperature of 1.5 K. To this end, we tuned a double quantum dot (DQD)
formed inside a Ge/Si core/shell nanowire into the regime where both hole spins can be individually
addressed by two different microwave frequencies. Tuning the interdot tunnel barrier allowed us to
operate the device in the regime with exchange coupling changing from 50 MHz to almost
300 MHz for different DQD detunings - a basic requirement to perform exchange-based two-qubit
gates. As a proof of principle, we performed conditional rotation(s) of two spins at 1.5 K. Limited
coherence resulted in qubit resonances with the linewidth larger than the exchange splitting J. Thus,
in order to extract the magnitude of J we performed a two-tone spectroscopy, allowing us to transfer
the spin-occupation of the DQD between the four possible spin states. Using Pauli spin blockade,
the weakly coupled DQD is initialized in one of the two spin-polarized Triplet states with equal
probabilities. The other two states with antiparallel spin orientations are not blocked and produce
current through the DQD during the readout. We also developed a simple theoretical model that
includes spin-orbit interaction and isotropic exchange which was able to capture our expenmental
observations. Our experimental results lay the foundation for the next required step towards large-
scale quantum computation with hole spins.

Funding Acknowledgement:
Supported by NCCR SPIN of the SNSF, SNI, EMP Nr. 824109, FET TOPSQUAD Nr. 862046 and
G. H. E. Foundation
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Photonics Cluster Ukraine
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Photonics Cluster Ukraine is a Public Union, established in 2024 by initiative of Ukrainian
Clusters Alliance and Kyiv Academic University to join efforts of research institutions, universities
and enterprises in photonics industry to support technology transfer and innovations in the field and
provide international cooperation and business services for cluster members. We have technology
and business experts who provide such services as technology evaluation, matchmaking academia-
industry, SME support, startup evaluation and mentorship, innovation roadmap development, grant
application support and others. During the full scale war our mission is support of photonics
military applications, with focus on laser weapons, optoelectronic and optoacoustic surveillance
systems, optic and quantum communications, quantum programming and quantum machine
learning. Photonics Cluster Ukraine works with the Ministry of Defense, Ministry of Strategic
Industries and military cluster Bravel. We are partners with OptecBerlinBrandebourg, Polish
Photonics Technology Platform, AlphaRLH (France). We are members of the EPIC (European
Photonic Industry Consortium) and applied for membership at PhotonHub Europe. We provide
support for university programs in photonics and quantum technologies and student chapters of
Optica and SPIE. If you are research institution, university or manufacturer of equipment/software
feel free to contact us for cooperation opportunities.

https://photonics.org.ua/
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Gapless electronic topology driven by strong correlations is an emerging field of great
interest, with heavy fermion compounds at its forefront. I will introduce the first such materials
class, Weyl-Kondo semimetals [1-3], and report on the giant signatures of topology observed in
CesBisPd3 [1,3] and the genuine topology control that can be achieved by magnetic field tuning [4].
I will also discuss design strategies for further correlation-driven topological phases [5], and
highlight a new emergent topological phase that nucleates out of a strange metal state [6].

This work was supported by the Austrian Science Fund (FWF-14047, 15868-FOR5249-
QUAST, SFB F 86, Q-M&S), the European Union’s Horizon 2020 Research and Innovation
Programme (824109, EMP), and the European Research Council (ERC Advanced Grant
101055088, CorMeTop).
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[4] S. Dzsaber et al., Nat. Commun. 13, 5729 (2022).
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Topological features and transport properties of SroFeMoOe double perovskite
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Materials with nontrivial topology of electronic band structure attracted much attention in the
last decade. They host unusual transport properties such as ultra-high mobility, intrinsic Hall effect
caused by Berry curvature, chiral anomaly etc. In our study, we found topological phases, which
emerge in prospective SroFeMoOs metal oxide combining DFT and Wannier interpolation methods.
We showed that gaps opening between linearly crossing bands due to spin orbit coupling led to
significant enhancement of Berry curvature. Intrinsic Hall and Nernst effects were calculated using
maximally localized Wannier functions extracted from band structure. The effects of broken mirror
and time reversal symmetries on topological characteristics of Sr.FeMoQOg were analyzed.
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Effect of dysprosium trioxide on the structural and electrical properties of
TI-1223 HTS
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The Thallium-based cuprate is one of the high-temperature superconductor family members.
The structurally related TI-Ba—Ca—Cu-O high-temperature superconducting compounds are
represented by the chemical formula TlnBa,CanCunOy, where m=1 or 2 and 1 <n <5. Among the
members of the Tl-based series, the TI-1223 show a superconducting transition temperature Tc
above 118 K, while T=125 K was found in TI-2223. Both systems demonstrate suitable
superconducting parameters (Tc, Jc), making these the phases of preferred material for practical
application.

A review of numerous reports shows that the additives or substituents in superconducting
materials by the appropriate metals or oxides can promote the formation of the superconducting
phase, Improve structural stability or introduce effective pinning centers. Effects of RE oxides such
as Gd, Er, Dy, Ho, Tb, Yb, and Y on the superconducting properties of the various superconductive
materials have been reported as effective pinning centers to enhance the current-carrying capability
of superconductivity materials.

Taking into account that the rare-earth oxides have sound effects on the physical-chemical
properties of superconductor materials, the present study is devoted to the effects of doping of
dysprosium (I11) oxides on the TIBa>Ca>CuzDyxOs+s (x = 0.00-0.075 wt%) material.

Dysprosium-free and dysprosium-doped samples were synthesized using the two-step and
sealed quartz tube techniques. Firstly, we synthesized dysprosium-free and dysprosium-doped
precursors BCCO, and then T1,O3 was added, and TIBa,Ca,CusDyxOs+s superconducting materials
were prepared.

X-ray powder diffraction patterns obtained on a Dron-3+PC diffractometer with CuKa
radiation. The morphology and structure were studied using the FEI Quanta FEG 600 scanning
electron microscope (SEM), equipped with an energy dispersive spectrometer (EDS): Oxford
Instruments, AZtecOne. The critical temperature (T¢) was measured by the real part of the AC
susceptibility ('), and transport critical current density (Jc) was determined using the high
harmonics method.

Our results demonstrate that the presence of dysprosium oxide not only makes the Ba-Ca-Cu-
O multiphase the precursor more reactive and enhances the kinetics of the reaction, but it also leads
to the promotion of the high-T. phase and enhancement of the transport critical current densities Jc.
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New states of Fermi superliquid with conformational degrees of freedom
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Equations of the ideal superfluid hydrodynamics of a Fermi liquid with conformational
degrees of freedom are constructed, which generalize the dynamics of the A-phase *He. The
dynamic quantities of the reduced description associated with the broken symmetry are introduced
in terms of the order parameter. A modified Mermin-Ho relation have been obtained, which takes
into account the influence of conformational degrees of freedom. Expressions of the flux densities
of additive integrals of motion in dissipativeless approximation in terms of the density of the energy
functional are established. Spectra of collective excitations are found and their spatial anisotropy
has been analyzed. It is shown that taking into account conformational degrees of freedom leads to
positive anisotropic corrections in the acoustic spectra of the first and second sounds and their
angular dependence is established. The appearance of the third sound, which has its origin from
liquid crystal degrees of freedom, is clarified.
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Influence of strong electron irradiation on fluctuation conductivity and
pseudogap in YBa>CuzO--3 single crystals
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At present, various superconducting devices based on HTSCs are widely used in technology.
Quite often, such devices have to operate under conditions of strong electron irradiation, which
creates numerous defects in HTSC due to the displacement of all atoms in the crystal under study.
Strictly speaking, the role of defects in HTSC is still not completely clear [1]. To answer this
questions, we measured the resistance of optimally doped (OD) untwinned YBaCuzO7-5 (YBCO)
single crystals irradiated with high-energy electrons (2.5 MeV). This approach makes it possible to
obtain numerous defects in crystals in a controlled manner.

Twelve doses of irradiation ¢=0, 1.3, 2.5, 3.9, 5.6, 6.9, 8.0, 8.7, 10.0, 11.2, 15.6 and 23-10*°
e/cm? are used. With increasing o, T¢ linearly decreases to Tc = 0 at ¢ > 10-10*° e/cm? while the
resistivity also linearly increases and exhibits a metal-insulator transition above @10 = 11.2 -10%
e/cm?. The slope dp/dT in the normal state above T* at all ¢ remained almost constant, which
indicates the fulfillment of the Matthiessen’s rule, characteristic of non-twinned YBCO [2]. The
physics behind this behavior as well as linear dependencies of T. and p on ¢ still remains uncertain.

To clarify the issues the temperature dependences of fluctuation conductivity (FLC) and
pseudogap (PG) have been studied within the Local Pairs (LPs) model [1]. At ¢ = 0 FLC displays
distinct crossover from 3D-AL to 2D-MT fluctuations which is typical for well-structured YBCO
[1]. Then irradiation defects completely suppressed the 2D-MT fluctuation contribution.
Unexpectedly, now the 2D fluctuations are well described by the 2D-AL theory. Simultaneously,
the coherence length and the distance between the conducting CuO: planes increase more than
twice. But, very surprisingly, the original FLC behavior restores at ¢ = 5.6-10*° e/cm? However, the
absolute value of the FLP, measured at T=Tg is constantly decreasing, most likely due to the pair-
breaking effect of the irradiation. The similar “restoring” effect is observed for the PG A*(T). At ¢
= 0 A*(T) has the maximal A(Tpair) = 246.7 K and A(Tg) = 243.9 K and the shape characteristic of
OD non-twinned single crystals [1]. At ¢2 A*(T) decreases as expected, maintaining its shape. But
at @3, when 2D-MT FLC changes to 2D-AL, A*(T) suddenly increases, changing shape. At the
same time, both Tpair and T* increase. However, at @4 all parameters again sharply decrease,
including the shape A*(T). Finally, at ¢s=5.6 -10'° e/cm? A*(T) takes on a form typical for OD
YBCO single crystals with defects, which are characterized by linear A*(T) in the range from T pair
to To1. The details of the unusual behavior of the FLP and PG under irradiation are discussed.

[1] RV. Vovk and A.L. Solovjov, Low Temp. Phys. 44, 81-113 (2018);
https://doi.org/10.1063/1.5020905

[2] A. L. Solovjov, E. V. Petrenko, L. V. Omelchenko, R. V. Vovk, I. L. Goulatis & A. Chroneos,
Scientific Reports 9, 9274 (2019). https://doi.org/10.1038/s41598-019-45286-w

[3] F. Rullier-Albenque, H. Alloul, and R. Tourbot, Phys. Rev. Lett. 91, 047001 (2003).
https://doi.org/10.1103/PhysRevLett.91.047001
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Bi-Mn solid solutions are interesting due to their high coercive force at room temperature.
With increasing temperature, it grows to values exceeding the coercive forces of rare-earth
permanent magnets [1, 2]. It should be noted that electrical transport in these materials has hardly
been investigated, but its behaviour may be as interesting as magnetic properties. Studies by our
group have shown that the compound BigsssMnsesFe€o.62 With a small amount of manganese has a
colossal positive anisotropic magnetoresistance and anomalies on the temperature dependence of
electric resistance R(T) in magnetic field [3, 4]. The purpose of this work is to show what happens
to the R(T) in a magnetic field if the manganese content is increased. We examine in detail the
behaviour of the temperature dependences in the BigsosMni1.92 compound in magnetic fields up
to 90 kOe.

The corresponding investigation of textured, polycrystalline BissosMni1.92 containing two
phases (the bismuth matrix and magnetic inclusions of the o-BiMn phase) was carried out.
Measurements of R(T) for H || I and H ~ | have been performed in the temperature range 2+300 K
and magnetic fields up to 90 kOe. In the absence of an external magnetic field, the metallic
behaviour of R(T) is observed, which is manifested by a decrease in resistance with decreasing
temperature. In a magnetic field, the temperature dependence of the electrical resistivity changes
significantly, demonstrating maxima Tmax that shift towards higher temperatures with increasing
field. Temperature dependences of magnetoresistance MR = ([R(H) — R(0)]/R(0))*100 % for
different magnetic fields have been plotted. It was found that the magnetoresistance increases with
growing magnetic field and reaches a value of about 3300 % and 394 % in a magnetic field of
90 kOe for H™1 and H || 1, respectively. The analysis of temperature dependences of
magnetoresistance for BigseoMnseoFeos2 and BissosMni1.92 shows that as the manganese content
grows, the magnitude of magnetoresistance also increases. For the case of H ~ I, we observe MR »
3300 % and 2883 % in BigsosMni1o2 and BigseaMnzeoFeos2, respectively. For the H || |
configuration, it is established that MR » 394 % and 235 % in Bigs0sMn11.92 and Bigs.6sMn3.s9Fe€o 62,
respectively.

[1] Yong-Sheng Liu, Jin-Cang Zhang, Zhong-Ming Ren, Min-An Gu, Jing-Jing Yang, Shi-Xun
Cao, and Zheng-Long Yang, Chin. Phys. Lett. 27, 097502-1 (2010). DOI:10.1088/0256-
307X/27/9/097502

[2] N.V. Rama Rao, A.M. Gabay, and G.C. Hadjipanayis, J. Phys. D: Appl. Phys. 46, 062001-1
(2013). https://doi.org/10.1088/0022-3727/46/6/062001

[3] A.V. Terekhov, A.L. Solovjov, A. I. Prokhvatilov, A. 1., V.V. Meleshko, I.V. Zolochevskii, J.
Cwik, A. Los, A.D. Shevchenko, O.M. lvasishin, and Z.D. Kovalyuk, East European Journal of
Physics, 4, 12 (2017). DOI:10.26565/2312-4334-2017-4-02

[4] A.V. Terekhov, K. Rogacki, A.L. Solovjov, A N. Bludov, A.l. Prokhvatilov, V.V. Meleshko,
I.V. Zolochevskii, E.V. Khristenko, J. Cwik, A. Los, A.D. Shevchenko, Z.D. Kovalyuk, and O.M.
Ivasishin, Low Temperature Physics, 44, 1153 (2018). https://doi.org/10.1063/1.5060969
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In the literature devoted to discussing the properties of iron-based superconductors, it is
proposed to classify FeSe-based superconducting chalcogenides into a separate class [1]. According
to neutron data, structural transformation and nematicity occur in FeSe-based compositions, but
there is no magnetic ordering and time-reversal symmetry is not broken. At the same time, it was
suggested that the so-called “hidden magnetism” is realized in superconducting chalcogenides,
which consists in the ordering of magnetic quadrupoles [2].

The acoustoelectric transformation (AET) experiments had shown that superconducting
chalcogenides FeSe1xSx at temperatures below structural transformation temperatures Ts can be in a
state of “hidden magnetism” with broken time-reversal symmetry [3, 4].

This work is devoted to the study of AET in the mixed state in superconducting chalcogenides
FeSe1xSx (x=0.075). We investigated the dependence of the emitted electromagnetic field (phase
and amplitude of the signal) on the magnetic field. The magnetic field is directed along the axis of
sound propagation (z-axis). The measurements were done at the temperature T = 0.9T_, that allows

us to neglect the contribution of the normal component to the AET signal. The measurements were
done in the range of H corresponding to the initial stage of magnetic flux penetration into the
sample. The dependences were measured in a narrow range of magnetic fields to exclude possible
capture of the residual field by the superconducting solenoid. From the amplitude measurements it
can be concluded that the low critical field is equal to H  » 150e. Above this field, the response

amplitude varies linearly with the magnetic field, and the phases for the two directions of H are
almost identical.

The dependence of the AET signal from the magnetic field we got at the initial stages of flux
penetration has demonstrated a behavior that can be explained, in our opinion, only if the
piezomagnetism is included in the consideration. The results obtained from the study of the
piezomagnetic response in FeSe-based chalcogenides can be considered a direct confirmation of
breaking of time-reversal symmetry in FeSe1.xSx single crystals.

[1] T. Shibauchi, T.Hanaguri, and Y. Matsuda, J. Phys. Soc. Jpn. 89, 102002 (2020).
https://doi.org/10.7566/JPSJ.89.102002.

[2] S. W. Lovesey, Phys. Rev. B 93, 085126 (2016). https://doi.org/10.1103/PhysRevB.93.085126.
[3] V. D. Fil, D. V. Fil, K. R. Zhekov, T. N. Gaydamak, G. A. Zvyagina, I. V. Bilich, D. A. Chareev
and A. N. Vasiliev, EPL, 103, 47009 (2013). https://doi.org/10.1209/0295-5075/103/47009.

[4] V.D.Fil, D.V.Fil, G.A. Zvyagina, K.R.Zhekov, I. V.Bilich, D.A.Chareev,
M. P. Kolodyazhnaya, A. Bludov, and E. Nazarova, Phys.Rev.B 104, 094424 (2021).
https://doi.org/10.1103/PhysRevB.104.094424.
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The goal of the research is to create a new type of a superconducting Josephson junction (JJ).
To create it, the electrical breakdown (EB) of a dielectric layer (in the form of niobium oxide with a
thickness of 30 nm) between two film electrodes was studied. In contrast to work [1], the EB was
produced by the combined action of a DC voltage and a pulsed capacitor discharge on a dielectric
[2]. Two features of this effect have been discovered. The first one concerns the possibility of
obtaining a JJ with a reproducible resistance of more than 1 Q. Figure 1 shows the dependence of
the electrical resistance (Rp) arising after a breakdown of metal nanobridges (NB) between the
electrodes on a value of the discharge resistance (R2) in the capacitor circuit. It also shows the
calculated dependence of a critical current of the NB at a temperature of 0 K on the Ry. It can be
seen that the EB-method allows us to obtain NBs with a reproducible resistance of up to 8 Q.
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Fig.1. Dependences of the NB resistance (Ro) and the total measured resistance (Rs) with the
supply wires, as well as the critical current (1c(0)) on the discharge resistance (R>).

The second feature concerns the unusual appearance of several (up to 10) oxidized point areas
on a film cathode at certain values of the breakdown current. Calculations have shown that the
cause of this phenomenon is a sequential multiple breakdown of the dielectric under different points
of the film cathode. This may be caused by a spatial micro-inhomogeneity of the dielectric under
the cathode film, as well as a high discharge current density sufficient to make successively arising
NBs explode, and conditions for periodic charge-discharge cycles of the capacitor to the breakdown
voltage.

[1] S. I. Bondarenko, A. V. Krevsun, V. P. Koverya, A. G. Sivakov, R. S. Galushkov, Low Temp.
Phys. 48, 741 (2022). https://doi.org/10.1063/10.0013310

[2] A. V. Krevsun, S. I. Bondarenko, V. P. Koverya, Low Temp. Phys. 49, 83 (2023).
https://doi.org/10.1063/10.0016479.
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The so-called zero-field steps are formed in IV-characteristics of long Josephson junctions
(i.e. junctions with the length larger than the double Josephson length of penetration of magnetic
field) with inhomogeneous spatial distributions of critical currents in the absence of magnetic field
[1]. Strong high-frequency radiation is observed at these steps. Steps appear at voltages which
correspond usually to frequencies of even geometrical resonances of the junction. The formation of
zero-field steps relates to the resonant interaction of Josephson generation with standing waves. On
the other side, the inhomogeneity of the distribution of critical currents leads to the appearance of
moving Josephson vortices. The IV- characteristic of the junction can be approximated with the use
of parameters of these vortices [1]. In this report we check the validity of this approximation.

We modeled the long Josephson junction. The model is described elsewhere [2]. The long
junction was divided to sections. It is supposed that in the center of each of the sections there is an
"elementary"” Josephson junction with parameters equal to parameters of the whole section.
Parameters of all sections were identical except the critical current and the electrical resistance of
one section, which was chosen at an arbitrary place of the junction. For each of the “elementary”
junctions, the differential equation of the conservation of the current (the so-called dynamic
equation) was solved together with the condition of quantization of magnetic flux. At the given bias
current, the dependence of voltage over each of the “elementary” junctions on time was obtained
and dc voltage was calculated by means of averaging of these dependences. The dc voltage over the
whole long junction was calculated as averaged dc voltage over all “elementary” junctions.

Another approximation of the I1\VV-characteristic of the long junction is proposed in Ref. [1]. In
this approximation, the dc current is calculated from the equation of the balance of the input energy
for some period and the energy of ohmic dissipation for the same time. The value of voltage is the
integral of the propagating voltage pulse (i.e. of the Josephson vortex) over the length of the
junction. This approximation contains characteristics of the Josephson vortex. Our goal was to
compare the I\VV-curves obtained by two mentioned methods.

We calculated I1V-characteristic of the junction with the length of 110 micrometers by means
of the straightforward solution of dynamic equations (i.e. by the first method) and obtained zero-
field steps. The depth of the penetration of magnetic field was 15.6 micrometers. The description of
the zero-field step within ranges of the model of the motion of vortices (i.e. by the second method)
includes direct measurements of the width of Josephson vortices, and the “Lorentz contraction” of
the width at voltages close to the step. We visualized the movement of Josephson vortices and
calculated widths of vortices directly from images. With the use of obtained data, we calculated
velocities of vortices and the 1V-curve at the first zero-field step by means of the second method.
Though the IV-characteristic calculated by this method is in qualitative agreement with that
obtained by means of the straightforward integration of equations of phase dynamics, values of the
current obtained by the second method at the top of the step, exceed on above 30% those values
calculated by means of the first method. The origin of this deviation and values of obtained
coefficients of the approximation were discussed.

[1] T. A. Fulton and R. C. Dynes, Solid State Communications 12, 57 (1973).
https://doi.org/10.1016/0038-1098(73)90345-1.

[2] A. Grib, P. Seidel, M. Tonouchi, Supercond. Sci. Technol. 30, 014004 (2017).
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Soon after the discovery of high-temperature superconductivity (HTSC) in copper cuprates,
the existence of an extended temperature interval above the Tc was discovered, in which a state
characterized by unusual behavior of kinetic coefficients is realized. Thus, when a pseudogap (PG)
is “opened” in the electronic spectrum of cuprates (usually at Tpc ~ 2Tc), the material exhibits
excess electrical conductivity, and with a subsequent decrease in T, the density of charge carriers
decreases. Regarding the nature of PG, there are two most popular competing points of view. 1):
starting from Tpg, the aggregations of Cooper pairs appear in the material; 2): the decrease in carrier
density is due to the pairing of hole carriers into singlet local pairs (the electrical conductivity of
HTSC is predominantly hole).

Using the method of planar-contact probing of the electronic subsystem of the interface
formed upon contact of a normally conducting electron metal (Me) with a cuprate HTSC [1], it was
shown in [2] that the interval Tee.....Tc is a sequence of several close intervals, which, however, are
not identical in kinetics. This conclusion was fully consistent with a non-monotonic behavior of the
temperature dependences of both the absolute thermopower and the Hall coefficient of HTSC
cuprates.

The work presents the results of further study devoted to the properties of the interface formed
upon contact of Me=In with HTSC ceramics Bi1.6Pbo.4Sr2Ca2CuzO10+x and Tl2Ba,Ca2CuzOx. In the
first group of experiments, the value studied, as in [2], was the electrical resistance ri of the
HTSC/In contacts. The second group of experiments was carried out using a new tool for studying
PG, which we introduced into experimental practice. Its essence is a measurement of the
temperature dependence of the thermopower coefficient si of the same interface between Me and
HTSC.

According to both groups of experiments, the dependences of rif(T) and sif(T) in the case of
Bi1.6Pb0.4Sr2Ca,CuzO1o+x/In and  Tl:Ba,CaxCusOx/In  contacts demonstrate  non-monotonic
correlations in the Tpc...Tc interval. From this, a conclusion was drawn about the stage-by-stage
nature of the temperature evolution of the PG state in the cuprates studied. This result is
qualitatively consistent with the observation [3] in the PG state of Y-123 cuprates with a
superstructure of orbital magnetic moments directed at an angle of ~45° to the CuO- planes, the
intensity of which varied non-monotonic and gradually with T. As for the phenomenon of the staged
nature of the PG itself, it may indicate the influence on the PG expressed in changes in the ratio of
electron and hole carriers.

[1] V.I. Sokolenko, V.A. Frolov. FNT, 39 134 (2013).
[2] V.A. Frolov, V.I. Sokolenko. JETP Let. 107 440 (2018).
[3] B. Faugué, Y. Sildis, V. Hinkov et. al. Phys. Rev. Lett. 96, 197001 (2006).
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If a classical resonator is coupled to a quantum system, its capacitance, inductance and
resistance changes [1-3]. We investigate how different qubit-based systems (Fig. 1) interact with
classical electric circuits and how to replace them with equivalent impedance which can be
measured directly. The problem can be solved for the two-level approximation as well as for multi-
level systems.

Our approach demonstrates how to strictly introduce quantum capacitance by quantizing the
system and by applying the Krylov-Bogolyubov formalism [4]. The equations of motion for the
classical and quantum subsystems then can be obtained and solved, so the correction terms for the
circuit eigenfrequency as well as the effective impedance can be found.
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Fig.1 Examples of a double quantum dot [1] (a) and a single electron transistor [3] (b) coupled
with classical LC circuit and respective equivalent circuits containing only effective capacitances.

[1] R. Mizuta, R. M. Oxtoa, A. C. Betz, M. F. Gonzalez-Zalba, Quantum and tunneling capacitance
in charge and spin qubits, Phys. Rev. B 95, 045414 (2017).
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Phys. J. B 61, 187-191 (2008).

[3] T. Duty, G. Johansson, K. Bladh, D. Gunnarsson, C. Wilson, P. Delsing, Observation of
Quantum Capacitance in the Cooper-Pair Transistor, Phys. Rev. Lett. 95, 206807 (2005).

[4] S. N. Shevchenko, A. N. Omelyanchouk, E. llichev, Multiphoton transitions in Josephson-
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We studied electron transport in one dimensional disordered lattice. We considered low
electron limit where the number of electrons is much less then the number of host lattice sites. In
this case one can neglect all the effects related to electron-electron interactions (i.e. Coulomb
interactions, spin-spin interactions). Hamiltonian of this model has the form:

H=— Z [tnc*L(:,,LH - h.c} +Uncten

here n enumerates lattice sites; c*and c, are the creation/annihilation operators of electron on site n;
t, are the hopping constants and U, are the constants of electron interaction with lattice. The
parameters t, and U, are considered to be random. Their randomness is due to disorder of lattice
sites positions. It is well known, that in one-dimensional systems the randomness of U, (or t,) leads
to electrons localization [1]. Hence, electron transport is impossible even in the case of an arbitrary
weak disorder.

We considered the model, where both U, and t, are random, but not independent. It was
shown, that the correlations between random Un and t, can lead to delocalization of electrons states.
As the result, electron transport becomes possible. Depending of the type of correlations between Un
and tn several transport regimes were found: sub-diffusive, diffusive and super-diffusive. The areas
of these regimes existences were established.

[1] I. M. Lifshits, S. A. Gredeskul, L. A. Pastur, Introduction to the Theory of Disordered Systems.
Wiley-VCH, p.462 (1988).
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Following the discovery of the iron-pnictide high-Tc superconductors (SCs), a search for the
new SCs extended to a variety of iron-based layered compounds like ROFeAs («1111», R = rare
earth metal), AFe;Se, («122», A = divalent alkaline earth metal), BFeSe («111», B = alkali metal),
and simple FeSe(Te) materials («11»), which exhibited SC with transition temperatures Tc in the
range of 8-55 K [1].

We expect that corresponding pressure (or volume) derivatives of y are especially sensitive to
the mechanism of magnetic interactions. The main objective of this study is to investigate atomic
volume and pressure effects on magnetic properties of the LaFeAsO systems, which demonstrate a
substantial pressure effect on Tc. The corresponding ab initio calculations of the electronic structure
and magnetic susceptibility are supplemented by analysis of available experimental data.

In this work the polycrystalline LaFeAsOossFo.1 samples were obtained by conventional solid-
state synthesis. The phase content of the samples was checked by the X-ray diffraction method.

In the following, polycrystalline and single-crystalline LaFeAsO samples will be designated
by the letters P and S, respectively, indicating the series number. The dc magnetization studies were
carried out in the magnetic field up to 50 kOe and the temperature range 4.2—300 K using a
superconducting quantum interference device (SQUID) magnetometer. For single crystals the
magnetic field was applied along the tetragonal c-axis. The studied sample LaFeAsOosgsFo.1 shows
the superconducting transition at temperature Tc =~ 26 K [2]. For the normal state, the y(T)
dependence, measured in B > 1 T, appears to be relatively flat and roughly described by the mean
value of ya ~ 5-10~% emu/mol. The peculiar feature of the low-field magnetic susceptibility of
LaFeAsOo.gsFo.1 is a clear cusp at T =~ 135 K with a sharp rise of yx with cooling from Ty = 135 K to
Tc=26 K

To gain a further insight into magnetic properties of the iron-based SC systems in the normal
state, the ab initio calculations of the electronic structure and paramagnetic susceptibility are carried
out for LaFeAsO compounds within the density functional theory (DFT). The calculations were
performed for varying atomic volume at the corresponding experimental lattice parameter ratios c/a.
Under ambient conditions LaFeAsO compounds possess the tetragonal crystal structure (space
group P4/nmm). The positions of As sheets are fixed by the internal parameter Z, which represents
the height of these atoms above the iron square plane. This parameter also determines the
chalcogen-Fe bond angles. Crystal structure parameters of LaFeAsO compounds were established
in a number of works by means of X-ray and neutron diffraction studies.

[1] M.D. Lumsden, A.D. Christianson, J. Phys.: Condens. Matter 22, 203203 (2010).
https://doi.org/10.1088/0953-8984/22/20/203203.

[2] G.E. Grechnev, A.V. Logosha, A.O. Lyogenkaya, A.G. Grechnev, A.V. Fedorchenko, Ukr. J.
Phys 59, 284 (2014). https://doi.org/10.15407/ujpe59.03.0284.
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A boundary of two media with different topological order can be characterized by series of
properties, the existence of which is protected. In the present work, the properties of such a
boundary of two conductors are studied in a quantizing magnetic field: with charge carriers of the
Dirac type and so-called spin-1 fermions, which are realized in graphene-like and Lieb lattices [1]
respectively. Both lattices are characterized by the presence of a cone in the electron energy
spectrum, the Klein paradox, but differ in Berry phase, which is equal to p in the graphene-like
lattice, and trivial in the Lieb lattice.

A transmission coefficient is calculated. Spin-nonconserving Klein tunneling cannot occur, in
contrast to the model proposed in [2]. It is shown that edge states arise that join the properties of
conductors to the trivial and nontrivial Berry phase. An analogue of the area quantization rule is
obtained. The systematics of energy levels for edge states can be described by the formula

S . +28S; :Zp%(nm), where S; and S, are areas of segments of the edge state in the

graphene-like lattice and the Lieb lattice respectively, the correction n=n(SL,SG)<l IS a

complicated oscillating function. Asymptotic behavior of energy levels contains information about
the influence of the Berry phase on edge states.

These edge states lead to the appearance of a characteristic series of root singularities in the
density of states n(E), which are shown in the figure.
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Fig.1. Edge part of the density of states n(E) .
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Manifestation of homogeneous superconductivity in single-crystalline [100]
boron-doped diamond film near Superconductor-Insulator transition
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In ordinary life, diamonds are used as pieces of jewelry of the highest quality. In science and
industry, they are also primarily known for their excellent dielectric properties and extremely high
hardness. However, when diamonds are doped with boron, they can be converted into
semiconductors and even superconductors. One interesting issue to study are the boundary
conditions of transition from one state to another.

The transition from a superconductor to an insulator (SIT) in boron-doped diamond can be
realized by reducing the concentration of charge carriers in two ways: either by directly reducing
the boron concentration [1, 2], or by altering the orientation of crystal growth. The latter owes to the
fact that the concentration of Hall carriers can exceed the actual doping concentration due to the
distortion of the Fermi surface [3].

Here we present a scanning tunneling microscopy/spectroscopy (STM/S) study of
superconductivity in a single-crystalline boron-doped [100] diamond film prepared by Chemical
vapor deposition (CVD) with a low doping level of n = 3x102° cm?. Homogeneous
superconductivity with parameters A(0) = 0.13 meV, Tc = 0.85 K, and Hc2 between 1.5-1.6 T was
observed even at the boron concentration limit for SIT (Fig. 1).
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Figure 1. Normalized differential conductance vs. Bias voltage at temperature in range of
0.45-1 K (a) and in parallel magnetic field 0-1.5 T at temperature T = 0.5 K (b).

[1] E. Bustarret, J. Ka¢marcik, C. Marcenat, E. Gheeraert, C. Cytermann, J. Marcus, and T. Klein
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[2] E Bustarret, P Achatz, B Sacépé, C Chapelier, C Marcenat, L Ortéga and T Klein, Phil. Trans.
R. Soc. A, 366, 267-279 (2008).

[3] Akihiro Kawano, Hitoshi Ishiwata, Shingo Iriyama, Ryosuke Okada, Takahide Yamaguchi,
Yoshihiko Takano, and Hiroshi Kawarada, Phys. Rev. B 82, 085318 (2010).
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The number of works devoted to high-temperature superconductors (HTSCs) keeps growing
steadily. It is believed that understanding the mechanism of electron pairing in HTSCs will indicate
the direction of synthesis of superconductors with a desired high Tc. For this, it is necessary to study
the properties of HTSCs in the normal state, especially in cuprates, where the pseudogap (PG) is
opened at T*>>T.. It is worth noting that the PG state refers to a range of temperatures and energies
where the density of states in a superconductor is suppressed, but superconductivity is not yet fully
developed. This state is sensitive to the presence of a magnetic field, which can further modify the
electronic and magnetic properties of the material. Obviously, applying of an external magnetic
field is one of the excellent methods to study superconducting properties of cuprate HTSCs.

In our work, we studied a high quality 100 nm-thick YBCO film by having performed
resistive measurements up to 8 T in H||ab configuration.

Below the PG opening temperature T*, the resistivity curves of studied sample deviate
downward from linear dependencies at high temperatures that results in appearance of the excess
conductivity ¢'(T). In our approach, in order to explicitly describe the PG temperature dependence
A*(T) under the influence of external magnetic fields, we utilized an equation proposed within the
framework of the local pair (LP) model [1, 2], in which the equation is used for the experimentally
measured ¢'(T):
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In this case, the dynamics of pair formation (1 — T/T*) and pair breaking (exp[-4*(T)/T])
above T are taken into account. Here, e is an elementary charge of electron, T* is a PG opening
temperature, A4 is a numerical factor, 7 is a reduced Planck constant, &(0) is a coherence length
along the c-axis, ¢ is a reduced temperature, *c is a theoretical parameter.

Having obtained reliable data of ¢'(T,H), we plotted series of 4*(T,H) and compared the
results in the vicinity of T¢ with the Peters-Bauer (PB) theory. The further details will be presented
directly at the conference.

[1] A. L. Solovjov and V. M. Dmitriev, Low Temp. Phys. 32, 99 (2006).
https://doi.org/10.1063/1.2171509
[2] A. L. Solovjov and V. M. Dmitriev, Low Temp. Phys. 35 169 (2009).
https://doi.org/10.1063/1.3081150
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Experimental verification of the occurrence of rectified voltage (“diode effect™)
in multiply connected superconducting structures
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Recent studies have increasingly focused on the superconducting diode effect, which is
characterized by the nonreciprocity of the critical current and, consequently, the voltage
rectification effect. Analogous to a semiconductor diode, a superconducting diode could become a
fundamental component of superconducting electronics, relying on various quantum phenomena.
The phenomenon of rectification, attributed to the asymmetry of the critical current, has been
recognized for over 60 years. It was initially examined in [1] using a two-contact Josephson
interferometer with clamping contacts (dc SQUID), where it was attributed to the difference in the
contacts' critical currents. A similar effect results from the unequal inductances of Josephson
contacts. In [2], it was demonstrated that in a doubly connected circuit without Josephson contacts,
oscillations of the critical current emerge due to summing of the transport and circulating currents.
Occasionally, this interaction causes a displacement of the critical current's peak in the magnetic
field away from the zero value. Presumably, this anisotropy of the critical current is due to the
inequality of the critical currents within the circuit's branches. Our work experimentally establishes
that the rectified voltage (diode effect) correlates with the dissimilarity in the critical currents or the
inductances of the circuit's branches. These measurements were conducted on the same structure,
changing the critical current's value in the branches with a focused laser probe or modifying the
geometric inductance by switching the current feed terminals. Thus, we have shown that a
superconducting diode effect can be realized by using simple properties of critical currents in
inhomogeneous structures and does not require involving complex quantum phenomena related to
current nonreciprocity.

The work was supported in part by grant of the Science and Technology Center in Ukraine
(Project Number 9918). O.T. acknowledges support of SPS Programme NATO under grant G5796
and the EU NextGenerationEU funded through the Recovery and Resilience Plan for Slovakia
under the project No. 09103-03-VV01-00031.
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Hopping Hall effect in multi-walled carbon nanotubes
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Carbon nanotubes are promising material for applications in many fields, including electronic
devices, due to their unique physical and electrical properties. Hall effect is a valuable tool for the
investigation of charge transport in materials. Despite this, only a small number of works have
studied the Hall effect in carbon nanotubes. This paper presents the results of an experimental study
of the Hall effect in multi-walled carbon nanotubes (MWCNT, Arkema, France) in a wide
temperature range of 12-300 K. The measurements of the Hall effect were performed by the van
der Pauw method in a helium cryostat. The studied MWCNT samples had the shape of a rectangular
parallelepiped with dimensions 5x5x0.3 mm?3, obtained under pressure conditions of ~100 MPa. In
the studied temperature range, the Hall coefficient is positive and equal to 0.04 cm®/C. The
investigation of the temperature dependences of the Hall mobility indicates that the Efros-
Shklovskii variable range hopping (ESVRH) conductivity provides the main contribution to the
Hall effect in the entire studied temperature range of 12-300 K. Hall mobility shows a slight
increase from 1 cm?/(V*s) to 2 cm?/(V*s) with increasing temperature. This behavior can be
described by the exponential law (Fig. 1a) theoretically predicted for disordered semiconductors

[1]:
2 ,,1/26
m, uexp@—ang—Og )
eTo 3
where « is a numerical coefficient, To is a characteristic temperature from the Efros-Shklovskii
ESVRH conduction law G~exp[-(To/T)*?]. The investigation finds that To=11 K and o~0.7. It is
interesting to note that the conductivity of MWCNTSs follows ESVRH below 90 K (Fig. 1b). At the
same time, the contribution of hopping conductivity to the Hall effect remains significant up to 300
K (Fig. 1a). Such behavior agrees with the data of investigation of the Hall effect in reduced
graphene oxide that we reported previously [2].
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Fig. 1. Temperature dependence of conductance (a) and Hall mobility of charge carriers (b) in

[1] T. Holstein, Phys. Rev. 124 (1961) 1329. https://doi.org/10.1103/PhysRev.124.1329.
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Controlling the efficiency of the superconducting “diode effect” using
microwave radiation
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The superconducting diode effect, characterized by the nonreciprocity of superconducting
currents, has garnered significant interest due to its demonstration of quantum physical phenomena
with promising applications in superconducting electronics. The fundamental mechanisms that
induce the superconducting diode effect include the simultaneous breaking of space-inversion and
time-reversal symmetry, magnetochiral anisotropy, the interplay between spin-orbit interaction
energy and the characteristic energy scale of supercurrent carriers, and finite-momentum Cooper
pairing. Experimentally, the diode effect's efficiency is gauged by the asymmetry magnitude of
critical currents in opposing directions. Meanwhile, most studies do not address the resistive state
mechanisms or the nature of critical current emergence.

However, it is necessary to keep in mind that it is the superconducting current density that
becomes critical locally, and is achieved at one of the sample’s edges of the when reaching the
energy edge barrier. Since the perpendicular magnetic field components from the transport current
have different directions at the sample's opposite edges, the magnetic field increase reduces the
barrier where the external magnetic field and the current field coincide in sign and increases it at the
opposite edge.

As shown in [1], the critical state occurs only at one “weaker” barrier. Therefore, by selecting
the magnetic field and transport current directions, one can independently assess the critical current
required to overcome each edge barrier. The critical currents will differ for opposite directions if the
edge barriers' values are not equal, indicating a diode effect.

To induce a diode effect in superconducting tin strips, we introduced a local geometric
inhomogeneity at one strip edge, increasing the local current density and reducing the critical
current in one direction. Altering the magnetic field direction changes the diode effect's 'sign™ and
efficiency (the difference in critical current for opposite directions) which reached 30%.

Besides the magnetic field, other external factors, such as microwave irradiation, can affect
the edge barrier's value and the critical current. If the microwave field differently suppresses critical
currents at the sample's edges, one can select a power level where the critical current becomes zero
for one direction of transport current and finite for the other.

This scenario was realized in our experiment, allowing us to claim a 100% efficiency for the
superconducting diode effect.

M.G. acknowledges support from SPS Programme NATO grant number G5796 and Slovak
Research and Development Agency under the contracts APVV-20-0425. O.T. has been funded by
the EU NextGenerationEU through the Recovery and Resilience Plan for Slovakia under the project
No. 09103-03-V01-00031.
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(2018). https://doi.org/10.1063/1.5024540
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Josephson weak link based on proximity effect in long bimetallic
thin-film bridge
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Stationary and non-stationary Josephson effects are fundamental phenomena for the operation
of nearly all modern superconducting electronics. Utilizing the Josephson tunnel junction (JJ), often
with an external shunt to mitigate junction capacitance effects, yields the best device characteristics
primarily due to a pure sine current-phase relation (CPR). However, their reproducible fabrication is
complicated and costly, making them less suitable for small research projects. Various types of
weak links, such as microbridges, exhibit non-sine CPR well below the critical temperature.

We studied the resistive state of long superconducting thin-film bridges with non-equilibrium
regions called phase-slip centers (PSC) and lines (PSL), and the effect of shunting them by normal-
metal covering as an additional channel for quasiparticle diffusion. We found that a bimetallic thin-
film sandwich of Sn/Al, patterned as a 1x5 um strip, showed "good" Josephson behaviour with the
close-to-sine CPR. This was confirmed through the observation of at least the first 12 Shapiro steps
in the current-voltage characteristics under 10 to 20 GHz microwave irradiation. Their voltage
positions are 20% less than those following from the Josephson relation V=hf/2e. We propose a
possible explanation for this fact. Notably, no subharmonic steps associated with non-sine CPR
were observed while the oscillations of the n-th current step width with microwave field amplitude
qualitatively follow the Bessel functions of n-th order. Thus, such a simple bimetallic bridge holds
promise for use as a weak link in superconducting electronic devices, including SQUIDs and others.

Unexpectedly, we observed another set of small oscillations superimposed on the main
oscillations. Simple modelling shows that this curve shape may arise from two parallel periodic
processes: one with a 2zn-periodicity and the other with a 4x-periodicity. The 4n-periodic CPR is
typically associated with topological superconductors with a superconductor-semiconductor
interface and Majorana states [1], which is not the case for our normal metal-superconductor
interface. However, Landau-Zener transitions occurring at the anticrossing of highly transparent 2z-
periodic Andreev states can induce 4z-periodic behavior, as discussed in [2]. These transitions can
consequently result in the intriguing shape observed in the oscillating dependence of the Shapiro
step width on the microwave field amplitude.

An interesting aspect of the discussed structure is that, due to the normal-metal layer, the
entire long bridge behaves as a single weak link with a CPR close to sine, despite it may contain of
up to four PSCs in it. Each PSC can be regarded as a "dynamic Josephson junction™ [3].

The work was partially supported by SPS Programme NATO grant number G5796 and
Slovak Research and Development Agency under the contracts APVV-20-0425. O.T. has been
funded by the EU NextGenerationEU through the Recovery and Resilience Plan for Slovakia under
the project No. 09103-03-VV01-00031.
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Magnetic skyrmions in atomically thin van der Waals (vdW) materials provide an ideal
playground to push skyrmion technology to the single-layer limit. Here, we investigate the intrinsic
magnetic skyrmions in a monolayer Janus vdW magnet, MnSeTe, by firstprinciples calculations
combined with atomistic spin simulations. A very large Dzyaloshinskii-Moriya interaction (DMI) is
observed due to the intrinsic broken inversion symmetry and strong spin-orbit coupling for
monolayer MnSeTe, which is in agreement with the literature.

We will show that the interplay between the large DMI, the exchange coupling, and the
magnetic anisotropy energy allows stabilizing zero-field nanoscale skyrmions in monolayer
MnSeTe, becoming technologically competitive. We further show that the nanoscale skyrmions
have moderate energy barriers protecting skyrmions against annihilation. Finally, we unravel the
role of higher-order exchange interactions - which have so far been overlooked- as they can play an
intriguing role in the stability of skyrmions.
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Experimental analysis of magnetocaloric behavior of selected Laves phases
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The magnetocaloric effect (MCE) is an exciting topic of investigation in the condensed matter
physics field due to the link between magnetic and thermal properties of magnetic materials and its
applicability in refrigeration technology. The compounds from the RNi, family, where R stands for
rare earth metal, attracted a significant amount of attention due to their special properties associated
with highly localized magnetic moments that originate from the incompletely filled 4f-electron shell
of the lanthanide atoms. In those compounds, Ni atoms stay in the non-magnetic state. The 4f-4f
interactions are weak since the wave functions derived from the lanthanides have a small range as
compared to the interatomic distances. As a result, one can observe low magnetic ordering
temperatures, which makes those materials ideal candidates for low-temperature refrigerants, since
they exhibit a high magnetocaloric effect (MCE) [1-3].

The majority of reports on magnetocaloric subjects are concentrated in the experimental
investigations that are usually performed by heat capacity measurements with and without an
applied magnetic field or by magnetic methods. In this work, the influence of simultaneous
substitution within the rare earth sublattice on the magnetic and magnetocaloric properties in a wide
magnetic field range, up to 14 T, on RR'Ni> (R,R" = heavy rare earth elements) Laves phase solid
solutions synthesized by the arc-melting method has been studied. To improve the knowledge of the
properties of considered solid solutions, both direct and indirect methods were used to characterize
the high-field properties of the adiabatic temperature change, ATa, and the magnetic entropy
change, ASw. The obtained values are high and close to each other in the specified temperature
range, which allows us to conclude that studied solid solutions are promising candidates for
magnetocaloric material at low temperatures, which is crucial for a regenerative cryocooler to reach
a liquid-gases temperature. Composites with optimum proportions of the selected individual Laves
phases components were obtained through the innovative high-pressure synthesis. The results
indicate that the proposed composites are good candidates to be used as the refrigerant material in a
magnetic refrigerator performing an Ericsson cycle at low temperatures.

The work was supported by the National Science Center, Poland through the OPUS Program
under Grant No. 2019/33/B/ST5/01853.
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The low-temperature static and dynamic magnetic properties and heat capacity for
Ni(Il)-Fe(l1) layered double hydroxides (LDH) with the nickel-to-iron ratio of n = 2, 3 have been
studied in a wide range of magnetic fields up to 70 kOe. The cluster glass magnetic behavior in the
high-temperature region (below about 100 K) was revealed for NixFe-based LDH, which is
associated with the clustering of iron in metal layers. Below 5 K, these LDH demonstrate a step
initial magnetization curves and wasp-waisted magnetization loops evident in magnetic phase
separation. The effect is associated with a magnetic phase segregated state of Ni-Fe LDH: at least
two different magnetic phases coexist at low temperatures, at least below 5 K. At the same time, no
effect is seen for the composition with cation ratio Ni/Fe=3.

The spontaneous magnetization appears for all the Ni-Fe LDH studied below 17 K; it is
accompanied by magnetization loops of ferromagnetic type. Frequency-independent peak of the
temperature dependent ac magnetic susceptibility curves is accompanied by the corresponding
anomaly of the temperature dependent heat capacity.

To reveal the nature of the phase-segregated state found in Ni2Fe-based LDH XAS/XMCD
experiment will be performed at the DEIMOS soft X-ray beamline (SOLEIL, France).

This work was supported by the EU H2020 project European Microkelvin Platform (EMP) -
grant agreement No. 824109 and Slovakia-Portugal bilateral project FAST-LDH (2019-
2020)/APVV-SK-PT-18-0019.
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Topologically non-trivial two-dimensional magnetization configurations (solitons in
magnets), such as skyrmions and vortices, are promising as information carriers for spintronics and
magnonics [1]. Skyrmions exhibit several well-known dynamic regimes, among them are breathing
modes when the skyrmion radius changes, and rotational modes when the position of the skyrmion
core fluctuates. Various combinations of these modes and transitions between them, as well as
inertial dynamics [2], can take place. To describe the oscillations of skyrmions and their
translational motion, the Thiele equation is often used, in which inertial effects are taken into
account when introducing the inertial mass of a skyrmion [2]. However, the real oscillations of spin
textures, which take into account the non-uniform distribution of the density of solitons’ inertial
masses and the densities of driving forces, have not been sufficiently studied. Oscillations of spin
textures as a physical process are almost not discussed.

In the present work, we proposed a model of the spatial distribution of magnetization, which
is a confined spin configuration of the target skyrmion type in a two-sublattice AFM with
perpendicular magnetic anisotropy. Using a 3D non-uniform AFM magnetization distribution and
an energy approach, the surface energy density and surface density of the topological spin texture
are calculated as functions of the radius of spin isosurface. Taking these characteristics into account,
we derived the equation of free oscillations of topological spin texture magnetization in the form of
a wave equation with variable coefficients, and found its quasi-classical solution. For a thin
axisymmetric circular nanoscale spin configuration, the main characteristics of eigenexcitations are
determined, viz., frequency, relative amplitude and period of oscillations. In addition, we found the
topological and inertial masses of such a dynamical magnetization texture, which correlate with the
known numerical and experimental results.

The localized oscillating spin texture is not only a source of rich physics, but also a promising
candidate for advances in spintronics. Our results are applicable for finding the amplitude and
spectra of oscillations of topological spin textures in confined geometry. We treat the self-
oscillatory process of a localized spin texture as a magnetic nano-oscillator and can recommend it
as a new tunable radio-frequency oscillation source [3].

In contrast to the well-known nano-oscillators driven by spin current such as STNOs or
SHNOs, the nano-oscillator based directly on a 3D non-uniform AFM dynamical spin texture
(NUST-NO) proposed by us has a different principle of operation and is not a technological
structure. Therefore, its physical dimensions are the real dimensions of the spin texture itself
(nanometers). It does not require spin currents, and its oscillations are a natural physical process of
harmonic oscillations excited in the spin texture in one way or another. However, this does not
exclude the use of the dynamical magnetization texture studied by us also as an active element of a
high-frequency oscillator based on the spin-transfer torque.

[1] A. Fert; N. Reyren and V. Cros, Nat. Rev. Mater. 2, 17031 (2017).
https://doi.org/10.1038/natrevmats.2017.31.

[2] F. Buttner et al., Nat. Phys. 11, 225 (2015). https://doi.org/10.1038/nphys3234.

[3] V. S. Gerasimchuk, Yu. I. Gorobets, O. Yu. Gorobets and I. V. Gerasimchuk, Sci. Rep. 13, 6613
(2023). https://doi.org/10.1038/s41598-023-33220-0.
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Perovskite oxides, ABOz have numerous functionalities, including superconductivity,
magnetism, ferroelectricity, and multiferroicity. Such diverse functionalities of these versatile
materials arise from the replacement of ions in A or B-site. Among perovskites, BaBiOs (BBO) is a
fascinating compound that has begun to be intensively studied about five decades ago due to a wide
variety of intriguing physical properties. BBO caused a lot of confusion when it was experimentally
found to have the insulating properties despite theoretical predictions that it should be a metal. As a
result, an extensive debate ensued about the mechanism responsible for the insulating properties of
BBO. The two most commonly considered mechanisms are charge disproportion, when Bi ions
have alternating 3+ and 5+ valence states forming a charge order on the BiOs-octahedra network,
and bond disproportion, when there is strong hybridization between the Bi 6s and O 2p orbitals.

Recent update of interest in BaBiOs is connected with theoretical predictions of a possible
topological insulating state in it with a large topological gap (~0.7 eV). This, together with the
natural stability against surface oxidation and defects, makes the bismuth-oxide family of special
interest for possible applications in quantum information/computing and spintronics.

In spite of the wide variety of interesting properties of parent and doped BBO, the number of
their spectroscopic studies has been limited and the conclusions drawn from these studies are
questionable. Raman spectroscopy is a well-established technique to simultaneous probing of
lattice, electronic, magnetic and orbital degrees of freedom as well as interaction between them.
Here, we propose to re-examine the parent BBO compound to fill the existing gaps in understanding
the interplay of lattice distortions and electronic properties using the unique capabilities of Raman
spectroscopy. It is known that the phonon subsystem plays an essential role in the formation of
mechanical and transport properties of the crystals, as well as being able to couple to other
subsystems resulting in generation of new physical properties. The temperature-dependent Raman
study of BBO can shed light on the quantum effects suppressed due to thermal-induced fluctuations
at room temperature. In this paper, in order to obtain a deeper insight in physics of BBO we offer a
comprehensive experimental and theoretical study, which will be studied the crystal lattice
dynamics in a wide temperature range of 2 - 300 K, which will be accompanied by a group-
theoretical analysis and a theoretical calculation of the phonon frequencies/vibrations and structural
instabilities.

V. Gnezdilov and A. Glamazda thank the Nanophotonics journal, De Gruyter, Sciencewise
Publishing, and the Optica Foundation for the financial support through the Ukraine Optics and
Photonics Researcher Grants.
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The analysis of magnetic susceptibility, magnetization, and specific heat of the studied
organo-metallic compound Cu[CsH2(COOQ)4][C2HsNHz]> was previously reported. The studied
system was identified as a quasi-two-dimensional (quasi-2-D) S = 1/2 Heisenberg antiferromagnet
with anisotropic exchange interaction forming rectangular lattice with the main intraplane coupling
Ji/ke = 10 K with the ratio R=J2/J1 =~ 0.7. No magnetic phase transition was observed at
temperatures down to 1.8 K [1].

Our study extends the former investigation by low-temperature specific heat analysis down to
0.4 K under magnetic fields up to 9 T. Specific heat of a pellet-form powder sample was measured
by commercial device Physical Property Measurement System (PPMS) using relaxation method.
Without external field, long-range magnetic order was still not evident down to 0.4 K. However,
such anomalies become observable under applied external magnetic field. Following these
anomalies in the specific heat temperature dependence, we constructed a magnetic phase diagram
for Cu[CeH2(COO0)4][C2HsNH3]2. We compared it with theoretical predictions for the Berezinskii—
Kosterlitz—Thouless (BKT) transition in the S = 1/2 Heisenberg antiferromagnet on a square lattice.
The experimental transition temperatures slightly exceeded those predicted for the square lattice due
to interlayer interactions. Additionally, the field dependence of the magnetic entropy confirmed
features characteristic of a field-induced BKT transition through the unbinding of bound vortex-
antivortex pairs.

This work was supported by the Slovak Research and Development Agency Projects number
APVV-18-0197, APVV-20-0324, APVV-22-0172, VEGA Grant No0.1/0132/22 of the Scientific
Grant Agency of the Ministry of Education, Science, Research and Sport of the Slovak Republic,
the Czech Science Foundation Grant No. 21-02550S and the Development Operational Programme
Research and Innovation for the project "New unconventional magnetic materials for applications ",
ITMS: 3130117544, co-funded by the European Regional Development Fund (ERDF). Material
support from U.S. Steel KoSice s.r.0. is greatly acknowledged.
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Alloys based on transition metal and rare-earth components are known as synthetic
ferrimagnetic materials. Due to the property of fast spin reversal these compounds are attractive as
media for ultrafast laser-induced magnetization switching [1] and spin-transfer-torque-induced
domain wall or skyrmion propagation [2]. In case of stabilized stripe-domain structures these
materials have been suggested also as media for spin-wave propagation [3]. Due to large magnetic
polarization of the rare earth element caused by the transition metal, the synthetic ferrimagnets have
giant magnetostrictive properties, which are pronounced not only at low temperatures but also at
room temperature [4]. This property allows to use them in different equipment as a component that
produces mechanical force, displacement, or torque [5].

Here we focus on complex multilayer structures consisting of ferrimagnetic alloy FeosTho.4
(4.5 nm) and Fe sublayers. The Fe sublayers are functional here to decrease the total saturation field
and, hence, to expand the applicability range. We found an unusual stabilized magnetic domain
structure when the FeTb/Fe multilayer is deposited on top of an Fe epitaxial layer (Figure 1), while
the Fe sublayers’ thickness is close to 1.5-2 nm. Square- and triangle-like magnetic domains are
observed (Figure 1) together with stabilized stripe domains, which are common but usually unstable
for such kind of synthetic ferrimagnetic systems. These domains are “locked” and applying an in-
plane magnetic field of 3 T is not enough to change the magnetic pattern. In the work we discuss
how this peculiarity is reflected in magnetostrictive properties of these stacks and how it relates to
perpendicular magnetic anisotropy.

peees

Figure 1. — Images of “locked” domain structure, observed in geometries of longitudinal (on
the left) and polar (on the right) magnetooptical Kerr effect.

We acknowledge CzechNanoLab Research Infrastructure supported by MEYS CR
(LM2023051). The work has been done in frames of the project IMPROVE VI,
registration number CZ.02.01.01/00/22_010/0008114.

[1] C. D. Stanciu et al., Phys. Rev. Lett. 99 (2007) 047601, 1. Radu et al., Nature 472 (2011) 205.
[2] A. Sergio, Montoya et al., Commun. Phys. 5 (2022) 293.

[3] C. P. Liu, S. Z. Wu, J. Y. Zhang, J. L. Chen et.al., Nature Nanotechnology 14, 691-697 (2019).
[4] A. Clark, H. Belson, Phys. Rev. B 5 (1972), 3642-3644.

[5] X. Liang, C. Dong, H. Chen, J. Wang, Y. Wei, M. Zaeimbashi, Y. He, A. Matyushov, C. Sun,
and N. Sun. Sensors 20 (2020), 1532, https://doi.org/10.3390/s20051532
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Tensor networks based numerical methods are widely used to study strongly interacting
quantum systems on the lattice in one and two dimensions. 3D systems are much more complex, as
the straightforward generalization of two-dimensional approaches leads to very numerically costly
algorithms, which makes it difficult to reach highly accurate results with 3D tensor networks. In this
work, we present several algorithmic generalizations with single-layer corner-transfer matrix based
methods, which allowed us to significantly lower the cost of 3D tensor network calculations and
reach more accurate results than the previous studies. We have tested our algorithm on the cubic
lattice Heisenberg model and found the results in excellent agreement with previous Monte-Carlo
calculations. The proposed numerical algorithms open the door to extensive applications of tensor
networks to complex 3D quantum systems.

The authors acknowledge support by the National Research Foundation of Ukraine under the
call “Excellent science in Ukraine” (2024-2026).
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We consider a doubly clamped magnetic microbeam [1,2], where both the ferromagnetic
resonance (FMR) and the mechanical mode are driven. Surface anisotropy and magnetoelasticity
mediate the interaction between the modes. Due to the symmetries in the system, the dominating
interaction is of the cross-Kerr type. However, a beam specimen can buckle [1,2], thus breaking the
symmetry and generating other coupling types. To facilitate experimental characterization of such
beams and similar systems, we study the harmonic structure generated in the beam [1].

We consider the unbuckled case and assume that only the primary modes are excited. Apart
from the cross-Kerr coupling, we still allow for a linear coupling. We expect that in the real systems
the symmetries might be slightly broken, thus producing a small linear coupling. On the other hand,
we assume no subharmonics generated, which we expect is a reasonable assumption for a relatively
lossy FMR mode.

We show that the absence of the first sidebands indicates that there is no optomechanical-like
coupling, which is the previous-order nonlinear interaction. Position of the second sidebands then
convey the information about the cross-Kerr coupling. We provide analytical results in the limit of
lossy FMR. First, resonance in the second FMR sideband shifts proportionally to the magnon
number and the cross-Kerr coupling strength. Besides, the second sideband in the mechanical mode
hybridizes with its primary harmonic. We predict an avoided crossing that is proportional to the
phonon number and the cross-Kerr coupling strength.

Our results might be used for characterization of nonlinearities in a variety of hybrid
systems [3] with application to quantum technologies. The result on the signature of dominating
Kerr interaction is universal for systems of any nature where no subharmonics are generated. While
we consider the cross-Kerr coupling specific to magnetic systems, our results on the second
sideband positions can be generalized to other forms of interaction.

[1] A. M. Sokolov and T. T. Heikkild, Phys. Rev. B 109, 014408 (2024).
https://dx.doi.org/10.1103/PhysRevB.109.014408.

[2] K. S U. Kansanen et al, Phys. Rev. B 104, 214416 (2021).
https://dx.doi.org/10.1103/PhysRevB.104.214416.

[3] G. Kurizki et al., Quantum technologies with hybrid systems, Proceedings of the National
Academy of Sciences 112, 3866 (2015). https://doi.org/10.1073/pnas.1419326112.
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Magnetic multiferroics are the materials combining the magnetic and ferroelectric types of
ordering. The ferroelectrics which belong to this class of materials are of special interest for the
scientists since they are characterized by the magnetoelectric coupling that implies the possibility to
change the electric polarization by the applied magnetic field whereas the magnetization of a
sample would be changed by the applied electric field [1]. Such materials are intensively
investigated because the mechanism of these effects is not fully understood, and application of such
materials in sensors, memory cells and nanoelectronics looks very prospective [2]. Unfortunately,
very few magnetic multiferroics with a large magnetoelectric coupling at the high enough
temperatures have been proved, because of the mutually exclusive requirements for the existence of
magnetic and electric types of ordering.

The crystal of (CoHsNHz3)2CuCls is an organometallic compound belonging to the layered
perovskite type multiferroics. This material possesses a quite high spontaneous polarization of 37
nC/cm? below the phase transition temperature of 247 K [3]. Therefore, this crystal is a good
candidate for investigations of the magnetoelectric effect. Besides the ferroelectric transition,
several other structural transitions also accompanied by different arrangements of hydrogen bonds
in the organic chains occur at higher temperatures. The temperature dependence of the
magnetization showed the presence of the antiferromagnetic transition at 10.2 K, which is
transformed into the ferromagnetic one under the influence of applied magnetic field [4].

The electrical properties of this crystal were measured down to the liquid helium temperature.
The anomalous behavior of the dielectric parameters as a function of temperature was observed in
vicinity of the low-temperature phase transition at 10.2 K. Investigations of the dielectric
parameters revealed the shift of the ferroelectric phase transition temperature under the influence of
external magnetic field. There was observed increasing of the spontaneous polarization, measured
using the pyroelectric current methods, with increasing of magnetic field up to 9 T. The
magnetodielectric effect was also detected.

[1] M. Fiebig, Revival of the magnetoelectric effect, J. Phys. D: Appl. Phys. 38 (8) (2005) R123.
https://doi.org/10.1088/0022-3727/38/8/R01.

[2] R. Ramesh, N.A. Spaldin, Multiferroics: progress and prospects in thin films, Nat. Mater. 6
(2007) 21. https://doi.org/10.1038/nmat1805.

[3] B. Kundys, A. Lappas, M. Viret, V. Kapustianyk, V. Rudyk, S. Semak, C. Simon, |. Bakaimi,
Multiferroicity and hydrogen-bond ordering in (C2HsNH3).CuCls featuring dominant ferromagnetic
interactions, Phys. Rev. B 81 (2010) 224434. https://doi.org/10.1103/PhysRevB.81.224434.

[4] Pavla Senjug, Jure Dragovi¢, Matija Kalanj, Filip Tori¢, Mirta Rubgi¢, Damir Paji¢, Magnetic
behaviour of (C2HsNH3).CuCls type multiferroic, J. of Magnetism and Magnetic Mater. 479 (2019)
144-148. https://doi.org/10.1016/j.jmmm.2019.02.020.
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Present work is devoted to the experimental investigations of magnetic and thermal properties
of a single crystal a—Cr3(POs).. The temperature and field dependences of magnetization (M(T) and
M(H)) have been measured by using a SQUID magnetometer MPMS-XL5 (Quantum Design) in
the temperature range 2-350 K and external magnetic fields up to 5T for three crystallographic
axes. The M(H) dependences have been measured in the range of field £5 T at various temperatures
in magnetically ordered state below Ty = 29 K. The temperature dependences of specific heat Cy(T)
have been measured by using a PPMS (Quantum Design) in the temperature range 2-300 K and
external magnetic field up to 9 T directed along and perpendicular to the crystallographic b axis.

The chromium orthophosphate o—Cr3(PO4). crystallizes in the orthorhombic system, space
group P212:121 with a=8.4849 A, b=10.3317 A, ¢=14.206 A, Z=8. The structure of this
compound is quite complex and contains six crystallographically inequivalent positions of the Cr?*
ions. In the simple way, the structure of a—Cr3(PO4)2 can be represented as a close packing of
chromium helices directed along the b axis. The PO4 groups are situated in the centers of the helices
and between them [1].

Above Ty, the temperature dependences of susceptibility y(T) can be described by using a
Curie-Weiss law with the effective magnetic moments 4.41, 4.38, 4.49 ug per Cr?* and Weiss
temperatures 77, 76, 75 K for a, ¢ and b axis, respectively. The magnetic ordering manifests itself
by kink on »(T) at 29 K and by the appearance of the spontaneous magnetization Ms(T) in plane
perpendicular to the b axis. The existence of a I-anomaly on the temperature dependences of
specific heat Cp(T) confirms the magnetic ordering at 29 K too. These results agree with those
obtained in [2]. It was shown that a—Cr3(POa). is an antiferromagnet with an easy axis directed
along the b axis.

The absolute value of Ms(T) increases with decreasing of temperature, riches the maximum of
8.8x10° ug per Cr?* at 18.8 K, then decreases to zero at 8.35 K and rises to the 1.3¢102 ug per Cr?*
value down to 2.5 K. Peak on Cy(T) for H™b near the compensation temperature has been
discovered. It is evidence of the first-order phase transition happening in the crystal. Weak
peculiarity on all Cy(T) dependences near 17 K has been found.

[1] R. Glaum and A. Schmidt, Z. anorg. Allg. Chem. 623, 1672 (1997).
[2] A.N. Vasiliev et al., Phys. Rev. B 85 014415 (2012).
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Yttrium iron garnets (Y1G) and the garnet ferrites class of compounds, in general, have been
among leading magnetic materials for many decades owing to their exceptional electromagnetic
properties. Possessing high electrical resistance, high magnetization, and, at the same time, low
dynamic losses, such ferrimagnetic insulators serve as essential parts in many microwave devices
and other modern technologies, such as magnonics and magneto-optics [1]. Even though YIG’s
physical properties are well studied, there is a need for cheap mechanisms on reliable control and
reproducibility of garnet final magnetic parameters. One way to tailoring their physical properties is
doping initial mixture with non-magnetic cations, e.g., AI**. In this work, we have prepared a set of
ceramic samples, sintered at 1350 °C using Al-doped YIG powders that were preliminarily
synthesized via precipitation in agqueous solutions at different conditions [2]. The final garnet
composition was Y3AlFesO1. for all samples.

15+

—O—NaOH

—&— NH,OH

-150 -75 0 75 150
H (Oe)

Fig. 1. Hysteresis curves at 57 K for the samples synthesized in different agueous solutions.

Our magnetometry measurements show that the sample precipitated with ammonium
hydroxide exhibits notably lower coercivity and saturation magnetization when compared to the
sample synthesized with sodium hydroxide. Fig. 1 represents the hysteresis curves of the above-
mentioned garnet samples at the selected temperature 57 K. It is also worth noting that the
saturation magnetization and the coercive force of the sample prepared with NaOH reveal non-
trivial behavior in the low-temperature range — both experience a slight increase (~4%) upon
heating to 57 K. While the former can arise in a zero-field cooled measurements process likely due
to magnetic moments of individual polycrystalline grains freezing along their specific anisotropic
directions, the latter remains unclear. Elaborated discussion will be presented in forthcoming works.

This work was partially performed in the framework of the “Grants of the NAS of Ukraine to
research laboratories/groups of young scientists of the NAS of Ukraine” (proj. No 0124U002212).

[1] V. Harris, IEEE Trans. Magn. 48, 1075 (2011). https://doi.org/10.1109/TMAG.2011.2180732.
[2] S. Solopan, A. Tovstolytkin, V. Zamorskyi, Yu. Shlapa, V.-A. Maraloiu, O. Fedorchuk and
A. Belous, J. All. Comp. 968, 172248 (2023). https://doi.org/10.1016/j.jallcom.2023.172248.
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The AB2Xs spinel systems (A, B = transition metal ions; X = S, Se, Te) have attracted
continuous research interests due to their rich physical properties relevant to the geometrical
frustration. The geometrical frustration plays an important role in the coupling of different degrees
of freedom.

Previous studies have shown that the thiospinel Culr.Ss undergoes a metal-insulator transition
at Tmi ~230 K upon cooling with a drop of the electrical resistivity by almost three orders of
magnitude and a concomitant jump in the magnetic susceptibility from Pauli-like paramagnetism at
high temperatures to diamagnetism in the low-temperature phase. Subsequent studies determined
that Culr,S, undergoes a simultaneous charge-ordering (CO) and spin-dimerization (SD) transition

[1]. Below Twi the charge-ordering pattern consists of isomorphic octamers of Ir)*(S =0)S,, and

Irg‘+(S:%)SZ4. Orbitally-driven, three-dimensional Peierls-like spin dimerization between the

magnetic ions in the Irg“(S :}é)S24 octamers is responsible for the nonmagnetic nature of the

insulating phase.

It is known that the symmetry of the crystal lattice is strongly related to the magnetic and
transport properties of solids. At room temperature, Culr.S4 has a normal cubic spinel structure.
However, there is still debate in the literature about the symmetry of the low-temperature phase of
this compound. This is due to the complexity of the superstructure formed as a result of the CO and
SD transitions.

Here we report the results of the detailed analysis of the temperature evolution of the
polarized-dependence Raman spectra of the high-quality Culr,Ss single crystals. In the high-
temperature Raman spectra we observed all five phonon modes allowed for a cubic normal spinel-
type structure. To assign the observed Raman active phonon modes to the definite type of the
atomic vibrations and symmetry we have performed the lattice dynamical calculations of the
phonon spectra in the high-temperature phase. Below Tmi, we observed for the first time amazing
changes in Raman spectra, an appearance of a large number of modes that strongly indicate an

extraordinary change in symmetry of Culr.S4 from cubic, Fd3m to triclinic, P1.

V. Gnezdilov and A. Glamazda thank the Nanophotonics journal, De Gruyter, Sciencewise
Publishing, and the Optica Foundation for the financial support through the Ukraine Optics and
Photonics Researcher Grants.
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https://doi.org/10.1038/416155a.
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This work 1is devoted to the theoretical study of quantum stationary states and
thermodynamics of two exactly solvable quantum models based on open spin-1/2 XX chain [1, 2].
A set of finite XX chains connected by Ising spins S into the “bunch” via one intermediate site

with the same number for each XX chain describing by the Hamiltonian
7 5 é z z z z S z "ot X o X u
H1 = _é.ggomBHsl,n0 + ‘JO (Sl,n0 +Sl+l,n0 ) SI,nO + é gmBHSI,n +J é(sl,nsl,nﬂ + SI),/nSI),anrl)H (1)
1=1 n=1 n=1

and a “cylinder” of XX chains connected by Ising spins S,, S, at both ends

"~ S e z z z z z z z z 8 z
H, = _aggomBHsl,l +gkmHS + 4 (S|,1+S|+1,1)S|,1 + Jg(SI,N Sl )SI,N +a9mHS/ |
1=1 n=1
(2)

N-1
o X aX N
+J a(SI,nSI,n+1 + SI),/nSI),/nJrl)H
n=1
These Hamiltonians have simple block form

L L

~ o ~ [

Hl = aH(‘SI,nO"SIJrl,nO )’ H2 = aH(SI,l’SHl,l’SI,N ’SI+1,N) ’
1=1 1=1

which permits us to use standard transfer-matrix technique for numerical simulation of the
thermodynamics. Here H(s,, ,S,,,)and H(S,,,S1.11,S v, S.n) are the Hamiltonians of finite

spin-1/2 XX chain with the effective “impurity” spins (S = 1/2) at one of the intermediate sites n,

(model (1)) or at the ends (model (2)). We can consider the eigenvalues of all Ising spins, as the
parameters of the Hamiltonians (1) or (2) due to the commutation relations of Ising spins and model
Hamiltonians.

We investigate the big effect of impurities localized levels on thermodynamics. For strong
antiferromagnetic Ising interaction, the field dependence of the magnetization at very low
temperatures demonstrates a jump associated with the spin-flip of impurity spins in sufficiently
strong magnetic field for (1) and two jumps for (2).

The possibility of two-peak for model (1) and three-peak for model (2) at J, * J§ behavior

for zero-field temperature dependence of specific heat was found numerically.
We acknowledge support by IEEE via “Magnetism in Ukraine Initiative” (STCU project No. 9918).

[1] E. Lieb, T. Schultz, D. Mattis, Ann. Phys. 16, 407 (1961). DOI: 10.1016/0003-4916(61)90115-
4.

[2] Zvyagin A.A., Quantum Theory of One-Dimensional Spin Systems, DOI:, Cambridge
Scientific Publishers, Cambridge, 2010.
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Theoretical study of the exact energy spectrum and low-temperature thermodynamics of two
finite spin XX chains connected through an additional Ising spin at one point (T-chain) have been
carried out. Model Hamiltonian has the form

N N1 N Ng-1
H= —Q,/My H asf,n - ‘]1 a (Slx,nslx,nﬂ + Sls,/nsls,/nﬂ) - gszH aszz,n - ‘]2 a (Szx,nszx,ml + Szy,nszy,nﬂ)
n=1 n=l,ntn -1,n n=1 n=1

— 3582 Sty * S 1S/ +S0 )

1,m+1 Sl¥n181¥n1+1) - gomBHSg - JoSoZ (Slz,o + Szx,l)-

Here myis the Bohr magneton, J,,J, are the coupling constants between nearest neighboring
spins along the XX chains, Jf is the XX coupling constant for lattice site numbered (1,n,) with
nearest neighbours, J, is the coupling constant between horizontal and vertical XX chains through
impurity Ising spin-S, g,,g,, and g, are the g-factors of the spins of the XX chains and the

impurity Ising spin, respectively, H is the permanent magnetic field directed along the axis z.

The above Hamiltonian can be reduced to the Hamiltonian of an ideal gas of spinless
fermions. We performed analytical calculations of the corresponding spectrum of stationary states.
For the states with one inverted spin this spectrum consists of two independent zones. The
additional energy levels of the impurity spin can be split off from zones. We found the conditions
for the appearance of localized impurity states.

Numerical simulation of the field and the temperature dependences of total magnetization,

heat capacity and <SOZ> at different values of system parameters was carried out. The possibility of
additional oscillations of <SOZ> with the increase of magnetic field for some values of model

parameters (fig. 1) and the existence of several maxima in temperature dependence of heat capacity
at zero field (fig. 2) are shown.
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E. V. Ezerskaya acknowledges support by IEEE via “Magnetism in Ukraine Initiative” (STCU
project N0.9918).
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This work is devoted to the theoretical study of the decorated spin ladder built from two finite
open spin-¥2 chains with XX interaction, connected vertically through additional Ising spins-S. This
ladder structure has three spin unit cells.

The corresponding Hamiltonian has the following form:

N N N
H=-g,mH ésf,n - g,MmgH észz,n - g,MgH é.SSZ,n -
n=1 n=1 n=1 (l)

N
[

—Jfé}j(slfnslfw+sznszw) - JaNa‘j:(s;ns;M+s;,nsg,n+1) -3, Az (58 +s2).

n=1
Due to Ising interactions in rungs of the model (1), each value of S; , n=1,2,..N isagood

quantum number s . This permits us to find the exact energy spectra of the lattice clusters formed

by 3-4 unit cells in the analytical form. Some special cases of the set of above quantum numbers
were studied analytically for arbitrary XX chain lengths. In particular, we considered two cases with
periodical distribution of quantum numbers: equal quantum numbers s and alternating quantum

numbers located on neighboring unit cells of the ladder. The corresponding energy spectra have two
and four energy bands, respectively.

The partition function, free energy, internal energy, magnetization, magnetic susceptibility,
and heat capacity for above ladder model were calculated using the exact diagonalization method.
The algorithm for the numerical calculation of the partition function for an arbitrary number of unit
cells was proposed and implemented in Wolfram Mathematica 14.0. Numerical simulation of the
main thermodynamic characteristics such as the field and temperature dependences of the
magnetization, magnetic susceptibility and heat capacity, were performed.

For the case of similar isotropic Heisenberg decorated ladder described by the Hamiltonian

L _ . .
H= 5831 (Sl,isl,i+1 + Ss,iss,i+1) +J, (Sl,i + Ss,i ) Sz,i H - NS » (2)
i=1

where all g-factors have the same values for simplicity; h=m,gH , S; isa z-projection of

total spin of the ladder.

We found that the mixed spin ladder model (2) with dominant coupling in rungs may have the
intermediate plateaus in a low-temperature magnetization profile. At low temperatures zero
magnetization plateau is present only for ladders with integer values of the decorated spins. The
existence of the above plateaus was shown also in the case of some intermediate values of coupling
in ladder rungs using an exact diagonalization study of small ladder clusters and by the density-
matrix renormalization group (DMRG) calculations. We also found, that in contrast to isotropic
spin model (2), for anisotropic spin ladder with Ising-type interactions in the ladder rungs one
intermediate magnetization plateau may disappear in the case of dominant coupling in the rungs [1].

We acknowledge support by IEEE via “Magnetism in Ukraine Initiative” (STCU project No.
9918).

[1] V.O. Cheranovskii, E.V. Ezerskaya, S. Ye. Kononenko, Low Temp. Phys. 50, 152 (2024).
https://doi.org/10.1063/10.0024327
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Large values of tunneling magnetoresistance and tunnel magnetocapacitance, which were
experimentally obtained in magnetic tunnel junctions [1], brought magnetic tunnel junctions to a
prominent place in the perspective of their practical use for creating various spintronics devices. In
this report are presented the results of experimental studies of tunnel magnetoresistance in magnetic
tunnel contacts Thao.¢CosFers/PreO11/Thig.dCosFezs, in which the magnetic electrodes have
perpendicular anisotropy and are magnetized perpendicular to the plane of the tunnel contact, and
the barrier layer PreO.1 is high energy-gap semiconductor and paramagnet with low Curie
temperature. It is shown, that in such magnetic tunnel contacts, with their antiparallel
magnetization, a strong magnetic field gradient in the barrier layer near each electrode is created.
The big gradient of a magnetic field arises only in in the direction of the magnetisation of magnetic
electrodes. In the barrier layer arises an almost uniform magnetic field. This field is directed
perpendicular to the direction of magnetization of the magnetic electrodes. Such strong changes in
the distribution of the magnetic field lead to the appearance of an additional spin capacity near each
magnetic electrode and an additional energy barrier for electrons with a major polarization, which
makes it possible to obtain large values of tunnel magnetoresistance and tunnel magnetocapacitance
in magnetic tunnel contacts Tb22-4¢CosFez3/PrsO11/Th1g-¢CosFezs, in which the magnetic electrodes
have perpendicular anisotropy. This paper describes the mechanism of appearance of magnetic
capacity in tunnel magnetic contacts with magnetic electrodes that have perpendicular anisotropy,
presents the results of measurements of the value of tunnel magnetic resistance and tunnel magnetic
capacity in tunnel contacts Th22.¢CosFe73/PreO11/Th1g-¢CosFezs, where the value of tunnel magnetic
resistance is almost 120%, and the value of the tunnel magnetic capacity is more than 110%. The
work also provides a structural diagram of the construction of an information carrier based on
tunnel magnetocapacitance and describes the principle of recording information in such a structure.

[1] H. Kaiju, S. Fujita, T. Morozumi and K. Shiiki. Magnetocapacitance effect of spin tunneling
junctions. Journals of Applied Physic 91 (2002) 7430. https://doi.org/ 10.1063/1.1451754
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Based on the investigation of double rare - earth (RE) molybdate KEr(MoOQas). in [1] it was
supposed that the peculiarities of the magnetic and magnetoresonance properties in vicinity of He
are the result of the phase transition induced by external magnetic field. Here we discuss the
evolution of KEr(MoOas). FIR transmission spectra under the external magnetic fields up to 30 T
(Zeeman effect), when H|ja at 1.4 K. Fig.1 (a) shows frequency-field dependences of the low energy
electronic and phonon types excitations. The observed behavior of the transitions in low-field
region can be described within linear approach. The energy levels (see Fig. 1(b)) have been
calculated based on the slopes of observed branches below 4 T. When H~Hq~5T we observed the
sharp changing of the behavior of electronic excitations: all branches have the linear dependences
vs. magnetic field with the similar slope in contrast with the low-field region. These changes are the
result of the RE ions local surrounding deformation. We suppose that in external magnetic field the
weak rotations of tetrahedral anions around neighboring RE ions in Er(MoQOa)z layers, apparently,
lead to energy nonequivalence of previously equivalent RE centers. To discuss the possible low—
symmetry phase we use the data for others isostructural compounds.
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Fig.1. (a) The frequency — field dependences of the low energy excitations. Circles —
electronic-type excitations and squares — phonon-type excitations. With the dashed lines showed
calculated branches. (b) The calculated energy levels diagram in a low magnetic field. The vertical
line locates the critical field, Her.

[1] V. I. Kut’ko, Fiz. Nizk. Temp. 31, 3 (2005). [Low Temp. Phys. 31, 1 (2005)].
https://doi.org/10.1063/1.1820349
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According to existing ideas, systems with intermediate valence (IV) of rare-earth ions are of
interest because of their intermediate position between states with localized and collectivized
electrons, between magnetic and non-magnetic states, and sometimes between metals and
dielectrics. Few studies of the behavior of such IV systems under high pressure conditions show a
general trend of increasing valence of rare-earth ions with increasing pressure, which leads to
significant changes in physical properties.

SmBs is one of the most famous and widely investigated IV compounds. At ambient
conditions, SmBe behaves as a heavy-fermion semiconductor, while at low temperatures it exhibits
a narrow band gap related to the hybridization of nearly localized 4f electronic bands with a broad
5d conduction band, that classifies it as a Kondo insulator material. In this compound Sm ions
display a fluctuating valence between Sm?* (4f ® configuration) and Sm3* (4f° 5d ! configuration)
provided the bulk Sm valence z of about 2.6 at room temperature. The value of z appears to be quite
sensitive to the pressure; z(P) dependence was studied in a number of works by different methods,
and the general result of these investigations is the increase in Sm valence with increasing pressure.
The values of the initial baric derivative dz/dP (P—0), estimated from the available literature data,
are ambiguous and fall within the range dz/dP = 1-3.5 Mbar. Moreover, the form of the z(P)
dependence is inconsistent.

The above points to the need to improve existing methods for determining state 1V under
pressure, including the interpretation of experimental data and experimental conditions, taking into
account the strong sensitivity of SmBs to pressure inhomogeneities. One of the effective tools for
studying the IV state of rare-earth compounds under pressure is the study of their magnetic
susceptibility, which is closely related to the valence of Re ions.

In the present work we report the results of a precise experimental study of the pressure effect
on magnetic susceptibility y of SmBs compound. The measurements y(P) were carried out under
helium gas pressure P up to 2 kbar at fixed temperatures 78 and 300 K using a pendulum-type
magnetometer. The observed pressure effect value, diny/dP ~6 Mbar™, demonstrates a noticeable
decrease in susceptibility under pressure, which is weakly dependent on the temperature used. From
the model analysis of the experimental data, combined with the supplemented LSDA + U
calculations of the electronic structure and Van Vleck paramagnetism of the band states of SmBs,
we have estimated the value of the initial pressure derivative for the intermediate valence of Sm,
dz/dP = (2.5 + 0.15) Mbar. It is consistent with the literature data obtained by other methods and
indicates an increase in valence with increasing pressure. It was shown that the valence of Sm and
its pressure dependence is closely related to the detailed characteristics of the conduction band and
4f states.
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The antiferromagnetic tetragonal crystal of calcium-manganese-germanium garnet
CasMn,Ge3012 (CMG) belongs to the family of non-cubic garnets. The characteristic properties of
this compound are related to the presence of the Jahn-Teller ion Mn®*" with degenerate ground
energy state. During cooling, the Jahn-Teller distortions of Mn®*0?%s octahedra are ordered at
T =516 K and the symmetry of the crystal lattice decreases from cubic m3m to tetragonal as a
result of the second order phase transition. The ferroelastic properties which appear in the crystal
are accompanied by formation of deformation twins that can be switched by applying mechanical
stresses. Under action of IR and visible light the manganese ion Mn®* loses an electron by the
charge transfer process and becomes the ion Mn*. It causes the new distortions of the Mn®* 0%
octahedra and emergence of photoinduced birefringence of linearly polarized light.

At temperatures lower 14 K, the CMG crystal loses its antisymmetry center as a result of
antiferromagnetic ordering of magnetic moments of manganese ions. Due to this fact the magneto-
optical effects which are forbidden in paramagnets are now allowed by symmetry and in CMG
crystal one can observe the linear magneto-optical effect (a magnetic analogue of the electro-optical
Pockels effect) and rotation of polarization plane of light quadratic with respect to magnetic field
(quadratic Faraday effect [1]). The number of unique properties makes CMG garnet a promising
model crystal for the creation of multifunctional materials [2]. But although CasMn.GesO1 is a
long-investigated compound, there are still many questions even about its crystal structure [3]. Very
low degree of tetragonality and the presence of several types of crystal twins prevent a reliable
determination of symmetry of both the ionic and magnetic crystal lattices. Polarization magneto-
optical experiments allow visual control of the twin structure and can be also useful for more
accurate establishing the point group of magnetic symmetry and clarifying the possibility of
existence of certain symmetry elements.

Presented here results of linear magneto-optic effect measurements were obtained in a
magnetic field H = 15 kOe directed along the beam of light and the tetragonal axis of the crystal Ca.
Experimental studies are carried out for two pairs of homogeneous antiferromagnetic states
prepared at special process of magnetic ordering in a magnetic field. For these magnetic states of a
tetragonal CMG crystal the position of splitting plane of the optical axes in magnetic field was
determined. The data obtained allow us to make a qualitative estimation of the optical anisotropy
and can be considered as important for determining the magnetic point symmetry of
antiferromagnetic garnet CasMn.GezO1..

[1] N. F. Kharchenko and A. V. Bibik, Quadratic magnetic rotation of polarization plane of light in
antiferromagnetic CaMnGe garnet, Low Temperature Physics, 20, 296 (1994). http://
DOI:10.3379/jmsjmag.11.S1_51.

[2] Martin Fally, The photo-neutronrefractive effect. arXiv:1706.03614v1 [physics.optics] (2017).
https://doi.org/10.1007/s00340-002-1035-0.

[3] Stefan Heinemann and Ronald Miletich, Structure and twinning of tetragonal CasMn>GesO12
garnet, American Mineralogist, 85, 993 (2000). http:// DOI:10.2138/am-2000-0714.
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The Raman spectra in the ThAI3(BOz3)s single crystal were investigated in the frequency range
of 3 — 1600 cm* and luminescence spectra were measured in the frequency range of 11800 — 21000
cm! in the temperature range of 5 — 300 K. The spectra were taken with Nd:YAG (neodymium-
doped yttrium aluminum garnet) solid-state laser (Aexc=532 nm) and He-Ne laser (Aexc=632.8 nm).
The using of the different excitation wavelengths made it possible to unambiguously separate
Raman and luminescence spectra.

The analysis of Raman spectra of the single crystal has revealed 5 of 7 A1 and all £ phonon
modes predicted by group-theory analysis. The splitting energy between the LO and TO
components of polar E phonons was determined. Analysis of the phonon spectrum and its
comparison with the isomorphic ThFes3(BOs)s compound were carried out.

A group of intense bands associated with the °Ds ® "Fo electronic transition was observed in
the energy range of 14520-14680 cm™ in the luminescence spectra (Fig.1). The intensity of these
bands decreases upon heating. At the same time, the bands which can be assigned with the °Ds ®
Fe, °Ds ® 'Fs and °Ds ® ’F4 transitions were revealed in the luminescence spectra at room
temperature (Fig.1). The intensity of these bands is comparable to the intensity of Raman spectrum
of TbAI3(BOs)s. The observation of luminescence from the °D4 level (20600-20750 cm™) upon
excitation with Aexc=632.8 nm (15803 cm™) and Aexc=532 nm (18797 cm™) indicates strong
nonlinear properties of the studied crystal.

The structure of the main ‘Fg multiplet of the Th*2 ion in the ThAI3(BOs)a single crystal has
been studied by Raman spectroscopy at 5 K. The energies of the electronic levels of the ‘Fg and °D4
multiplets were determined by analyzing the luminescence spectra measured at 300 K.
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Fig.1. Raman spectra and luminescence of the TbAl3(BOs)s single crystal at 300 K;
dexc = 532 nm (36 MW, ~1.2 mW (11800-16800 cm™) and Xexc = 632.8 nm (~1 mW); the spectral
resolution of 3.0 cm™.
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Neodymium ferroborate NdFes(BOz)s orders into easy-plane collinear antiferromagnetic
structure at Ty » 30 K. At lowering temperature to Tic » 13.5 K, the magnetic structure transforms
to a long period spiral propagating along the Cs axis; orientation of the magnetic moments remains
parallel to the basal plane. The crystal structure of NdFe3(BOz3)4 is described by the space symmetry
group R32; the rare-earth ion occupies a position with local symmetry Ds.

In the present work we study low temperature optical absorption spectra of NdFe3(BOz)s in
the region of optical transition *ls, ® “Gs/, in Nd**. We perform a group-theoretic analysis of the
transitions between the components of Nd®*" Kramers doublets split by Nd-Fe exchange interaction.

We consider the selection rules for transitions in C> symmetry, which is the maximum for
easy-plane magnetic ordering. According to these rules, electric-dipole transitions between states of
the same symmetry (Gs®Gs, Gs4®G4) can be observed only in s-polarization, while transitions
G3<<Gs can be observed both in s and in p-polarizations (Gz(j+2) and Ga(j-12) are one-
dimensional irreducible representations of C, group). Hence, depending on arrangement of the
excited doublet sublevels, different transitions can be observed in p-spectra (see schemes in Fig. 1).
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Fig. 1. Absorption spectra of NdFes(BOs)4 in the region of optical transition *lo,®*Gsy, (a);
schemes of transitions between the splitting components of ground and excited doublets (b,c).

In the region of optical transition *lo» ® *Gs; (Fig. 1a), the absorption lines D1 and D2
demonstrate quite different polarization properties. In the case of D2 line, only transitions a' and b
are observed in the p-spectra. This corresponds to the scheme (b) in which the order of levels in
ground and excited doublets is the same. For D1 line, transitions a and b' appear in p-polarization,
in accordance with the scheme (c) where the order of levels in excited state is reverse with respect
to the ground state. Thus, in this case inversion of the sign of Nd-Fe exchange interaction in the
Nd3* excited state respectively to the exchange in the ground state takes place.
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The holmium borate with the general formula HoFes3(BOs3)s orders antiferromagnetically
below 39 K and undergoes a spontaneous spin-reorientation phase transition from the easy-plane
like (EP) antiferromagnetic state to the easy-axis like (EA) one at 5 K [1]. The present work is
aimed at the study of influence of magnetic Fe3* ions substitution by nonmagnetic Ga** on magnetic
properties of the crystals HoFesxGax(BO3)s with x=0.5, 1.5, 2.

Magnetic and heat capacity measurements of the samples have been performed by the SQUID
magnetometer MPMS-XL7 and the PPMS system, respectively.

For all the investigated crystals, the slight anisotropy of susceptibility along the c axis and in
basal plane of crystal, which appears due to anisotropy of Ho®*" g-factor value, have been observed.
Above 100 K, the susceptibility of all studied crystals obeys the Curie-Weiss law.

Only for the holmium iron borate with x=0.5 two phase transitions have been detected. The
first transition, at Ty = 28.6 K, is the transition to a magnetically ordered state. The spontaneous
spin-reorientation phase transition has been found at Tsg = 7.5 K. Transition temperature Tsr
strongly decreases with increasing of external magnetic field and it is suppressed by field higher
than 1.5 T. The H-T phase diagrams for HoFe2sGao5(BO3)s have been constructed for two principal
field orientations (H along and perpendicular to the c axis).
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Fig.1. Magnetic susceptibility (a) and specific heat (b) of HoFesxGax(BO3)s single crystal
with x=0.5, 1.5, 2.

[1] C. Ritter, A. Vorotynov, A. Pankrats et al., Magnetic structure in iron borates RFe3(BO3)4 (R =
Y, Ho): a neutron diffraction and magnetization study, J. Phys.: Condens. Matter, V.20, 36, 365209,
2008.
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Nickel-zinc spinel ferrite [1] ceramics are intriguing for safe remote heating applications. The
reason is that on the one hand, substituting nickel with zinc [2] allows tuning Curie temperature
down to room temperatures; on the other hand, nickel-zinc ferrites have increased specific loss
power, which is also referred to as specific absorption rate that represents the power dissipation per
unit mass, due to magnetization increase in a significant region of substitutions over nickel ferrite
[3]. Essentially, it means that after putting such ceramics into media and turning on high frequency
oscillating magnetic field (e.g. 100 kHz) the ceramics will heat up to its Curie temperature, but not
higher. This way even using thermometer is not strictly necessary.

Our current work is concerned with different synthesis methods of nickel-zinc ferrite
nanoparticles. Such investigation is necessary since properties of nanoparticles may significantly
depend on the method of synthesis, and that directly affects properties of ceramics. Our current
investigation is a work-in-progress, but as an example of difference in magnetic properties due to
synthesis method for a pair of samples M(T) dependency is shown on figure 1. These samples were
cooled to a temperature of 3 K and then heated in a magnetic field of 1 kOe. The difference between
the samples is that S sample was obtained through solid-phase synthesis and P sample through co-
precipitation synthesis.

Fig. 1. Temperature dependencies of magnetization of samples S and P synthesized via solid-
phase method and co-precipitation method respectively in a field of 1 kOe.

[1] S. Chikazumi, C. D. Graham / Physics of Ferromagnetism // Oxford University Press on
Demand. — 2009. — 2e, — no. 94.

[2] Tovstolytkin A.l.,, Kulyk M.M., Kalita V.M., Ryabchenko S.M., Zamorskyi V.O., Fedorchuk
O.P., Solopan S.O., Belous A.G. / Nickel-zinc spinel nanoferrites: Magnetic characterization and
prospects of the use in self-controlled magnetic hyperthermia // J. Magn. Magn. Mater. — 2019. - V.
—473. - P. 422-4217.

[3] Yelenich O.V., Solopan S.O., Kolodiazhnyi T.V., Dzyublyuk V.V., Tovstolytkin A.l., Belous
A.G. Superparamagnetic behavior and AC-losses in NiFe204 nanoparticles // Solid State Sciences.-
2013.-20.-P.115-119
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Luminescent and scintillation properties of CsPbCls perovskite crystal
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The emergence of halide perovskites as promising materials for high-energy radiation
detection, owing to their high light yield and a very fast decay time, has sparked renewed interest in
exploring of their scintillation properties [1]. Despite the challenges posed by thermal quenching
[2], CsPbClz exhibits remarkable luminescence characteristics at low temperatures, making it a
compelling candidate for specialized applications in the particle physics experiments and nuclear
imaging [3]. By delving into the X-ray luminescence and scintillation characteristics of CsPbCls
across a temperature range from room temperature down to 7 K, this study aims to comprehensively
evaluate its suitability as a cryogenic scintillation detector. The investigation not only aims to assess
its performance in detecting ionizing radiation but also seeks to shed light on the underlying
mechanisms governing its luminescence behavior, thus contributing to the fundamental
understanding of lead halide perovskites as scintillating materials. Furthermore, this study
endeavors to provide valuable insights into the optimization of experimental conditions for
maximizing the scintillation efficiency and stability of CsPbCls at cryogenic temperatures, paving
the way for its potential integration into the next-generation radiation detection systems. Through
the rigorous experimentation and analysis, this research established CsPbClz as a reliable and
efficient scintillator for applications in cryogenic environments, thereby pushing the boundaries of
current radiation detection technologies and opening up new avenues for scientific exploration and
technological innovation.

The result of our research showed that CsPbCls crystal demonstrates high light yield from an
241Am source, which was estimated to be 47000+7000 ph/MeV and the sub-nanosecond response
time at low temperatures, indicating its potential as a cryogenic scintillation detector. The obtained
results are consistent with the previous theoretical and experimental studies and also complement
the recent results of characterisation of other lead halide perovskites[4,5].

[1] M. Sytnyk, S. Deumel, S.F. Tedde, G.J. Matt, W. Heiss, Applied Physics Letters 115 (2019)
190501. DOI:10.1063/1.5125999

[2] M. Sebastian, J.A. Peters, C.C. Stoumpos, J. Im, S.S. Kostina, Z. Liu, M.G. Kanatzidis,
A.J. Freeman, B.W. Wessels, Physical Review B 92 (2015) 235210.
DOIl:https://doi.org/10.1103/PhysRevB.92.235210

[3] S.E. Derenzo, E. Bourret-Courshesne, G. Bizarri, A. Canning, Nucl Instrum Meth A 805 (2016)
36. DOI: 10.1016/j.nima.2015.07.033

[4] V.B. Mykhaylyk, H. Kraus, M. Saliba, Materials Horizons 6 (2019) 1740.
DOI:10.1039/c9mh00281b

[5] V.B. Mykhaylyk, H. Kraus, V. Kapustianyk, H.J. Kim, P. Mercere, M. Rudko, P. Da Silva,
O. Antonyak, M. Dendebera, Scientific reports 10 (2020) 8601. DOI: 10.1038/s41598-020-65672-
z6
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In recent years, there has been a growing utilization of liquid crystals as host matrices for
incorporating various inorganic and organic nanoparticles, serving both fundamental research and
the development of novel composite nanomaterials. Luminescent liquid crystals (LLCs) have
garnered significant interest due to their unique optical and anisotropic properties, holding promise
for optoelectronic applications. However, conventional LLCs often encounter fluorescence
qguenching due to aggregation, imposing limitations on their practical utility. To address this
challenge, innovative approaches have been employed to engineer intricate LC systems, such as
those integrating luminescent polymer dots covalently linked to rod-shaped liquid crystal
molecules.

A noteworthy class of luminescent aggregates is J-aggregates, comprising low-dimensional
molecular crystals of certain organic dyes. Their excitonic electronic excitations and distinctive 1D
or 2D structure result in optical properties differing markedly from individual molecules or bulk
crystals. J-aggregates have been observed to form liquid crystal (LC) phases, offering potential for
creating LLCs characterized by high anisotropy. Our study showcases successful J-aggregate
formation of the anionic cyanine dye TDBC within the nematic LC matrix of 5CB, yielding LLCs
with intriguing optical and electro-optical attributes.

Our findings indicate that the exciton coherence length of J-aggregates in LC environments is
comparatively smaller than in aqueous media, suggesting increased static disorder. Nonetheless,
enhancements in fluorescence quantum yield and lifetime signify suppressed non-radiative
relaxation and notably prolonged radiative lifetime. Assessment of TDBC J-aggregate
photostability in the LC matrix reveals substantial improvement compared to that in aqueous
environments. These results hold promise for the advancement of novel luminescent liquid crystal
materials, prompting further investigation and detailed exploration.
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Engineering optical metasurfaces for far- and near-field applications
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Two-dimensional (2D) materials offer unique opportunities for photodetection, light
emission, energy harvesting, and enhanced light-matter interactions. Even more interest brings the
artificially engineered 2D micro- and nanostructures with on-demand properties paving the way
towards a plethora of specific applications and devices including lensing, holography, imaging,
polarimetry, biosensing, etc. The rapidly developing use of 2D nanostructures poses new challenges
for their proper engineering and novel applications. Here, we focus on the metasurfaces, which are
the periodic arrays of subwavelength scatterers.

In this work, we develop new approaches, generalizations and algorithms of the metasurfaces
engineering based on the semi-analytical methods, numerical simulation and machine-learning-
based inverse design [1]. Then, we study the properties of the plasmonic and all-dielectric
metasurfaces in both far-field (Brewster’s angle microscopy [2], antireflective coatings of solar
cells) and near-field (ultrafocused in-plane transfer of electromagnetic signal [1], polarization
degree of freedom [3] and chiral light-matter interactions), see Fig. 1. This work demonstrates the
enhancement or modification of the mentioned phenomena using the specific design of metasurface
and gives the connection between the properties and design of a metasurface.
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Figure 1. The applications of plasmonic and all-dielectric metasurfaces discussed in this work.

[1] A. Hrinchenko, and O. Yermakov, J. Phys. D: Appl. Phys. 56, 465105 (2023).
https://doi.org/10.1088/1361-6463/acefde

[2] O. Yermakov, Phys. Rev. A 109, L031502 (2024).
https://doi.org/10.1103/PhysRevA.109.L031502

[3] S. Polevoy, and O. Yermakov, IEEE Antenn. Wireless Propag. Lett. 22, 1962 (2023).
https://doi.org/10.1109/LAWP.2023.3270456
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Polaritons in the magnetic-«epsilon-near-zero» multilayers, with noncollinear
orientation of magnetizations

A. F. Bukhanko

Donetsk Institute for Physics and Engineering Named after O.O. Galkin, NAS of Ukraine,
Nauki ave. 46, Kyiv, 03028, Ukraine
e-mail: metatem@ukr.net

We present a theoretical investigation of the polaritons propagation in the magnetic-«epsilon-
near-zero» multilayer structure, with noncollinear orientation of magnetizations. In recent years
large research efforts have been dedicated to artificial materials with extreme anisotropy, with
particular attention devoted to so-called «epsilon-near-zero» media. Known work [1-3], which
theoretically and experimentally studied materials with zero diagonal elements of permittivity
tensor, however, manipulation of the magnetic-«epsilon-near-zero» multilayers remain elusive.

(0)
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Fig.1. Film and magnetizations geometry.

In these studies, we are using the transfer matrix method to obtain analytical equations and
analyse graphically dependencies from angle y between the magnetizations for the polaritons in that
structure. We study influence that external magnetic field can has on the optical properties of the
magnetic-«epsilon-near-zero» multilayers. We show numerically, that characteristics of the
polaritons can be controlled by the external magnetic field applied in the plane of the film, which
leads to variations of the angle between the magnetization vectors y. Special attention was paid to
the possibility of surface waves in the epsilon-near-zero layer (p) (Fig.1).The presented results
demonstrate that the properties of polaritons in this structure significantly depend on the angle y
between the magnetization vectors of magnetic layers (1) and (2). It was shown that, for such a
configuration the non-reciprocal properties of the polaritons strong show themselves. This arises
from the absence of time-reversal invariance, manifested by the off-diagonal permittivity tensor
components, together with the reduction of spatial symmetry at the surface. Authors acknowledge
the financial support from STCU grant # 9918.

[1] Mohammad H. Javani and Mark |. Stockman, Phys. Rev. Letters. 117. 107404 (2016).
http://dx.doi.org/10.1103/PhysRevLett.117.107404.

[2] Vladimir R Tuz, Journal of Magnetism and Magnetic Materials. 419, 559 (2016)
http://dx.doi.org/10.1016/j.jmmm.2016.06.070

[3] V. I Fesnko, LV. Fedorin, Vladimir R. Tuz, Optics Letters. 41, 2093 (2016).
http://dx.doi.org/10.1364/0L.41.002093
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Among the various types of lasers, a special place belongs to the solid-state ones operating in
a pulsed mode with the cavity Q-switching. The most widespread are the lasers with passive
Q-switches based on bleachable filters. The generation parameters of such lasers depend not only
on the active medium, but are also significantly determined by spectral and luminescent properties
of the bleachable filter. Solid-state versions of passive Q-switches most fully meet modern
operational requirements for elements of laser technology.

Polyurethane matrices used in our research for the development of dye-based active laser
elements and passive Q-switches have a distinctive feature, namely, high mobility of polymer chain
segments, which causes a highly elastic state of these polymers in a wide temperature range. Elastic
properties of polyurethane matrices provide high resistance to the powerful laser radiation.

Our optimized multicomponent urethane polymer composition based on hexamethylene
diisocyanate, polypropylene glycol and trimethylolpropane is a network elastomer, i.e. a continuous
three-dimensional structure, where all constituent molecules are connected by various chemical
bonds. An important property of this polymer is the ability to dissolve all main classes of organic
dyes, which can provide passive Q-switches for the pulsed lasers of different spectral ranges. The
radiation strength of this polymer composition is 18 J/cm? at a wavelength of 1.06 pm with a pulse
duration of 10 ns.

The ambient temperature and thermal processes in the elements of solid-state lasers affect
their generation characteristics; therefore, it is relevant to study the characteristic properties of
passive Q-switches with temperature changes. In single-pulse solid-state lasers, the temperature
effects on the energy parameters of generation are resulted from the redistribution of electrons
across energy levels in the active medium, changes in the luminescence bandwidth, and
consequently, changes in the effective cross section of the radiation transition.

This work deals with the investigations of how the ambient temperature influences the energy
characteristics of solid-state lasers with the passive Q-switches. For this purpose, stable, highly
efficient polymer Q-switches were developed based on a polyurethane composite and an organic
dye, bis-(4-dimethylaminodithiobenzyl)-nickel (BDN). The specificity of lasers with the passive
Q-switches is that their To parameter (initial transmission) is the main factor determining the
radiation energy regardless of the pump energy (within the single-pulse mode). Dependence of the
To value for the BDN dye in a polyurethane matrix has been studied at the ambient temperatures
from -50 to +50 C.

According to literature data, temperature changes of the stimulated emission cross section for
the Nd:YAG are minimal among solid-state laser Nd-doped materials. Therefore, in this work the
energy parameters and threshold values of pump energy are investigated on a base of the Nd:YAG
laser. Obtained experimental results indicate the possibility of passive Q-switches based on highly
elastic polyurethane matrices to be used in the solid-state lasers, operating at ambient temperatures
from -50 to +50 °C.
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Corderoite family compounds present a class of functional materials with large nonlinearities.
The main structural feature is the tendency to formation of various polymorphic modifications due
to the great conformational capacity of mercury-chalcogen component. The a-HgsS2Cl> compound
is characterized by a- and B-polymorphism. Interest in corderoites is caused by such optical
properties as photoconductivity, high refractive index, transparency in visible and IR-region, optical
activity and electro-optic effect [1-4]. HgsS2Cl2 crystals are highly attractive materials because of
their great potential for development of modern nonlinear optics, optoelectronics and nanophysics.
They are expected to contribute in the development of nanobiophysics and personalized medicine
for health monitoring and prevention.

The APW-LO technique as implemented in the WIEN2k package were employed to calculate
the band structure, total and partial density of states, and the optical constants of a-Hgs:S2Cl>
polymorph.

The detailed analysis of the low-energy electronic states near the Fermi level was conducted.
The main contributions of the sulfur and chlorine p states are located at the top of the valence band,
while the S/p and Hg/s states give main contribution to the bottom of the conduction band. The
direct optical band gap of 3.19 eV is at the I"-points of Brillouin zone. All linear optical functions,
such as the absorption coefficient a(w), refraction index n(w), extinction coefficient k(w),
reflectivity R(w), and electron energy-loss function L(w) were calculated from g1(w) and e(w)
spectra via well-known relationships.

Based on studies of optical activity in the HgsS2Cl, it was found that the optical values and
dispersion of rotatory ability are connected with the direct inter-band optical transitions. We can
conclude that the band topology near the conduction band minimum is changed due to the spin-orbit
coupling in the mercury orbitals at the I'-point of the Brillouin zone. We analyzed some typical
features in optical spectra of the HgsS2Cl.. Our calculations indicate that the main contribution
comes from Hg/s, S/p and Cl/p electronic states near the Fermi level in DOS and strong reflectivity
is occurred at higher energies. The reported structural and optical properties of a-
HgsS2Cl> polymorph make it a potentially interesting compound for nonlinear optical applications.

[1] O.V. Bokotey, Calculated optical properties of gyrotropic HgsTe2Br,, Optik, vol. 156 C, pp.
39-42, 2018.

[2] O.V. Bokotey, T.V. Vu, D. D. Vo, 0.0. Bokotey, A.G. Slivka. Electronic and optical
properties of gyrotropic a-HgsS2Cl»: insights from an ab initio study. Indian J. Phys., 2020.

[3] O.V. Bokotey, Theoretical calculations of refractive properties for HgsTeCl> crystals,
Nanoscale Res. Lett., 11:251, 2016.

[4] O.V. Bokotey, Investigation of gyrotropic properties for HgaX>Cl, (X = Se, Te) crystals, J.
Alloys Compd., vol. 678, pp. 444-447, 2016.
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The work presents results of calculations of the spectral characteristics for three-particle

molecular ions of the Carbon atom, which have the following form: C*e*C°®* .

Calculations for these systems had been carried out within the framework of the non-
relativistic quantum-mechanical model for the three-body problem, which is based on relative
collective Jacobian variables [1]. To find partial solutions of the non-relativistic Schrédinger
equation (NRSh) of three independent variables, the problem is reduced to solving two boundary
problems - finding adiabatic potentials - U,(R) and energy values (¢) of the ground and excited
states of odd-even (oe) and even-even (ee) series of the given system. After separating the
movement of the center of mass of the system, the NRSh depends only on two independent
variables (R,a). The radial variable (R) belongs to the interval [0,0), and the variable a is within the
interval [0,B], where B is determined by the particle’s mass [1].

The coordinates’ values of the adiabatic potential energies minima for the considered series

are respectively: [-5.02076081003489*10" [r =1.56250000000000*10®]] - for even-even

and [-1.2577263633462*10" ,[r =1.22070312500000*10®]] - for odd-even series.

Numerical calculations of adiabatic potentials for series (ee) and (oe) and spectral parameters
of the considered system were carried out using the Maple program (2017). Results of these
calculations are presented in the table below.

States Energy values of 5 Average radius of | Average radius of
states € (eV) the state, <r> (a.u) the system, (m)
STl | 3.057105434-10' 9-10 210°
'S <€ 5.469531600-1012 2.95-10°8 2:10° 1.058-10°18
'SE € 6.382967840-1015 6.44-10° 3.5-10°
'S € 2.721160000-10% 4108 125-10°%0 6.6125-101°

The obtained energy values of the ground and excited states of the considered system lie in
the range of ~[3.06-1016, 5.47-1012] eV. The average radii values of these states allow us to assert
that all doublet states belong to nanoparticles. It should be noted that the Hamiltonian of this system
IS invariant, since when the charge of each particle of a given ion is replaced by corresponding
antiparticle, we receive the same parameters for negative ions. Positive ions, attracting negative

6+ * 6+

ions, will form neutral molecules of six-particle type ( ( ))2, that is, it is a six-particle neutral
Carbon molecule [2].

So, received data allow us to assume the existence of molecular Carbon ions, and the applied
mathematical approach can be used in performing calculations for other systems.
[1] M. I. Haysak, I. I. Haysak, M. Nagy, V. V. Onysko, Acta Physica Polonica A, 142 (4), 549
(2022). http://dx.doi.org/10.12693/APhysPolA.142.549.
[2] J. Wolfe & A. Mysyrowicz, Excitonic Matter. Scientific American, 250(3), 98-107 (1984)
Retrieved October 12, 2020, from http://www.jstor.org/stable/24969326.
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Time-domain spectroscopy (THz-TDS) is a relatively new method to study optical properties
of materials in THz range. The method is based on electromagnetic transients optoelectronically
generated by femtosecond laser pulses. Here we report the observation of a re-emission of the sub-
THz monochromatic radiation from KY(MoOs)> pumped by a broadband THz excitation pulse.
Crystal structure of this compound is formed by [K]™ and [Y(Mo0Oa)2]- layers which are responsible
for the phonon modes with energies below 1 THz [1]. Fig.1 presents experimental data for 80 um
thick single crystal sample when THz radiation pulse propagating along the b-axis in two
polarizations: E“||a (red) and E“||c (blue). The waveforms of THz pulses passed the sample showed
in Fig.1 (b, ¢). The long extended emission tail (highlighted by yellow and zoomed in insets) is a
manifestation of the electromagnetic wave emission by coherent phonons in KY(MoQa4)2. The
transmittance spectra, after Fast Fourier Transform (FFT), with sharp absorption lines at phonon
frequencies Sa and S¢ (0.568 and 0.860 THz consequently), and peaks correspond to re-emission at
these frequencies, have shown at Fig.1 (d, e). The splitting of re-emission peak for E”||c (Fig.1 (e),
blue curve) is a consequence of strong intensity of S¢ phonon. The temperature and sample
thickness dependencies of THz-TDS spectra would be also discussed.
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Fig.1. (a) The electric field waveform of the THz pulse before the sample. (b, ¢) Waveforms of the
THz pulse passed the sample (for the case of 80 um thick sample plate and T = 4 K). Inserts show
zoomed waveforms in the time range 10— 120 ps after the start of the pulse. (d) Squared FFT
spectra (transmittance) for KY(Mo0Os)2. The periodic fringes in the spectra are caused by multiple
reflections within the plane-parallel sample (Fabry-Perot type modulation). () Squared FFT of the
waveforms shown in the inserts of the Fig.1 (b, c). The spectra obtained at polarizations E“||a and
E“||c denoted by red and blue colors respectively.

[1] Poperezhai, P. Gogoi, N. Zubenko, et al., J. Phys.. Condens. Matter 29, 095402 (2017).
https://doi.org/10.1088/1361-648X/aa55a8.
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Research in recent years [1] has shown that metal nanoparticles of biconical and bipyramidal
shapes significantly enhance the signals of surface-enhanced Raman spectroscopy (SERS). In turn,
high sensitivity to changes in dielectric constant, photothermal effect, and photothermal stability are
related to the features of the geometry of these nanoparticles. Despite the above, the issue of field
enhancement around biconic and bipyramidal nanoparticles remains unexplored, and therefore very
relevant.

Due to the anisotropy of the shape of biconic and bipyramidal (we assume that the base of the
bipyramid is a pentagon) nanoparticles, the amplification of local electric fields in their vicinity is
given by a diagonal tensor of the second rank, the components of which are determined by the

expressions
2
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where LA(D) are depolarization factors; t_ is the permeability of the surrounding dielectric medium,

m
and the diagonal components of the dielectric tensor of the nanoparticle material are described by
the Drude model
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In formula (2) T* is the contribution of the crystal lattice to the dielectric constant; w, is the
plasma frequency, and g;(fm) is the effective rate of electron relaxation, which is the sum of volume

and surface relaxation and radiation attenuation. It should be noted that g;(fm) is calculated within the
framework of the equivalent spheroid approach [2], and therefore LA(D) will have the same

appearance as for prolate and oblate spheroids (depending on the ratio of geometric parameters of
the particles of the studied forms).

Calculations of the frequency dependences of the longitudinal and transverse components of
the field amplification tensor indicate the presence of one maximum in these dependences, which
corresponds to the longitudinal (transverse) surface plasmon resonance. It was also established that
the results of calculations for biconical and bipyramidal nanoparticles are close and practically do
not differ quantitatively, which allows us to consider bipyramidal particles, which are most often
synthesized by various methods, biconical.

[1] S. Xu, L. Jiang, Y. Nie, J. Wang, H. Li, Y. Liu, W. Wang, G. Xu, and X. Luo, ACS Appl.
Mater. Inter. 10, 26851 (2018). https://doi.org/10.1021/acsami.8b05447.
[2] A.V. Korotun, Ukr. J. Phys. 68, 695 (2023). https://doi.org/10.15407/ujpe68.10.695.
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The spectral position of surface plasmon resonances (SPR) depends on the size, shape of
nanoparticles, their composition, and the dielectric constant of the environment. Therefore, the
number and position of surface plasmon resonance peaks can be easily adjusted by manipulating the
size and shape of nanoparticles, as well as their composition. The use of layered structures of the
“core-shell” (A@B) type, in which the core of material A is covered with a shell of material B,
where material B can act either a dielectric or the other metal, is more promising. Among the
various forms of nanoparticles, cylindrical nanoshells attract great attention [1] due to their high
spectral rearrangement in the windows of biological transparency, as well as the existence of a large
number of new synthesis methods that allow controlling the size, morphology, and surface area of
such structures. Note that it is technologically very difficult to obtain shells of constant thickness
during the synthesis of such structures. In this regard, the study of the optical properties of metallic
cylindrical shells of variable thickness is of great practical interest and is an urgent task.

Consider the interaction of light with a two-layer cylindrical nanostructure placed in a
dielectric medium, and this structure consists of two non-reciprocal cylinders. The dielectric
constant of the shell material is equal to T, .

In the case when dissipation can be neglected, we have four branches of SPR frequencies

(12)() _ Wp
W, = 1)
P ¥ TS(I,Z)(t)

where w, is the plasma frequency; T is the contribution of the crystal lattice to the dielectric

constant.
Since T2 is a dimension-dependent function (depends on the radii of the cylinders and the

distance between their axes), the corresponding SPR frequencies will also be dimension-dependent.

It was established that, unlike the case of a shell of constant thickness, where there are two
branches of SPR frequencies, in the case of a shell of variable thickness, there are four branches of
these frequencies due to the additional splitting of SPR frequencies due to the misalignment of the
cylinders.

It is shown that for one pair of SPR frequencies there is an increase in the splitting with
increasing distance between the cylinder axes, while for the second pair this splitting is a constant
value. In addition, the nature of the dimensional dependence of the SPR frequencies for shells of
different metals is qualitatively similar, and the differences are quantitative.

[1] S.A. Scherbak, A.A. Lipovskii, J. Phys. Chem. C, 122, 15635 (2018).
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Currently, a targeted search is being carried out for nano-sized structures of different
geometries, characterized by certain possibilities for adjusting their optical properties. These
structures include nanogrooves on a flat surface, stripes, ridges, and chains of spherical and
spheroidal nanoparticles. Chains of metal nanoparticles of different shapes are of particular interest
because they can be used to transmit modulated optical signals with a high degree of spatial
confinement. Therefore, studying the optical properties of chains of spheroidal nanoparticles on a
dielectric substrate is an urgent task.

Let us consider a chain of oblate metal nanospheroids oriented on a dielectric substrate with
permeability T, in such a way that their minor axes lie in the plane of the substrate. In the local field
approximation, taking into account the interaction of nanospheroids with each other and with image

dipoles, under the condition of normal light incidence on the substrate, the transverse component of
the chain polarizability tensor is determined by the relation

a(/:\hain = a. (W) ’ (1)
NENOPSYORTNY
d Th € Ty + T, [}

where d is the distance between the centers of neighboring spheroids (a chain period); T, is
permeability of an environment; a,. is the transverse component of the polarizability tensor of a

spheroidal nanoparticle; S, and S, are chain sums determined by the contributions of other

particles of the chain and image dipoles.

The results of calculating the frequency dependence of the chain polarizability are compared
with the calculation results for a single oblate nanospheroid, which made it possible to identify the
manifestation of collective effects in a chain of the spheroids. A strong size dependence of the chain
plasmon resonance frequency has been established in the case when the values of the chain period
and the minor axis of a spheroid are close.
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Ensembles of metal nanoparticles of various shapes are widely used nowadays, in particular,
to increase the efficiency of light absorption by thin film solar cells due to the excitation of
localized surface plasmon resonance. Therefore, the study of the optical properties of ensembles of
metal nanoparticles of different shapes, compositions, and morphologies is an urgent task.

An important characteristic of ensembles of nanoparticles is the radiation efficiency, i.e., a
value that indicates how much absorption capacity of the ensemble is.

The radiation efficiency is determined by the expression

(0w
“ <Qab5> + <Qsca> |

where <Qabs> and <Qsca) are averaged efficiencies of absorption and scattering of an ensemble,

1)

directly proportional to the averaged absorption and scattering cross sections (C, ) and (C,,), so

(Qu)=1%1 (o) = {Cd @

where S is the equivalent cross-sectional area.

The results of calculations show that ensembles of disc nanoparticles are characterized by
radiation efficiency close to unity in almost the entire frequency range and sharp minimums that
correspond to absorption minimas. The location of the maxima depends significantly on the aspect
ratio (the ratio of the diameter of the disc to its height), in contrast to ensembles of spherical
nanoparticles, when the position of the maxima of the radiation efficiency does not depend on the
size of the particles.

Thus, ensembles of disc nanoparticles compared to ensembles of spherical particles have
improved optical characteristics with additional possibilities for adjustment when used in plasmonic
photovoltaics.
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Today, ultra-high dose dosimetry is of great interest in such fields as space dosimetry,
medical dosimetry, and dosimetry on high-energy accelerators. Thermoluminescent (TL)
dosimeters are used for such tasks as lithium fluoride LiF doped with Mg, Ti.

It is known that when broad-band alkali-halide crystals are irradiated, color centers are
formed. A halogen vacancy that has captured an electron creates the well-known F-center. Such
color centers increase when crystals are heated in alkali metal vapors. In addition, F-centers are also
formed when exposed to low-energy radiation, in particular, X-rays. This indicates that the decay of
electronic excitations into radiation defects can explain F-centers' formation.

The paper investigated the formation of color centers of radiation defects in undoped LiF
crystals. The studied samples were irradiated with electrons with an energy of 18 MeV at room
temperature on the M-30 microtron of the Department of Photonuclear Processes of the Institute of
Electronic Physics of the NAS of Ukraine. Irradiation with electrons was accompanied by integral
bremsstrahlung gamma radiation. The fluence at the place of installation of the samples was
determined by the current of accelerated electrons, which was measured by a Faraday cylinder with
a calibrated inlet hole.

The optical absorption of irradiated samples was measured with a SF-46 spectrophotometer. It
was established that the following color centers are observed upon irradiation with high-energy
electrons: 240 nm (F-centers) — at low doses and 450 nm (M-center) — at higher doses.

The concentration of color centers, depending on the radiation dose, was determined using the
Smakula-Dexter ratio. The obtained number of coloration centers is not related to the formation of
radiation defects but only to filling existing vacancies.
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Detection of gravitational waves with frequencies above 10 kHz may hint on the existence of
some exotic astrophysical objects, indicate new physics beyond the Standard Model, and provide a
glimpse into the processes in the early Universe [1]. However, both the currently functioning
detectors and most of the proposed ones were tailored for the lower frequencies, where less exotic
sources are known to exist [1]. On the other hand, modern quantum technologies promise
measurement resolution high enough to study the gravity-related effects in a lab [2]. Coincidentally,
to avoid thermal noise, quantum devices often operate in this higher frequency range that is now
interesting for the gravitational wave detection. We theoretically explore the limits of one such
detection scheme based on quantum squeezing in solid-state devices.

A passing gravitational wave modulates a resonator length—and hence its resonance
frequency—due to the change of space-time metric [3]. Vigorous modulation of the resonance can
even create resonator photons by parametric amplification of the vacuum fluctuations, a process that
is known as the dynamical Casimir effect [4]. Luckily, the changes of metric that we can evidence
on Earth are not so strong to induce photons.

We study a measurement that uses the Casimir effect in a more general sense. We use the
change in the resonator quantum state induced by the modulation in its frequency. More precisely,
we consider how a change in a squeezed resonator state evidences the gravitational wave.
Advancing the results of Ref. [3], we obtain simple limits on the squeezing and the measurement
time required to detect a gravitational wave in some interesting frequency ranges. We focus on use
of the solid-state resonators, for which we provide numerical estimates.

[1] N. Aggarwal, O. D. Aguiar, A. Bauswein, G. Cella, S. Clesse, A. M. Cruise, V. Domcke,
D. G. Figueroa, A. Geraci, M. Goryachev, et al., Living Rev. Relativ. 24, 4 (2021).
https://dx.doi.org/10.1007/s41114-021-00032-5.

[2] Y. Liu, J. Mummery, J. Zhou, M. A. Silanpaa, Phys. Rev. Applied 15, 034004 (2021).
https://dx.doi.org/10.1103/PhysRevApplied.15.034004.

[3] C. Sabin, D. E. Bruschi, M. Ahmadi, and I. Fuentes, New J. Phys. 16, 085003 (2014).
https://dx.doi.org/10.1088/1367-2630/16/8/085003.

[4] P. Lahteenméki, G. S. Paraoanu, J. Hassel, and P. J. Hakonen, Proceedings of the National
Academy of Sciences 110, 4234 (2013). https://dx.doi.org/10.1073/pnas.1212705110.
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Due to its multifaceted properties, sulfur is included in the composition some amino acids
(cysteine, methionine), vitamins (biotin, thiamin) and enzymes [1], and redox reactions of sulfur are
a source of energy in chemosynthesis. It is important to emphasize that sulfur is contained in the
atmosphere of some spaceships objects and is a very common element in the universe and
interstellar space environment [2]. This determines the constant interest in the study of various
physical and chemical properties of sulfur.

The results of the first measurements of the spectral characteristics of the emission of a
mixture of sulfur vapor with argon and helium in a gaseous pulse-periodic discharge in the
ultraviolet and visible spectral regions are presented.

The longitudinal pulse-periodic discharge in the gas discharge device was excited using a
thyratron generator with a commutator TI'M1-2000/35 and resonant recharging of the storage
capacity 1650 nF.

In the experiments, the voltage on the high-voltage rectifier was up to 5 kV, the average
discharge current was up to 1 A, and the frequency of the pumping pulses was up to 10 kHz. Argon
was used as a buffer gas, the pressure of which was 30 Torr. Crystalline sulfur was in the gas
discharge chamber. The temperature of the mixture during the operation of the installation did not
exceed 300 °C.

The time-integrated emission characteristics of the discharge were recorded using the MS
7504 spectrometer. The MS 7504i also included two optical radiation detectors: a HS 101H CCD
camera and an R928 photomultiplier. Recording information from these detectors and its analysis
was carried out using a personal computer.

In the course of the first experiments, the spectral composition of discharge radiation in a
vapor mixture of sulfur and argon was studied. It was established that the luminescence spectrum
contains radiation in the UV region, which consists of emissions of low intensity, where bands of S
molecules are observed, and in the region of 600-1000 nm, which includes emissions of sulfur and
argon.

[1] Greenwood N., Earnshaw A. / Chemistry of the Elements, 2nd ed.Butterworth—Heinemann.
Oxford, 1997. P. 645-662.
[2] Feaga L.M., McGrath M.A., Feldman P.D. // Astrophys. 2002. Vol. 570. P. 439.
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Plasma spraying is an innovative technology that is widely used in various industries.

Its exceptional properties such as high adhesion, surface density, fast application, wide
material selection and environmental friendliness are essential for protection, coverage and surface
coatings and components. Plasma spraying is a spraying in which the energy source is plasma. As a
rule, the inert gas argon and/or helium is used to form plasma. The material in powder form is then
fed into the plasma where it is melted and atomized. The sprayed material is deposited on the
surface of the product, where a thin and dense layer is formed.

The technology of plasma spraying is widely used in various industries due to its properties
and capabilities. Plasma spraying has found its application:

wear protection, corrosion protection, thermal insulation, electrical insulation, decorative
coatings, medical industry, electronics and semiconductors.

Plasma spraying offers a number of advantages that set it apart from other technologies:
high adhesion, unique protection properties, uniform coating application, wide range of materials,
environmental safety.

Based on all above, research in this direction is relevant. For experiments we designed a
universal gas discharge chamber shown on Fig.1 which consist of quartz tube 15 cm long and
diameter 4 cm, vacuum gasket, dielectric flanges, universal high-voltage inputs, metal electrodes
with adjustable interelectrode distance, heating element(optional), pins for fixation. For sputtering
we will use chalcogens (such as sulfur) located in the interelectrode space. It should be noted that
we used neon as a buffer gas. In our experiment rectifier voltage was 2.5 kV and the 0.24 A average
rectifier current. The storage capacitance value was 1,650 pF at the repetition frequency from 1 to
10 kHz.
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Fig. 1. General view of the universal discharge chamber. 1 — quartz tube, 2 — vacuum gasket,

3 — dielectric flanges, 4 — universal high-voltage inputs, 5 — metal electrodes, 6 — slide, 7 — pins for
fixation, 8 — sulfur.
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Recording the temperature dependences (20-300 K) of the integral radiation intensity in the
mode of continuous quantum counting is a powerful tool for studying the dynamics of electronic
excitations, their features and changes with temperature, in carbon structures regardless of the
quantum yield of materials. Such experiments help clarify the presence and specificity of various
phase transformations and record changes in the energy spectrum of a nanomaterial in the presence
of impurities with different chemical activity. Thus, for the Ceo+H2 and Ceo+N2 systems, which
have the limits of the adsorption crossover (transition from the diffusion mechanism of intercalation
- physisorption, to the chemical interaction - chemisorption), respectively 300°C and 420°C [1,2],
spectral-luminescence studies confirmed the formation of new chemical compounds - hydrofullerite
CeoHx and biazafulerite (CsgN)2. At the same time, it was the registration of the temperature
dependence of the integral intensity of luminescence from low to room temperatures according to
the indicated method that showed that for CsoHx there is no orientational phase transition and the
transition to the glassy state, and for (CsoN)2 quenching of photoluminescence at low temperatures
was found [3].

According to the literature, some carbon nanocompounds based on graphene oxide at room
temperature also demonstrate a change in optical properties in the presence of impurities. For
example, in [4] the quenching of photoluminescence of GO by metal ions in an aqueous medium
was discovered, and in [5] determined the influence of carbohydrate saturation of graphene
suspension (GS), which also leads to a decrease in the quantum yield of the substance. As a result,
the similarity of the observed changes in the luminescent properties of various compounds of the
graphene group with those of fullerite compounds has been established, which may indicate the
similarity of both the emission mechanisms in such carbon nanostructures and the response of their
energy spectrum to the presence of impurities. The conclusion from this is that the study of spectral-
luminescent properties by the method of continuous recording of the integral luminescence intensity
in the temperature range of 20-300 K may make it possible to identify new optical or structural
properties for these compounds.

[1] K. A. Yagotintsev, I. V. Legchenkova, Yu. E. Stetsenko, P. V. Zinoviev, V. N. Zoryansky, A. I.
Prokhvatilov, and M. A. Strzhemechny, Low Temperature Physics 38, 952 (2012)
https://doi.org/10.1063/1.4758781

[2] I. V. Legchenkova, K. A. Yagotintsev, N. N. Galtsov, V. V. Meleshko, Yu. E. Stetsenko, A. I.
Prokhvatilov, Low Temp. Phys. 40, 685 (2014) https://doi.org/10.1063/1.4894316.

[3] P. V. Zinoviev and V. N. Zoryansky, Low Temp. Phys. 48, 268 (2022)
https://doi.org/10.1063/10.0009547

[4] D.-Y. Wang, D.-W. Wang, H.-A. Chen, T.-R. Chen, S.-S. Li, Y.-C. Yeh, T.-R. Kuo, J.-H. Liao,
Y.-C. Chang, W.-T. Chen, et al. Photoluminescence quenching of graphene oxide by metal ions in
aqueous media. Carbon, 82, 24, (2015). https://doi.org/10.1016/j.carbon.2014.10.017

[5] Y.V. Pakharukov, F.K. Shabiev, R.F. Safargaliev, S.S. Volkova, Quenching of graphene
suspension photoluminescence with saturated hydrocarbons. Colloid Interface Sci. Commun., 42, 1,
100431, (2021). http://dx.doi.org/10.1016/j.colcom.2021.100431
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Recently, in studies of various properties of superfluid “He and mixtures of 3He in “He,
miniature quartz tuning forks have been applied, which have replaced other mechanical resonators
traditionally used for this purpose. However, the complicated geometrical form of the tuning forks
and the occurrence of acoustic resonances in the cell filled by the studied liquid with frequencies
close to the resonance frequency of the tuning fork strongly affect the measurement results. The
purpose of this work is to study the influence of acoustic processes and cell geometry on the
vibrational properties of a tuning fork immersed in the liquid.

The work includes the measurements of the resonant frequency of a tuning fork under
vibrations in normal and superfluid “He and concentrated mixtures of 3He in “He and the estimates
of the acoustic mode contribution arising in these liquids. Figure 1 shows the temperature
dependences of the resonant frequency of a tuning fork connected with outer space (an open tuning
fork) in superfluid “He (a) and the resonances of the first sound in the cell (b). The cell is considered
as a cylinder, the first resonance index corresponds to the mode of radial vibrations, the second to
tangential vibrations, and the third to the mode of vibrations along the cylinder axis.

Vertical lines illustrate the conditions
for the coincidence of the frequencies of
acoustic resonances with the frequency of the
tuning fork. One can clearly see how the
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Fig. 1. Frequency of oscillations of a tuning fork
in superfluid “He (a) and relative frequencies of
acoustic resonances in the cell (b).
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In this report we present the results of theoretical studies of the possible mechanism of energy
dissipation that take place in the experiments [1-2] on study of a vibrating quartz fork in superfluid
3He—*He mixtures with enough high concentration.

Along with known mechanisms of energy loss from a vibrating quartz fork such as first and
seconds sound radiation [3-4], interaction with thermal excitations, and radiation of thermal wave
[5] we consider the two-step mechanism of heat radiation.

The main idea of the work is that the viscosity of such concentrated solutions is quite high,
and a fairly large part of the tuning fork energy is lost when a viscous wave is excited. The presence
of a viscous wave leads to heat dissipation in the boundary region of the fork walls. This local
heated region in the solution, in turn, relaxes throughout the entire volume of the solution by the
second sound wave and via the thermal conductivity of the solution. We examine the effectiveness
of this mechanism, compare it with experimental results, and determine the conditions under which
such a mechanism is most effective.

This work was supported by the project “Remote Research Grants for Ukrainian Researchers”
that has received funding through the EURIZON project, which is funded by the European Union
under grant agreement No.871072.

[1] E. M. Pentti, J. T. Tuoriniemi, A. J. Salmela, A. P. Sebedash, J. Low Temp. Phys. 150, 555
(2007). https://doi.org/10.1007/s10909-007-9583-7.

[2] V. A. Bakhvalova, V. K. Chagovets, I. A. Gritsenko, et al., J Low Temp. Phys. 187, 413 (2017).
https://doi.org/10.1007/s10909-016-1712-8.

[3] N. Herashchenko, K. Nemchenko, S. Rogova, T. Viktinskaya, Low Temp. Phys. 49, 171 (2023).
https://doi.org/10.1063/10.0016841.

[4] T. Vikhtinskaya. N. Herashchenko, K. Nemchenko, Low Temp. Phys. 48, 117 (2022).
https://doi.org/10.1063/10.0009290.

[5] K. Nemchenko, S. Rogova, T. Vikhtinskaya, J Low Temp Phys. 187, 324 (2017).
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The prediction of crystal structures is one of the popular tasks in solid state physics. In the
case of finite crystals, the preferred crystal structure is dependent on the size of aggregation. The
simplest object to study crystal growth with size-dependence of the structure is rare gas solids
(RGS). However, in spite of simple interatomic interactions described by two-body Lennard-Jones
potential, the preference of the heavy rare gases for the fcc crystal structure is not understood [1].

The fcc/hep dilemma is also actual in the studies of free single-component and binary rare gas
clusters produced by adiabatic expansion of supersonic jets. The hcp structure peaks were fixed by
electron diffraction data for the first time on a large free Ar clusters [2]. Further, the transformation
from the fcc to the two-phase fcc-hep structure with a change in the size of these clusters was traced
in [3]. Finally, in [4] we studied the fcc-hcp structural transition in heterogeneous Ar-Kr clusters of
equimolar component composition and compared it with the one in Ar clusters.

In present work, we continue the research begun in [4] and add to the investigation the phase
composition of both large pure Kr clusters and large binary Ar-Kr clusters for two values of krypton
mole fraction in clusters (0.25mf and 0.8mf). The average cluster size N ranged from 2-10° to
1-10° at./cl. (i.e. the average linear cluster size J was varied from 60A to 200A). The results of
THEED quantitative phase analysis are shown in the figure. It was found that the threshold cluster
size for the formation of fcp phase has the same value for both homogeneous and heterogeneous
clusters and equals to 5 ~90 A (N ~1.1-10* at/cl). As clusters grow, the relative volume of hcp
phase increases substantially to reach its maximum in large (0 = 150-160 A, N ~ 4.3-10* at/cl)
polycrystalline aggregations. A further
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effect on the relative volume of hcp " | A 0.75Ar-0.25Kr

phase and even the largest clusterswe , [ B g-gi“ggf
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[1] B.W. van de Waal, The FCC/HCP dilemma (University of Twente, Enschede 1997).

[2] O. G. Danylchenko, S. I. Kovalenko, V. N. Samovarov, Low Temp. Phys. 30, 166 (2004).
https://doi.org/10.1063/1.1645170.

[3] O. G. Danylchenko, S. I. Kovalenko, V. N. Samovarov, Low Temp. Phys. 34, 966 (2008).
https://doi.org/10.1063/1.3009597.

[4] O. G. Danylchenko, S. I. Kovalenko, O. P. Konotop, V. N. Samovarov, Low Temp. Phys. 40,
1083 (2014). https://doi.org/10.1063/1.4904000.
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The processes of heat transfer are a rather complex and intriguing problem in the physics of
condensed matter. It is well-known that in simple, crystalline, orientationally ordered solids, the
temperature dependence of thermal conductivity x(T) exhibits a crystalline-like pattern: starting
from the lowest temperatures, as the temperature increases, the thermal conductivity grows, and
then the curve «(T) has a phononic maximum [1].

A fundamentally different picture is observed in the behavior of x(T) in amorphous
substances. The nature of x(T) behavior is glass-like: the thermal conductivity is low, it increases
with temperature, passing through a thermal conductivity plateau xpi, which is practically located in
the range of approximately 5-10 K for all amorphous substances. With further temperature
increase, x(T) also continues to increase slowly until saturation is reached. The dependence of «(T)
is determined by energy transfer mechanisms in a solid. These mechanisms are characterized by
ballistic propagation and thermal diffusion of collective excitations in a disordered solid.

The thermal conductivity of pure ABS (Acrylonitrile Butadiene Styrene, chemical formula
(CsHs-CaHs-CsH3zN)n) polymer and ABS polymer composite with 0.5 wt% of the thermally reduced
graphene oxide (trGO) was measured in a wide temperature range from 2 to 100 K [1, 2].

From the experimental results it is clear 0.5
that glass-like behavior k(T) takes place. The ’

thermal conductivity of both samples
increases sharply at low temperatures, then
growth slows down between 30 and 100 K.
Adding 0.5 % trGO enhanced the thermal
conductivity of ABS polymer by 1.5 times
over the entire temperature range.

An approximation has been proposed,
according to which the experimentally
observed thermal conductivity can be well
described by an Arrhenius-type exponential
function:
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where ko is the value of the high-temperature
limit of thermal conductivity, and representing the maximum value of the diffusion contribution by
the excitation system referred to as diffusions, and E denotes the characteristic energy associated
with the dominant diffusions, expressed in K, and a constant term xp, most likely related to the
lower limit of thermal conductivity [3].

Temperature [K]

[1] A. Jezowski, J. Mucha, and G. Pompe, J. Phys. D, Appl. Phys. 20, 1500 (1987).
https://doi.org/10.1088/0022-3727/20/11/022.

[2] A. Jezowski, B. A. Danilchenko, M. Bockowski, I. Grzegory, S. Krukowski, T. Suski, and
T. Paszkiewicz, Solid State Communication 128, 69 (2003). http://dx.doi.org/10.1016/S0038-
1098(03)00629-X.

[3] A. I. Krivchikov, A. Jezowski, V. A. Konstantinov, V. V. Sagan, O. A. Korolyuk, and D.
Szewczyk, Thermochimica Acta 733, 179696 (2024). https://doi.org/10.1016/j.tca.2024.179696.
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Most isotopes of molecular crystals (H20/D20 and **N2/*°N>) in the solid phase have the same
crystal lattice and different molar volumes [1]. Consequently, in the diffraction patterns obtained
from isotopes, the diffraction peaks are shifted relatively to each other.

As was shown in [2], the scattering amplitude from linear molecules is proportional to the
amplitude of librational vibrations. The use of such a technique for analyzing the intensity of X-ray
diffraction patterns can make it possible to observe new effects in molecular crystals.

The purpose of this work is to analyze the intensity of diffraction maxima of solid nitrogen
14N2 and 15N2.

Structural studies of solid nitrogen *N, and N, were carried out on a DRON X-ray
diffractometer in Ko radiation from an iron and copper anode, respectively. The X-ray diffraction
patterns were carried out in the temperature existence range for orientationally ordered phases of
solid nitrogen N2 - N [3].

Using X-ray diffraction patterns obtained from solid nitrogen N, and °N; in the
orientationally ordered phase, the temperature dependences for the angles of variation by a linear
molecule from the <111> direction of the cubic lattice were determined.

Using the Rietvelds approach described in [3], we determined the distances between nuclei in
a linear molecule °No.

[1] V. G. Manzhelii, A. I. Prokhvatilov, V. G. Gavrilko, and A. P. lIsakina, Structure and
Thermodynamic Properties of Cryocrystals (Begell House Inc., New York 1996).

[2] N. N. Galtsov, O. A. Klenova, and M. A. Strzhemechny, Fiz. Nizk. Temp. 28, 517 (2002) [Low
Temp. Phys. 28, 365 (2002)].

[3] R. A. Young, The Rietveld Method (Oxford University Press Inc., New York 1993).
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Radiation effects in solid N2 up to very recently were explored and considered mainly in
terms of neutral electronic excitations and their interactions. Active research of the problem of
charged species dynamics and their role in a variety of radiation-induced phenomena has been
undertaken in recent years and its trends were reviewed in [1]. One of the related questions
concerns identification of, the so-called y-line, situated in the near infrared (NIR) range. Connection
of this line with interaction of nitrogen species with electrons was established in [2, 3]. According
to [2] the y—line appears as a result of the electron attachment to the metastable N(°D) atom forming
nitrogen anion in the excited state N~ (!D). However, this suggestion does not explain the red
satellite of the y-line. Moreover, finding the second satellite of the y-line in the spectrum of
spontaneous luminescence excited with an electron beam [3] calls into question the identification of
the y—line as the emission of nitrogen anion N~.

Here we present new results on the study of spontaneous and stimulated luminescence in
nitrogen solids in NIR range. Irradiation was performed in dc regime with an electron beam of
subthreshold energy. Relaxation dynamics was monitored by emission spectroscopy -
cathodoluminescence (CL), along with optical and current activation spectroscopy. The CL of
nitrogen films of different thicknesses when excited by electrons with energies of 0.5, 1, and 1.5
keV was studied. On completion of irradiation real-time correlated measurements of thermally
stimulated luminescence (TSL) and exoelectron emission (TSEE) were carried out.

The CL spectrum in NIR range registered at 5 K consists of three line: 794, 802 and 810 nm in
agreement with [3]. A comparison of the CL spectra obtained under different conditions showed
that there is no correlation in the behavior of emission from the 2D state of the N atom and the y-
line, which could be expected in the case of the formation of the y-line emitting centers via electron
attachment to the N(?D) atom. Increasing the irradiation time made it possible to register a new NIR
band at 810 nm (the second satellite of the y-line) in the spectra of TSL. The positions of all three
spectral features coincide in the spectra of spontaneous and stimulated luminescence, as evidenced
by a comparison of the CL spectrum recorded at 5K with the TSL spectrum recorded at the TSL
maximum at 16K. Measurement of the TSL curves at 802 and 810 nm showed a correlation with the
TSL curve measured on the y-line at 794 nm and the yield of the TSEE. The similar behavior of all
these lines in the stimulated luminescence and the correlation with the stimulated current indicate
their common origin and connection with the neutralization reaction. Note that the position of the y-
line (1.56 eV) is quite close to the theoretically found transition of the N4 isomer of (D2n) symmetry
from the lowest excited state 1'Bg, to the ground state Ay (1.6 eV) [4]. However, the distances
between the lines do not coincide with the vibrational structure predicted in [4]. The origin of the y-
group and connection with the neutralization reaction Ns*+e— N4 ®N, +hn +DE are discussed.

[1] E. Savchenko, 1. Khyzhniy, V. Bondybey, Low Temp. Phys. 45, 975 (2019).
http://dx.doi.org/10.1063/1.5121267.

[2] R. E. Boltnev, I. B. Bykhalo, I. N. Krushinskaya, A. A. Pelmenev, S. Mao, A. Meraki,

P. T. McColgan, D. M. Lee and V. V. Khmelenko, PCCP, 18, 16013 (2016).
http://dx.doi.org/10.1039/C6CP01080F.

[3] E. V. Savchenko, I. V. Khyzhniy, S. A. Uyutnov, M. A. Bludov, Low Temp. Phys. 50, 89
(2024). http://dx.doi.org/10.1063/10.0023897.

[4] M. Bittererova, H. Ostmark, and T. Brinck, Chem. Phys. Lett. 347, 220 (2001).
http://dx.doi.org/10.1016/S0009-2614(01)01002-8.
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The synthesis and experimental study of long chains of inert gas atoms adsorbed in grooves
on the surface of carbon nanotube bundle aroused interest in the theoretical study of the vibrational
and thermodynamic properties of these chains [1-5]. The linear and periodic nature of these objects
is directly confirmed by neutron diffraction studies [6]. The linear and periodic nature of these
chains is indirectly confirmed by studying their low-temperature heat capacity [7,8].

The stability of the adsorbed chains of atoms is determined by the interaction of the atoms of
the chain with the substrate. As a result of this interaction, the spectrum of the adsorbed chain starts
with a nonzero frequency. Localized vibrations generated by a substitution impurity can occur both
below the initial frequency and above the maximum frequency of the quasi-continuous spectrum of
the chain. We considered a point impurity that differs from the atoms of the chain in mass, in
interaction with the atoms of the chain, and in the interaction with the substrate. We consider a
chain of adsorbed atoms as a chain in a periodic external field. In this approximation, we obtained
analytical expressions for the oscillation frequencies as functions of these three parameters.
Analytical expressions for the thresholds for the occurrence of localized oscillations and the
intensity of localized oscillations were also obtained. These results make it possible to further
theoretically study in the effect of point impurities on the low-temperature heat capacity of chains
of inert gas atoms adsorbed in grooves on the surface of carbon nanobundles.

[1] E. V. Manzhelii, S. B. Feodosyev, I. A. Gospodarev, E. S. Syrkin and K. A. Minakova, Low.
Temp. Phys. 41, 557 (2015). https://doi.org/10.1063/1.4927047.

[2] E. V. Manzhelii, JLTP 187, 105 (2017). https://doi.org/10.1007/s10909-016-1699-1.

[3] E. V. Manzhelii, S. B. Feodosyev, I. A. Gospodarev, Low Temp. Phys. 45, 355 (2019).
https://doi.org/10.1063/1.5090095.

[4] S. B. Feodosyev, I. A. Gospodarev, E. V. Manzhelii, V. A. Sirenko, E. S. Syrkin, Low Temp.
Phys. 45, 763 (2019). https://doi.org/10.1063/1.5111304.

[5] V. E. Syvokon, S. S. Sokolov, Low Temp. Phys. 49, 1148 (2023).
https://doi.org/10.1063/10.0020869.
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Pies, O.E. Vilches, Physica B 350, E423 (2004). https://doi.org/10.1016/j.physb.2004.03.130.

[7] M. 1. Bagatskii, V. G. Manzhelii, V. V. Sumarokov, and M. S. Barabashko, Low Temp. Phys.
39, 618 (2013). https://doi.org/10.1063/1.4816120.

[8] M. S. Barabashko, M. I. Bagatskii, A. V. Dolbin, V. V. Sumarokov, Low Temp. Phys. 49, 979
(2023). https://doi.org/10.1063/10.0020166.
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The exchange interaction of electron with the neutral matter is nontrivial and the condensed
matter researchers are challenged. The surface electrons over liquid helium (SEs) is widely used
here as a research tool. At large electric field or/and at dense surrounding gas SE forms dimple in
helium - a surface anion (SA) [1-2]. In this work the electro- and the thermo- dynamic anomalies of
SE/SA transition over the super-flow helium film on a structured substrate were investigated.

The transport method and the temperature monitoring are used for research. Substrate is a
mono- crystalline silicon plate with ~1 cm? in square and 0.3 mm in thickness with the periodical
grid of pores 2 um in diameter and 60 um in depth on surface. Substrate is placed on the cell
measurement electrodes and for the conductivity definition, o, used the capacitive coupling of
charge on substrate with electrodes. The cell situated in a vacuum chamber as in diameter as in
height 30mm, the “Mutsuhito” brand thermometer mounted under cell. The chamber elements were
covered by the super-flow helium film ~ 20 nm in thickness. The saturated electron layer with
N ~10'° e was emitted from the glow thread on substrate with a developed square ~ 25cm?2.
(According the electrostatic picture the electrons localized predominant above film on the pore
walls).

The experiment had shown the slowly heating chamber from 1.75K to 2.04K causes the value
o decreases according the SE interaction with the growing density atoms in gas. But at 2.04 K was
observed both the sharp drop electron conductivity from ~ 5.5¢10° sim to 7+1071% sim (the left
figure) and the thermo-dip about AT~5 mK in size (the right figure).
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The analyze. From electro- and thermo- energy balance the value AT is ~ e-4V:-N / C-m (here
Che and m are the specific heat capacity and the He-film mass, accordingly). The experimental
parameters are next: m ~ 2.5-10° g on surface near 10> cm? C ~ Cpe ~1J/g-K; AV~10% V at
transition SE-SA [3]. So anomalies are caused the SE/SA transition on the super-flow helium film.

[1] Yu. P. Monarkha, Phys. Nizk. Temp. 1, 526 (1975).
[2] V. B. Shikin, JETP Lett. 80, 417 (2004). https://doi.org/10.1134/1.1830660.
[3] Yu. Z. Kovdrya, F. F. Mende, and V. A. Nikolaenko, Phys. Nizk. Temp. 10, 1129 (1984).
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Inspired by the narrow Feshbach resonance in systems with the two-body interaction, we
propose a two-channel model of three-component fermions with a three-body interaction that
considers finite-range effects in low dimensions.

Applying this effective description to the three-component Fermi system with the suppressed
two-body interactions in the fractional dimension above d = 1, we have predicted the emergence of
the Efimov-like physics in the p-wave channel of the four-body sector. Analytic estimations in the
scaling limit are supported by numerically exact calculations for finite effective ranges at unitarity.
The detailed analysis of the one-dimensional problem revealed the necessary conditions for the
occurrence of negative eigenvalues in the four-body spectrum both in the case of broad and narrow
resonances. Particularly, it is shown that depending on the mass ratios of fermions with three-body
interactions, one can in principle observe an arbitrarily large number of the tetramer levels. The
effect is suppressed for the non-zero effective ranges towards larger mass imbalance.
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The study of the properties of materials with impurities is of current interest and has
important scientific and technical implications. The introduction of impurities makes it possible to
obtain a new material with completely different unique properties, which depend on both the type of
impurity and its amount. In recent years, a considerable amount of work has been devoted to the
study and preparation of epoxy composite nanomaterials. [1]

In this work, samples of epoxy with graphene oxide (GO) impurity at concentrations of
0.25%, 0.5%, 3%, 6% and pristine epoxy have been studied. The heat capacity of the epoxy-based
samples was measured using Quantum Design Physical Property Measurement System (PPMS) in
the temperature range from 2 K to 50 K.

The “boson peak” is observed in the heat capacity data for epoxy with GO impurity and
pristine epoxy, the position and height of which varies with filler loading. This peak slightly
decreases with increasing filler content. In addition, a shift as a function of temperature is observed.
The experimental data were analysed in comparison with literature data, where the eventual
decrease of the peak was related to inherited “crystalline” characteristics of the material due to the
high graphene content [2].

0. Romantsova gratefully acknowledges the support from the Visegrad Fellowship under the
International Visegrad Fund in 2024.
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[2] Z. E. Nataj, Y. Xu, D. Wright, J. O. Brown, J. Garg, X. Chen, F. Kargar & A. A. Balandin,
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In the research, a driven two-electron four-level double-quantum dot (DQD) tunnel coupled to
a fermionic sea is theoretically described by applying the rate-equation formalism [1]. The main
advantage of this approach is its relative simplicity, compared to other methods [2]. The solution of
the corresponding system of rate-equations is probabilities to occupy a given energy level of the
DQD. The system was experimentally studied [3], so one can compare the obtained dependencies
with the experimental ones. The DQD is driven by a strong excitation signal, therefore it shows
Landau-Zener-Stuckelberg—Majorana interferometry patterns. Particularly, the experimental
interferogram shows four different regimes: single-passage, double-passage, multi-passage,
incoherent one. Figure 1 shows the results of theoretical calculations: dependence of the parametric
capacitance C of the DQD on the excitation field amplitude A and the energy detuning &. The
theoretical picture obtained by using the considered formalism shows the same interferometry
regimes as the experimental one: single-passage (yellow triangle), double-passage (green circle),
multi-passage (red star), and incoherent one (blue star). The operation regime depends on the
excitation signal parameters, so one can achieve the necessary quantum state most efficiently by
adjusting such parameters. So, obtained results can provide useful information about characterizing,
initializing, and controlling quantum systems states.
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Fig. 1. Parametric capacitance C of the DQD as a function of the excitation field amplitude A
and the energy detuning . This value is calculated in units of Co. The results are presented in [1].
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Amidst growing environmental concerns, carbon honeycombs (CHs), built from graphene
ribbons forming the 3D architecture, offer a novel solution for carbon dioxide (CO2) capture and
storage, showing superior uptake and desorption capabilities [1-3]. Through high-energy electron
diffraction and advanced structural analysis, which includes various structural modeling [3], this
study explores CO2 sorption in CH matrices at low and elevated temperatures, highlighting a strong
correlation between the sizes of the CH channels and the temperatures of gas release (Fig. 1).
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Fig. 1. Electron diffraction intensities | on the scattering wave vector S from carbon dioxide
absorbed in CH matrices and warmed up to 230 K (a, b). The diffraction curve for the CH substrate
(see inset) is subtracted. The maximal intensities of two peaks ascribed to sorbed CO: in the
different CH channels are shown vs temperature T in Fig. 1c.

In the thinnest channels of the structures A2 and CO [3] carbon dioxide can be kept even at
temperatures about three times higher as compared with the CO, sublimation from flat solid
surfaces in vacuum, whereas from wider channels gas release occurs at much lower temperatures.
Since typical vacuum conditions in our experiment reduce the condensation temperatures of
classical gases by ~3 times, we can expect the same capturing mechanism at ambient pressures at
about room temperatures. This breakthrough presents new pathways for reducing atmospheric CO>
and leveraging it in sustainable energy solutions.

[1] N.V. Krainyukova and E.N. Zubarev, Phys. Rev. Lett. 116, 055501 (2016).
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https://doi.org/10.1063/10.0009542



IV International Conference “Condensed Matter & Low-Temperature Physics” 137
June 3 -7, 2024, Kharkiv

Aluminum uptake in carbon honeycomb

M. A. Kabanenko, D. G. Diachenko, N. V. Krainyukova

B. Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,
47 Nauky Ave., Kharkiv, 61103, Ukraine
e-mail: kabanenko@ilt.kharkov.ua

In quest of possible sorption of aluminum in a novel structure - carbon honeycomb (CH) [1]
we studied Al films deposited onto appropriate carbon substrates applying high energy electron
diffraction at elevated temperatures. But in contrast with noble gasses and CO. only physically
sorbed in carbon honeycomb and explored previously [1,2] we can expect in the case of aluminum
that physical sorption can precede the formation of chemical compounds.

The carbon honeycomb films were
prepared by carbon sublimation in the
vacuum from thinned graphite rods heated
by electric current and further deposited
onto a room-temperature polycrystalline
NaCl substrate [1-3]. Such carbon films in
our experiment were covered by thick
aluminum  films produced by Al
sublimation from a crucible and deposition
in a vacuum. Further, we studied either
such  sandwiches as prepared or
investigated the films, which were heated
in two steps up to ~650C and then to
. i 1000 C. The films were put on the holder
CH-film inside the high energy electron diffraction

............. . setup EMR-100.
At room temperature T we can see
! . . J E only a superposition of CH (dash line) and
thick Al films (black line). At elevated
temperatures up to ~650 C (close to the
melting point of Al) the Al film contribution is still large but a distinctly seen wing marked by a star
at smaller angles for the (111) Al peak appears and can be presumably associated with physically
sorbed aluminum. At further heating up to ~1000 C Al films mostly sublimate in vacuum and form
a texture reducing the peak (111), but a wing formed at lower 650 C becomes even clearer splitting
in the former peak (marked by a star) and a new one (with a sign “?”). To elucidate if these new
structural features are associated with fragmentary Al filling the channels of carbon honeycomb or
there exists the possibility of the formation of aluminum compounds like carbide Al:Cz we built the
models for both cases and compared them with experimental diffraction curves. The diffraction
pattern of Al4Cs is also shown in the lower part of the figure.

Our findings open many prospects for potential applications in making composites based on

CH filled with metallic species with tunable properties such as strength, flexibility etc.

(111) Al mzgmsess

Intensity (a.u.)
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Titanium and titanium-based alloys are actively being used in the industry and medicine.
High-purity titanium is an excellent material for medical implants according to criteria such as
biocompatibility, corrosion resistance, hypoallergenicity, and absence of toxic impurities. It is
known that the high level of metals mechanical properties is achieved by creating a nanostructure
using the severe plastic deformation methods. The technology of deposition-extrusion and extrusion
at cryogenic temperatures were used to create nanostructured titanium in this work. Severe plastic
deformation is known to generate a high dislocation density and to form a structural state of high-
energy non-equilibrium grain boundaries with anomalously accelerated grain-boundary diffusion, at
least for several hours after deformation. Non-equilibrium grain boundaries make the main
contribution to diffusion phenomena during recovery and recrystallization [1].

In this regard, this work aimed to detect a possible transformation of the defect structure of
severe deformed titanium after aging at room temperature.

The researches were made on cylindrical (6.5 mm, length 6.6 mm) samples of
nanostructured titanium. The starting material was iodide titanium with the impurities content
0-0.01, N-0.01, C-0.01, Si-0.009, Fe - 0.005, Ni - 0.005, Mg - 0.004, Mn - 0.004 , Al - 0.005,
Cr - 0.005 (wt%). The starting material was subjected to double re-melting using electron beam
melting in a high (1.3-10* Pa) vacuum. The hardness of the resulting titanium ingot was HB~1.13
GPa. The electrical resistance ratio was Rog3/R77=9.6.

Severe plastic deformation of titanium ingot was carried out using upsetting extrusion at 523,
648, and 703 K temperatures. The value of true deformation was ~1.3. The deformed material was
further subjected to extrusion by 52% in liquid nitrogen. According to structural studies, the average
grain size of fragmented titanium was ~150 nm, while the feature of grain boundary regions
characteristic of nano-sized materials was noted, due to the high density of structural defects. Axial
texture {10.0}<10.0> was noted in all samples. The further aging of severely deformed material at
room temperature covered a period of time up to a year.

Low-temperature (77-300 K) ultrasonic investigations were performed using a pulsed phase-
sensitive method. Excitation and detection of ultrasonic oscillations was carried out using the
broadband (2 MHz) lithium niobate piezotransducers with a natural resonant frequency of
50 MHz. Acoustic contact was achieved with silicone oil. The silicone oil effect was not taken into
account. Measurements were performed in the amplitude-independent region of internal friction
during heating at a heating rate of 40 K/h. Both the velocity (VL) and the change in attenuation
(Aav) of longitudinal ultrasound were measured simultaneously.

As a result of ultrasonic investigations, characteristic deflections on V(T) and three peaks on
Aar(T) at 125 (P1), 175 (P2), and 275 K (P3) temperatures were revealed. It is suggested that these
anomalies are caused by relaxation resonance of the Bordoni (P1, P2) and Hasiguti (P3) type. During
aging at room temperature, peaks P1 and P. decreased, and peak Ps shifted towards low
temperatures. At the same time, the steepness of the inclination of V(T) temperature dependences
was reduced as a result of the intensification of the recovery processes in non-equilibrium grain
boundaries. The results of the studies are discussed on the basis of the non-equilibrium grain
boundaries theory where the non-equilibrium degree is the grain boundaries free volume.

[1] A.V. Norhin, JETP Letters, 38(13), 71 (2012).
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In a molecular transistor, its current-voltage characteristics are controlled by the gate
voltage V. . This voltage affects the position of the molecular orbitals, bringing the orbital energy

levels into resonance with the Fermi levels of the electrodes or shifting the orbital levels away from

resonance with the Fermi levels. The conditions under which resonance occurs, and thus electron
transport through the molecular transistor becomes most efficient, is given by equation [1,2].

_ k,DE{") +|e|V,

GG

where V, and V. are the bias and gate voltages, respectively, and DE;‘}) is the basic

transmission gap for the charge neutral state of the molecule and its cationic (a =+, k, =+1) or

anionic (a =-, k_=-1) forms. This condition defines a diamond, the edges of which indicate at

which pair of voltages V, and V, the current-voltage characteristics of the molecular transistor

experience identical jumps. In a molecular field-effect transistor, a molecule can absorb or emit a
quantum of light, thereby matching the energy of the molecule with the resonant transfer of an
electron through the molecule. We showed that in this case the resonance conditions now look like

_ k,DEY) +|e|v, +E,,
=
|e|(dr,2 _hc)
where E =xhw is the photon energy at the frequency w of intramolecular optical

transition.
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The figure shows an example of a parallelepiped, the surface of which corresponds to those
Vy» Vo and E values, resonant transmission through a molecular field-effect transistor is

possible. The planes correspond to diamonds, which are realized at fixed photon energy E .

[1] E.G. Petrov, V.V. Gorbach, A.V. Ragulya, A. Lyubchik. and S. Lyubchik, J. Chem. Phys. 153,

084105, 1-15 (2020).
[2] E.G.Petrov and V.I. Teslenko, Low Temp. Phys. (Fiz. Nizk. Temper.) 48, 1175-1186 (2022).
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In this report we analyze the features of heat transfer in nanoribbons of arbitrary size
depending on the degree of phonon boundary scattering diffusivity. We start from the numerical
solutions of the system of integral equations for the distribution function of incident phonons:

Fo.(2d)=9,(20)*+ F, (z-WetgJ, J)Q(L - z +Wetg f)Q(z -Wetgf) 1)

and the distribution function of reflected phonons at a definite point on the conductor boundary:
P
Fo (zJ) = PR, (z.4) +3(L- p)gF. (zJ)sinjdJj - )

The coordinate axis z is directed along the axis of the conductor, the ¢ is the angle between
the direction of motion of the phonon and this axis, ® is the step-function, W is the width, and L is
the length of the nanoribbon. The value p determines the degree of diffusivity during boundary
reflection and is equal to 1 for completely mirror scattering and O for purely diffuse scattering
[1, 2]. The function g(z, ¢) describes the flow of phonons that arrive at a given point on the
boundary directly from the heater.

This work presents the results of a numerical solution conducted for ratios of the width to
length of the nanoribbon ranging from 10 to 0.01, and for values of the degree of specularity p
varying from 0 to 1. The resulting solutions describe the temperature profile along the conductor,
the dependence of the heat flow on the parameters of the problem, and the influence of the degree
of specularity on the value of the thermal conductivity coefficient.

The results obtained made it possible to derive simple analytical interpolation dependencies
for the temperature profile, heat flow and thermal conductivity coefficient. These functions describe
the dependence of these parameters on the values of p, and relate to each other the known analytical
results [3] for limiting cases for the purely diffuse scattering [4] and purely specular reflection.

The derived expressions provide not only explicit analytical dependences on the parameters of
the problem, but also make it possible to describe complex phonon systems with different
polarizations and at different temperatures without carrying out cumbersome numerical solutions.

This work was supported by the project “Remote Research Grants for Ukrainian Researchers”
that has received funding through the EURIZON project, which is funded by the European Union
under grant agreement No.871072.

[1] H.B.G. Casimir, Physica 5, 495 (1938).https://doi.org/10.1016/S0031-8914(38)80162-24]

[2] J. M. Ziman, Electrons and Phonons: The Theory of Transport Phenomena in Solids (Oxford
University Press, Oxford, 2001).
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This report discusses the results of a study of thermal conductivity in three-dimensional
dielectric thermal conductors in the ballistic regime of phonon propagation. The problem is
considered in the radiative approximation of phonon emission by a heater at a given temperature;
and the interaction with the walls is assumed to be completely diffusive. The main goal of the study
is to determine the temperature profile along the conductor, the features of its formation, and the
conditions for the deviation of the temperature dependence from the linear profile. The heat flow
and thermal conductivity coefficient are also determined, and the difference between the obtained
results and another generally accepted formulation of the problem, when a linear temperature
gradient is created by external sources [1], is discussed. The problem is considered for several cases
of conductor cross-section and compared with known results for a cylindrical conductor [2, 3].

The main idea of the method follows the work of the authors for nanoribbons [4] and is
reduced to a numerical and approximate analytical solution [5] of the generalized integral equation
for the temperature profile t(r):

t(r)=t_ (r) + G(r,rot(rt) (1)

out

Here r is the radius-vector of a point on the boundary of the conductor, g(r) describes the
temperature profile created at the boundary by phonons emitted by external sources, for example, a
heater. The integral operator G(r,rt)describes the contribution of phonons that arrives at a given

point r after diffuse reflection from a point rton the boundary.

The solution to this problem makes it possible to determine the thermal properties of
conductors with an arbitrary ratio between their length and transverse dimensions, as well as with
different cross-sectional shapes of the conductor. A comparison is made with experimental results
and with the results of numerical calculations of the authors from previous works.

This work was supported by the project “Remote Research Grants for Ukrainian Researchers”
that has received funding through the EURIZON project, which is funded by the European Union
under grant agreement No.871072.
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In the report, we present an iterative analytical approach for solving the integral equation that
describes the temperature profile of heat flow in two-dimensional conductor [1] :

z U0 1 1
t ==-1- — o +_——Ad <[1—r( y (l)
(Z) gl W2+ZZH 2W9 Z1 +(Z—Zl)2 12 (Z1)

where w = W/L is the ratio of the width W to the length L of the conductor, t(z) is the normalized
temperature and z is the normalized coordinate along the conductor. Equations similar to this arose
both in problems on the flow of rarefied gases through tubes [2] and in problems on radiative heat
transfer by phonons in the ballistic regime [3, 4]. In the proposed approach, we begin to solve the
problem from the linear dependence [2, 5] for temperature

t¥(2) = L+ a(w)(1 - 22)]/ 2, )

where a(w):{1+ 4WE+(1+ w)/+/1+ wz]l}. The parameter a(w) is found from the fact that

dependence (2) satisfies the original equation (1) at the ends of the sample. This approximate linear
solution (2) describes the temperature profile quite accurately, but it can be improved using further
iterations in the integral equation (1).

The iteration method is quite well known and consists in the fact that the result of the next
step is determined by relation (1), in which the result of the previous iteration is substituted on the
right side. This iterative procedure is most often used for numerical solutions of integral equations
of type (1). In this work, we propose to use this procedure to obtain a solution in an analytical form.
For example, the second approximation for the temperature profile will be

U1, 1
t9(z) = —gl-— 2 i+ T adz “(z 3)
S T T e

A simple form of the first linear approximation (2) allows one to carry out integrations in (3)
and thereby obtain an explicit analytical dependence for a more accurate, second approximation for
desired solution of Eq. (1):

(z)—— & z 1-z U+a(W)L z 1-2 9 % 0¢.(4)
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The resulting solution conveys the features of the exact solutlon to equation (1) with a much
higher accuracy, such that it describes small deviations from the linear solution (2). If necessary,
the iterative procedure can be repeated the required number of times. It is worth noting, that this
method, in particular, allows us to get rid of the shortcomings of methods that use Taylor series
expansions near the middle of the segment [4], which leads to asymptotic series.

This work was supported by the project “Remote Research Grants for Ukrainian Researchers”
that has received funding through the EURIZON project, which is funded by the European Union
under grant agreement No.871072.
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Recently, ZnO thin films have attracted significant attention of researchers due to their
complex of unique properties, such as a wide bandgap of 3.37 eV [1], good transparency in the
visible range, high exciton binding energy (60 meV) [2], cost effectiveness, and environmental
safety.

In our study, ZnO thin films were prepared by radio frequency magnetron sputtering from a
target of pressed ZnO powder. The aluminium doping was carried out by placing different numbers
of aluminium slabs on the pressed powder target (Table 1).

Table 1: Ratio of the areas of Al and ZnO targets used to obtain AZO films.

Sample name Slab area (cm?) Ratio of areas (%)
ZnO 0.0 0.00
Al05 0.5 3.98
Al10 1.0 7.96
Al25 2.5 19.89

Insignificant changes in the surface morphology of the obtained films after aluminium doping
were observed. The analysis showed an increase in the maximum size of clusters with increasing
aluminium concentration compared to the pure ZnO sample. The average cluster size was 35.0,
37.5, and 42.0 nm for ZnO, AI05, and AI10 samples, respectively. Also, using a scanning electron
microscope, cross-sectional images of ZnO thin films showed that the films grow along the c-axis
perpendicular to the substrate.

With an increase in the aluminium concentration, an increase in the transparency of the films
obtained in the visible and near-infrared range was observed. Using the Tauc method [3], an
enlargement of the band gap from 3.42 eV to 4.00 eV was detected. The broadening of the band gap
can be explained by the fact that the states at the bottom of the conduction band are populated by
free electrons from aluminium, and as a result, the optical gap increases: thus, the Moss-Berstein
effect is observed [4]. On the basis of the results obtained, the films can be recommended for use as
protective coatings against ultraviolet radiation, which require good transparency in the visible
range.

[1] C. F. Klingshirn, B.K. Meyer, A. Waag, A. Hoffmann, J. Geurts. Zinc Oxide. Springer Series in
Materials Science (2010). https://doi.org/10.1007/978-3-642-10577-7

[2] M. Dvorak, S.-H. Wei, Z. Wu. Origin of the Variation of Exciton Binding Energy in
Semiconductors. Physical Review Letters, 110(1) (2013).
https://doi.org/10.1103/physrevlett.110.016402

[3] J. Tauc, Mater. Res. Bull, 3, No.1: 37-46(1968). https://doi.org/10.1016/0025-5408(68)90023-8
[4] T.S. Moss. The Interpretation of the Properties of Indium Antimonide. 67(10), 775-782) (1954).
https://doi.org/10.1088/0370-1301/67/10/306
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The p-n junction based on silicon is the most successful structure to date. In this article, we
advocate and research submicron p-n and p-i-n junction structures, which have unique features,
unlike conventional p-n junction structures. The successful implementation of electrical features in
p-n and p-i-n junction structures proves that they are the next generation of semiconductor devices.
Silicon (Si) and Gallium arsenide (GaAs) based devices are widely used in almost all industries.
Due to the high sensitivity of Si and GaAs to changes in temperature, the development of
temperature-resistant devices or photodiodes is an important task. For this reason, in this paper, the
effect of temperature from 250 K to 500 K on the characteristics of Si and GaAs p-n and p-i-n
homojunction structure with various base the i-layer region doping concentrations (10%3, 10%4, 10%,
10'® cm) was studied by modeling. The influence of the i-layer thickness (in the range from 100
nm to 5 um on the distributions of potential, electric field, and minority charge carriers was also
studied. The Si and GaAs p-n and p-i-n homojunction structures were calibrated using experimental
results to determine the appropriate model.
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Low dimensional effective spin models of nanomagnets are permanently attracting big
interest of the investigators due to their interesting physics and possibly applications in
nanoelectronics. Some of these models can be solved exactly. This gives the very important
opportunities for the verification of different approximate methods in quantum theory of low-
dimensional magnetism [1].

We propose two exactly solvable quantum models based on finite spin-1/2 XX chains with
additional Ising spin-S, connecting XX chains at fixed lattice sites, describing by such Hamiltonians

~ P Nyt Ny Ngt
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The Hamiltonian (1) describes two finite XX chains forming two coupled “rings” connected
via Ising spin-S. The Hamiltonian (2) corresponds to finite open XX chain combined with other XX
chain by additional Ising spins at intermediate lattice sites numbered (1,n,), (1, n,). Z-projections of

Ising additional spins commute with models Hamiltonians and are the good quantum numbers. This
property permits us to consider Hamiltonians (1) and (2), as the Hamiltonians of the finite XX-chain
with an effective impurity spin S = 1/2 at some lattice sites.

We derive exact dispersion equations for the stationary states with one inverted spin for all
cases. These spectra consist of two quasi-continuous zones and several localized impurity levels.
We obtain and analyzed the analytical inequalities for the values of critical parameters of the
models describing the appearance of local energy impurity levels above and below the quasi-
continuous zones.

Field and temperature dependencies of the main thermodynamic characteristics of the models
were investigated numerically. It is shown that the appearance of localized levels near impurities
may effects significantly on the thermodynamics properties at low temperatures, leading to
additional features in the field and temperature dependences of the main thermodynamic
characteristics. For example, the field dependence of the average z-projection of total spin and the
field dependence magnetization at zero temperature should have finite jumps associated with both
the quasi-continuous spectrum and impurity levels. Remnants of these jumps are clearly visible at
very low temperatures.
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The influence of defects and geometrical sizes on the heat capacity of the multi-walled carbon
nanotubes (MWCNTS) with an average outer diameter of @9.4 nm was studied by the relaxation
method using PPMS in the temperature range from 1.8 to 275 K. The initial MWCNTs were
obtained by the CVD method. The length of MWCNTSs and parameters of defects (number and
types) in MWCNTSs were changed: 1) grinding of the initial nanotubes in a ball mill; 2) the initial
nanotubes were first oxidized and then milled. The figure shows low-temperature experimental heat
capacity curves of ground (Sm), ground-oxidized (Sm-o) MWCNTSs with outer diameters of @9.4 nm,
as well as, for comparison, original nanotubes (Si), bundles of SWNCTs (&1.1 nm) and graphite.
The analysis of the low-temperature behavior of the heat capacity of carbon materials below 3 K
was carried out under the assumption that C(T) is determined primarily by phonons with
sufficiently long wavelengths (deformation waves). The specific heat C(T), described by the
equation C(T) = A*T + B*T3, are represented by straight lines in the Figure. The coefficients A and
B were calculated and analyzed. The decrease in the length of nanotubes and the appearance of
defects as a result of both grinding and oxidation with subsequent grinding lead to an increase in
heat capacity in the low-temperature region.
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Fig.1. Low-temperature specific heat in C/T vs TZ initial (Si), milled (Sm), milled-
oxidized (Sm-0) MWCNTSs with outer diameters of @9.4 nm, bundles of SWNCTs (&41.1 nm) and
graphite.
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In this study, we introduce a novel approach using the vacuum-sublimation cryogenic
deposition (VS-CD) method to produce fullerene water colloidal solution (FWCS). The melting
process of the solid phase of the mixture obtained by combined condensation of Cgo fullerene and
water vapors onto a surface cooled with liquid nitrogen results in the formation of a stable colloidal
solution. The results of characterization of FWCS via Raman, IR, and UV-Vis spectroscopy with a
comparison with literature data on hydrated fullerenes, revealed the presence of Ceo@{H20}n
complexes of hydrated Ceo fullerene within the solution. Furthermore, transmission electron
microscopy revealed predominantly small Ceo clusters from 2 to 5 nm size within the VS-CD-
produced material. Mass spectrometry with laser desorption/ionization further confirmed the
existence of pure fullerene Ceo While ruling out any transformation. Our analysis reveals the close
similarity between the stable Ceo@{H20}n complexes generated by VS-CD and the previously
known highly hydrophilic hydrated fullerene obtained by ultrasonication method, highlighting the
potential of VS-CD as a promising technique in the synthesis of colloidal fullerene solutions.
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We present the first experimental study of the energy transfer of electronic excitations in
heterogeneous krypton-xenon clusters.

Two-component Kr-Xe clusters were formed in a supersonic gas jet flowing into a vacuum.
The measurements were made for clusters with average sizes of 2000-4000 at/cl at two
concentrations of xenon impurity in the working gas mixture: 1% and 2% [1]. At a distance of
30 mm from the nozzle, the cluster jet was excited by electrons with an energy of 1 keV and a
current of 20 mA. Cathodoluminescence spectra were recorded in the VUV range, in the
wavelength interval of 100 to 200 nm.

Earlier studies of heterogeneous Ar-Kr clusters [2] revealed that the processes of energy
transfer of electronic excitations in two-component clusters significantly depend on the cluster size,
structure, number of impurity atoms, and their location within the cluster.

The registered VUV spectra of Kr-Xe clusters, despite the low initial concentration of xenon
impurity, have no trace of the molecular bands of krypton Kr2" and (Krs")", suggesting a high
efficiency of the energy transfer process of electronic excitations in clusters from krypton centres to
xenon ones. The presence of an exciplex band (Kr-Xe)" in the spectrum at a krypton concentration
of 1% indicates that mainly two-component Kr-Xe clusters are formed during the heteronucleation
process in the supersonic jet.

An analysis of the features of energy transfer of electronic excitations in two-component
Kr-Xe clusters is carried out, presenting a general scheme of occupation and relaxation of excited
molecular centres and their spatial distribution within the cluster volume.

[1] O. P. Konotop, S. I. Kovalenko, O. G. Danylchenko, and V. N. Samovarov, J. Clust. Sci. 26,
863 (2015). https://doi.org/10.1007/s10876-014-0773-6

[2] Yu. S. Doronin; V. N. Samovarov; E. A. Bondarenko, Low Temp. Phys. 32, 251 (2006).
https://doi.org/10.1063/1.2178482
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As is known, the crystal B-InSe is characterized by its layered structure and unique electronic
properties, making it quite valuable for applications in electronics and optoelectronics. On the other
hand, MoSe;, is also a material with a quasi-two-dimensional structure, which has a wide range of
potential applications, especially in the field of semiconductor devices and photodetectors.
Consequently, studying the electronic properties of the created heterostructures p-InSe/MoSe; is of
interest. Particularly relevant is the question of their mechanical stability, as only mechanically
stable heterostructures can open up new opportunities for the development and optimization of
devices based on such materials.

In the bulk phases of B-InSe and MoSe>, weak interlayer van der Waals interaction allows for
different stacking sequences along the OZ direction. Accordingly, this study considered two
simplest models of B-InSe/MoSe,. The studied heterostructures consist of two pairs of
translationally non-equivalent layers with Se-Mo-Se and Se-In-In-Se structures, which are arranged
perpendicular to the hexagonal axis OZ. Both models are described by the spatial group P-3ml1,
which is hexagonal.

Investigations were conducted on the energy spectra, spatial distribution of valence electrons,
and Mulliken charges for bulk crystals of B-InSe and MoSe>, as well as for heterostructures based
on them [1]. For both heterostructure models, the bandgap remains indirect, with the main
extremum of the conduction band shifted to the high-symmetry K point of the Brillouin zone for
hexagonal symmetry. Additionally, there is a reduction in the bandgap compared to the Eg for
B-InSe and MoSe; crystals, resulting in states overlapping between the bottom of the conduction
band and the top of valence band. It has been demonstrated that there is no significant difference in
the formation of valence band states for the two models of the studied heterostructures.

Mechanical characteristics (elastic moduli, Young's moduli, Poisson's ratios) were calculated
for bulk crystals of B-InSe and MoSe;, as well as for InSe/MoSe> heterostructures. It was found that
the elastic constants Ci1, Ci2, C13, Cszs, Cas, and Ces for both heterostructure models are nearly
identical in numerical value, except for the elastic constants Ci3 and Cas, Which characterize the
bonding between the layers [1-2]. Both B-InSe/MoSe; heterostructures were determined to be
mechanically stable based on the assessment of the Born criterion.

The reduced parameter of generalized anisotropy for the heterostructure B-InSe/MoSez in one
of models indicates a lower degree of property anisotropy in this heterostructure. The minimal
energy and interlayer bonding also confirm the higher stability of this model.

Therefore, based on the mentioned results, we can conclude the mechanical stability and
energy efficiency of the considered models of heterostructure B-InSe/MoSe2, making it promising
for further research and potential applications in high-tech fields of physics.

[1] He X. The tunability of electronic and transport properties of InSe/MoSe, van der Waals
heterostructure: A first-principles study /Xiao He, Jieshi Chen, Shuai Li, Meng Lin, Yajie Wang, Yi
Zheng, Hao Lu// Surfaces and Interfaces.-2023.- Vol. 36.- P. 102634-11.

[2] Mouhat F. Necessary and Sufficient Elastic Stability Conditions in Various Crystal Systems/ F.
Mouhat and F.-X, Coudert//Phys.Rev.B.-2014.-V.90.-P.224104-1-4.
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Gas sensing technologies are attracting increasing attention in industry and academic research
due to their widespread use in industrial manufacturing, automotive, medicine, indoor air quality
control, and environmental monitoring. The increased demand for susceptible, selective, low-cost,
low-power, reliable, stable, and portable sensors has stimulated extensive research into developing
new sensor materials. Semiconducting metal oxides have long been considered promising
candidates for gas-sensing applications due to their high sensitivity, simple fabrication methods,
low cost, and high compatibility with other parts and processes. As is known, when the structural
dimensions are reduced to a few nanometers, the surface-to-volume ratio increases tremendously;
therefore, a large active area for interaction with the gas is provided.

Zinc oxide (Zn0O) is an n-type semiconductor with a wide bandgap (3.37 eV at 0 K) due to its
unique optical and electronic properties, besides attracting considerable attention for potential
applications such as solar cells, optoelectronic devices, nanogenerators, and catalysts, is one of the
most studied sensitive materials for gas sensors. Due to their high sensitivity, stability, and low-cost
advantages, ZnO nanostructures are widely used to detect gases. The synergistic combination of
excellent sensing characteristics of ZnO with the potential of 1D nanostructures leads to high
detection efficiency, reduced operating temperature, fast response and recovery, and improved
selectivity. Therefore, in this work, we presented the study of the electronic and sensor properties of
ZnO nanoribbons (ZnOnrs) with armchair and zigzag edges within the density functional theory
(DFT) under the adsorption of various gases (CO, CO2, NO, NO).

The geometry optimization of the structure ZnO nanoribbons with width n = 8 with different
edges, armchair (8a-ZnONR), and zigzag (8z-ZnOnr), and the study of the electronic and sensor
properties of ZnOngrs Were carried out within DFT. ZnOnr configurations with hydrogen edge
passivation were also considered. The exchange-correlation potential is described using the
GGA(PBE) approximation. To evaluate the weak intermolecular interaction during gas adsorption,
a semi-empirical dispersion correction for van der Waals' interaction with DFT was used according
to the scheme proposed by Grimm. The Hubbard corrections method to the GGA approximation,
the DFT+U method, was used to describe the structural and electronic properties accurately.

Different adsorption configurations of molecules were considered to study the sensor
properties of ZnOnrs, and the adsorption energy was calculated for all considered molecules'
positions to establish thermodynamically stable adsorption configurations. The calculations showed
that, regardless of whether the NRs are of the armchair or the zigzag edges, the most energetically
favorable case is when the molecule is adsorbed only on one side of the ZnONRs.

Investigations of the electronic properties of different adsorption configurations of molecules
on ZnOnrs showed that the molecule's adsorption leads to a radical change in the electronic
spectrum of NRs. For example, the adsorption of CO, CO2, NO, and NO2> molecules on zigzag
nanoribbons leads to the appearance of a magnetic ground state in some configurations. Also, under
the adsorption of CO and NO, the Fermi level shifts to the conduction band in some armchair
nanoribbons. Meanwhile, for the adsorption of the NO2 molecule on 8a-ZnONHC-H, the electronic
spectra show that nanoribbons exhibit semiconducting properties in all configurations of edge
adsorption.

Thus, the adsorption of CO, CO,, NO, and NO2 molecules on the 8a-ZnOnr and 8z-ZnOnr
leads to significant changes in the electronic spectrum compared to pure nanoribbons, and our
results can be used for further research of such nanoribbons for possible application in sensor and
spintronic devices.
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This work is devoted to studying the magnetoresistance of multiwalled carbon nanotubes
(MWCNTS) decorated with magnetic alloys (FesoNi2o, CogsFeo7, and Ni2oCogo). The particles of a
magnetic alloy of the appropriate composition were formed on the MWCNTS' surface. Magnetic
particles were evenly distributed over the MWCNT surface. The particle size was 20-40 nm. The
method of obtaining decorated MWCNTSs, the structural and morphological state of decorated
MWCNTSs, and the character of metal particles’ distribution on the MWCNTSs surface were
described in detail in [1]. For electron transport measurements, bulk specimens of rectangular
parallelepiped form have been made from decorated MWCNT powder by cold pressing using
polyvinyl acetate (20 % mass) as a binder. The magnetoresistance measurements were carried out in
the temperature range 77 — 293 K for an external magnetic field (sweeping up to 2.5 T) applied at
different angles to the direction of current flowing through the specimens.

Figure 1 presents the field dependences of transverse and longitudinal magnetoresistance

Ap/p(B) for a bulk specimen decorated with NizoFeso MWCNTS at room temperature T = 293 K.
200 or
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Figure 1. Dependences of transverse (a) and longitudinal (b) magnetoresistance for bulk
MWCNT specimen decorated with NixFeso. Arrows indicate changes in the external magnetic
field.

As seen from the Figures, transverse and longitudinal magnetoresistance dependences are
significantly different. For transverse magnetoresistance, there is a significant, up to 200% increase
in resistance at initial magnetization, and magnetoresistance saturation is not observed in a magnetic
field up to 2.3 T. For longitudinal magnetoresistance, saturation occurs already in magnetic fields of
~ 1.3 T, and pronounced hysteresis in Ap/p(B) dependence was found. The experimental results are
analyzed in terms of manifestation of the effects of giant anisotropic magnetoresistance.

[1] L. Yu. Matzui, V. V. Vovchenko, O. A. Syvolozhskyi, O. S. Yakovenko, M. O. Borovoy ,
0O.0. Gomon, A. G. Dyachenko, O. V. Ishchenko, A. V. Vakalyuk, A. V. Bodnaruk,
V. M. Kalita Mol. Cryst. Liq. Cryst. 752(1), 77 (2023). DOI: 10.1080/15421406.2022.2091275.
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Hydrogen peroxide (HP) is a widespread industrial chemical widely used for bleaching,
cleaning, and disinfection. HP also plays an indispensable role in living organisms being a
ubiquitous cell signaling molecule [1] and a substrate or byproduct of a number of enzymes
(including catalase, superoxide dismutase, and a number of oxidases and peroxidases) [2]. So, HP
sensing is required for reliable quantification of HP content in these systems.

HP sensors based on luminescent inorganic nanoparticles can be considered as a perspective
alternative to traditional dye- and enzyme-based sensors which usually are unstable and non-
reversible. Undoped (CeO,-x) and Eu**-doped (CeOxx:Eu®") colloidal ceria nanoparticles provide
HP detection by reversible quenching of Eu®" (590 nm) and Ce®* (430 nm) luminescence bands [3].
The dynamics of Eu®* and Ce®' luminescence quenching and recovery during HP-nanoceria
interaction provides an insight into the microscopic mechanisms of HP sensing by CeO,.x and
CeO2x:Eu®* nanoparticles.

Both CeO.x and CeO,x:Eu** luminescent sensors are reversible and their recovery rates can
be sufficiently increased by temperature and continuous UV irradiation. At the same time, Eu®* ions
deteriorate the catalase-mimetic activity of CeO.x NPs and worsen their antioxidant properties that
should be keep in mind while using these sensors in biological media.

[1] D. R. Gough, T. G. Cotter, Hydrogen peroxide: a Jekyll and Hyde signalling molecule. Cell
Death Dis. 2011, 2(10), e213-e213.

[2] 2.Copeland, R. A. Enzymes: a practical introduction to structure, mechanism, and data analysis.
John Wiley & Sons: 2000.

[3] V. Seminko, P. Maksimchuk, V. Klochkov, Ye. Neuhodov, L. Demchenko, S. Yefimova.
Reversible CeOz- and CeO2«:Eu®" Luminescent Hydrogen Peroxide Sensors with Recovery Rates
Controlled by Temperature and UV Irradiation, The Journal of Physical Chemistry C, 2023, 127
(22), 10662-10669.
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Silver nanoparticles are the subject of immense interest because of their distinct chemical and
physical properties that are different from their bulk counterpart. This makes these nanoparticles
very important in many fields including antimicrobial applications, biosensor materials, composite
fibers, cryogenic superconducting materials, cosmetic products and electronic components. The
silver nanoparticle research continues to grow, drawing the attention of researchers. It is known that
silver has very high electrical conductivity [1,2]. Silver has been widely used as a conductor wire in
circuits that require low dissipation, and high conductivity [3,4]. Pressure plays a key role in
determining the electrical characteristics of silver nanoparticles. Hence, we have undertaken a study
on the electrical properties.

[1] Dr. Lide CRC Handbook of Chemistry and Physics: A Ready-Reference Book of Chemical and
Physical Data. New York: CRC Press; (2008).

[2] R. Ma, B Kang, S. Cho, M. Choi, S. Baik. Extraordinarily high conductivity of stretchable fibers
of polyurethane and silver nanoflowers. ACS Nano.;9:10876 (2015).
DOI:10.1021/acsnano.5b03864.

[3] D. Basak, S. Karan, B. Mallik. Significant modifications in the electrical properties of
poly(methyl methacrylate) thin films upon dispersion of silver nanoparticles. Solid State
Communications. 141:483-487, (2007). DOI: 10.1016/J.SSC.2006.12.014.

[4] K. Gupta, P.C. Jana, A. K. Meikap. Optical and electrical transport properties of polyaniline-
silver nanocomposite, Synthetic Metals, 160:1566-1573, (2010).

DOI: 10.1016/)J.SYNTHMET.2010.05.026.
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The carbon low-dimensional materials are a new class of multifunctional materials that can
change the approach in the development and design of the novel element base for advanced
technologies and electronic devices. For such materials, a number of requirements are put forward,
which are related to their homogeneity and the possibility to tune the electrical properties and
change the carrier density. Graphene is a two-dimensional carbon monolayered nanomaterial with a
“honeycomb” lattice structure. The carbon 2D graphene monolayer has a number of unique physical
characteristics, such as an extremely high surface/mass ratio, high thermal conductivity (almost ten
times higher than the thermal conductivity of copper), optical transparency in the visible range, high
electronic mobility, etc. Chemical modification of the graphene surface leads to new interesting
physicochemical properties. For example, oxidation of the graphene surface with covalently linked
different types of oxygen-containing functional groups (epoxy, hydroxyl, carboxyl) introducing sp®
defects changes the optoelectronic properties of graphene and gives rise to a bandgap between its
valence and conduction bands with width depending on the number of defects on the surface. The
modified graphene material is called graphene oxide (GO). The linked oxygen-containing
functional groups can serve as anchors for the further multi-stage process of functionalization of
graphene. Thus, it is very important to certify the individual components of nanohybrids for defects
that can significantly change the physical properties of nanohybrids through the appearance of the
inputting barrier limiting the wave propagation. The low-temperature studies can shed light on the
quantum effects suppressed due to thermal fluctuation at room temperature. The low-temperature
Raman study gives an understanding of the phonon dynamics because the phonons play an essential
role in thermal conductivity and mechanical properties of materials, as well as they can couple to
other excitations that significantly expand the field of their study. In addition, the graphene family
includes nanomaterials with different amounts of oxidation groups and defects that affect Raman
spectra.

The present work is devoted to the low-temperature Raman studies of the GO film in the
range of 5 - 325 K. The performed analysis of the temperature evolution of the peak positions as
well as linewidths of two Raman modes D (~1300 cm™) and G (~1600 cm™) was described in terms
of the anharmonic model. The temperature behavior of G mode demonstrated a slight deviation
from the anharmonic model below ~100 K in contrast to the D mode that could be explained in
terms of involving an additional phonon decay channel [1]. The analysis of the linewidth of the
Raman modes showed that the distribution of defects in GO is inhomogeneous and surface
functionalization effectively separates neighbouring layers. The average value of the distance
between defects and the defect density was estimated. The obtained results can be useful for
understanding phonon dynamics for the development of nanodevices based on 2D materials where
confinement of propagation of phonon excitations plays a key role.

[1] A. Glamazda, A. Linnik, O. Lytvyn, V. Karachevtsev, AIP Advances 14 (2), 025033
(2024). https://doi.org/10.1063/5.0188838.



158 Biophysics and Physics of Macromolecules

Mathematical modeling of the freezing zone temperature dynamics of the
hydrogel for cryoablation and cryotherapy applications

0. V. Ivakhnenko'?, S. N. Shevchenko!, and O. F. Todrin®

1 B.Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,
47 Nauky Ave., Kharkiv, 61103, Ukraine
2 Theoretical Quantum Physics Laboratory, Cluster for Pioneering Research, RIKEN,
Wako, Saitama 351-0198, Japan
3 Institute for Problems of Cryobiology and Cryomedicine, 61016 Kharkiv, Ukraine
e-mail: olegiv333@gmail.com

Cryoablation is common in medicine to remove abnormal tissue from the body with minimal
damage to healthy tissues. One of the principal problems is to define the time of cryogenic impact,
since on the one hand, it should be enough to kill all abnormal cells, like tumours, and on the other
hand, a cryogenic application should not be too long to minimize damage to healthy tissues. This
problem can be solved by using a temperature detector. But it is impossible to insert such a detector
into dense tissue without damaging living cells. In addition, any detector will distort the temperature
field. There is a non-invasive technique of measuring temperature by thermal vision camera [1], but
it gives only a surface temperature field.

Physical and mathematical modeling methods are widely used to test cryoapplication
regimes. For physical modeling of the cryoapplication process, instead of biological tissue, various
gels are used as a model medium [2]. Temperature detectors can be easily placed inside the gel.
Mathematical modeling of this process [2,3] allows one to predict the temperature field of the
frozen region. This makes it possible to determine the cryoapplication time sufficient to destroy
target cells and minimize damage to healthy cells under various experimental conditions.

The problem with moving phase border is known as the Stefan problem. There are several
ways to numerically solve that problem, one of them is gradually changing thermodynamic
parameters close to the phase change border, which is good to describe the freezing dynamics of the
hydrogel, because the appearance of solutes in water in hydrogel the freezing temperature changes
in a range of temperatures (-14C..-0.1C) due to change of solute concentration, so we can use
effective thermal capacity by combining usual thermal capacity with latent heat. That allows us to
solve the heat equation in 2D cylindrical geometry see Fig. 1.

0 Radius (mm) 10
Fig. 1. Principal scheme of the cryo- T=-196C
application problem for 2D cylindrical
geometry with radial symmetry, where
IS cryo-applicator with a temperature of
liquid Nitrogen pressed 1-2mm inside
the hydrogel.

ST [ww]yzdeg O

We neglect temperature transfer from the air and the sides, assuming the freezing spot is
much smaller than the simulated size, and put a constant temperature deep in the hydrogel. After
finishing freezing time, we replace the cryo-applicator with air border conditions.

Acknowledgments: This research is sponsored by the National Research Foundation of
Ukraine (Grant No. 2022.01/0094).

[1] G. Kovalev et al., Problems of Cryobiology and Cryomedicine, 2020, 30, 359-368

[2] M. Rossi and Y. Rabin, Proc. Int. Conf. "Modeling, Simulation & Visualization Methods"
(MSV 2007), CSREA Press, 187-193.

[3] Y. Rabin and A. Shitzer, J. Biomech. Eng., 1997, 119, 146-152.
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Composites that contain low-dimensional nanostructures currently attract the great attention
of researchers. The possible application areas include nanoelectronics, nanophotonics, and sensors.
Graphene and related carbon nanostructures (graphene oxide (GO), reduced graphene oxide (rGO))
are among the well-established two-dimensional (2D) nanomaterials used in composites. The
transition metal dichalcogenides (TMDs) also emerge as promising 2D nanomaterials, as the bulk
TMDs crystals can be exfoliated into individual layers or few-layered flakes.

The composite material studied in this work was formed by semiconducting TMD
molybdenum disulfide (MoSz) and rGO. We should note that the rGO used for composite
preparation had ~87% fraction of carbon which means a large amount of conductive sp? domains.
The film was obtained by vacuum filtration from suspension of rGO-MoS; hybrids in methanol.
Preparation of the suspension was based on ultra-sound treatment (60 min, 22 kHz) with the
following centrifugation (3000g, 15 min) of rGO and MoS; with a weight ratio of 1:2.

In order to assess the electronic transport properties of rGO-MoS2 composite, the temperature
dependence of resistance (R(T)) was measured in the range of 5-312 K. Derivative analysis of R(T)
dependence has confirmed that the low-temperature electronic transport of rGO-MoS2 composite is
governed by Efros-Shklovskii variable-range hopping (ES VRH) mechanism, which relies on
electron tunneling between localized states and accounts for Coulomb gap phenomenon [1]. We
also confirmed that in our composite there is a transition from ES VRH to the two-dimensional
Mott VRH mechanism [2] at higher temperatures as the thermal energy becomes essentially larger
than the Coulomb gap. The transition temperature is ~160 K while the Mott VRH mechanism
persists up to the room temperature. Overall, our present results as well as comparison with those
already published for rGO film and rGO composite with single-walled carbon nanotubes [3] show
that the rGO essentially provides the electronic conductivity in rGO-MoS, composite.

[1] B. I. Shklovskii and A. L. Efros, Electronic Properties of Doped Semiconductors (Springer-
Verlag, Berlin 1984).

[2] N. F. Mott and E. A. Davis, Electronic Processes in Non-Crystalline Materials (Oxford:
Clarendon Press, New York 1979).

[3] N. V. Kurnosov, A. S. Linnik, and V. A. Karachevtsev, Low Temp. Phys. 46, 285 (2020).
https://doi.org/10.1063/10.0000700.
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The current research is devoted to the development of the metal-dielectric metasurface based
sensoring structure for determination of Immunoglobulin G (IgG) or glucose concentration in water
solutions basing on the results of the combined study by differential microwave dielectrometry
method and by numerical modelling using COMSOL software. Dependences of the values of
complex permittivity (CP) of IgG/glucose water solutions on the analyte concentration were
experimentally obtained at 31.82 GHz frequency using original microwave dielectrometer setup. It
was shown that increase of 1gG (or glucose) concentration resulted in decrease in the CP values of
the solutions studied. The experimentally obtained CP data were used for microwave metal-
dielectric metasurface sensing unit cell numerical modelling. The optimal metasurface structure
(Fig.1a) consisted of two Teflon layers with four rectangular copper plates placed between them,
and with the dielectric well which was used as a tested liquid samples holding volume. Numerical
modelling of the metasurface with optimal thickness L of the tested solution layer was carried out.
The results of the numerical calculations demonstrated that with increase of the analyte (IgG or
glucose) concentration in the solutions, the reflection coefficient resonance frequency shifts towards
the area of the lower frequencies (Fig.1 b, ¢). In our previous study, we also employed similar
metasurface structure as a sensing element for detecting the Human Serum Albumin concentration
[1] in water solutions and the data of the current study is in a good correlation with the previous
ones. The calibration graphs were proposed for the analytes concentration determination in water
solutions using the proposed metasurface sensoring structure (Fig.1 b, c). The obtained data
confirms the applicability of such metasurface based biosensors for medical diagnostic purposes
related with the examining of the glucose or IgG levels in biological liquid samples.
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Fig. 1. Metal-dielectric metasurface unit cell structure (a). Dependence of the reflection coefficient (S11) of
the metal-dielectric metasurface unit cell with water solutions of glucose (b) and 1gG (c) (up) on frequency
and calibration curves for glucose (b) and 1gG (c) concentration determination (down).
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Doxorubicin (DOX) is an effective antitumor medication, which is widely used for about 50
years as a first-line chemotherapeutic drug in combination or alone for the treatment of a large
number of cancer diseases including breast cancer, ovarian cancer, some types of leukemia and
lymphoma, Kaposi's sarcoma etc. [1]. Similarly to other cytotoxic agents, DOX along with a
significant antitumor effect can cause serious undesired side effects such as high cardiotoxicity, an
acute life-threatening inflammation of bowel and some others. To reduce the side effects and to
avoid the formation of chemoresistance to DOX by providing the site-specific drug transportation, a
number of nanoscale drug delivery systems for DOX have been developed [2]. One of the effective
strategies of DOX encapsulation is the use of liposomes as the drug delivery systems, which
provide the prolongation of the DOX circulation time in an organism and decrease the drug toxicity
[3]. Such DOX liposomal formulations as Doxil and Myocet liposomal [2] are already successfully
used in medical practice, and the development of new liposomes-based DOX nanoformulations
attracts the attention of scientists [2]. In the framework of the problem of ensuring the effective
DOX delivery and functioning, the study of intermolecular interactions of the DOX with
phospholipids (main components of liposomal and biological membranes) as well as with some
supporting drugs (such as anti-inflammatory or antioxidative agents, which are often used during
the cancer treatment) is considered as an actual research task.

In the current study the electrospray ionization (ESI) mass spectrometry (MS) method was
applied to examine the intermolecular interactions of DOX with dipalmitoylphosphatidylcholine
(DPPC, which is biomembrane phospholipid widely used for liposomes production), and with
acetylsalicylic acid (aspirin, ASP) or ascorbic acid (ASC, vitamin C). Aspirin and vitamin C can be
used as supporting drugs in antitumor therapy or can be affiliated with the patients™ nutrition. The
formation of stable noncovalent complexes of DOX with DPPC in the polar solvent methanol was
revealed by the ESI MS experiments that proves the possibility of stable encapsulation of the DOX
molecules in the liposomes till the beginning of the drug release from the delivery nanosystems.
The drug release can be regulated by temperature, pH and other factors [2]. The following ESI MS
examination of the model systems containing DOX and ASP (or ASC) confirmed the probability of
the noncovalent complexation between DOX and the supporting acidic drug molecules in the polar
solvents. Such biologically significant intermolecular interactions between the molecules of DOX
and ASP or ASC can modify the activity of the drugs in the case of their co-administration in
medical practice. The data obtained are of practical importance since they demonstrate the role of
intermolecular interactions between the DOX molecules and the active molecules of the
surrounding for realization of the DOX antitumor activity.
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Transition metal dichalcogenides, including molybdenum disulfide (MoS>), have attracted
considerable attention as promising materials for biosensing and biomedical applications.
Monolayer two-dimensional (2D) MoS: consists of three atomic layers. The middle layer contains
molybdenum atoms. Above and below this layer are sulfur atoms that form two surface layers. The
surfaces formed by sulfur atoms are chemically relatively inert and are analogous to the carbon
surface of graphene. However, unlike graphene, the edges of MoS, fragments have a much more
complex structure, which depends on the method used to produce monolayer MoS,. When using
chemical or physical vapor deposition methods, these edges are almost completely terminated by
sulfur atoms and are inert like the MoS; surface. At the same time, the edges of the fragments
obtained by ultrasonic exfoliation have molybdenum atoms. These atoms have unfilled valences
and can form coordination covalent bonds with biomolecular atoms that have electron lone pairs. In
biomolecules, such atoms are most often oxygen and nitrogen atoms.

The various types of structure defects of MoS2 are commonly observed. The most frequent
defects are vacancies of surface sulfur atoms, as well as more complex ones resulting from the
replacement of one or more sulfur atoms by molybdenum atoms and vice versa. The type of defects
also varies depending on the method used to produce single-layer MoS,. Ultrasonic exfoliation and
chemical sputtering result in sulfur atom vacancies dominating the structure, while physical
sputtering leads to the replacement of sulfur atoms with molybdenum atoms and vice versa. The
deficiency of the structure of MoS: is affected by the method of preparation. Defects on the MoS>
surface alter its electronic structure and can significantly impact its interaction with guest
biomolecules. The defects can act as carrier donors, scattering centers, traps and recombination
centers, modifying the electronic and spectral properties.

The main aim of this study is elucidation how the defects change vibrational spectra and
electronic structure of the MoS, monolayers as well as their interaction energies with important
biological molecules using the quantum-mechanical DFT/M06-2X method. Totally we examined
eight types of defects: three vacancy defects and five substitution defects. The simulation results
showed that the greatest changes in the spectral characteristics and energies of interaction with
guest molecules are observed for defect