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OPEN QUANTUM SYSTEMS FOR TWO-DIMENSIONAL MATERIALS
E.K. Alpomishev'?, G.G. Adamian', and N.V. Antonenko'

'BLTP, JINR, Dubna, Moscow Region, 141980, Russia
’Institute of Nuclear Physics, 100214 Tashkent, Uzbekistan

E-mail, alpomishev@theor.jinr.ru

The theory of open quantum systems is applied to study galvano-, thermo-
magnetic, and magnetization phenomena in axial symmetric two-dimensional
systems. Charge carriers are considered as quantum particles interacting with the
environment through a one-body (mean-field) mechanism. The dynamics of charge
carriers is affected by the average collision time that takes effectively into account
two-body effects. The functional dependencies of the average collision time on the
external uniform magnetic field, concentration and temperature are
phenomenologically treated. Analytical expressions are obtained for the tensors of
electric and thermal conductivity. The developed theory is applied to describe the
Shubnikov-de Haas oscillations and quantum Hall effect in graphene and
GaAs/AliGa,.<As heterostructure [1].
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UNVEILING THE QUANTUM TOROIDAL DIPOLE OF A
NANOSYSTEM, ITS QUANTIZATION, INTERACTION ENERGY, AND
MEASUREMENT POSSIBILITIES

D.V. Anghel*?, A.L. Nastasia??, and M. Dolineanu??

IBLTP, JINR, Dubna, Russia
2IFIN-HH, Magurele, Romania
3Faculty of Physics, University of Bucharest, Romania
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We analyze a quantum particle in a quasi-
2D system of cylindrical symmetry, which, in
concrete cases is a torus with the coordinates
6, ¢, &), as shown in Fig. 1. We focus on the
toroidal dipole of the particle [1] and show
that the operator associated to it is self-
adjoint, so it may correspond to an observa- . L
ble. We numerically solve the eigenvalue and Fig. .1: A quantum partu_:le In a

. quasi-2D system of cylindrical
eigenvectors problem (EEP) for the free  symmetry [in most cases, a
Hamiltonian and try to apply the same  torus, with the toroidal coordi-
procedure to the operator of the toroidal di-  nates (8, ¢,¢)].
pole projection on the z axis T, but the con-
vergence is not good. In [2] we analytically solve the (EEP) for T and find that the
eigenvalues are discrete and equidistant, whereas the eigenvectors are of infinite
norms, i.e., they are eigenfunctionals, not eigenfunctions. This implies that they
cannot be numerically calculated using any orthonormal basis functions. Further-
more, this raises fundamental problems related to the measurement principle, since
the wavefunction of the system cannot collapse on a function of infinite norm as the
result of a measurement.

We also show how we can indirectly measure T; by its interaction energy, by
passing a current along the z axis (Fig. 1).
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H3BecTHA BO3MOXKHOCTh MCIOIB30BAaHUS CIOCB rpad)eHa B Ka4eCTBE pa3IMYHBIX
XUMHUYCCKHX M OMOJIOTHYECKUX CEHCOPOB. B maHHOM fokiaze Oyaer paccka3aHo O
ITUPOKUX BO3MOKHOCTSIX HCIOJIB30BaHUSl YIBTPATOHKHX KOMIIO3UTHBIX CIIOCB W3
rpadena u npoBoasmero nmomumepa PEDOT:PSS B kadecTBe CEHCOPOB BIIaXXHOCTH,
HEMHBA3MBHBIX CEHCOPOB TJIOKO3Bl, OCHOBAHHBIE HA aHAJM3€ II0Ta, CEHCOPOB
IOBIXaHUS W KAacaHWs, CEHCOPOB JUIS aHali3a XHMHYCCKHX pPAcTBOPOB W T.II.
YCTaHOBIIEHO BIWSHHAE CTPYKTYpHl HANICUYATAHHOTO CJIOS HAa YYBCTBUTECIHHOCTH
ceHcopa. Codueranuwe pa3pabOTaHHOTO KOMIIO3HTa C ONPEACICHHOW CTPYKTYpOW
AKTUBHOTO CJIOS TIO3BOJISIET JIOCTUraTh BBICOKOW UYBCTBUTEIBHOCTH Pa3HBIX
ceHCOpoB. Eciam 00OBIYHO pPE3UCTUBHBIC CEHCOPhI Ha OCHOBe rpadeHa
JEMOHCTPUPYIOT W3MEHEHHEe compoTuBieHus oT 30% 10 ABYX MOPSIKOB, TO B
HaIlleM CiIydae OTKIMK CEHCOpa COCTaBisieT OT 2 10 5 mopsnkoB. CeHcopbl
JEMOHCTPHPYIOT HE TOJIBKO BBEICOKHH OTKIIMK, HO M XOPOIIYIO0 BOCIIPOU3BOINMOCH H
crabmipHOCTE. [IpH TEeCTHPOBaHWM TIIFOKO3BI, MaKCHMalbHas YyBCTBUTEIBHOCTH
HaOmomaercs A 2-3 TMeYaTHBIX CIIOEB, KOTrJa OOJbIIas 4acTh 4YacTUI] rpadeHa
pacronaraeTcss BEpPTHKaIbHO, OOeCreuuBas HaJIW4KE aKTHUBHBIX COCTOSHUHM Ha
IpaHUIAX 4acTUll. [Ipy MOBBIIICHHOW BIa)KHOCTH MPOUCXOIUT AKTHUBAIUS CIICKTPA
SJIEKTPUYECKH  AKTUBHBIX  COCTOSIHUH, 1O KOTOPbIM W  OCYIIECTBISETCS
npoBoauMocTh. [Ipenmonaraercs, 4To agcopOIMst MOJEKYJ TUIFOKO3bI MPOUCXOIUT
HMMEHHO Ha KPAeBBIX COCTOSHUAX YacTHIl rpad)eHa, M OHH JK€ BBICTYIIAIOT B KAUECTBE
KaTanu3aTropa OKHCIICHHS TIIOKO3Bl. Pe3koe yMeHbBIIeHWe UYyBCTBUTEIHBHOCTH H
CEJIEKTUBHOCTH HaOIoaeTcss B Ooliee TOJCTHIX TUICHKAX (4-8 MeYaTHBIX CIIOCB) U3
TOT'O K€ KOMIIO3UTAa, YTO CBSI3aHO CO CMEHOU CTPYKTYphI ciioeB. HalinieHHbIH qu3aiiH
CEHCOpOB JIeNaeT UX MHOrOpa3oBBIMH, MOCKOJIBbKY OHHM HE TEPSIOT CBOUX CBOMCTB
IIPpU MHOTOKPAaTHOM HCIOJb30BAaHUM M JUIMTENbHOM XpaHeHud. I[lpu sTom
CO37IaHHBIE CEHCOPHI COUETAIOT B cebe MPOCTOTY B U3TOTOBJICHUU U JCIIEBU3HY C
BBICOKUM OTKJIMKOM.

Pabota momnepskana rpantom PH® Ne 22-19-00191.



CTABUJIbHBIE COCTOAdHNA (AHTI/I)BI/IXPEﬁ IINPJIA U
CKVUPMUWOHOB HEEJIAd B TOHKNX T’ETEPOCTPYKTYPAX
CBEPXITPOBOJHUK-MATHETUK
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YATD um. JI. J. Jlanday PAH, Yepnozonoska, Poccus
ssapostoloff@yandex.com

B nocieanune necsatuiierns MarHUTHBIE CKHPMUOHBI IPUBJIEK/IN BHUMAHIHE,
61aroaps X MEPCHEKTUBHOMY IIPUMEHEHUIO Jjist 00pabOTKN U XPAHEHUST BbI-
COKOI IJIOTHOCTH JAHHBIX. B Hacrosmeil paboTe MBI M3ydaeM B3amMOJIeii-
CTBHUE Y€pe3 MarHUTHBIE IOJIS PACCESHUS CBEPXIIPoBOAdAmux Buxpeit [lupira
u cKkupMuoHOB Heesist B TOHKHUX reTepocTpyKTypax. JTO UCCIETOBAHNE MOTH-
BUPOBAHO HEJIABHUMHU IKCIEPUMEHTAMHU, TJe ObLIN OOHAPYKEHBI TIAPbl BUXPb—
CKUPMHOH [1], a TaKKe BO3MOXKHOCTBIO MCIOJIb30BAHUs MAHOPAHOBCKUX MO/,
JIOKAJIM30BAHHBIX Ha TAKUX [IAapax, B KBAHTOBBIX BBIYUCJIECHUSX [2].

Jjtst TOro, 9TOOBI aHAJIMTHYECKH U3YyYUTh ITH sIBJIEHHS, Mbl paspaborasiu
HOBBIl TIOJIXOJI, KOTOPBIIl OIUCHIBAET HAMATHMYEHHOCTbH CKUPMUOHA C ITOMO-
IO OTHOCUTENBLHO MPOCTOro ansana [3]. MuHuMusupyst CBOGOIHYIO SHEPIHIO
C WCIIOJIb30BAHMEM 3JTOrO aH3aIld, MBI MOXKEM OIIPEJIEJIUTh pa3Mep, UCKPUB-
JIEHHYIO (DOPMY M YCTOWYMBOE IIOJIOKEHIE CKUPMUOHA B MATHUTHOM II0JIE OJI-
HOTO WJIM HECKOJIbKUX (aHTH)BUXpeil. Mbl npejgcraBuM HasoByo JuarpaMmy,
ONHCHIBAIONILYIO0 TUI CTAOMJILHOIO COCTOSIHUSI BUXPh—CKUPMUOH, a TaK¥Ke 3a-
BHCHMOCTHU Pa3Mepa U CMEIEHNs CKHUPMUOHA OT MATEePUAIbHBIX IapAMETPOB
cuctembl. Kpome Toro, Oy/eT mokasaHo, YTO CKUPMUOH MOXKET CTaOUIN3UPO-
BATh B CBOEH OJIM30CTH APy BUXPb-aHTUBUXPH. PaboTa moamepkana IrpaHTOM

Poccntickoro nayunoro domga Ne 24-12-00357.

Crincok aurepaTyphbl
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TOINOJIOT'MYECKUM MNEPEXO/I B CHEKTPE MATHOHOB
CKUPMHUOHHOT' O KPUCTAJIJIA
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MarautHele CKUPMUOHBI — TOTOJIOTMYECKH HETPUBUAIbHBIE BUXPHU JIOKATHHON
HAMAarHUYEeHHOCTH. B MIMPOKOM CHEKTpe MaTepHaioB MarHUTHBIC CKHPMHOHEI
YHOPSIOYUBAIOTCS B PEIIETKH, TaK Ha3bIBaeMble CKUpMHUOHHBIE KprcTainisl (CkK).

Hccnenyerca cnektp aneMeHTapHbIX B0o30yxaeHuit CkK, ob6pasyromerocs B
TOHKHUX (PEepPOMArHUTHBIX TUIEHKAX C B3aUMOJCHCTBHEM J[3suT0muHCKOro-Mopuu u
BHEIIHUM  MarHUTHBIM  TojeMm. JIIsd  aHamm3a  WCHONB3yeTcI  METOH
crepeorpa@UyecKkol  MPOEKIMH, TIO3BOJSIONMN  TIEpenucaTh  KOMITOHEHTHI
JIOKaJIbHOW HaMarHM4eHHOCTH Yepe3 GpyHKINIO KOMIUIEKCHOW iepeMeHHoH [1].

Msr 0600maeM pa3paOOTaHHBIA paHee MOIXOM IS OMHCAHHWS THPOTPOITHOU
momel CkK [2] ma 1Be BBImIenexampe BETKH CIIEKTpa, HAONIoJaeMble B
SKCIIEPUMEHTE TI0 MAarHUTHOMY Pe30HaHCY. MBI JEMOHCTPUPYEM TOIMOJIOTHUYECKUN
nepexo, MPOUCXOIAUINN Mexy 3TuMH aAByMs 3oHamu [3]. Ilpu ompenenéHnom
3HaYCHWH MAarHUTHOTO IIOJIS IIENTb MEXIY PacCMaTPHBAEMBIMA MOJAMH HCYE3acT.
3aKkppITHE M TOBTOPHOE OTKPBITHE IIETd TpPU W3MEHEHUH MAarHUTHOTO TIOJS
CONPOBOXKJAETCSI CMEHOW TOMOJIOTUYECKOT0 XapaKTepa UCCIeyeMbIX BETBEH
CIIEKTpa: HIDKE TOYKH Iepexo/ia 30HbI UMEIOT OTIIMYHEIC OT HyIIS yncia YepHa, B TO
BpeMsI KaK BBIIIIE TOYKH Iepexoaa uncia YepHa o6enx 30H 00pamaioTcst B HOJb.

Hanuuue Ttomonornueckoro mnepexoia B crekrpe marHoHoB CkK  moxer
OTpPa3UThCS. HA CBOWCTBAX TEIJIOBOTO TPAHCIOPTA CHUCTEMBI, a TaKKe MPUBOAMUTH K
BO3HHUKHOBEHHUIO MAarHOHHBIX KPAeBBIX COCTOSHUH.
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Peculiarities of the Besselian behavior of the Buzdin, Shapiro and Chimera
steps in the @¢ Josephson junction
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The peculiarities of the Bessel behaviour of the Buzdin, Shapiro and Chimera
steps at the @y Josephson junction are investigated. Using a theoretical model, we
analysed and presented detailed results demonstrating the characteristic responses
of each step to varying radiation amplitudes. Understanding these phenomena can
provide valuable insights for applications in superconducting qubits, SQUIDs, and
standard volt, enhancing the precision and stability of these technologies.

References

[1] Yu. M. Shukrinov, E. Kovalenko, J. Tekic, K. Kulikov, M. Nashaat, Buzdin,
Shapiro and Chimera Steps in phi0O Josephson Junctions. Physical Review B,
109, 024511 (2024)



EXPERIMENTAL AND THEORETICAL STUDY OF THE
SUPERCONDUCTING SIGMA NEURON
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M.S. Sidelnikov
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A superconducting sigma neuron is a single-junction interferometer, part of the
circuit of which is shunted by an additional inductance. It is designed to
nonlinearly transform the input signal (magnetic flux) in accordance with a certain
sigmoidal law. Such an interferometer should be implemented as a multilayer thin-
film structure over a superconducting screen to ensure independence of setting and
reading the magnetic flux in the neuron elements. An experimental implementation
of such a device, as well as an experimental measurement of its transfer function,
were presented in [1]. The main results of the theoretical model [2] were
confirmed, but the possibility of interaction of the neuron elements through the
superconducting screen was revealed which wasn’t taken into account earlier. In
the report a generalized method for analyzing the transfer function of a sigma
neuron will be presented, which allows taking into account all components of the
inductance matrix. The obtained formulas allow achieving good agreement
between the experimental and numerical curves when using the calculated
inductance matrix obtained by means of the 3DMLSI program [3]. The developed
approach will allow designing next-generation sigma neurons with a predetermined
form of the transfer function.

The work is done within RSF project #23-72-00053.
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CHARACTERIZATION OF STRUCTURED 2D MATERIAL LIKE
“TRIANGLES” OF MOS; BY RAMAN SPECTROSCOPY
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One of the intensely investigated areas of the material research is the study of low
dimensional structures with their unique optical and electronic band structure properties. It
should be noted that the performances in applications of 2D crystals are largely influenced by
their morphology and microstructure. In our study we used monolayer MoS, triangle flakes
prepared by the chemical vapor deposition (CVD) method on SiO,/Si substrate. Raman
spectroscopy has been proven to be a fast, convenient, nondestructive technique and play a
key role to characterize the fundamental properties of 2DMs. Therefore, we implemented this
sensitive vibrational spectroscopy to probe the effect of interaction between the MoS flakes
and the Si substrate.
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Figure 1. (a) Raman spectra of monolayer MoS: under 633 nm laser excitation, inset of the
brightfield optical micrograph on MoS. deposited on silicon surface, (b) AFM image of a
monolayer MoS.. Inset: the height profile along the dashed line and the dash-dot line to
denote the measured Raman positions, (c) the vibrational modes Aiy, E'y, shifts in
dependence of the position from corner to edge of the triangle MoS..

The resonant Raman spectrum of MoS; at the 633 nm excitation is composed of two basic
vibrational modes; E'5, (384 cm™), A (405 cm™), and a broad asymmetric band at around 454
cm™ (Fig.1a). The peak frequency difference between those A1, E';, modes is about 19 cm™,
which is characteristic for monolayer MoS.. This was further confirmed by the AFM mapping
(Fig.1b). For the E',, vibrational mode we observed small frequency deviations (shifts) in the
spectra taken from the corner-center-edge positions (Fig.1c).

It can be postulated that one of the contributing factors to this discrepancy may be
the strain resulting from a mismatch in the lattice constants between the substrate and the two-
dimensional flake. Another factor that can be considered is the binding between the flake and
the substrate characterized by a weakening from the center to the edges and corners. The
obtained Raman spectra exhibited a good correlation with the results of the density functional
theory (DFT) simulations. Also, in this study, transport properties of the MoS, flakes were
observed with increasing the energy of the laser excitation which modulates the resonance
with the electronic bands of MoS, occurring in the scattering processes.
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MHUKpPOCKOIIMYECKHE MEXaHU3Mbl, MOPOXKIAIOUINE CTEKOJIbHOE COCTOSIHUE
BEIIECTBA, 10 CHX IIOP OCTAIOTCS MPEAMETOM aKTUBHBIX 00CyXaeHui. B wactHOCTH,
JUCKYCCHOHHBIM OCTa€TCsi BOMPOC: MOXKHO JIM pPacCMaTpHBaTh CTEKIA Kak
MPEeNFHO BS3KHE JKUAKOCTH, MO0 CTCKOJbHAs (pa3a SBISICTCS Pe3yIbTaTOM
MOJUTMHHOTO TEPMOJMHAMHUUecKoro (azoBoro mepexona B TBEpAOE cocrosiHME. B
IpeACTAaBIICHHOM AOKJIaA€ MPUBEACHBI apTyMEHTHI B I10JIb3Y BTOPOr'o YTBEPKIACHUSA
1 TIOKa3aHO, YTO MEPEX0]] B CTEKOJbHYIO (ha3y B IMOTHONW Mepe MOXHO OIHCATh KaK
(a30BBIi IEpeX0/1 B CHCTEME TOIOJIOTHIECCKUX Ae(PEKTOB, T.€. KaK TOIOJIOTHICCKUN
(a30BBIi IEpExoI.

OTOT TNOAXOA HE HOB, TEOPETHYECKOE OIMCAaHWE CTEKOJBHOM (ha3bl Kak
3aMOPOKEHHOM CHCTEMbl TOIMOJOTMYECKH YCTOWYMBBIX JAC(PEKTOB aKTHBHO
pa3BHUBANIOCh B KOHIIE MPONIIOro Beka. Torma ke OBUIO MPEAIONIOKEHO, UTO
Iepexo] B CTEKOJIBHOE COCTOSIHUE SBIISIETCS] TOMTOJIOTHYECKUM (ha30BBIM MEPEX0I0M
(cMm. Hampumep, [1]).

B rmpeacraBneHHOM JOKNIaAe NpeaIaraeTcs pa3BUTHE JaHHOTO II0JXO0/a.
IToxazano, 9TO0 B TPEXMEPHOH CHUCTEME TOMOJOTHYECKHX Je(HEeKTOB MOXKET
MIPOUCXOIUTH (a30BBIl mepexon, o0Jamaromuii BCeMH NpPU3HAKAMH CTEKOJIBHOTO
mepexona. MeTogaMu HEpaBHOBECHOW IWHAMHKH II0Ka3aHO, YTO PacXOJUMOCTH
BPEMCHH peNaKcalui BOJHM3M JAHHOTO TMEpeXojJia OMNKCHIBACTCS YpPaBHEHUECM
@orensa-dDynuepa-TaMmmana, Temmneparypa T€pexoja 3aBUCHT OT CKOPOCTH
oxnaxneHus: [2]. Ilpy 3TOM B cTaTHYECKOM TMpefele NpeAioKeHHas MOJENb
JEMOHCTPHPYET OOJBIIMHCTBO CBOWCTB, XapaKTEPHBIX ISl CTEKOIBHOTO TIEpexoa.
Takux, HanmpuMep, KaK XapaKTepHas TeMIICpaTypHas 3aBUCHMOCTH TEIUIOEMKOCTH,
WM PaCXOMMOCTh HEIMHEHHBIX BOCIIPUUMYHUBOCTEH TPETHETO U TISITOTO, MOPSAKA B
TOUYKe mepexoja [2].

HccnenoBanue BRIMONIHEHO MpH noaaepxkke rpanTa PHD (Ne23-22-00168).
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Packing of disks with a power-law size distribution: correlations in real and
reciprocal spaces
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We investigate analytically and numerically the spatial correlation properties of disk
packings with power-law distributed radii [1, 2]. We study the corresponding struc-
ture factor, mass-radius relation, and pair distribution function of the disk centers. A
toy model of dense segments, randomly placed in one dimension, is considered and
solved exactly. It is shown theoretically in one dimension and numerically in one
and two dimensions that such a dense packing exhibits fractal properties. It is found
that the exponent of the power-law distribution and the fractal dimension coincide
provided the packing is dense and random. The thermodynamic limit is considered
when the total number of disks increases infinitely, while the mean density of the
disk centers and the range of the size distribution are kept constant. It is shown that
the fractal range in reciprocal space corresponds to the range of the size distribution
in real space. The dependence of the structure factor on density is examined. As
is found, the power-law exponent remains unchanged but the fractal range shrinks
when the packing fraction decreases. In addition to random packing, we consider
non-random packing algorithms, such as constant-pressure compression generated
by the LAMMPS GRANULAR software package. As is shown, in this case the
fractal exponent significantly deviates from the size distribution exponent. These
findings reveal the fractal-like properties of the disk packings and can be applied to
the analysis of small-angle scattering from such systems.
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Paszsurast TypOyIeHTHOCTD B 3JIEKTPOIIPOBOJIAIIEH XKUJIKOCTH (1171a3Me) 00-
JIAJIAET PSIOM CHEIU(MUIECCKUX CBONCTB, CBA3AHHBIX C (DIYKTYAIUSIMHA Mar-
HUTHOTO I10JIel, KOTOPBIE IIPU OIIPE/IeJICHHBIX YCJIOBUAX MOI'YT yCUJIUBATbHCA U
IIPUBOJUTH K 0OPA30BAHUIO CPEHETO KPYITHOMACIITAOHOTO MArHUTHOTO IIOJIS.
DTO SIBJIEHNE U3BECTHO, KaK TypOysreHTHOE nuHaMo. OCODEHHO SIPKO OHO ITPO-
SABJISIETCS B YKUJIKOCTH C HAPYIIIEHHON 3epKaabHON cuMMeTpueit. Mbl Tpomoi-
2KaeM HCCJIeJOBaHne 3TOI'0 ABJIEHUs C IIOMOIIHIO METOI0B KBaHTOBOI Teopuu
[10JIsL, B PAMKAaX KOTOPOIl, 00pa30BaHre MArHUTHOTO IIOJIS MOYKET OBITh HHTEP-
MIPEeTUPOBAHO, KAK CJIE/ICTBUE CIIOHTAHHOTO HapyImeHus: cummerpun. 1Ipeso-
2K€eH OOIuii CIieHAPWUi JJ1st MHOTOIIETIEBBIX PACIETOB COOCTBEHHO-9HEPTreTHIECKUAX
7 BEPIUMHHBIX (DEHHMAHOBCKUX JHATPAMM, OTBEYAIONINX 38 T€HEPAIIUIO OTHO-

POJIHOI'O MarHUTHOI'O I0JIS ¥ €r'0 IIEPEHOPMUPOBKY, COOTBETCTBEHHO.
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RANDOM WALK ON A RANDOM SURFACE: RENORMALIZATION
GROUP ANALYSIS OF STOCHASTIC MODEL

N.V. Antonov'?, N.M. Gulitskiy %, P. I. Kakin' and A.S. Romanchuk!

'Department of Physics, St. Petersburg State University,
7/9 Universitetskaya Naberezhnaya, St. Petersburg 199034, Russia

’N.N. Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear
Research, Dubna 141980, Moscow Region, Russia
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We study a model of a random walk on a rough fluctuating surface. We
consider the Fokker-Planck equation for a particle in a uniform gravitational field.
The surface is modelled by the most popular non-linear Kardar-Parisi-
Zhang (KPZ) stochastic equation for the height field. Using the general Martin-
Siggia-Rose and de Dominicis-Janssen theorems, the original stochastic problem is
reformulated as a certain field theoretic model. This allows one to apply the well-
developed formalism of Feynman diagrammatic techniques, renormalization theory
and renormalization group. It was found that from six possible fixed points only
two are infrared-attractive. First one is Gaussian and corresponds to free theory.
Second one corresponds to the pure KPZ model, where the coupling constant
responsible for the interaction between fluctuation of the surface and random walks
is equal to zero. Moreover, it was found that well-known non-pertrubal fixed point
for KPZ model, followed from functional renormalization group analysis, is stable
for the whole model (including random walks) too. This fixed point describes non-
trivial scaling, in which all interactions are non-zero and take part in asymptotic
behavior of correlation and structure functions.

Research was supported by RSF grant Ne24-22-00220 “Quantum field theory

methods in statistical physics problems: models of self-organized criticality and
random walks”.

12



ON THE QUANTUM NAVIER-STOKES EQUATION IN THE VICINITY OF
THE POINT OF PHASE TRANSITION TO THE SUPERFLUID STATE

D.A. Davletbaeva!2, M.V. Komarova' and M.Yu. Nalimov!:3

LSaint Petersburg State University, Saint Petersburg, Russia
2NRC “Kurchatov Institute” PNPI, Gatchina, Russia
3 Joint Institute for Nuclear Research, Dubna, Russia
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The study focuses on investigating the dynamics of the phase transition of he-
lium into the superfluid state. The research employs the model constructed using the
formalism of finite-temperature Green’s functions in [1]. A method for construct-
ing a quantum analog of the Navier-Stokes equation through the analysis of the time
derivative of momentum 9; p is proposed. It is demonstrated that the critical dimen-
sion of viscosity can be further determined through dimensions of the correlation
functions of composite operators.

The work is supported by the Ministry of Science and Higher Education of the
Russian Federation (agreement no. 075-15-2022-287).
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Omnpenensiercs AKTHBAIHS rereporepexosa u AKTHBHPOBaHHBIN
HaHOTETepoIepexol Kak GpyHAaMeHTaIbHbIe CTPYKTYpHI [1,2]. [ MakcuMainbHOM
3¢ (GEeKTHBHOCTH  KOMOWHHUPOBAHHOTO TICOMETPHUYECKOr0 H  KOJUYECTBCHHOTO
MaciTabupoBaHus IMOTYIIPOBOAHUKOBEIX MUKPOCXEM ITpeoOpa3oBaTesieii SHEPIrun U
JAaTYNKOB HAa MOJJIOKKAX M3 KPEMHHS M KapOuma KpPEeMHHUS HCIIONIb3YeTCs
MonenupoBanue [3]. BapuaHT ONTHMH3AIMH MAaCIITAOMPYIOLIETO  PEIICHHS
peanm3yercsi TeTeponepexoaMi C M3MEHEHHEM I10CIIeI0BATEIBHOCTH CJIOEB HPHU
VBEJIMYCHAN KOHIEHTPAllMd W IUIOTHOCTEH TOKOB HEPABHOBECHBIX HOCHUTENCH
3apsfa W JanbHeHIeM yBEIMYeHWH HaIpsDKeHHs IIpH  Hakadke 3apsana
npeoOpa3oBateneM. [IpoBepka Mozeny NpOBEAEHA YUCICHHBIM MOJCIMPOBAHHUEM
oOpaTHo# 3amaun umkekunu BHyTpH OII3 rereponepexona n SKCIepUMEHTATbHBIM
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Hyperlogarithms in the theory of turbulence of infinite dimension
L.Ts. Adzhemyan'? D.A. Evdokimov', M.V. Kompaniets'-?
L Saint Petersburg State University, 7/9 Universitetskaya nab., St.

Petersburg, 199034, Russian Federation
2 Bogolyubov Laboratory of Theoretical Physics, Joint Institute for Nuclear

Research, 141980 Dubna, Russian Federation
st062851Q@student.spbu

Parametric integration with hyperlogarithms is a promising method for multi-
loop calculations [1], which was successfully applied in problems of high energy
physics and critical statics [2]. In this work, we investigate its applicability
to critical dynamics by studying the stochastic model of fully developed tur-
bulence of infinite dimension within the framework of renormalizationg group
and e-expansion [3]. The adaptation of the hyperlogarithm method is carried
out by choosing a proper renormalization scheme and introducing an effective
dimension of the space. Consideration of the infinite dimension case leads
to significant simplifications of the Feynman diagrams, making it possible to
advance to the fourth order of the perturbation theory. Analytical calculation
of the renormalization group functions is performed up to the four-loop ap-
proximation, which allows to obtain the e-expansion of the critical exponent
w responsible for the infrared stability of the fixed point. Results obtained
open possibilities for further multiloop investigations of dynamic models with
the parametric hyperlogarithm approach.

This work was performed at the Saint Petersburg Leonhard Euler Interna-
tional Mathematical Institute and supported by the Ministry of Science and
Higher Education of the Russian Federation (agreement no. 075-15-2022-289).
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Critical phenomena at the tensor ordering phase transition
G. A. Kalagov
Joint Institute for Nuclear Research, 6 Joliot-Curie St., Dubna, Russia, 141980

kalagov@jinr.ru

We reveal the critical properties of the phase transition towards superfluid order
that has been proposed to occur in large spin fermionic systems. For this purpose,
we consider the bosonic field theory for fluctuations of the complex skew-symmetric
rank-2 tensor order parameter close to the transition. We then non-perturbatively
determine the scale dependence of the couplings of the theory by means of the func-
tional renormalization group. We established a fluctuation-induced first-order phase
transition. In the weak-coupling regime the jump in the order parameter is small and
a new phase occurs almost continuously, while in the strong one the discontinuity of
the transition is well detectable.
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CWJIbHbII1 HEMATHUTHBIN MEXAHU3M PACCESIHUS HA3AJL B
KPAEBBIX COCTOSTHUSAX 2D TOIIOJIOI'HYECKOI'O N30JIATOPA

W.B. Kpaiinos', P.A. Huszos', JI.H. Apucros', B.IO. KauopoBckuii'
'\OTU um. A.@. Hogpge, Canxm-Ilemepbype, Poccus

E-mail: kachor.valentin@gmail.com
U3BecTHO, uTo Ha Kpato 2D tomonorudeckoro uzomnsropa (TU) cymectByrot 1D
kupanpHele  coctosiHMa  (KC), B KOTOpPBIX  2JIEKTPOHBI ~ JBUTAIOTCA B
MIPOTHBOMOJIOKHBIX HaIpPaBICHUAX c MIPOTHBOMOJIOKHBIMU CIUHAMU.

DKCrepuMeHTaIBHO yeTaHoBeHO [1], uro B KC aimunoi Oonee 3 MkM Habmromaetes
paccesHue Hasaj, T.€. Pa3pyLICHHE TOMOJIOTMYECKOM 3aIUThl BIUIOTH JO OYEHb
HU3KUX TeMmreparyp. M3BecTHble MeXaHU3Mbl HEMAarHUTHOTO paccesHHs Has3a] B
KC npeamnonararor obs3arenbHOe Hamudue Heynpyrux npoueccos [2,3]. OmHaxo,
TEMI HEYNPYTOTro paccesHus OBICTPO MaJaeT ¢ YMCHBIICHHEM TEMIICpaTyphl, 4TO
MPOTHBOPEYUT OKCIEPHUMEHTANFHBIM NaHHBIM. MBI TIpemiaraeM MeXaHH3M
paccesauss Hasan B KC, cBsf3aHHBI C HalW4HMEeM OCTPOBKOB, KOTOpPBIE MOTYT
3axXBaThIBaTh JJIEKTPOH. lIpMHIMIUANBEHYIO pOJb WIPaeT ee-B3auMOJCHCTBHUE.
OpHako, B OTIMYHE OT PACCMOTPEHHBIX paHee Mojenell ocTpoBKa [2], Heympyrue
MPOLIECCHl HE BOBIEKAIOTCS M HET NoaaBieHus dS(Q¢eKkTa Npu yMeHbLIICHUH
TemnepaTypbl. KiodeBylo poinp B HalleM MeEXaHH3ME HIpaeT HaJludue
LUPKYJISIPHBIX TOKOB B OCTPOBKE. BakKHOCTh TaKMX TOKOB MOKHO NOSICHUTH Ha 0aze
IIPOCTON MOJIENIM OCTPOBKA B BHiE oTBepcTHsi B 00béMe 2D TU. Ilpu namuuus
B3aMMOJICHCTBHS, XapaKTEPHU3YIOMIETOCA Maiol KoHCTaHTou g (g<<1), B OCTpOBKE
BO3HMKAeT (PIyKTYUPYIOUMH IUPKYISIPHBIA TOK, J=g(Nr-Nv) [4], tme Nk (No)-
YHCIIO TPaBBIX(JICBBIX) YIEKTPOHOB B TEMIIEPaTYpPHOH mojiocke. Tok J mMpUBOIUT K
TOMY, YTO TIpU 00XO/€ OCTPOBKAa R W L 3IEKTPOHBI HaOMpaioT pasHyro (dasy. Kax
CIEIICTBHE, BKJIAZBI STHX IIPOLECCOB B aMIUIUTYAY PACCESHUS Ha3aJ IEPEecTaroT
COKpamare JApyr JApyra ¥ BO3HHKAaeT BEPOSITHOCTh pacCesHHUs Ha3a,
nponopuuoHansHag (sin J)*2. XoTs TemmoBoe cpenHee oT QIIyKTYallMOHHOTO TOKa
J paBHO HyJII0, cpeHee oT (sin J)"2 He paBHO HYJIIO W BO3HHUKACT KOHCYHBIH TEMIT
paccesiHus Ha3ajl, 00yCIOBICHHBIN «BBIIPIMICHUEMY (ITyKTYaIHii J.
Pabora BeinosnHeHa npu noaaepsxkke PH® 20-12-00147 (npomienue)._
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Renormalization group analysis of two-species reaction-diffusion system:
Crossover between long-range and short-range spreading
M. Hnati¢!>3, M. Kecer' and T. Lu¢ivjansky'
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In this work we focus on two-species reaction-diffusion system with the reactions
A+A — (0,A), A+ B — A, with general diffusion constants. Such a system was
studied earlier at and below its upper critical dimension d. = 2 in [1, 2], and also in
the presence of long-range spreading with fractional Laplace operator 9° = 92(1~®)
[3]. In the latter case, however, only long-range limit was explored (o > €), where
€ =d, —d =2 —d. Here, we study the hybrid regime in which parameters o and €
are of the same order, i.e. o= O(€). Our primary theoretical tool is field-theoretic
perturbative renormalization group augmented with the approach of Honkonen and
Nalimov [4]. The model is renormalized to all orders of perturbation theory, stable
long-time asymptotic regimes are identified and time-decay exponent of respective
particle densities is calculated.
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Re-entrant topological order due to Rashba spin-orbit coupling in topological
superconductors

K.K. Kesharpu' and E.A. Kochetov
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Topological superconductivity is one of the extensively researched field due to its
predicted application in quantum computing. There are several proposals for syn-
thesizing topological superconductors, both in 1D and 2D materials; among them
hetero-structures of 1D nanowire with Rashba spin orbit coupling (RSOC) on 2D
s-wave superconductors under an external magnetic field have been promising. The
Majorana Fermions (MF) are generated at the two ends of the wire. However, it is
preferable to design systems without magnetic field, as magnetic field: (i) is deter-
imental to the s-wave superconductivity, (ii) don’t allow for miniaturization of the
system, (iii) applies restriction on material to be used. There are several proposals
to synthesize systems without magnetic field. One of the proposal is to use strongly
correlated 1D nanowire on the extended s-wave superconductors proposed by the
authors [?]. We further investigated this system by inclusion of the RSOC in the
strongly correlated nanowire. The phase diagram of the system with spiral spin field
has a re-entrant behavior, it is due to the gaped energy spectrum. The numerical

calculations also give the same result.

alt=02 alt=04 alt=06 ajt=08 02 1
- 08 MIt=11 we=13 wit=14 we=17

2
ER=s i
= o</ g = S S S 01
a
2

o
6 -n/6 0 m6-n6 0 m6 & 0.0 0 250 5000 250 5000 250 5000 250 500
w L L L L

6 0

K p K
20
16 aje=02 ajt=04 alt=0s =08 0.1
<12
Tos
Py M == 02
00

£ T 0 110 1 1 0 1
° Q )

(a) (b) ©

08 Mt=11 wie=13_| | pt=14_ | pr=17-

szi./' ./ |

Energy modes  Energy modes  Energy modes ~ Energy modes

Figure 1: (a) Energy spectrum in reduced BZ for § = /3. The BZ boundary is at
7/6 as periodicity of 7; is six. Depending on «, the u may be present inside the band
or outside of it (in the bandgap), e.g. u/t = 0.5 (dotted, black) is inside the band for
a/t = 0.2, however, it is in the bandgap for a/tr = 0.8. (b,c) Numerical calculations
of zero modes.
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METO/IbI AHAJIU3A JAHHBIX MOJEKYJISIPHOI TUHAMUKHU B
MPUJIOKEHUN K UCCJEJTOBAHUAM BHYTPUMOJIEKYJIAPHOU
MNOJABU/KHOCTH HEKOTOPBIX HUKJIOCIIOPUHOB

IL. I1. KoGuukosa', C.B. E¢pumon®, B.B. Kioukos’

'OUAN, [lybna, Poccus
2 K@Y, Kazauw, Poccus

pollymoon@ya.ru

Crpykrypa 0Oeika B 3HAUUTEIBHOW MeEpe OIpENeNsieT ero CBOWCTBA, HO
(akT CcymiecTBOBaHUS Pa3HOOOpa3HBIX KoH(popMmaumii Oenka sBIsSETCS HE MeEHee
Ba)XHBIM JUIsI TIOHUMAHHUs TOTO, Kak M Mo4YeMy (YHKIHOHHPYIOT OCNKu.
CTpyKTypHBIE TapamMeTpbl W JeTalld O BHYTPUMOJICKYJSIPHON MMOJBMKHOCTH
MOJIEKYJ] MOXXHO TOJydYaTb C TIOMOLIbIO PA3IUYHBIX O3KCHEPUMEHTAIBHBIX H
pacUeTHBIX METOJOB. MBI HCITONB30BANIM SIICPHBI MarHUTHEIN pe3oHaHc (SIMP)
BBICOKOTO pa3peuieHrss B COYETaHMH C MOJIEKYJsIpHOM nuHamukoil (M).
IIpenmeToM wuccienoBaHUi OBUIO CEMEHMCTBO IUKIOCIOPUHOB — aHAJIOTOB
mukiocnopuHa A (CsA), a umenno: CsB, CsC, CsD, CsE, CsG, CsH, CsL. Bsuio
nposeneHo moiHoe cootHecenne AMP 'H m “C curmagoB OMKIOCIIODHHOB C HMX
XUMHUUeCKoit cTpykTypoii B pactBope CDCl; u B kommuiekce ¢ munemiamu JDX. Tlo
9KCIIEPUMEHTAIBHBIM JTaHHBIM OBUIM  ONpENeNICHbl HEKOTOpBhIE MEXaTOMHbIE
pacCTOSTHMSA, a TaK)Ke HEKOTOpPbIE ABYTpaHHbIC YIIbl. JKEecTKOCTh OCHOBHOW IIETIH
CsE mabmomaetrcst kak B pactBope CDCl;, Tak m B KOMIUIEKCE C MHUIEIIAMHU
¢dochonunuIoB, YTO MOXKET OBITH OJAHOW M3 NPHYMH CIa0Oro MO CPaBHEHHIO C
JPYTHUMH UKJIOCTIOpHHAMHU B3auMoJecTBrsl CSE ¢ MUTOXOHAPHAIBEHBIM MOPOBBIM
KoMmIutekcoM [1]. MHUTOXOHIpHWANbHBIM TOPOBEIM KomruiekcoMm [1]. Omnako B
cucreme CsE—JIDX ata jxecTKOCTh HE cTob abcomoTHA. [IpuMeHeHne anropuTMoB
CHIDKCHHUSI pa3sMEpPHOCTH IIPOCTPAHCTBA M  KJIACTEPH3alUM K TPACKTOPHUSIM
JBYTPaHHBIX YIJIOB LHUKJIOCIOPHHOB TIO3BOJMIO OJHO3HAYHO HAWTH KJIAaCTEphI
IIPOCTPAaHCTBEHHBIX CTPYKTYpP, 3HAUMMO OTJIHYAIOMMXCS ApYyr oT apyra. Ilomxon,
UCIIONIB3yeMBbIil B paboTe, MO3BONIMII OJHO3HAYHO HAWTH Y4YacTKH HauOOIBILETO
PacXoXKICHUS MEXAY CTPYKTypaMH B Pa3HBIX KilacTepax.
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INPOABJIIEHHUE CBA3U N2KO3E®PCOHOBCKHX
N MATHUTHDBIX OCHUIIJIAIINAUA B @0 ITEPEXOIE
B OBJIACTA ®PEPPOMATHUTHOI'O PEBOHAHCA

E.C.Kopanenko', FO.M.Illykpunos>’
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CocyljecTBOBaHMe U B3aUMHOE BIHsSHHE CBEpPXIPOBOAUMOCTH U
MarHeTH3Ma SIB/ISIeTCSI OFHOM M3 aKTya/lbHBIX TIPo6/ieM (PU3UKK KOHZeHCUPOBAaHHOIO
coctositus [1]. BaXKHBIM JOCT)KEHUEM B 3TOM 00/1aCTU SIB/ISETCS Peau3aliys CBs3U
MEXKIy CBepXMpoBOjsmied (a3old ¥ MarHUTHBIM MOMEHTOM B [K03e()COHOBCKOM
repexofie CBepXIPOBO/HHUK-()epPOMarHeTHK-CBEPXIIPOBOJHUK C CHJIBHBIM CIHH-
opburansHBIM B3auMojieticTBreM [2]. B pabore [3] mokasaHo, uto B (0 mepexoe
BO/IM3M (heppOMarHUTHOTO Pe30HaHCa BAOJ/b CTyrNeHbKW IIlanmvpo B 3aBUCUMOCTH
HaMarHW4YeHHOCTH OT TOKa CMelljeHUsl BO3HHUKAeT I1y3blpuaTasi CTPyKTypa, OFHAKO
ee TIPOMCXOXK/|eHHe B 3TOM paboTe He 06CYKIanoCk.

Hamu wuccnepyercs BiMsSHME WMHTEHCMBHOCTH  CITUH-OPOWTAIBHOTO
B3aUMO/IeHICTBYS, OTHOLIIEHHUs PK03e(pCOHOBCKOM SHEPrUM K SHEPrUM aHU30TPOITHH,
crerieHH 0/IM30CTH K (pePPOMarHUTHOMY Pe30HAHCY U KOHCTaHTHI TH/IOePTOBCKOrO
3aTyXaHUsl Ha [aHHYI0 3aBHCHUMOCTb. IlojyueHHBle pe3y/jbTaThl MOTYT OBITh
OCHOBOW /17151 0OBSICHEHUSI TIPUPO/[BI MYy3bIPUATON CTPYKTYPHI.
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JdoctrmxeHuss B 00JacTH MHKpPO- M HAaHO-TEXHOJIOTMH IPHUBEIU K IIMPOKOMY
WCIIONIb30BAaHUIO CIMHTPOHHBIX JAaTYMKOB Marautoconporusienus (MC) w/mmm
MarHUTOPE3UCTUBHBIX JTATUYMKOB KaK JUIS 3alMCHIBAIOIINX, TAK U HE3AMMCHIBAIOIINX
npunoxeHui. Takue  yJIbTpacOBpeMEHHBIE MAarHUTOPE3UCTHBHBIE  JaTUHKHU
001a1al0T BBICOKOHW YyBCTBUTEIBHOCTBIO JIETEKTHPYEMOIo CBepxciaboro Mo,
KOTOpBIE OTBEYAIOT TPEOOBAaHMAM HHTEIUICKTYaJIbHBIX CEHCOPHBIX NMPWJIOKECHUH B
0o0NacTsIX HHTEPHETa, MOOWIBHBIX YCTPOMCTB, KOCMHUYECKHUX TEXHOJIOTHH,
a’POHABTUKHM, YTEYKM MAarHUTHOIO IIOTOKA, JOMOTHUKH, OKpPYXKaIoLeH cpensl,
3PaBOOXPAaHEHUs] M MEIMUUHBL. boiee TOro, MX BO3MOXKHOCTH HACTPOHKH H
MHUHHATIOPU3ALUH, POCTOTA UHTETPAlMH M 3KOHOMHUYHOCTh JENAIOT 3TH JATYHKH
YHHUKAJIbHO KOHKYPEHTOCHOCOOHBIMH C TOYKH 3pEHHMS MAacCOBBIX IPUMEHEHHH U
MIPOU3BOJCTBA.

B a3T0if paboTe paccMoTpeHs! aHcamOiu cynepnapamarHuTHEIX dactul] (CIIM),
IIOMEUICHHBIX B AJIEKTPO-TIPOBOASAIIEe BemecTBo. lIpm 10cTaTOYHO BBICOKOI
koHueHTpauuu CIIM »TH MeTamarepuasbl IMPOSIBISIIOT CynepheppoMarHUTHbIE
CBOWCTBA M MOTYT OBITh HCHONB30BaHBI kKak MC matumku [1]. MBI uccnenyem
anekTpuueckuit Tok Mexay CIIM uacTHmamu M MOKa3blBacM, YTO BO3HMKAIOILEE
ruranrckoe  MC omnpezpemnsieTcsi COOTHOIIEHHEM COOTBETCTBYIOLIETO BPEMEHH
penmakcaimn  u mporsera Mexnay CIIMu. 3Ortor »sddexr ycunusaercs s
0e3MaccoBBIX HOCHTENeH 3apsma, Kak B cioydae rpadeHa, W MOXeT OBITh

3HAYUTECJIbHBIM ITPU KOMHATHBIX TEMIICpaTypax.
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POJIb PE30HAHCHBIX NPUMECEM B DSJEKTPOINPOBOJSIINAX
CBOWCTBAX NMOJHUKPAUCTAJIJIMYECKOT O TPA®EHA

Kpacapun C.E.' , Ocunos B.A.'

! Tabopamopus meopemuueckoti usuxu um. H.H. Bozonwboea OUAU [ybna

Hccenemyercss posib pe30HAHCHBIX IPUMeECEH B MOJIMKPUCTALINYECKOM rpadene ¢
TOUYKH 3pEHUS MOBEJCHUS yAENbHOIO CONpoTUBIeHus. Paccessnue Hacureneit 3apsaa
Ha IpUMECAX paccMaTpuBaeTcsi B paMKax pa3BUTOM paHee wmogenu [1],
OTIMCHIBAIONICH MOBEACHHE YJICIBHOTO CONPOTHBIECHUS, KaK (YHKIHUH pazMepa H
yriaa pa3sopUEHTHUPOBKM TpaHUIBl 3epHa.  KoMOHMHaius paccesHus 3apsioB
CTaTUYECKUMU NOJISIMH HANPSDKEHUST T'PaHMIBI 36pHA B COUETAHUU C PACCEIHUEM Ha
PE30HAHCHBIX MPUMECSAX, MO3BOJIIET OOBSICHUTH AaCHMMETPHIO B IIOBEICHUH
yIENBHOTO CONMPOTUBICHHS Kak (YHKIMH KOHIIEHTpALMK HOCUTENeH 3apsia
HaOII0JaeMyYI0 B OKCIIEPUMEHTE.
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The ¢ superconductor-ferromagnet-superconductor Josephson junction exhibits unique
locking phenomena under external periodic signal when both magnetic and electric
components are taken into account [1]. Due to the coupling of superconductivity
and magnetism in this system, the magnetic moment precession of the ferromagnetic
layer caused by the magnetic component of external radiation can lock the Joseph-
son oscillations, which results in the appearance of a particular type of steps in the
current-voltage characteristics, completely different from the well-known Shapiro
steps. The influence of the amplitudes of both components as well as the driving
frequency of external radiation on the locking is analyzed in detail. Contrary to the
well-known Shapiro steps, the Buzdin steps possess very different properties, such
as amplitude and frequency dependence, that are indications of their unique origins
and locking mechanisms.
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We report the presence of exactly and nearly flat bands with non-trivial topol-
ogy in three-dimensional (3D) lattice models. We first show that an exactly
flat band can be realized in a 3D lattice model characterised by a 3D topo-
logical invariant, namely Hopf invariant. In contrast, both nearly and exact
flat bands can be obtained in a 3D lattice, exhibiting both 2D Chern and
3D Hopf invariant. We find that such a Hopf-Chern model can be realized
using a simple two-orbital 2D square lattice with in-plane nearest-neighbor
and next-nearest hopping among different orbitals. Extending specific near-
est and next-nearest hoppings along the third direction, we find both perfect
and nearly perfect flat bands in all three planes at some special parameter val-
ues. While the nearly flat band carries a finite Chern number, the perfect flat
bands have zero Chern number. Interestingly, such a 3D lattice construction
from 2D allows finite Hopf invariant too. Finally, we show that higher Chern
models can also be constructed in the same lattice setup with only nearest and
next-nearest hopping, but the appearance of flat bands along high-symmetric
path in the Brillouin zone requires long-range hopping. We close with a dis-

cussion on possible experimental platforms to realize the models.
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We study the model of anisotropic self-organized critical system introduced by
Hwa and Kardar coupled to an isotropic random fluid environment. The problem is
represented as a field theoretic model, which is shown to be multiplicatively renor-
malizable. Using the field-theoretic renormalization group, we find infrared attrac-
tive fixed points of the renormalization group equation associated with universality
classes, i.e., with regimes of critical behavior. Depending on what terms (anisotropic,
isotropic, or both) and which type of energy injection are relevant in specific univer-
sality class, different types of scaling behavior (ordinary one or generalized) are
established.
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The wunique properties of nanoclusters are extensively used in
nanoelectronics, optoelectronics, solar cells, catalysis, biomedical imaging sensors,
etc. These properties are closely linked to the atomic structure of particles,
especially in small clusters. In this work we present a new method for prediction of
atomic structure and stability of nanoclusters in a wide area of sizes and
compositions. Our algorithm performs joint evolutionary search for all clusters in a
given area of the compositional space and takes advantage of common structural
motifs often observed in clusters of close composition. The new algorithm was
implemented in the widely used code USPEX [1].

We apply our method to global optimization of a number of systems,
including Si-O [1], Cu-Au [2] and Li-P [3] nanoclusters in a wide range of
compositions. Scanning over wide composition areas reveals trends in cluster
structure and related properties. In particular, we calculated the minimum second
derivative of energy with respect to the number of atoms of different types, which
allows one to find so-called “magic” (especially stable) clusters, which can be
interesting for different applications.

This research was supported by Russian Science Foundation RSF #19-72-
30043.
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JlernpoBaHue HE MarHUTHBIX BEHJIEBCKUX IOJyMETAJJIOB MArHUTHBIMU HOHAMH
SIBISIETCSL SIBJISICTCSL TIEPCHEKTUBHBIM CIIOCOOOM CO3/1aHMS HOBBIX CIIMHTPOHHBIX
MarepuanoB. B dacTHOCTH, 3KCHEpUMEHTAIbHO YCTAaHOBIEHO, YTO JONHUPOBAHHE
HELEHTPOCUMMETPUYHOM KPUCTAJUIMYECKOU PEIIETKH JUAMArHUTHOTO BEUJIEBCKOIO
moaymeTaia CoSi [1] HHYTOXKHO MaJIbIM KOJTMYECTBAM aTOMOB KOOAJIbTa, MPHUBOAUT
K kupansHOoMy peppomarHern3my B Co(Si;..Co,) [2].

B macrosmeit pabore mposeneno DFT — MomenmmpoBaHHE BIEKTPOHHOU
crpykTypbl Co(Si;.«Co,). B makere VASP. IlomydeHo, 9T0 MPUIHNHON BOZHUKHOBEHHUS
kupaneHOrO  (eppomarHerm3mMa (B mHTepBaie  0.044>x>0.029)  aBiszercs
SHEPreTUYECKUH CIBHUI TONOJIOTHUECKHX OCOOCHHOCTEH 3JIEKTPOHHON CTPYKTYPHI U
pe3Koe YBEIIMUEHHE TUIOTHOCTH d-3JIEKTPOHHBIX COCTOSIHUI MCXOIHOTO BEHUIIEBCKOTO
MOJIyMeTaa 0 3HAYeHUH , IPH KOTOPBIX OCYILIECTBISIETCS KBaHTOBBIA IEpexon B
COCTOSIHME MY IMEBCKHI 30HHOTO (heppoMarHeTusma.

ITokazano, uro coctaBbl Co(Si;«Co x ) XapakTepu3yroTcsl aHOMAJIbHO MaJbIMU
mapaMmeTpamMu Moma-moma B (yHkumonane I'ma3Oypra-Jlammay. Ilpm mepeceuenue
XMMHYECKUM MTOTCHIIHAIOM BBICOKOTEMIIEPATYPHON MapaMarHuTHOH (ha3sl, 00macTu
SNIEKTPOHHBIX COCTOSIHUM € OTpHIATENbHBIM MEKMOIOBBIM B3aWMOJICHCTBHEM,
BO3HMKAIOT (pparMeHThI TeTMKOUAIbHBIX CIIMHOBBIX CIIUpaleil ¢ pUKCHPOBAaHHBIMU
¢azamu beppu (Tomonoruyeckuii 3eKTPOHHBIH MEpexon)

IIpu TemmepaTypHOM SHEPreTHYECKOM CIBUIe XHMHMYECKOTO MOTEHIHana 3a
npezenbl 00JIaCTH JJEKTPOHHBIX COCTOSIHMH € KpUBM3HOW beppu, mpoucxoant
MIOBTOpHAasl CMEHAa 3HAaKa AaHOMAJbHO MaJoro IapaMmerpa MEXMOJOBOIO
B3aMMOJEHCTBUS HAa TIONOXKUTEIBHBIA W BO3HHMKAET HAJIBHUA MOPSAINOK C
TeJIMKOUIATbHBIMY CIIMHOBBIMH CITHPAJISIMU (MarHUTHBIN (ha30BbIi IIEpexo NEPBOTo
pona).

Bo BHemHMX MAarHMTHBIX NOJSX 4YyThb HW)KE TeMIIeparypbl MarHUTHOTO
nepexosia,  BO3MOXHO  HapylleHHE  TepMOAMHAMHUYECKOH  yCTOMYMBOCTHU
¢deppomarseTsMa u  (HOPMHPOBAHUIO  BBICOKOTEMIICPATYPHBIX  CIHHOBBIX
CKHPMHOHOB.

Pesynbprarsl OblIM MOTydYEHBI B PaMKax BBINONHEHMS 3afaHuss MUHHCTEPCTBA
HayKd W BBICIIero oOpaszoBaHms, koHTpakT Ne FEUZ-2023-0015, a Taxxe TeMbl
«Ctpykrypay, Ne122021000033-2.
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Recursion method is a technique to solve coupled Heisenberg equations in a
tridiagonal operator basis constructed via Lanczos algorithm [1]. We report an im-
plementation of the recursion method that addresses quantum many-body dynamics
in the nonperturbative regime. The implementation has three key ingredients: a
computer-algebraic routine for symbolic calculation of nested commutators [2], a
procedure to extrapolate the sequence of Lanczos coefficients according to the uni-
versal operator growth hypothesis [3] and a large time asymptotic expansion. We
apply the method to calculate infinite-temperature correlation functions for spin-1/2
systems on one- and two-dimensional lattices [2]. The method allows one to accu-
rately calculate transport coefficients. As an illustration, we compute the diffusion
constant for the transverse-field Ising model on a square lattice [2]. The work is
supported by the Russian Science Foundation under the grant No. 24-22-00331.
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A honeycomb compound BaCo2(AsO4)2 has been studied since 1970s, where
using inelastic neutron scattering it was shown to exhibit a spiral state [1].
Recently, BaCo02(As04)2 was also put in spotlight due to recent interest in cobalt-
based honeycomb materials [2]. They were proposed to host Kitacv exchange
model [3], an exactly solvable model that has Majorana excitations with
topological properties [4]. Recent INS also showed that BaCo2(As04)2 has unique
double-zigzag ground state [5] and a plateau in the magnetization process [1,2].

We have performed an extensive search through a eight-parameter phase space
of the Kitaev-Heisenberg model and showed that third-neighbor anisotropic
Kitaev-type interaction is the one necessary for stabilization of double-zigzag,
which we also confirmed by DMRG calculations [6]. We have also calculated field
phase diagram for the minimal model that stabilizes double-zigzag ground state
and establish a parameter regime where experiementally observed sequence of
magnetic phase transitions is realized [7].
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Wnes ynpaBiaeHUs: CIMHOBOM NMOJSIPA3ALUEN B MOJIYIIPOBOJHUKOBBIX
HAaHOCTPYKTYypax IIOJMy4YMJla 3HAYUTEIILHOE PA3BUTUE IIOCIE TOro, Kak
TEXHOJIOTMYECKHE BO3MOXKHOCTH MO3BONWIH (OPMHUPOBATH T'HOpPUAHBIC
CTPYKTYpHI Ha 0a3e KBAHTOBBIX 5IM, OTJEJICHHBIX TYHHEIBHBIM 0apbepoM OT
y3Kkoro marHutHoro cios [1]. Takue CTpyKTyphl NO3BOJSIFOT COXPaHATh
TPAHCIIOPTHBIE U ONTUYECKUE CBOMCTBA KBAHTOBBIX SIM, a TAKXKE YIIPABIATh
CIIMHOBOM MOJSIpU3alUel B sIME 3a CUET NPUCYTCTBUS MArHUTHOIO CJIOS,
npuBoIsIIero K 3ddexkraMm CHUH 3aBUCHMOTO TYHHEIHPOBAaHUS MEXKAY
SIMOH U CJIOEM.

dusnyeckoe sBIEHUE, KOTOpoe OOCyXkIaercs B IaHHOM pabore,
3aKJII0YaeTCA B BOSHUKHOBEHUH CIIMHOBOM MOJIAPU3allii HOCUTEJIEH 3apsiaa
B KBAaHTOBOM sIME 3a CYET CIMH-3aBUCUMOrO YXOJla HOCHUTENIEH Yepes
TYHHEJIbHBIA Oapbep MEXay KBAaHTOBOH SIMOW M MAarHUTHBIM CIIOEM.
BeimonHenHblid  aHanu3  (GOPMHPOBaHMS — AMHAMHYECKOH  CIIMHOBOU
NOJSIpU3alMd B TUOPUIHON CTPYKTYpE MOJYNPOBOJHHKOBAs KBaHTOBAs
AMa — MarHUTHOE TIPUMECHOE COCTOSHHE TI03BOJIMI BBIIBHTH pOJIb
KyJIOHOBCKMX  KOppEISiIMA W  MNPEeIJIOXHTh  HOBBII  MEXaHH3M

CBEPXOBICTPOTO MIEPEKITIOUCHISI CITMHOBOH TOJIsIpu3anuu [2].
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Hucynsduy mosmbgena MoSs - NEPCHEKTUBHBIN IIPEJICTaBUTENb KJIACCA IUXAIBKO-
PEHUJIOB MEPEXOJIHBIX METAJJIOB. BBICOKasi MOJIBUXKHOCTDH HOCHUTENEH, BBICOKHE MOBEPX-
HOCTHAsI AKTHUBHOCTb U KOI(DMDUIMEHT aJcopOIyu, N3MEeHEeHUe BEJNIUHBI 3aIllPEeIeHHON
[eJI ¢ KOJIMYEeCTBOM CJIOEB WM T.J. JIEJAIOT reTepocTpyKTypbl MoSs MHOroobemnaomm-
MU B onrodsiekTponuke. Kombunanuonnoe paccesuue (KP) - apdexkTusnblii nHCTPYMEHT,
MO3BOJIAIONTAHN Oy IUTh WHMOPMAIIUIO O JIUHAMUKE HOHHOW CHCTEMBI U CTPYKTypE HC-
caemxyemoro obbekra. KP mmpoko ucnosb3yercs npu n3ydeHnn rerepoctpykryp MoSs Ha
PA3JIMIHBIX MOMJIOKKAX, TOJYUYEHHBIX KAK OTCIAUBAHUEM, TaK U C TIOMOIIBIO XUM. 0Ca-
kaenus u3 naposoit daszer (CVD). IIpu sToM B3auMojieiicTBrE ¢ OJJIOKKON BJIUIET HA
KoJiebaTe/IbHbIe CIEKTPhI aTOoMOB Mo0Ss, 9TO, B CBOIO O4Yepe/lb, MIPOSIBJISETCsI B CIIETPAX
KP wuccnemyemoit rerepoctpyKTypbl. Teoperndeckoe onmncaHne MEXaHU3MOB, JIEXKAIUX B
OCHOBE DPe3yJIbTUPYIOIIEll KapTUHBI, MOXKET O0Ka3aTh CYIIECTBEHHYIO IMOMOIIb B aHAJNA3E
mostydeHHbIX crieKTpoB KP. Cpemqu J0CTYIIHBIX YHCIEHHBIX METOJOB PACYeThl Ha, OCHOBE
DFT naror Hanbosee TOYHBIE PE3YIBTATHI.

Iesbro pabotrsr siBisiercst DFT ananus unrepdeiica mexk ity Morocoem MoSy 1 KBap-
neBoil mojyiokKoit SiOo u ero Bimsinue Ha Buj KP. PaccmarpuBarorcst BO3MOXKHBIE Ba-
PHUAHTHI CTPYKTYPHUPOBAHUS IOBEPXHOCTU, BO3HUKAIOIINE, B TOM YHCJIE, IIPU PA3JIMIHBIX
yesoBusix cunresa. VcciemoBanbl Tpu Tuna moBepxaoctu SiOg M, COOTBETCTBEHHO, TPU
tuna uarepdeiica MoSs /SiOs. Iepsbiii - naTepdeiic ¢ “IIoTHO” TOBEPXHOCTHIO KBAPIIA.
DT0O MOYKHO PACCMATPUBATDH KAK HJICAIBHYIO CHTYAIUIO, KOTIa mieHKa MoSs mepenocurcs
Ha 1oy10KKy 5104 /Si orcianBanuem. Ipyroit tun uarepdeiica - Npyu HAJIXYIUU KOBAJIEHT-
HBIX CBsI3ell MexK Iy aromamu Kucaopoja B SiOg u atomamu cepbl B MoSsy, 910 MOXKET OBbITH
peasmzoBano B mporiecce CVD. U, makoner, Tperuit BapuanT - "meprinaBast " MOBEpXHOCT,
MMOBEPXHOCTD € JiepeKTaMu, KOIJIa He PEeaJIU3yeTcss HU MEPBBIi, HU BTOPOW BAPUAHTHI WH-
tepdeiica. Takas TOBEPXHOCTH OY/IET XapaKTEPU30BATHCS HAJIMYUEM aTOMOB KHUCJIOPOJA,
"ropuanux"u3 MOBEPXHOCTU KBAPIa U CBSI3AHHBIX TOJIHKO € OJJHAM aTOMOM KpeMmHust. Pac-
CMOTpEHHBbIE UHTEPMEHCh He MCYEPIBIBAIOT BCE BO3MOXKHBIE BAPUAHTHI, HO MO3BOJISIIOT
BBISIBUTH OCHOBHBIE OCOOEHHOCTH KOMOWHAIIMOHHOTO PaCCesHUsl CBeTa B MOHOcI0e MoS,
Ha KBaplEeBON IMOJIOXKKE.
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One of the hot areas at present is the physics of twisted photons and electrons due to the
potentially interesting applications [1]. For example, electron vortex beams have been used to
study chirality, magnetization mapping and transfer of angular momentum to nanoparticles [2].
Several proposals have been made to create vortex beams of composite particles (neutrons, pro-
tons, and atoms). It supposed that twisting to alter the fundamental interactions of such particles
and to enable probing their internal structure. However, until recently only one successful exper-
iment for creation of a vortex beam of atoms was realized: in work [3] a beam of twisted helium
atoms was obtained with a fork diffraction grating. My work discusses the possibility of produc-
ing twisted accelerated hydrogen atoms using specially polarized laser pulses. The calculation
was performed within the framework of the quantum-semiclassical approach [4, 5], in which the
Schrodinger equation for the electron wave function is simultaneously integrated with the coupled
classical Hamilton equations for the center-of-mass motion.
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B noknaae 6yayT paccMoTpeHbl 0cobeHHOCTM ¢oToraibBaHNUYECKMX
addekToB U 3ddekTa yBNevyeHWs KynepoBCKMX nap ¢oToHamu B
CBEPXMPOBOAHMKAX M TUOPUAHBIX CBEPXNPOBOAALLMX cucTeMax. B
KayecTBe NpoCTeillen TeopeTUYecKkor moaenu, no3BOoJIAWEN onucaTb
BO3MOMHble MEeXaHW3Mbl BOSHWKHOBEHMA KBAAPaTUYHON HENMHENHOCTU B
3NEeKTPOANHAMMYECKOM  OTKAMKE U, COOTBETCTBEHHO, MEXaHM3Mbl
reHepaunm ¢GOTOMHAYLMPOBAHHbLIX MOCTOAHHbLIX TOKOB, MarHUTHOrO
MOMEeHTa U BUXpen ABPUMKOCOBA M MNeEpeKNoYeHUe CBEPXMNPOBOAALLUX
TOKOBbIX COCTOAHWIM NOA  AEWCTBUEM  3I/IEKTPOMArHWUTHOM  BOJIHbI
pasnuMyHon nonapusaumm 6Oyaetr ucnonb3oBaHa Teopua [MH3Gypra —
NaHpay (FN). Ans aHanM3a mexaHM3MoB GOTOra/ibBaHMYECKMX ABNEHUI B
CBEPXNPOBOAHUKAX C BHYTPEHHUM AMOAHBIM 3GEKTOM Mbl UCMONb3yEM
dyHKUMOHaN 1, 0606LEHHDbIN C yY4ETOM HEYETHbIX CTENEHEN TPagMUEHTOB
napameTpa nopAgKa. MWcnonb3oBaHuve o0606weHna Teopun [J1 Ha
HECTALUMOHApPHbIN cAydYalh MO3BOAMNAO HaM TaKKe BbIMOJHUTb PACYeThl
GOTONHAYLMPOBAHHOIO MOCTOAHHONO TOKAa B CBEPXMPOBOAHUKE B Moje
NIMHEMHO  NONAPU3OBAHHOM  3/IEKTPOMArHUTHOMW  BOAHbI  (3ddekTa
yBA€YEHUN KYNepoBCKUX Nap ¢OTOHAMM); BTOPON FAPMOHMKM; MarHUTHOTO
MOMEHTa  CBEpPXNPOBOAALLEr0  KOHAEHCATa, BO3HMKAOWEro nog
AEVCTBMEM LUMPKYNAPHO MNONAPU30BAHHON 3/IEKTPOMATrHUTHOM BOAHbI (T.€.
obpaTHoro a¢pdekta Gapagena B cBEpPXNPOBOAHMKAX).

PaccmoTpeHHble 3¢deKTbl NO3BONAIOT NPEANOKUTb Pas3NYHbIe CLEeHapuu
$GOTOMHAYLUMPOBAHHbIX NEPEKNOYEHU TOKOBbIX U BUXPEBbLIX COCTOAHUN B
CBEPXMPOBOAALLMX CTPYKTYPaAX, YTO NPenCcTaBAseT MHTepecC Aaa Pas/IMYHbIX
NPUNOXKEHNI B CBEPXMNPOBOLAHNUKOBOM 3/1IEKTPOHMKE.

NccnepoBaHne BbINOMHEHO NpW noagepkke MUHUCTEPCTBA HayKu U
Bbicllero obpasoBaHusa Poccuitickoit dPepepaumnn (roczapaHue) No FSMG-
2023-0011.
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Magnetohydrodynamics in the Elsasser variables: Quantum-field
renormalization group approach
L. Mizisin',
'Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear

Research, 141980 Dubna, Russia
mizisin @theor.jinr.ru

We study a stochastic magnetohydrodynamics process define by the Elssaser
variable. The process is rewritten to the quantum field model using the Martin-
Siggia-Rose formalismus. We proceed by using the renormalization group approach
to study infrared scale behavior. The investigation is performed in the leading or-
der of perturabation theory and the stable infrared fixed points, the area of stability
are determined. Finally, the scaling behavior of physically interesting correlation

function in the inertial range interval will be presented.
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Magnetohydrodynamics with broken spatial parity: Two-loop calculation and
RG analysis

Michal Hnati¢!?3, Tomas Ludivjansky', Lukas
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We investigate the stochastic version of a paradigmatic model of magnetohydro-
dynamic turbulence. This model can be interpreted as an active vector admixture
subject to advective processes governed by turbulent flow, with explicit considera-
tion of the back influence on fluid dynamics. The velocity field is generated through
a fully developed turbulent flow that accounts for the violation of spatial parity, in-
troduced via the helicity parameter p. We consider a generalized setup introducing
parameter A into the model formulation, which is associated with the interaction
part of the model and whose value represents different physical systems. The model
is analyzed using the field-theoretic renormalization group. Calculations are per-
formed using €-expansion, where € is the deviation from the Kolmogorov scaling.
We present two-loop numerical calculations of the renormalization constant associ-
ated with the magnetic field renormalization. Deviation from Kolmogorov scaling
laws is discussed.

References

ization Analysis of Magnetohydrodynamics: Two-Loop Approximation. Uni-
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HETPAJIUILIMOHHASI MOJIEJIb TEPEXO/IA U30JISITOP-ILIOXO»
METAJLI1 B OPTOHUKEJIATAX RNIO;

A.C. MockBun'?
"Vpanvckuii pedepanvuviii ynueepcumem, Examepunodype, Poccus
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OproHukenarsl peako3deMenbHbIX dnemeHToB RNiO; (R = penxast 3emusi, win
uTTpuil Y) OTHOCATCA K IIMPOKOMY Kiaccy siH-TeiepoBckux (SIT) marneTHkos,
COEIMHEHUH Ha OCHOBE SH-TEIUIEPOBCKUX 3d- 1 4d-HOHOB ¢ KOHPHUTYypanusIMu THIIA
t"'e, B BBICOKOCHMMETPMYHOM  OKTa>[ApPMYECKOM,  KyOMYECKOM  WIH
TETPadApPUUECKOM OKPY)KEHHMH U ¢ opOuTanbHbIM Eg-ny0neroM B OCHOBHOM
cocrostaud [1]. Bee AT- koHpuUrypanmm d-HOHOB BKITFOYAIOT OJWH €,-3JIEKTPOH WIIH
OJIHY €,-JIBIPKY CBEpPX YCTOWYMBBIX, MOJHOCTHIO HJIM HAIOJIOBHHY 3allOJHEHHBIX,
00os104eK. DTH KOH(UTYpaLUH SBISIOTCS HEYCTOWYNBBIMH OTHOCHTENILHO PEAKLIUH
JMCIPOITOPIIMOHUPOBAHUS Tak YTO 1St I T-MOHOB MBI MMeEEM J1eJI0 ¢ KOHKYpEHIHEeH
Mexy apdexrom Sna-Temnepa, MPUBOAIIINM K OPOUTATIEHOMY YIIOPSAIOYCHUIO, U
spdexkrom aHTH-ST-AUCHPONIOPLMOHUPOBAHHS, MPHUBOIIIIUM K (OPMUPOBAHUIO
CHUCTEMBI  DJIEKTPOHHBIX M  JABIPOYHBIX IEHTPOB S-TUIA C  OpPOUTAIBHO
HEBBIPOXKICHHBIM OCHOBHBIM cocTosiHeM [1].  Bcee ST-marHeTwku SBISIOTCS
CUIIHO KOPPEIMPOBAHHBIMH CHCTEMaMH B TOM CMBbICIIE, YTO OHH HE MOTYT OBITH
aJIeKBaTHO OITMCaHbl B paMKax MeToJoB Teopuu QyHkumoHana miotHoctu (DFT)
(mmn wx tHOpumHBIX pacmupeHuid tuna LDA+U), Tak 49TO AN KOPPEKTHOTO
OMHMCAHMS CBOIMCTB TaKUX MaTeprasioB Tpedyercs BeIxo 3a npeaensl DFT-metonos.
B uyactHOCTH, MBI yKa3blBaeéM Ha HEOOXOJMMOCTb MPUHLIMIHAIBHOIO IEPECMOTpa
TPaAULIMOHHOTO MOAXO0Ja [2] K ONHMCAaHHIO Mepexonaa «Merami-uzoniarop» B AT-
MarHeTukax. B OpTOHMKenaTax NEpexox «U30JSTOP-METAUD) CBA3BIBACTCA C
paspymieHueM HU3KOTEeMIIEpaTypHOTOo 3apsaoBoro nopsiaka (CO) u nepexomom CO-
NO B HeymnopsimoueHHOe «MeTayuronoooHoe» cocrosHue (bad metal). B pamkax
MOJENH  3apsSA0BBIX  TPUIUIETOB C  y4YETOM  3JIEKTPOHHO-KOJIEOAaTEIBHOTO
a3aMMOJEHCTBHSA HaMM Pa3BUTA IPOCTast KOIMUYECTBEHHAs TEOPUS NEPEX0ia.
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MANIFESTATION OF DIFFERENT DYNAMICAL STATES ON
CHIMERA AND BUZDIN STEP IN ¢, JUNCTION

M.Nashaat'?, E. Kovalenko’, and Yu. M. Shukrinov'**
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In the presence of external electromagnetic radiation, the magnetization and
current-voltage characteristics of superconductor-ferromagnet-superconductor @
Josephson junctions have been studied. We demonstrate the implementation of two
types of dynamical states of magnetization. These states in the synchronization
region are distinguished by the type of magnetic moment precession and their
Josephson oscillations have phase difference of m. The possibility of switching
between these states using a current pulse is demonstrated. Transitions between
these states with increasing and decreasing bias current show hysteresis, which is
reflected in the bifurcation diagram and the current-voltage characteristics.
Additionally, we demonstrate how the results can be verified experimentally by
measuring the phase shift in voltage temporal dependence at fixed current values in
both directions. Various applications of the results obtained can be found in the
field of superconducting spintronics and quantum computing.
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REALIZATION OF SPACE-TIME CRYSTAL PATTERN IN
¢ JOSEPHSON JUNCTION ON TOPOLOGICAL INSULATOR
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We present results of the current and calculation for space-time averaged
current correlation function J*/(dy,dt) for the long @, Josephson junction on a
topological insulator (TI) (see figure).
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Figure. (a) Demonstration of SFS junction on TI. The direction of the gradient of the spin-
orbit potential is in Z-axis and magnetic anisotropy is in Y-axis. The DMI vector is along
X-axis. The arrows show magnetization precession in the F-layer. (b) an enlarged part for
space-time-averaged current correlation function which shows space-time pattern.

In this specific type of junction, the critical current depends on the value
of the in-plane magnetic moment and an additional phase shift is induced for the
Josephson phase. Taking into account the exchange interaction between magnetic
moments in the presence of Dzyaloshinskii-Moriya interaction (DMI), we
demonstrate a space-time pattern in the junction current and J*"(dy,d¢). This pattern
can be considered as a fingerprint for the manifestation of time crystal in SFS
hybrid junctions.
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Valley focusing in a corrugated graphene
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Graphene corrugations affect hybridization of w and ¢ orbitals of carbon atoms in
graphene based systems. It can as well break differently the symmetry of the elec-
tron transfer integrals for different strip boundaries. Using these facts, we found
that the momentum distribution of electrons in ballistically propagating beam can be
selective without external electric and/or magnetic fields in the graphene strip under
experimentally feasible periodic potential [?]. Such a potential is created by means of
the superlattice that consists of periodically repeated graphene elements (flat+rippled
junction) with different hybridization of carbon orbits, produced by variation of the
graphene surface curvature. As a result it gives rise to the valley dependent focusing
effects that can be controlled by alteration of number N of superlattice elements.

This effect becomes essential for incident electrons, moving in the energy inter-
val 0 < E < g, where € is the energy difference between of © orbitals in the curved
and flat graphene sheet. At N > 1, only for the direction perpendicular to the surface
of the superlattice with zig-zag edge termination there is almost the ideal transmis-
sion, while for the other angles there is the strong reflection. In the superlattice with
armchair edge termination similar filtering takes place at the supercollimation angle
lo| ~25.5°.
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On dynamics in the vicinity of a phase transition to a superconducting state.
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We begin with a microscopic description in the temperature Green’s function for-
malism to derive an effective static model of the superconducting phase transition.
Then, dynamical equations that are valid in the vicinity of the phase transition into
the superconducting state are given. The possible effects of the field of charge car-
riers’ magnetic interactions and the field of temperature fluctuations were taken into
account. The order of the phase transition is discussed on the bases of renormali-
sation group and 4 — € expansion. The high order behavior of the expansion in the
model is found and used for the Borel-transform of the series.
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SPIN POLARIZATION OF ELECTRONS BY MEANS OF QUANTUM
RING WITH RASHBA INTERACTION IN THE REGIME OF STRONG
LIGHT-MATTER COUPLING
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Electronic properties of semiconductor quantum rings with the Rashba spin-orbit in-
teraction irradiated by an off-resonant high-frequency electromagnetic field (dress-
ing field) in the presence of the perpendicular magnetic field are analysed [1]. Within
the Floquet theory [2] of periodically driven quantum systems, it is demonstrated
that the dressing field drastically modifies all electronic characteristics of the rings,
including spin-orbit coupling, effective electron mass, and optical response. The
specific conditions have been found that allow to control the spin polarization of
electrons in prospective ring-shaped spintronic devices.
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Manifestation of the hexatic phase of charge particles confined in a lateral
potential with circular symmetry
E. G. Nikonov, R. G. Nazmitdinov and P. I. Glukhovtsev

JINR, Dubna, Russia

Planar systems of charged particles interacting through the Coulomb potential and
locked by external potentials with high symmetry play an important role in various
fields of both experimental and theoretical physics and chemistry. Obviously, the
functional efficiency of such systems depends on their structure, which can change
during phase transitions under the influence of external conditions (e.g., temperature).
Until now, the main attention has been focused on the search for signals of phase
transitions in continuous two-dimensional systems. In finite quasi-two-dimensional
systems, isotropic repulsion between charged particles leads to the formation of a
hexagonal lattice in which six neighboring particles are located symmetrically relative
to the selected particle [1]. This lattice is an analog of a three-dimensional Wigner
crystal on the plane. Both practical and fundamental questions arise about the critical
number of electrons at which the symmetry of the crystal lattice in the system under
consideration will begin to break and, consequently the nucleation of defects will
start.

The main objective of this work is to search for phase characteristics and order
parameters, precursors of a phase transition of the hexagonal-hexatic phase type [2],
depending on the number of particles in the system at zero temperature.

The dependences of the orientational order parameter and the correlation function,
which characterize topological phase transitions, as functions of the number of
particles at zero temperature have been studied [3]. The calculation results allow us to
establish the precursors of the phase transition from the hexagonal phase to the
hexatic one for N=92, 136, and 187 considered as an example.

It is found that the boundary significantly influences the behavior of the system and
the nature of the phase transition from the hexagonal phase to the hexatic phase and
then to the isotropic “quasi-liquid state,” in contrast to infinite systems.
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HPOBOBOﬁ IIYM B UHTEP®EPOMETPAX AAPOHOBA-BOMA
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Jpo06oBoii IyM CBsI3aH CO CPEeJHEKBAAPATUIHBIM OTKJIIOHCHUEM TOKA U SBIISIETCS
CIIEICTBHEM AMCKPETHOCTH OHIEKTPOHOB. Ero wu3MepeHnme HCHOIb3yeTcs I
MoTy4eHHus MH(OpMaLUKM HEIOCTYHNHOM M3 M3MEPEHUH KOHJAKTaHCA: ONpPEAEIUThH
3apsii U CTAaTUCTHKY TIEPEHOCUMKOB TOKA, M BHYTPEHHUE DSHEPreTHUYECKUe
MAacIITa0BbI.

W3 m3mepeHns mryma MOKHO mouryduTh ¢aktop Pano, F, KoTopsIit sBIseTcs
OTHOUICHHEM IIyMa K Toky. Hampumep, aist nuddy3noHHOro IpoBOIHUKA 3HAUCHUE
F=1/3 ynuBepcaibpHO — He 3aBHCUT OT ()OPMBI, JJIMHBI U KOH/IAKTaHCa IIPOBOJHUKA.
B manHO# pabote MBI HccnenyeM u cpaBHEBaeM (paktoper @ano mHTEpdhEepoMeTpoB
AapoHoBa-boma nByx TtHmoB. IlepBblii Tunm — wHTEphEpPOMETp HA OCHOBE
«OOBIYHBIX» MarepuasoB. MBI MOJETUPYEM HX OJHOKAHAIBHBIMU COCTOSHHSMH
aseKTpoHa. Bropoli Thm — wumHTepdepoMerp Ha ocHoBe 2D Tommoiormieckoro
n3omsitopa [1]. B HHMX 3IEKTPOHHBIE COCTOSIHUSI SIBIISIFOTCS TEIMKOWIATBHBIMHU
(3J'IeKTpOHLI C pasHbiIMHU COHHAMH paclopoOCTPaHAIOTCA B ITPOTUBOIIOJIOKHBIX
HAalpaBJICHUAX U 3aIIUILIEHBI OT PACCESHHS Ha HEMarHUTHBIX IPUMECSX ).

Brina momydeHa pe3oHaHCHAs 3aBHCHMOCTh KakK KOHJAKTaHCa, Tak M (akTopa
®aHo 0T MarHUTHOTO TIOTOKA TPU OTHOCUTEIHLHO BBICOKHX Temmeparypax [2]. s
reJIMKOMJIANIBHOTO MHTepdepoMeTpa popma pe3oHaHcoB (akropa daHo 3aBUCHT OT
IapamMeTpoB cUCTeMBbI. [IpoBeneHO cpaBHEHHWE IBYX THIIOB HHTEPHEPOMETPOB:
3aBucuMocTH (aktopa PaHO OT KOHIAKTAHCOB JABYX CHCTEM COBIAJAIOT IIPH
OTCYTCTBHMU BHCIIHCTO MArHMTHOI'O MOJISI U pa3jin4varoTCsd IMpU €ro HaJlu4duu. OT0
MO3BOJISET HKCIEPUMEHTAIBHO OTIMYUTH TOMOJIOTUYECKH HETPUBUAIBHYIO CUCTEMY.

PaGora BrmonHeHa npu prHAHCOBOW ToAepkke rpanta PH® 20-12-00147-11.
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Abstract

The study of developed turbulence in electrically conducting fluid driven
by the stochastic Navier-Stokes equation has been a subject of intense
study [1, 2, 3]. A special role in this regime is played by the prop-
erties of the system associated with fluctuations in the magnetic field.
In particular, they hold pivotal importance in comprehending diverse
convective processes, astrophysics, and cosmology, particularly in eluci-
dating the genesis and progression of large-scale cosmic magnetic fields
through the so-called turbulent dynamo mechanism. This effect is most
conspicuous in chiral (gyrotropic) fluids, characterized by parity viola-
tion, and is intricately linked to the conservation of magnetic helicity.
Our research uses field-theoretic methods to propose a general scenario
for the generation and renormalization of arising homogeneous magnetic
field. We delve into a quantum-field model of stochastic MHD [4, 5],
specifically exploring mirror symmetry. Emphasis is placed on analyzing
the stability of this system, which is attributed to the emergence of a
non-vanishing average large-scale homogeneous magnetic field. In order
to clarify the previously obtained one-loop results [5] for the value of
spontaneous magnetic field and deformation of Alfvén waves we use two-
loop calculations. These complex two-loop calculations are necessary for
a self-consistent conclusion that the mechanism of system stabilization
(turbulent dynamo) is not destroyed by the influence of higher orders of
perturbation theory.
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Rare-earth orthonickelates RNiO3 have attracted continuous interest of researchers
in the last decades [?]. We consider these systems as Jahn-Teller (JT) magnets [?], in
which the low-energy state is formed by a charge multiplet [NiOg]'*~*~ 8~ (nomi-
nally Ni>*3+4%) with different spin and orbital ground states. The Ni** ion in the
low-spin configuration of the NiOg octahedron tggeé forms a JT center with a ground
orbital doublet 2E. However, the orbital degeneracy in RNiOj3 is lifted due to the
charge disproportionation with the formation of Ni**™ and Ni** centers [?2, ?]. In this
case, the electronic structure of the orthonikelate can be represented as a system of
local composite spin-triplet bosons with the configuration e§;3A2g moving in a lat-
tice of non-magnetic centers with the configuration tgg. The phase diagram for such a
triplet boson system in the mean-field approximation [?] shows the phases of charge
ordering, antiferromagnetic insulator, and spin-triplet superconductor, as well as the
phase-separated states. With all the variety of possible phase states, the type of phase
transition to the charge-ordered state, as well as the accompanying effects of struc-
ture change in nickelates remain beyond the scope of the model [?]. The aim of the
present work is to describe these key properties, which leads to the need to include a
full octet of low-energy states in the model and to account for the interaction of the
electron subsystem with the lattice.

The work was supported under grant FEUZ-2023-0017 of the Ministry of Sci-
ence and Higher Education of the Russian Federation.
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to be published (2024).
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ONMUCAHME DBOJIIOIHU JIBYX30HHBIX MOJEJIEN BO BHEIIHUX
SJIEKTPHYECKHX MOJISIX HA OCHOBE KHHETHYECKOT'O
MOJIXOJA

A 1. llangepos
Cr'y, Capamos, Poccus
panferovad@sgu.ru

Jdns  omucaHust CBOMCTB  IEPCIEKTUBHBIX JBYMEPHBIX MaTE€pHUalioB C
TeKCaroHaJIbHON PELIeTKONH MPUMEHHUMO OJHOYACTHYHOE NpuOIKeHne B (opme
TYX30HHOU moxenu.  Jlms  OecmieneBbix  (0€3MaccoBBIX) — MOJeEINEH,
COOTBETCTBYIOIIUX rpadeHy, ObUT pPa3BUT TMOAXOJ HAa OCHOBE KBaHTOBOTO
KMHETUYECKOTO  YPaBHEHHWS, IO3BOJSIONIMH  HENepTypOaTMBHO  OIMMCHIBATH
SBOJIOLMIO €r0 3JIEKTPOHHOW MOACHUCTEMBl BO BHEUIHUX JJICKTPHUECKHUX IMOJIX C
MIPOU3BOJLHON 3aBUCHUMOCTBIO OT BpeMmeHH [1,2]. B mokmame mpeacraBisercs ero
00o0menne Uit Mojened ¢ raMHJIbTOHMAHOM OOINero BUAA, NMPUMEHHUMBIX IS
MaTepUalioB C HapyLIEHHOM CHMMeETpHell MeXay HNoapemeTkaMu.(MOHOCION
HUTpUAa 6opa, ¢ochuma G6opa M T.I.), B KOTOPHIX MPUCYTCTBYET IIEIb MEXKIY
BAJICHTHOM 30HOM M 30HOH mpoBoauMOCTH. IloilydeHa cucTteMa KUHETHUYECKHX
YpaBHEHHH, OIPEAEIAIONINX ITOBeJeHNUE (YHKIHMH PACHpE/IENICHHs] JIEKTPOHOB H
JBIPOK B HECTAMOHAPHBIX YCIOBHAX. Kod(QHIMEHT ypaBHEHHH BBIPAXKAIOTCS
YCpe3 KOMIIOHCHTBI T'aMMWJIBTOHHAaHAa W B O3TOM CMBICIIC PEHICHUE YHHUBCPCAJIbHO.
Habmronaemast MmiioTHOCTH HOCHTENEH W TOBEPXHOCTHOTO TOKA OIPEIENICHBI B
¢dopMe UWHTErpaJoB OT pENICHHH CHCTEMBl KHHETHYECKHX YypaBHEHHH IIO
MIPOCTPAaHCTBY cOCTOSHUN. [lomydeHHBIE pe3ynbTaThl MO3BOJISIIOT HCCIENOBATH
YUCJICHHBIMU METOAAMM MOBCACHUE pacCMaTpUBaACMbIX MO)IeHeﬁ 663 OrpaHUYCHUA
KakuMH JTM00 TIPHOJIMKCHUSAMH, B TOM YHCJIC B YCIIOBHSX HEIMHEHHOTO pPEXUMA
B3aUMOJACHCTBUS C BHEIIHUM IOJIEM.

HccnenoBanue BBIOJIHEHO 3a cyeT rpanTa Poccuiickoro Hay4qHoro ¢onaa Ne 23-
21-00047, https://rscf.ru/project/23-21-00047/
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ORIGIN OF SUPERCURRENT IN SUPERCONDUCTORS
L.B.Pestov!

Y Joint Institute for Nuclear Research, Bogoliubov Laboratory of Theoretical
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On the phenomenological level of particles and quasi particles there are different
approaches to the supercurrent generation mechanism in superconductors (London,
Ginzburg-Landau, BCS and other theories). On the fundamental field-theoretical
level we attribute essence of supercurrent to physics that contains the gauge poten-
tial of the electromagnetic field. In the Classical Mechanics and Electrodynamics this
gauge potential is a primary entity since it is not defined by some another quantity.
However, in the framework of Quantum Mechanics we can define quantum gauge
potential that is defined by a complex scalar field. The quantum gauge potentials can
be considered as local topologically nontrivial excitations of the ground state of the
electromagnetic field that are characterized by the index equal to integer number of
the quants of magnetic flux. From the ordinary and quantum gauge potentials a gauge
invariant effective vector potential is created which can be observed like the electric
and magnetic fields. This leads to the modification of the Maxwell equations: ap-
pearance of the constant of dimension length and localization of the electromagnetic
interactions. All these circumstances give a handle to identify the effective vector
potential with supercurrent. We also consider interactions of the new form of the
electromagnetic field with matter presented here by the Dirac spinor field. This form
of charged fermi-matter is characterized by two parameters. From the phenomeno-
logical point of view these parameters originate from the electron charge and mass
but in general they should be defined by the system itself. Of course, the localization
of the electromagnetic interactions in the extended electrodynamics is conserved. A
special case is marked when the electromagnetic field is presented only by the quan-
tum gauge potential that carries quants of the magnetic flux. The localization of the
electromagnetic interactions can be considered as the quantum physical effect and
the main physical reason of superconductivity. We believe, it will help to elucidate
the so called high temperature superconductivity in the framework of the fundamen-
tal field-theoretical approach. In any case, the experimental observation of the new
form of the electromagnetic field ("superconducting light”) is the first needed step.
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CIIMHOPHOE ®EPMMOHHOE ITIOJIE MAMNOPAHHI:
Er'O OCOBEHHOCTHM 1 BO3MOXKHBIE METO/IbI
NCIIOJIb3OBAHNA B MOJAEJIAX ®PU3NKN
KOHAEHCNUPOBAHHOI'O COCTOAHN A

10.M. ITucbmak
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B noksame KpaTKo M3/Iaral0TCsl OCHOBHbBIE TOJIOXKEHUS Teopuu Maitopanbt
BEI[ECTBEHHOIO (PEPMHUOHHOIO IMOJIsi CO CIIUHOM % O6cyxK/1a10TCsT BO3MOXK-
HOCTHU €ro B3ammoeiicTBus ¢ nojsMu CTaHmapTHOW MOean 00beIMHEHHBIX
CUJIbHBIX CJIA0BIX U DJIEKTPOMATHUTHBIX B3aUMOIEHCTBUI SJIEMEHTAPHBIX Ya-
CTHII, & TAKXKeE C TPOTAKEHHBIMU MaTepUATbHBIMU o0bekTamu [Ipemrararorcs
METOMBI UCMOJIK30BaHus MaiiopaHoBckuX (hepMUOHOB TIPU TTOCTPOEHU TIE€pe-
HOPMHUPYEMBIX MOJENel B3anMOIeCTBUS MATEPUATILHON Cpeabl ¢ (byHIaMeH-
TaJbHBIMA KBAHTOBAHHBIMU TIOJITMHM HA OCHOBE MMEOIIErOoCs K HACTOSIIEMY
BPEMEHH OIIbITa MX PAa3pabOTKU B PAMKAX KBAHTOBOM JIEKTPOIMHAMUKH.

WccnenoBanus BoImoHEHbI Tpu (prHAHCOBOI mo1epKrKe Poccuiickoro na-
yunoro donza, npoekr Ne 22-13-00151, https://rscf.ru/project/22-13-00151/
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HALF-METAL AND OTHER FRACTIONAL METAL PHASES IN DOPED
AB BILAYER GRAPHENE

A.V. Rozhkov', A.L. Rakhmanov', and A.O. Sboychakov'

Unstitute for Theoretical and Applied Electrodynamics, ul. Izhorskaya 13, str.6,
125412 Moscow, Russia

arozhkov@ gmail.com

This presentation is dedicated to theoretical study of many-body low-temperature
physics of AB bilayer graphene (AB-BLG). We argue that for this graphene-based
material electron-electron interaction can give rise to the spontaneous formation of
fractional metal phases. These states are generalizations of a more common half-
metal. The half-metallic state is characterized by perfect spin polarization of single-
electron states at the Fermi level. For the fractional metal states of AB-BLG, the
states at the Fermi energy are perfectly polarized not only in terms of a spin-related
quantum number, but also in terms of the valley index. The mechanism, which we
propose, relies on the assumption that at zero temperature the undoped AB-BLG
is a spin density wave insulator, with a finite gap in the single-electron spectrum.
Upon doping, the insulator is destroyed, and replaced by a fractional metal phase.
As doping increases, transitions between various types of fractional metal (half-
metal, quarter-metal, etc.) are triggered. Our findings are consistent with recent
experiments on doped AB bilayer graphene, in which a cascade of phase transitions
between different isospin states was observed [1].

References
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DISCLINATIONS IN NANO- AND MICROOBJECTS
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We present up-to-date information on the analytical solutions of isotropic elasticity
boundary-value problems for disclinations — defects of rotational type in solids [1]. The
considered plane elasticity problems include those for wedge disclinations in uniform or
two-phase cylinders, at a free surface of a half-space, and in a plate of finite thickness [2].
Three-dimensional problems under analysis deal with wedge disclinations in a bulk sphere
or spherical layer or with the defects with the lines being normal to free surfaces of the plate

(2].

Possible applications of the elasticity solutions for wedge disclinations are discussed
[1,2]. We demonstrate that the disclination properties become a controlling factor when
considering rotational plasticity in solids [3], grain boundaries and their junctions in
conventional polycrystals and nanostructured materials [4], crack nucleation and initiation
of ductile fracture [3], pentagonal rods and icosahedral micro- and nanoparticles [1,3],
amorphous solids and glasses [3], domains, and twins in ferroelastic films adjusted to a bulk
substrate [5], and defects in graphene [6].
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BJIMSAHUE CIIYYAHOTI'O BECIIOPAAKAHA CHEHAPUN
JABYMEPHOTI'O IINTABJIEHUSA

B.H. PrikoB, E.E. Tapeesa, 10./1. ®omun, E.H. I[{uok

Hnemumym ¢usuxu evicoxux oaenenuit PAH, e. Mockea, Poccus
ryzhov@hppi.troitsk.ru

B nokmage Ha OCHOBE COBPEMEHHBIX TEOpPHH IUIABICHHS JBYMEPHBIX CHCTEM,
Gazupyromuxcsi B OCHOBHOM Ha TpeACTaBIeHUSIX Teopuu bepesuHckoro-Kocrepnuma-
Taynecca (BKT) ¢a3oBbix mnepexomoB B AByMepHbIx (2D) cucremax ¢ HempepbIBHON
CHMMETpHUEH, pacCMaTPUBACTCSl PONIb CIIydaifHOro Oecropsaka U ero BIMSHHE Ha CIEHApUU
TUIABJICHUSI CHCTEM C Pa3IMYHBIMH IOTEHNIMadaMH. B HacTosIiee BpeMs CyIIECTBYIOT TPH
OCHOBHBIX CIICHapus IUIABIEHUs JABYMEPHBIX KpucTauloB [1]: 1). IByMepHBIe KpHCTaLIbI
MOT'YT IUIaBUTHCS ITOCPEACTBOM JIBYX HENpephIBHBIX nepexonos tuna bKT; 2). crangapTHbIi
Mepexo MepBOro poza; 3). CUEHApHi, NMpH KOTOPOM IUIABICHHE MOXET MpPOUCXOAUTH
nocpencteoMm nepexoaa bKT u nocnenyromiero nepexozia nepBoro poja.

B mammx paborax [2-3] MerogamMH KOMIBIOTEPHOIO  MOJEIHMPOBAHHUS  OBLIO
MIPOAHATU3UPOBAHO  BIUSIHUE  CIydyalHOTo  Oecropsaka pasiIuyHOM TPHPOABI  Ha
OpPUEHTAllMOHHBIH U TPAaHCIALMOHHBIA MapaMeTpsl MOpsiKa U MOKa3aHO, YTO CIy4aiHbIH
OeCIops/IOK CYIISCTBEHHO pacIIUpsieT rekcaTnieckyio dasy. B cimydae mepexonma mepBoro
poxa oH mpeBpaniaercs B ABa nepexona — nepexoq BKT n3 kpucramia B rekcatHyeckyio ¢asy
U Iepexo] MepBOro poja M3 reKcaTH4eckoil (a3bl B M30TPOIHYIO KHAKOCTH [1]. B TO e
BpeMs ['ayccoBckuil muHHUHT MOxeT npespamars cueHapuil tuna BK 8 BKTXHSA [2]. B
Cllyyae CTPYKTYPHOTO Mepexojia MeKAy KPUCTAINIMYECKUMH (ha3aMH Iepexo]] MEpBOro poja
MOJKET MPEBPATUTHLCS B TpH nepexoja [3].
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BJIMSTHUE ACCOPTATUBHOCTHU CETH KOHTAKTOB HA OTKJIMK
MHOT'O3JIEMEHTHOM CUCTEMBI HA JIABUHOOBPA3ZHOE
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OmHa W3 OCHOBHBIX CTPYKTYPHBIX XapaKTepHCTHK CeTeli — CTeNeHb WX
ACCOPTAaTHBHOCTH, KOTOpast ONPECISIETCSI BEPOSITHOCTBIO IS Y3JI0B, 00JIa1al0InX
Pa3HBIM KOJIMYECTBOM CBSI3€H, OBITH CBSI3aHHBIMH MEXAy coboi. HecmoTps Ha TO,
YTO acCOPTATMBHOCTh CETH 4YacTO ONpeneisieT OCOOCHHOCTH IPOTEKaHHS
JMHAMHYECKUX IMPOIIECCOB HAa HEH, MEXaHU3MBbI 3TOTO €IlIe HEIOCTATOYHO MU3Y4EHBI.
B wnamem JOKJIaa€ MbI PAaCCMOTPHUM BJIMUAHUC ACCOTPATUBHOCTH CCTU Ha
JUHAMH4YECKHE CBOMCTBA 3aJJaHHON HAa HEW MHOT'O3JIEMEHTHON CHUCTEMBI, B KOTOPOU
JAaBUHOOOpa3HOE M3MEHEHHE MTOPOTOBOM XapaKTEPUCTHKY (TaBIICHHS) Ha AIEMEHTaxX
MIPUBOJUT K TEPEKITIOYCHUI0 MX OWHAapHOTO cocTosHus (MHeHus). Ilpumepom
TAKOTO TOBEJCHUS MOXET CIYKHUTh Tpolriecc (HopMHpoBaHUS OOIIEro MHEHHS B
TpyIme TpeWaepoB MoJ AaBieHHEeM (UHAHCOBOrO phIHKAa. B KauecTBe Mojenu
CUCTEMBI MBI HCIIOJIb3YEeM MOJU(HIMKALNIO CTOXaCTHYECKOH MOJENN BBHIOOPIIUKA
[1], momemieHHyto Ha Oe3MacmITabHYIO ceTb. MBI HCCIEQyeM CTaTUCTUYECKHE
CBOWCTBa OTKJIMKA, OIpPEAEIIEMOro Kak W3MEHEHHE YCPEIHEHHOrO IO CHUCTEeME
MHEHUS, BBI3BaHHOE JIaBUHOH (Am), B
3aBHCHMOCTH oT KoappUIHEeHTa
i i I =092 aCCOPTAaTUBHOCTH CETH KOHTaKTOB (1). B

¢ Gaussian (@289 —=0 UTOTE  MOKAXKEM,  YTO  HMMEHHO
KOppelsiliil B CBA3SIX  MEXAY
SR JJIEMEHTaMH ONPENENSIOT IOBEICHUE
(GYHKIMM ~ IUIOTHOCTH  BEPOSITHOCTH
p(Am), a yBemnyeHHe T BemeT K
CTa0MIM3allMl  CUCTEMBI, T.€. K
YMEHBIICHAIO MaKCHMAaJIbHOTO
Am 3HAYCHUS (|Am)) u 4acTOTHI

KPYIHOMACIITaOHBIX COOBITHH.

g-Gaussian (g=2.75)

[ exp(-x*/0.35)

Jlureparypa
[1] Savitskaya N.E., Fedorova T.A. “Model of opinion dynamics caused by

information pressure in multi-agent system with stochastic activation of links”,
Physica Scripta, 99, 025007(2024),doi 10.1008/1402-4896/ad1859
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QJIEKTPOHHAA CTPYKTVYPA BIXPA ABPUKOCOBA B
CBEPXIIPOBOJHNKAX C AHU30TPOITHOM
ITIOBEPXHOCTBIO ®EPMU
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O06cy K Ia10TCsT OCHOBHBIE OCOOEHHOCTH JIEKTPOHHON CTPYKTYPbI BUXpst AG-
PUKOCOBa B CBEPXIIPOBOJHUKE S-THUIIA C IIPOU3BOJIHHON aHU30TPOIUEN TOBEPX-
uwoctu @epmu. Ha ocnore ypasuenuit Borosrobosa-jie 2Kena mmosrydenbr KkBasu-
KJIACCUYECKUE ypaBHEHUs AHJIpeeBa, ONUCHIBAIONINE JIBUKEHIE KBA3UYACTHUIL
BJIOJIb IIPSIMOJIMHENHBIX TPAaeKTOPHil, U M3yYEHO BJIUsIHUE AHU30TPOIUU Ha
CIEKTP U IJIOTHOCTD IIOIIEJIEBBIX COCTOSIHUIT KBa3MIACTHUIL, JIOKAJIU30BAHHBIX
B Kope Buxps. C nomorpio npasuiia bopa—3oMMepdesbia yITeHbl HEKBA3U-
KJTaccuueckne 3pdeKThl KBAHTOBAHUS, HANWJIEHBI JIUCKPETHBIE YPOBHU dHEP-
TMHA U 3aBUCUMOCTDH PACCTOSHUST MEXKJYy YPOBHSIMHU OT TapaMeTpa aHu30TPO-
muu. Jjis aHam3a MOIIEeeBbIX COCTOSTHUI KBA3WYIACTHUIL, JIOKATN3OBAHHDBIX
B KOp€ BUXPsI, B3aUMOJIEHCTBYIOIIETO C MEHTPOM MUHHUHTA, TOCTPOEHA TEO-
pusS aHIPEeBCKOTO THIIA, YIUTHIBAIONAS UHTEP(PEPEHITNIO TPACKTOPHUI KBa-
3UYACTHI] B MIPUCYTCTBUHU ILJIOCKOTO Je(eKTa C BBICOKOI MPO3PATHOCTHIO Oa-
prepa. ITokazamo, ITO HOpMAJIBHOE OTPaXKEHME IJEKTPOHOB W JBIPOK Ha, Jie-
deKTe TIPUBOANT K KATECTBEHHOI TpaHCc(OpPMAIINK MTOJINEIEBOTO CIEKTpa 1
00pa30BAHUIO HOBBIX THIIOB CBA3AHHBIX KBAa3WIACTUIHBIX COCTOAHUI. M3ye-
HO BJIMsSHUE aHn30Tpornnu mosepxuoctn Pepmu Ha CleKTpajbHBIE CBOMCTBA
KBa3WYACTUI[, BKJIIOYAs OTKPBITHE/3aKPbITUE MHUHU-INEJU B CIEKTPE U IIPO-
CTPaHCTBEHHOE paclpejeaeHne JOKAJIbHON MJIOTHOCTUA COCTOSHUII B BUXPE B
npucyrcrBun gederra. Pabora momuepxkena rpaarom PH® # 20-12-00053.

Crucok aureparypbl

[1] A.S. Mel'nikov, A.V. Samokhvalov, FElectronic structure of pinned
Abrikosov vortices: Andreev theory of quasiparticle bound states. J. Low
Temp. Phys., in press, (2024)
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ELECTROMAGNETIC DETECTION IN 2D MATERIALS VIA DESIGN
OF CONTACT GEOMETRIES
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Intrinsically high mobility and moderate light absorption per layer in 2d
materials set the basis for operation of fast and sensitive electromagnetic detectors.
Still, emergence of zero-bias photocurrent in any detector generally requires the
introduction of p-n junctions. The latter operation requires chemical doping which
is not yet developed for 2d materials. Even if developed, doping would result in
mobility degradation and, hence, lower speed of 2d photodetectors.

Here, we report the approach for dopingless 2d photodetectors which we dub as
‘geometric design of contacts’ [1]. It is based on the two physical principles (1) a
lateral contact between 2d material and metal necessarily involves a built-in
Schottky junction, where an internal photovoltaic effect takes place (2) the “metal-
2d material” junctions at the source and drain can be made geometrically
inequivalent, which makes their partial photocurrents non-compensating.

We discuss in detail the two detector architectures designed using this
principle. The first one represents a rectangular 2d flake with metal contacts to the
orthogonal sides. [llumination of the structure with linearly polarized light results
in enhanced local intensity at one side via the polarization-dependent lightning rod
effect [2]. Therefore, the device demonstrates a zero-bias photocurrent with
direction specified by the angle of linear polarization. The second class of devices
represents a 2d layer with two contacts, one patterned to a sawtooth shape, and the
other completely flat [3]. Here, the local light intensity at the patterned contact
exceeds the intensity at the flat contact, independently of the polarization state of
light. Bringing the two contacts in close proximity to each other (~200 nm) results
in extreme light concentration at the edges, strong light-induced heating of 2d
electrons, and large photothermoelectric voltage.

[1] V. A. Semkin et al., “Zero-Bias Photodetection in 2D Materials via Geometric
Design of Contacts,” Nano Lett., vol. 23, no. 11, pp. 5250-5256 (2023)

[2] V. Semkin, D. Mylnikov, E. Titova, S. Zhukov, and D. Svintsov, “Gate-
controlled polarization-resolving mid-infrared detection at metal-graphene
junctions,” Appl. Phys. Lett., vol. 120, no. 19, p. 191107 (2022)

[3] A. Yu. Bocharov et.al. “Detector of electromagnetic radiation”, patent for the
invention RU 2 816 104 C1 (2024)
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THEORY OF COULOMB COMPLEXES IN 2D SEMICONDUCTORS
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'offe Institute, 26 Politekhnicheskaya, St Petersburg 194021, Russian Federation
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Atomically thin semiconductors and Van der Waals structures with them attract
a lot of attention both theoreticians and experimentalists. Due to very small
thickness and characteristics of dielectric environment, Coulomb correlations are
especially pronounced in two-dimensional semiconductors based on transition
metal dichalcogenides, for example, in MoS2 or WSe2, where the binding energies
of excitons — electron-hole pairs — are hundreds of meV, and trions or charged
excitons — three-particle complexes of an electron and two holes or two electrons
and a hole - tens of meV [1,2]. Extremely small thickness of 2D semiconductors
leads to modification of effective interaction potential.

In my talk I will speak about excitons and trions in Van der Waals
heterostructures with one or two layers of 2D semiconductors. The main focus will
be on one or bilayer transition metal dichalcogenides including excitons and trions
with one electron from high high-lying conduction band with negative effective
mass [3,4]. Also, excitons and trions in bilayer CrSBr will be spoken about. The
main feature of this layered magnetic material relevant to this study is extremely
high anisotropy of effective masses of charge carriers in the layer plane. Presented
results are obtained by variational method with trial function with small number
physically reasonable trial parameters and various numerical methods.

The research was supported by RSF (project No.Ne 23-12-00142)
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B HepmaBHell paborte [1] ObUIO MOKa3aHO, 4YTO OOIIENPHHSATOE OIMCAHHE
JJIEKTPOHOB rpadeHa NMpH MOMONIM ypaBHeHus [lupaka c¢ 2X2 marpumamu y" He
SIBISIETCSI yJOBJIETBOPUTENBHBIM, U 0Oo0Jee OOOCHOBAaHHO HCIIONIB30BAaTh OOBIYHBIE
4x4 marpunbl [Jupaka. Tem He MeHee, CIEKTPBI SHEPTHil IEKTPOHOB rpadeHa B
OIHOPOJHOM MAarHUTHOM IOJI€ B B ABYX CIy4asX COBNAAar0T. Mbl 1eMOHCTpUpPYEM,
YTO OJHO3HAYHBIA BBIOOP MEXKAY IBYMsI ONHCAHUSIMU JIEKTPOHOB rpad)eHa MOKET
OBITH cHenaH, eclnyd J00aBUTh OJHOPOAHOE 3JIEKTPHUECKOE IMOJIE K OJHOPOIHOMY
MarHutHomy. JloOaBiieHHOE I0JI€ JIOJKHO OBITH CaObIM 10 CPaBHEHHMIO C IOJIEM,
KOTOPOE BBI3BIBACT KOJUIATIC CIIeKTpa dHeprui: E<<E=vyB (v¢ -- ckopocTs ®epmn).
Ms1 omnpenensieM peNSITUBUCTCKMM raMwiIbTOHMAaH B npexacrasieHun donau-
Bayrxoiizena anst aByx (opMm MCXOAHOrO ypaBHeHHs Jlypaka M MOKa3bIBacM, 4TO
CHEKTPHl HEPrHi AJIEKTPOHOB rpadeHa B ABYX CIIydasx pa3iauyaroTcs. Takum
0o0pa3oM, OmpefeneHne CIEKTpa SHEPTHil HIEKTPOHOB rpadeHa B OJHOPOIHOM
MarHuTHOM 1ojie B U ciaboM OJHOPOIHOM 3NIEKTPHUYECKOM TIosie E SBiIseTcs
KPUTHUYECKUM 3KCIIEPUMEHTOM IJ1sl BEIOOpa BUIa HCXOTHOTO ypaBHeHHs Jupaka.
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B pabote wuccnemoBaHa HampaBlieHHas mepkoysius [1] B CTOXacTHUECKOH
LIETIOYKe, CXOJHOW ¢ KIETOYHbIMU aBTOoMaTtamu [2]. dazoBas AuarpaMma MOZAEId
MONTy4eHa C WCIIONIb30BaHUEM IIPSIMBIX YUCICHHBIX pacu€ToB W HeWpocered. B
aKTUBHOH (haze oOHapy KEHBI YETHIpE HOBBIE (Da3bl, XapaKTEPU3yEMbIC PA3TUIHBIMU
MEePKOJIALIMOHHBIMU TIATTepHaMH (MapaMeTpamMH Mopsjka). MeTrogamMu KOHEYHO-
pPa3MEpHOTO CKCWJIMHra WCCICOBAHBl KPUTHYCCKUE CBOHCTBA 3TUX (a3. B
YaCTHOCTH, ONPENCICHBl KPUTHYECKHE WHACKCHI MepexoioB. JlaHHBIC pe3yIbTaThl
MMOITBEPKAAIOT, YTO B AKTHBHBIX ()a3ax TaKMX MOJIENIEH CYIIECTBYET Hepapxus
TCOMETPUYCCKUX TIOPSIIKOB C PA3IMYHBIMHA TEPKOJIIHOHHBIMU  MATTEPHAMH,
BO3HUKAIOMIIMH B KPUTHYECKUX TOUYKAX HETPEPHIBHBIX (Da30BBIX mepexomoB [2].
OTH TeoMeTpHYeCKHe TepexoIpl TNPHHAIEKAT K KIACCy YHUBEPCATBHOCTH
HaIpaBICHHON NEPKOJIAIIUH.

Quardopole @ i
Dipole B

Quardopole

Simple

with jumps

Empty

Puc.1 — ®a3oBas auarpaMma pa3IHUHBIX MEPKOSIIIMOHHBIX TATTEPHOB
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UucneHHblli aHanu3 HEPAaBHOBECHON KBAaHTOBOW JIMHAMUKUA HHU3KOPa3MEPHBIX
cnuHOBBIX (s=1/2) cucrem [1] peanmsyercs cumyisiunei (GopManbHO KBAaHTOBOTO
aIropuTMa Ha KOMIIBIOTEPE C KIACCHYECKOW apxurekTypoi. Takas 3amada
3¢ QEeKTUBHO peuraeTcs Ui M30JIMPOBAHHON CHCTEMBbl Ha TpHMEpe OJHOMEpHOIt

XXZ mogem ¢ ravunsronnasom 1 =/ Z [(S}ilsfx +80.87 ) + gSiiISi:j| . CunbHO

HEPAaBHOBECHOE  COCTOSHHE CHCTEMbl  jgocturaercss npu (=0  OBICTpBIM
(HeagmabaTnyeckuM) W3MCHEHHEM TIapaMmeTpa g TaMHJIbTOHHAHA W JallbHEWIas
BpeMmeHHas, ¢ > 0, »BoIIONMS HAOMIOZAEMBIX TIPOCIEKEHA IS JIOKAIBHBIX

HaMaFHquHHOCT€ﬁ<S,: (f)> U CIOUH-CIMHOBBIX  KOPPEISIMOHHBIX  (DYHKIMI

(SL(OS7 ()., rre 1=12....

B ciyyae OTKpBITOH KBaHTOBOW CHCTEMBI BIIMSIHAE CTOXAaCTHYECKHX IIOJICH
OKpPY>KEHUS W TPOLECCH AUCCHUITAIIUH HAPYIIAIOT YHUTAPHBIA XapaKTep SBOIIOIIH,
qyTO Tpe6yeT MMPUMEHCHUA HECTAaHAAPTHBIX KBAHTOBBIX AJITOPUTMOB. Mpl
HCTOJB3yeM ITOIXOMA, OCHOBAaHHBIN Ha pPEAYIHPOBAHHOW MATpHIE IUIOTHOCTH O
cucreMsl B nipeactasiacHun MPS (Matrix Product State), u ananusupyeM Ha OCHOBE
mporpamMHBEIX cpenctB Qiskit m LindbladMPO BpemeHHyr0 »BOIIONHIO O(f) U
yKa3aHHBIX BBIIIC HAOMIOMAEMbIX HAa OCHOBE pelleHUN ypaBHeHus JluHaOmana:

op(t
%)Z—i [H ,p(I)]+D[p(t)] NPH  PA3IMYHBIX HAYAIBHBIX YCIOBHAX M C YUETOM

0
TPOIIECCOB AMCCHIALIMH OMHUChIBaeMbIx onepatopom D[ p(1)].
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Using density functional theory (DFT), we studied microscopic mechanisms gov-
erning adsorption, initial stages of the growth, reactivity, and magnetic properties
of selected metal nanostructures on two-dimensional (2D) materials. For metals on
graphene, we found the tendency of alkaline and alkaline-earth atoms towards 2D
growth, while transition metal atoms form three-dimensional structures [1]. Struc-
tural defects can be utilized to prevent the clustering of transition metal adatoms
and to stabilize them in the form of monomers [2]. These adatoms are examples of
single-atom catalysts with promising properties regarding hydrogen adsorption and
recombination [2]. Graphene on Ni(100) forms a striped moiré pattern, enabling se-
lective adsorption of metal atoms and small clusters. Our DFT calculations reveal
electrostatic interaction as the origin of preference of Au to bind on the valleys and
Co to adsorb at the ridges, as confirmed in recent experiments [3].

Using borophene on Ag(100) as a substrate, we investigated 2D magnetic nanostruc-
tures formed by the adsorption of Fe atoms. Combining DFT with the anisotropic
Heisenberg model and Monte Carlo simulations, we estimate the critical tempera-
tures of 105 K and 30 K for the Fe-based magnets grown above or under borophene,
respectively [4].
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TOKU, MTHAYIIMPOBAHHBIE CTPYKTYPUPOBAHHBIM
TEPATEPIIOBBIM N3JIVAYEHNEM B JIBYMEPHBIX
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Uccemyercst 3eKTpUIecKuii OTKJINK JBYMEPHOTO JIEKTPOHHOTO Ta3a Ha
CTPYKTYPHUPOBAHHOE U3JIy YeHHE TEPATrePIIOBOrO Juara3oHa. [I[pumMepom cTpyK-
TYPUPOBAHHOIO U3JTyUCHUS SABJISIOTCS BEKTOPHBIE OITUIECKHUE IIYIKH, COCTaB-
JIEHHBIE U3 ILUIOCKUX BOJIH C PA3JIMIHON MOJIApU3AIIeil, NN 3aKPYY€HHBIE Ol
TUYECKHe IIyYKH, Hecylue opouTaIbHbIN yrioBoit Moment. [lokazano, 4To BO
BTOPOM TIOPSAJIKE TI0 AMILIUTYE 110Jist ([IEePBOM IIOPSAJKE [0 MHTEHCUBHOCTU
U3Jy9YeHHsI) B CHCTeME BO3HUKAIOT [IOCTOSIHHBIE TOKM M TOKH HA Y/IBOEHHOM
qacToTe. B omimume OT TPaJUIMOHHBIX (DOTOrabBAHNIECKUX (PEPEKTOB U
3¢ dEKTOB reHepaluu BTOPOii FapMOHUKY, M3y4YaeMble TOKU OOYCJIOBJIEHBI HE
OTCYTCTBHEM IIEHTPa WHBEPCUU B Cpejie, a IIPOCTPAHCTBEHHONH HEOIHOPOIHO-
CTBIO CAMOI0 3JIEKTPOMAIHUTHOI'O IIOJISI.

B noxknase obcyxmaercs pusnka B3anMMOIeHCTBUS TPOCTPAHCTBEHHO HEO -
HOPOJIHOTO TEPArepIrioBOro 3JeKTPOMATHUTHOTO TIOJSI C JBYMEPHBIMHU [TPOBO-
JISATIIIME CHCTeMaMU, 00CYKIAI0TCS MeXaHU3Mbl reHepanuu TOKoB. [Tokazano,
4910 (POTOTOKM MOTYT OBITH BBI3BAHBI KaK I'PAJIMEHTOM WHTEHCHUBHOCTHU H3JTy-
YeHUs B IJIOCKOCTH SJIEKTPOHHOIO Ta3a, TaK U TPAJIMEHTAMU TOJIsIPU3AIOH-
HbIX napamerpoB CTokca u rpajuenToM ($ha3bl JIEKTPOMATHUTHOrO 1oJis [1].
B pamkax kmaeTmYeckoro moaxoga bBosibiiMana pa3paboTaHa MUKPOCKOIIAYIE-
CKasl TeOPUs HEJIMHEHHOTO HEJIOKAJIHLHOTO TPAHCIIOPTA JJIEKTPOHOB, TIOJIY I€HBI
AHAJUTUYIECKNE BBIPAXKEHUsI JJIsi PA3JIMIHBIX BKJIAJIOB B HOTOTOK. Pa3Buras
Teopusi IIPUMEHEHa, JJId U3yYeHUs SJIEKTPUIECKUX TOKOB, WHJIYIIMPOBAHHBIX
3aKPYYEHHBIMU TE€PATE€PIIOBBIMU Ty IKAMU.

Pabora Bemosiena npu nojepxkke rpaara PH® 22-12-00211.
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MATHUTHBIE CBOMCTBA AJICOPBATOB IIEPEXOJHBIX
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VYriaepos HM3BECTEH HIMPOKUM pa3zHOOOpasveM aIOTPOIHBIX KOH(UTypalu,
cpear KOTOPBIX OOJBLION WHTEpEC Uil NMPAaKTUYECKOrO IMPUMEHEHHS BBI3BIBAIOT
JBYMEpHBIE TpaQeH M €ro auioTpornbl TpauHbl, CHOPMUPOBAHHBIE W3 SP*/Sp
THOPHIN3UPOBAHHBIX aTOMOB, 00Pa3yIOIINX SYEHUCTO-TIOPUCTYIO CTPYKTYpy. Cpemu
pasnuuHbIX (opM, y-rpadMH HMEET TEeOMETPHI0O IOp H30MOP(QHYI0 peleTke
rpadeHa, rze Mopsl SBISIOTCS ONTHUMAIbHBIMH CaiTaMM aJcopOLMH NEePEeXOIHBIX
MeTaioB [1], 9To gaeT BO3MOXKHOCTH IKCIIEPHMEHTAIBHON peann3aliy IIaHAPHBIX
rpadeH-moJ0OHBIX CBEPXPELICTOK aAaTOMOB [UISi W3Y4YECHHUS CBOMCTB MarHMUTHOTO
YIOpSIOYEHUsT  JTAJIbHETO  mopsiika. lccnenoBaHMEM  CHUCTEM € TIOJIHBIM
JONMPOBAaHWEM YCTaHOBJCHO CYIIECTBOBAHHE pA3IMYHBIX THIIOB MAarHUTHOMN
YIOPSAOUYEHHOCTH M TIPOBOJMMOCTH, CPEAM KOTOPBIX ancopOaThl MEPEXOIHBIX
MertauioB VIB rpynmsl MMEHOT IOTEHLMAN HCIHOJIB30BAHUS B CIMHTPOHHUKE:
azcopbaTel  XpoMa HWMEIOT CTPYKTYpY aHTH(QEppOMarHWUTHOTO MeTaula, a
MONHOIeHA U BOIb(pama SIBISIOTCS (heppOMarHUTHRIMH MTOTyMeTaimIaMu [2].

B Hacrosmieir pabote paccMoTpeHa 3aBUCMMOCTh MArHUTHOTO TIOpSJKa |
30HHOW CTPYKTYpHl OT KOHIGHTpPAaIMM a/JaTOMOB IEpEeXOJHbIX MeTaioB VIB
rpymnmnsl Ha cyOcrpare y-rpaduHa. Pe3ynpTaTbl HeMOHCTPUPYIOT MOTCHIHAIBHYFO
BO3MOXKHOCTb OKCIIEPUMEHTAIBHON pPEAN3alUU CHUHOBBIX (GHUIBTPOB M 0a3bl
9JIEMEHTOB MarHUTOPE3UCTUBHOI JIOTUKM Ha OCHOBE TaKUX CTPYKTYD.
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Induced charge generated by Coulomb Impurity in TMDs
V. K. Ivanov!, L. S. Terekhov!
School of Physics and Engineering, ITMO University, 197101 St. Petersburg,

Russia

i.s.terekhov@ gmail.com

We investigate the charge density p;,q(r) induced by an external field in two-dimensional
Dirac materials. We calculate p;,y(r) induced by the Coulomb impurity with poten-
tial U(r) = eQ/r, where e is the electron charge, Q is the impurity charge. The
induced charge is expressed through the Green’s function of the electron in an exter-
nal field as

d
Pund(r) = —ieN [ SETH{G(r.rie)} 1)
C

where N = 4, G(r,r'|€) is the electron Green’s function in the Coulomb field [1],
C is the integration contour. The integration contour depends on the position of the
Fermi energy. In our case, the contour is chosen so that the Fermi energy is located at
the center of the band gap. Using the representation (1), we analytically calculated
the asymptotic behavior of the induced charge density at distances much less and
much greater than the Compton wavelength A of the electron in the material. At the
distances r < A the induced charge density has the form:

Pind(r) = eN (A(Oc)S(r)JrBS) (%)H +C$)> ©)

where o = eQ/(fivy) is the dimensionless coupling constant, A(a), B(a), C(o) are
the calculated functions, Y= v/1 — 402, vy is the Fermi velocity in the material. One
can see that the asymptotics contains an unusual contribution #Y~!, which is related
with the behavior of the Dirac wave function of the electron in the Coulomb field
at small distances. The functions A(a), B(a), C(o) have a simple but cumbersome
form, so they are not presented here. At distances r > A the induced charge density
has a power-law asymptotic behavior 1/r".
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MaruuTHble CKUPMUOHBI — TOIIOJIOTUYIECKN HETPUBUAIbHBIE BUXPH JIOKAJIb-
HOIT HamMarundeHHocTu. B dpeppomarumernkax ¢ B3aumMoieiictsueM J3smommmHCKoro-
Mopuu CKUPMHOHBI OHH YIIOPSIIOMUBAIOTCS B PEMIETKH, T.H. CKUPMHOHHBIE
kpucrasuisl (CkK). Diemenrapubie Bo36yxkuenus CKK moryT GbiTh Kiaccu-
durnmpoBanbl B TepMuHAX BOJIH JedopManun (GOPMbI OTIEIbLHBIX CKUPMUO-
HOB: JUIHIITHYECKAsT MOJA, JibIXaTebHas Moja u Jp. Hekoropbie 30HBI 06-
JIAJIAIOT HETPUBUAJIBHON KPUBU3HONW Beppy m OTJIMYHBIMEU OT HyJIs 9UCIAMU
YepHa, Ipu 9TOM 30HHAS CTPYKTYPa 9yBCTBUTEIbHAS K M3MEHEHUIO BHEIITHETO
MarautHoro nosist [1]. Panee mamu 6bLI0 OKA3aHO, 9TO B 30HHON CTPYKType
MIPOUCXOJUT TOIMOJIOTUIECKUN MEPEXOJ]: ¢ POCTOM BHEIITHEr0 MATHUTHOIO II0-
Jisl SHEPreTUYIeCKasl MIEeJIb MEXKJIY JIBIXATeJIbHON MOJONH U MOJION «BpalleHust
[IPOTHB YaCOBON CTPEJKH» 3aKPBIBAETCS, ITO COIPOBOXKIACTCH M3MEHEHUEM
anciie YepHa Kazkmoit u3 30H [2].

Uccnenyiorcs jgokaam30BaHHbIe BO30YKICHNST HAMAIHUYEHHOCTH, BO3HH-
KAOIe B HEOITHOPOIHOM MarHUTHOM I0Jjie. MbI TOKa3bIBAEM, UYTO B TAKOH CU-
cTeMe BO3HHMKAIOT KHPAJbHDIE JIOKAJIN30BAHHBIE COCTOSIHUS, PACIIPOCTPAHSIIO-
[IUECs BJIOJIb MPAHUIIBI, 3aTYXAOIINe BHYTPh obJjiacTeil. AHaJIN3 IPOBOIUTCSI B
dopmamame crepeorpaduIecKoil MPOEKINN, KOTJ[a KOMIIOHEHTHI JIOKAJIbHOM
HAMATHUYIEHHOCTH [T€PENUCHIBAIOTCS Yepe3 PyHKIMIO KOMIIJIEKCHOI'O TIEPEMEH-
HOro. B paMkax mpoOHOTO aH3ala MUHAIMU3UPYETCs KJIACCHIeCKasT SHEPIH,
[I0CJIe 9ero MCCIIEYIOTCsT HOPMAJIbHBIE MOJIbI HH(DUHUTE3NMAIHHBIX JITHAMU-
vecknx duykTyanuii crepeorpadudeckoro obpasza [1|. Pabora momnepikana
Poccniickum Hayuanbim @omyiom, rpaat Ne20-12-00147-11.
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Six-loop calculation of the tricritical exponents of the
O(n)-symmetric ¢* + ¢©% theory
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Tricritical behavior in systems with an n-component order parameter ¢ =
{¢a,a=1,...,n} is described by the action

B 1 T A 9 g 3
S(p) = 2@%&% +5%avat (Paa)® + 6!(%%) , (1)

where the coeflicients 7, A and g are parameters of the model [1].

Six-loop calculation of the renormalization group functions in the model
(1) was carried out in d = 3 — & dimensions using the dimensional regulariza-
tion. The model was renormalized within the minimal subtraction scheme
(MS) [1]. Al diagrams, except seven diagrams, were calculated with G-
functions [2]. For the remaining seven six-loop diagrams, the G-function ap-
proach allowed to reduce them to one two-loop and six three-loop diagrams,
which were computed numerically using the Sector Decomposition method
[3]. The results obtained differ from those previously known [4].

The work is supported by the Ministry of Science and Higher Education
of the Russian Federation (agreement no. 075-15-2022-287).
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YCTOMYUBOCTDb U JUHAMUKA TONMOJOTMYECKUX CTPYKTYP B
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Tononornueckne CTPyKTypsl B MarHeTmkax H Okuakux kpucramiax (OKK)
MPEACTABIAIOT OOJBLION HMHTEpEC C TOYKM 3pEHUst (yHIAMEHTaJIbHOW HayKH,
IIOCKOJIBKY 3716Ch MTPOSBIIAIOTCS TTyOOKHE BHYTPEHHHE CBS3H TOIOJIOTHH U (PU3HUKH.
YCTOWYMBOCT TAaKWX CHCTEM, HA3bIBAEMBIX TOMOJIOTHYECKHIMH COJIMTOHAMH,
CBSI3BIBAIOT C HAIMYMEM TOMOJOTHYECKMX WH/EKCOB, COXPAHSIOIIUXCS IpU
HenpepbIBHOM M3MeHeHnu HamarHunuenHocT/ KK nupekropa. Byzner npencrasineHa
TEOpHsl, KOTOpasi MO3BOJISET OIIEHUTH 3BOJIIOIMIO BPEMEH >KU3HH COCTOSHHMH Ha
JIVCKPETHON pelIeTKe NpH YMEHBIIEHHM IIOCTOSIHHOM PEIIETKH M Mepexoie K
HETIPEpPBIBHOMY TIPEENy, KOTa JOJDKHA MPOSIBIIATHCS TOIOJIOrHYecKas 3ammra [1].

B ciydae TpexMepHBIX TOIOJIOTHYECKUX COJMTOHOB, B YCIOBUSX OTPaHUMYEHHOMN
reoOMeTpuM, OyAeT IOKa3aHa BaXHOCTb TI'PAaHUYHBIX YCJIOBHHA IIPU ONUCAHUH
PaBHOBECHBIX CBOMCTB M B3aMMOJACHCTBHS MEXTy HUMH [2].

Jnst pacueta AMHAMUKN MarHUTHBIX TONOJIOTMYECKUX CHCTEM OYAET MOIydYEeHO
00001eHHoe ypaBHeHHe THIIs, yUUThIBaIOIIEe 3aJaHHbIil HA0Op HU3KOIHEpreTHYec-
KHX BO30Y>KI€HHH PaBHOBECHOM MarHUTHON CTPYKTYpbL. Byner nokazaHa BaXHOCTh
COXpaHEHWsT TaMWJIBTOHOBOW (OPMBI ypaBHCHWH MABIKCHHA. J[I1 MarHUTHOTO
CKMpPpMHOHA paJuyC W CIIUPAJIBHOCTH OKa3bIBAIOTCA KAHOHUYCCKH COIPAKCHHBIMU
NEpEMEHHBIMA ¥ TOJBKO HMX OJHOBPEMEHHBIH YYET IO3BOJISIET BOCIIPOM3BECTH
OCHOBHBIE OCOOEGHHOCTH MAarHWUTHOW pENIaKCAalliy MPH BKIIIOYEHHUH (BBIKIIOUYCHHN)
TOJISI, COTTPOBOXKIAIOIICHCS OCIIMIUIALIUAMHE paguyca [3].

HccnenoBanue BBINOMHEHO NPH HOAJEpKKE rpaHta Poccuiickoro Hay4yHOTO
¢donma Ne 23-72-10028, https://rscf.ru/en/project/23-72-10028/
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MONTE CARLO STUDY OF THE TWO-DIMENSIONAL MODEL OF
SEMI-HARD-CORE BOSONS
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We consider a model of charged semi-hard-core bosons [1] on a square lattice with a possible
occupation number n; = 0,1,2 at each node. The model Hamiltonian includes local (A) and
interstitial (V) charge correlations and also transfer of boson pairs between neighboring nodes
(t). In work [2] we used mean field approximation (MFA) method and showed that the following
phase states can be realized: a charge ordering (CO), a superfluid phase (SF) and phase separation
(PS).
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Figure 1: Temperature phase diagrams for the value V /¢ = 0.75. The dark (light) shaded area corresponds to the PS
phase obtained by the SGF(MFA) method. The solid and dotted lines indicate the critical temperatures obtained by the
SGF and MFA methods, respectively. Hear x is the deviation of the boson concentration from half filling.

In this work phase diagrams of the model were obtained using the quantum Monte Carlo
method (QMC). The general trend is the suppression of CO and SF phases with increasing A.
Additionally, the proportion of the SF phase on the diagram is higher in the SGF method than in
MFA. Meanwhile, the position of the tricritical point in SGF is always at lower values of x. We
explain this by the fact that the consideration of quantum fluctuations reduces the kinetic energy
of the system, making the SF phase more favorable.
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ONUCAHUE NMONEPEYHBIX KOJJIEKTUBHBIX BO3BYKJIEHU
KNIKOCTH IOKABBI B PAMKAX CuAMOCOFJIACOBAHHOﬁ
PEJIAKCAIIMOHHOU TEOPUHN
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Kunxocts FOkaBbl sBHSIETCS MOJENbBIO, KOTOpAsl IIUPOKO HCIOIB3YETCS st
ONHCAHUS Pa3TUYHBIX (PUIUYCCKUX OOBEKTOB: OT KOJUIOWJHBIX PACTBOPOB H
MBIJICBON TUIa3MBI 10 THIa3MBI B YCTPOHCTBAX MO WHEPHHUAIEHOMY TEPMOSACPHOMY
cuHre3y. bonbmoe 3Hauenune moxenb OkaBel umeeT u Ui (yHIAMEHTAIBHOI
TEOPUHU KUAKOTO COCTOSIHUSI BEIIECTBA, MOCKOJIBKY MEXUACTUUHOE B3aUMOICHCTBUE
B 3TOM CJIy4ae OMUCHIBACTCS IMPOCTHIM aHATHTHYCCKAM BBIpakeHHeM. KiroueBbiMu
mapaMeTpaMu JaHHOW CHCTEMBI SBISIOTCS TapaMeTpsl HEHUICaTbHOCTH U
SKPAaHUPOBKH, KOTOPHIE OMPEIENSIIOT TEPMOIMHAMUYECKOE COCTOSTHUE CUCTEMBI. B
mocleHee BpeMs HAONIOJAeTCs 3HAYUTCNBHBIA HMHTEPEC K BI3KOYIPYTOMY
moBesieHNI0 cucteMbl KOKaBbI, 00yCIOBICHHOE TEM, YTO HA MHKPOCKOIMHYECKUX
MPOCTPAHCTBEHHBIX MacIITabax B KOJJIEKTUBHOW JWHAMHUKE YacTHI[ MOTYT
MPOSIBJISITECS  TIONICPEYHBIC  KOJIEOATENbHBIC MPOIECChl, KOTOPHIC  SIBISIOTCS
TATTUYHBIMA 711 TBepAbIX Tex [1]. B Hacrosmiedt pabote pa3BUBacTCs MOIXOX K
ONMCAHUIO TTONEPEYHBIX KOJUIEKTUBHBIX BO30YKACHUI M COBUTOBOH JKECTKOCTH Ha
OCHOBE CaMOCOTIJIACOBaHHOM penakcalioHHON Teopuu [2, 3]. B pamxax maHHOro
MOAX0/la TIOMYYEHbl AHAJIUTUYECKUE BBIPAXKEHUS IJISl CIEKTPAIbHOM IIOTHOCTH
MOTIEPEYHOTO TIOTOKA W AMCIEPCHH TIOTIEPEYHBIX KOJUICKTUBHBIX BO30YXKICHHHA
)kuakoctu FOkaBel. Pe3ynbTaThl TEOPETHUECKUX PACUETOB COTIIACYIOTCS C TaHHBIMH
MOJICTUPOBAHUS METOJIOM MOJIEKYJISIPHON TUHAMUKH.
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INVESTIGATION OF THE STRUCTURE AND STABILITY OF BORON-
CARBON CLUSTERS USING THE DFT METHOD
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Knowledge of ground state atomic configurations and the stability of B,C,
clusters yields insights into the structural foundations and explains a wide range of
facts about such interesting objects as boron-carbon nanoclusters, nanowires, films
and crystals, which may be used as H, and N, gas nanosensors, quantum dots,
thermoelectric energy converters, etc..[1] Using evolutionary algorithm USPEX
and ab initio calculations, the optimal atomic structures of boron-carbon clusters
B.C. in wide range of compositions (n, m=0 — 12) were predicted. We
constructed a map based on our data to illustrate the structural differences among
clusters. Furthermore, we investigated the stability of clusters using the
following criteria: second-order energy difference (A’E), fragmentation energy
(Efee). Based on these criteria, we constructed maps, which demonstrate the
existence of the "ridges" and "islands" of stability, corresponding to the most stable
"magic" clusters. For each of the clusters, we checked multiplicities up to 4 and
identified that some of them in ground state have multiplicity 3. Using the obtained
data, we constructed a map of magnetic moments for the clusters. We also
determined HOMO-LUMO gaps for each of the clusters. We have found unique
clusters that can serve as building blocks, as well as intermediates in the chemical
reactions of synthesizing complex nano-sized B-C formations.
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IIJTIABJIEHUE TPA®EHA U CUJIMIIEHA: CXOJCTBA U PA3JINYNS
10.1. Domun
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I'paden W cuwimieH mpenCTaBISIOT COOOM OJHOCIOHHBIE TUIEHKU
yriuepora M KpPEMHHS COOTBETCTBeHHO. Temmeparypa muiaBieHus rpadeHa
SIBIISIETCS] YPE3BBIYAHO BBICOKOM, M Ha CETOAHSIIHUN JICHb ObliIa OIICHEHa TOJIBKO
B paMKax METOJOB KOMIIBIOTEPHOTO MOJEIMpOBaHMA. B HekoTopsIx paborax
TeMmIeparypa IUiaBieHus rpadena Opuia omeHeHa kak 4500-4900 K [1,2], gro
CHJIBHO TNPEBBIIIANIO TEMIepaTypy IuiaBieHus rpadura B Tex ke mozaessx (3600
K) [3]. B Hacrosiem okiaie Mbl IOKa3bIBaeM, UTO B 3THX paboTax HadIoAaIach
BO3roHKa rpadeHa, a He IUIABJICHHE, a HACTOsIAs TeMIepaTypa IUIaBICHUS
rpadeHa, rMojgydeHHass METOIaMH KOMITBIOTEPHOTO MOJICTUPOBAHMS, COBIAIAET C
TEeMIIepaTypoii IIaBieHus rpadura [4].

B Toxe Bpemsl TEIJIOBOE paspylICHHE CHIHIEHA UAET MO JAPYromy
MEXaHHU3MYy, YTO MPUBOJUT K TOMY, YTO TOHKHE IUIEHKH CHJIMICHA PaCMafaroTcs
npu 6oiee HU3KUX TeMIIepaTypax, 4eM 0OBEMHBIN KpeMHUH [5].

B pabote oOCy»x)maroTcsi CXOACTBa M pa3Nudusl B BO3rOHKE TrpadeHa u
CHJIMIICHA U JIETIAI0TCS BBIBOJIBI O MMPUPOE STUX CXOJCTB U pasiauuui [5].

[1] K.V. Zakharchenko, A. Fasolino, J.H. Los, M.I. Katsnelson, J. Phys. Condens.
Matter 23, 202202-202206 (2011)

[2] J.H. Los, K.V. Zakharchenko, M.I. Katsnelson, Annalisa Fasolino, Phys. Rev.

B 91, 045415-045421 (2015)

[3] N.D. Orekhov, V.V. Stegailov, J. Phys. Conf. Ser. 653 (2015), 012090-012100
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[4] Yu. D. Fomin and V. V. Brazhkin, Carbon 157, 767-778 (2020)

[5] Yu. D. Fomin, E. N. Tsiok and V. N. Ryzhov, arXiv:2309.01521
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JOSEPHSON DIODE EFFECT IN ASYMMETRIC HIGHER-HARMONIC
SQUID
Yakov Fominov*'
'L. D. Landau Institute for Theoretical Physics, Chernogolovka, Russia

We theoretically investigate asymmetric two-junction SQUIDs with different
current-phase relations in the two Josephson junctions, involving higher Josephson
harmonics. Our main focus is on the “minimal model” with one junction in the
SQUID loop possessing the sinusoidal current-phase relation and the other one
featuring additional second harmonic. The current-voltage characteristic (CVC)
turns out to be asymmetric, [ | —V Z—1I(V | The asymmetry is due to the
presence of the second harmonic and depends on the magnetic flux through the
interferometer loop, vanishing only at special values of the flux such as integer or
half-integer in the units of the flux quantum. The system thus demonstrates the
flux-tunable Josephson diode effect (JDE), the simplest manifestations of which is
the direction dependence of the critical current. We analyze asymmetry of the
overall T :_V'I shape both in the absence and in the presence of external ac
irradiation. In the voltage-source case of external signal, the CVC demonstrates the
Shapiro spikes. The integer spikes are asymmetric (manifestation of the JDE) while
the half-integer spikes remain symmetric. In the current-source case, the CVC
demonstrates the Shapiro steps. The JDE manifests itself in asymmetry of the
overall CVC shape, including integer and half-integer steps.

[The work was supported by the Russian Science Foundation (Grant Ne 24-12-
00357)]
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STUDY OF ADSORPTION OF RADIONUCLIDES FOR TRANSFER URANIUM
ISOTOPES AND FOR PRODUCTION OF HIGH PURITY AMMONIUM SALTS
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Numerous scientific studies are devoted to the development of complex technologies for soil and
water purification, in addition to purification processes using adsorbents. The results of researches on the
study of mechanisms and processes for cleaning contaminated environmental objects from radioactive waste
have been published [1, 2]. The search for possible natural sources of radionuclides, or the study and
development of effective methods for cleaning environmental objects and soil areas contaminated with
radioactive emissions are an urgent task of radiation safety. Pre-sterilized dishes were used for soil and water
sampling, transportation and storage. Evaporation of water samples and soil extracts from laboratory heat-
resistant glass beakers was carried out on laboratory heathers. The measurements of the radioactive
background were carried out by "InSpector-1000" (Canberra Co.) radiometer, "Radiagem 2000" (Canberra
Co.) radiometer equipped with alpha, beta, gamma, neutron detectors, “UCII-PM1401K-01 IP65”
(Polimaster) dosimeter equipped with gamma and neutron counters and "GR-135 Plus" (Exploranium Co.)
radiometer-dosimeter for isotope determination [2, 3]. Atomic absorption AA-6800 spectrometer
(Shimadzu), SEM (scanning electron microscope, Carl Zeiss), X-ray fluorescence spectrometers were used
to determine elements and their quantities in the mass of minerals, isolated by analytical-chemical
procedures from soil and water samples. Uranium isotopes were transferred from soil samples to solutions.

The uranium isotopes activities in prepared aqueous solutions were 130, 131 and 6 Bq for U**
(99.24%), U** (0.0054%), U** (0.702%), respectively, which shows that soil samples taken from areas
around springs contain uranium isotopes in similar proportions found in natural uranium deposits. The activ-
ity of U**isotope (130 Bq) in water solutions after adsorption these isotopes on 100 g adsorbents used in our
studies (granular elastomer DOWEX HCR S/S, activated carbon, expanded clay, pebble gravelly sand and
granular anthracite masses) become 38, 65, 70, 76 and 86 Bq, respectively. The reqularities of adsorption of
radionuclides on adsorbent masses from water solutions can be used for cleaning process of the drain water
of the physical stage of crude oil refining.

The adsorption trend of 60 elements (Th, U, etc. radionuclides) in aqueous solutions of the salts on Dowex
50w-x8 cation-exchange and Dowex 1-x8 anion-exchange granular elastomer adsorbents were studied in order to
purify the salts purchased from the commercial network to suitable purity level for low-background
measurements. . The concentration of metal mixtures, as well as Th, U radionuclides in ammonium chloride and
ammonium acetate salts synthesized by the developed method of production of pure substances was lower than
the sensitivity of modern physico-chemical analysis methods. These salts are purer than their commercial analog.
Ammonium salts for soldering of low-background measuring device schemes and for using in nuclear medicine
were obtained from commercial available reagents with purification of trace amounts of radionuclides and other
heavy metal mixtures by adsorption on DOWEX cation- and anion-exchange sorbents.
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DIELECTRIC ENVIRONMENT AND RYDBERG EXCITONS IN
ATOMICALLY THIN SEMICONDUCTORS
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The dielectric environment contributes to electrostatic interaction in atomically
thin (2D) semiconductors, rendering their excitons environmentally sensitive. With
a general electron-hole interaction potential obtained by revisiting the electrostatics
problem of a 2D semiconductor and its immediate surroundings, we establish a
systematic relationship between 2D Rydberg exciton binding energies and radii
and the environment's dielectric constants. Our results reproduce the observed
dependence of 2D Rydberg exciton energies on the azimuthal quantum number
with their arranged details and show reasonable agreement with experimental
measurements. The model clarifies fundamental Rydberg exciton physics in 2D
semiconductors and can be used for dielectric control of Rydberg exciton
characteristics through dielectric engineering.
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BJIUSAHUE MATHUTHOI'O ITIOJISI HA CAMOCBOPKY BOJAHOT'O
PACTBOPA TAPAMATHUTHBIX HAHOYACTHUIL
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[IpencraBneHsl pe3ynbTaThl KOMIBIOTEPHOTO MOJIETHUPOBAHHS JABYMEPHBIX
KOJUIOMJHBIX CHCTEM, B KOTOPBIX II€pEeCTpanBaeMble B3aMMOJCHCTBHSI MEXKIY
JaCTHLAMHM HMHIYLUHUPYIOTCA ¥  KOHTPOJNHUPYIOTCS BHEIIHMM  BPAIIArOLIMMCS
MarHUTHBIM TiosieM  [1]. O¢¢exTuBHBIN TOTEHIMAaN B3aMMOJCHUCTBUS KpOMeE
OOBIYHOTO  TApPHOrO  IOTEHIMANa  BKIIOYAeT TaKKe W TpeXxyacTHYHOE
B3amMogpeiicTBue dactui. PopMa IMOTEHIMANa KapAWHAIBHO 3aBHCHUT OT YIJia
npereccud. [Ipu ManbIx yriax cucteMa BeleT ceds oJOOHO TBYMEPHOH cCHCTEME C
YHUCTO OTTAIKHUBATEIbHBIM IIOTEHIIMAIOM MSTKUX AUCKOB [2]. [Ipu Gonpiuux yriaax —
momo0HO 0000menHol cucreme JlenmHapn-/[koHca ¢ (nm)-moteHmmanoM [2],
IpPUYEM HaJM4YHe TPEXYaCTUYHOM YacTH TMOTEHNIHala NPUBOAWT K ITOHMKEHHIO
TEMIIEpaTypbl KPUTUYECKOW TOYKH ra3-)KUAKOCTb. [IpH cpeqHMX yriax mpeneccuu
noist Ha (a30BOM JuarpamMMe ecTh JIMHWM IUIABJICHHS TPEYTOJNBHBIX KPHCTAJLIOB
BBICOKOW W HH3KOM IUIOTHOCTH, NMPUYEM KPHUCTAI HU3KOW IJIOTHOCTH BO BCEH
obnactu ero cyiiecTBoBaHus MeTactabuieH. CTaOUIbHBIMU MTPHU HU3KOH IJIOTHOCTH
OKa3bIBAIOTCSl YHNOPSJOYEHHbIE WM XaOTHUECKHE HHUTEBHIHBIE CTPYKTYphl. Ilpu
Oonee BBHICOKOH IUIOTHOCTH HAOMIONAETCS ceTdaTas CTPYKTypa, B KOTOPOH
HCXOJHbIE HUTH 00pa3yroT nomnepeuHsle cBa3u. IIpu nanpHelemM pocTe MIOTHOCTH
B pe3yJbTaTe nepexoja 1-ro poja ceryaras CTPYKTypa IEpeXOAUT B TPEYTrOJIbHBIN
KpPHCTaJUI BBICOKOW IUIOTHOCTH. bBBIIO 0OOHapykeHO, YTO NpH CHHHOJAIHLHOM
pacmazie TpeyroiabHOTO KPUCTAIA HU3KOW INIOTHOCTHU ITOJTyHaroUIascsl M30TPOIHAs
KHUIKOCTh TIPH JAJbHEWIIeM HarpeBe oOpa3yeT pa3ynopsiiOYeHHbIE HUTEBHIHbBIC
CTPYKTypbl. JlanbHeiee MOBBILICHHE TEMIIEPaTypbl NPUBOAMT K pPa3pbIBY H
UCTIapPEHUIO HUTEH.
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HIGH SPIN POLARIZATION IN FULL HEUSLER CO;MNZ (Z = SI, GA,
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The full Co-based Heusler alloys are of particular interest because among them
there can be found half-metallic ferromagnets (HMF), spin gapless semiconductors
(SGS) [1], or topological semimetals (TSM) [2]. In our work, we carried out first-
principles calculations of Co,MnZ alloys for Z= Si, Ga, Ge, Sn on the basis of
density functional theory (DFT), the exchange-correlation functional was chosen in
the form of GGA PBE. And study the electronic structure, magnetic properties and
spin polarization in the selected Co,MnZ alloys. It was found that the Co.MnGa
alloy has the lowest spin polarization value about 51% and a total magnetic
moment about 4.2 pg. For Z = Ge, Si and Sn, there is an increase of the total
magnetic moment up to 5 pg. In the case of Co,MnSn, the value of the total
moment is equal to 5.1 pg — the largest among all the studied alloys. Co,MnGe and
Co,MnSi have the highest spin polarization at the Fermi level, 92 and 99%,
respectively, CooMnSn has 65% spin polarization. From these results, Co,MnGe,
Co,MnSi and Co,MnSn alloys are half-metallic ferromagnets and have potential
for use in spintronics devices. This research was supported by Russian Science
Foundation RSF # 22-42-02021.
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AnMa3zornojo0Hble HUTpHAHBIE 2D clIOMCTBIE CTPYKTYpBl - HHUTPHUAAHBI
NPEICTABISIOT cO00 HOBBIE CHHTETHYECKUE MaTepHaibl (Iocie HaHOAIMa3oB,
HAHOTPYOOK, MOHOATOMHBIX CJIOEB, [MAaMaHOB,). I[IpoBeneHHbIE pacdyeTsl HX
CTPYKTYp IMOKa3aJM BO3MOXKHOCTb TOJy4UTh 2D HNIMPOKO30HHBIE TTOJIYTTPOBOAHUKI
C PE30HAHCHBIMH IHMKaMH B 3JIEKTPOHHOM H ONTHYECKOM CIIEKTpax 3a CYeT
MyapoBOTO (a) CTPOCHUS CBEPXPEMIETOK, BKIodas kBazukpuctamt (b) [1-3].

OHM mepcneKTUBHBI Ui co3aaHus 2D ycTpoHCTB ¢ 31eMeHTaMH Pe30HaHCHBIX
TIOTJIOLIEHHS M HEIMHEHHO-ONTHYECKUX (P PEKTOB.

CuHTe3 HUTPUIAHOB Ha OCHOBe MyapoBbix 2D murpumo (MN, M=Al, B, Ga)
MPEJCTABISETCA pealn3yeM B OmKaiime ToAbl IMyTeM THAPUPOBAHUS WIH
(TOpUpPOBaHUS MyapOBBIX OU-CIIOEB METOJIaMU CHHTE3a U3BECTHBIX TUaMaHOB.

TN G0 i o e D

(b)
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CBepPXKPUTUIECKOE KYJIOHOBCKOE TI0JI€ MOXKET OBITH CO3/aHO B MEJJIEHHBIX
CTOJIKHOBEHUSX TSZKEJIBIX SIJep, €CJIM CYMMAPHBIA 3apsiji CTAJKABAKOIIIXCS
siIep TPEBBIIIAeT KPUTUIEeCKOe 3HadeHune, 21 + Zy > Zo = 173. Crnonran-
HOE POXKJIEHWE TO3UTPOHOB B TAKUX CTOJIKHOBEHUSIX OBLJIO HE3aBUCHUMO IIPE]I-
ckazaHo B paborax [1-2]. B TakoM CTOJIKHOBEHNM M3HAYAJBLHO HEATpaJIbHBI
BaKyyM MOXKET CaMOIIPOU3BOJILHO PACHAIaThCsl Ha 3apsi?KEHHbBI BaKyyM U
JIBa IO3UTPOHA. DKCIEPUMEHTAJIHHOE OOHAPYKEHUE CIIOHTAHHOTO POXKJIEHUSI
[IO3UTPOHOB CTAJIO OBbI MPSIMBIM JI0Ka3aTe/IbCTBOM 3TOI0 (DYHIAMEHTAIBHOTO
spyreHust. OHAKO CIIOHTAHHOE POXKJIEHUE ITO3UTPOHOB CUIBLHO SKPAHUPYETCS
JIMHAMWYECKIM POYKJIEHUEM MMO3UTPOHOB, KOTOPOE WHIYIPYETCsi OBICTPO Me-
HSIIOIIMMCSI BO BDEMEHU 3JIEKTPUIECKUM I10JIEM, CO3ABAEMbBIM CTAJTKUBAIOIII-
Mucs siypaMi. B Tedenne Tpex ecaTHIeTHit CINTaI0Ch, ITO PAca BAKyyMa
MOKHO HaOJIIOATh TOJBKO B CTOJKHOBEHUSIX C SJIEPHBIM CJIMITAHUEM, KOTJia
A/Ipa CBA3BIBAIOTC HA HEKOTOPOE BpeMsl U3-3a sijiepHbix cusl. Hepasuo [3-6]
OBLIO TOKA3AHO, YTO BAKYYMHBIN PaCa i MOXKHO HAOJII0IATh €3 KaKOro-jnbo
CIUIAaHUS siep. Pe3ysibraThbl 3TOro UCC/Ie0BaHus OYIyT IMPEICTABIECHDI B J10-
KJTae.

Uccnenosanue nomuepxkano rpanrom PH® (Cpaar No. 22-62-00004).
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It is generally accepted that conventional superconductors have nothing in com-
mon with unconventional superconductors, since unconventional superconductors
are metals with flat bands in the absence of quasiparticles. On the other hand, ex-
perimental facts show that both types of superconductors have common properties,
have quasiparticles and exhibit the common scaling behavior of the scaled conden-
sation energy Ea /Y [1], here E, is the condensation energy and 7 is the Sommerfeld
coefficient of electronic heat capacity. These facts pose a challenging puzzle for
condensed matter researchers. As a result, an acute problem arises of revealing the-
oretically substantiating experimentally observed scaled condensation energy Ex/Y
applicable to conventional and non-conventional superconductors [1]. Our theoreti-
cal consideration is based on the experimental paper that examines a representative
subset of cuprates under optimal doping without any pseudogap [1]. For the first
time, we have demonstrated that the universal scaling of the condensation energy
Ex/y=N(0)A?/yapplies equally to conventional and unconventional high-7, super-
conductors. Our explanation is based on the general property of superconductors:
Bogoliubov quasiparticles act in conventional and unconventional superconductors,
while the corresponding band is only deformed by the unconventional superconduct-
ing state [2]. These observations suggest that the unconventional superconducting
state can be considered BCS-like in some cases, as predicted in [3]. Our theoretical
observations are in good agreement with experimental facts.
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HccnenoBannss B o0iacTh  CBEPXIPOBOJHHKOBOWH  CIIMHTPOHWKH B
MOCJIEAHUE  TOABl  MHTEHCHBHO  paciuupsitorcs. Opnumu W3 HamOouee
MIPUBJIEKATEIBHBIX OOBEKTOB JJIsI MPOBEICHUS JNaHHBIX HMCCIEAOBAHUI SIBISIOTCS
THOpPUIHBIE CTPYKTYphl CBEPXIPOBOJHHKOB C MAarHeTMkamMM. B wacTHocTH,
BO3MOKHOCTh KOHTPOJHPOBATh MarHUTHYIO TPEIECCHI0 B (PEPPOMAarHUTHOM CIIOE
MIOCPEACTBOM CBEPXIPOBOSIIETO TOKA, MPOXOAAIIETO 4Yepe3 CTPYKTYPY, a TaKxKe
MarHUTHOE BO3ZICHCTBHE Ha CBEPXIPOBOIAIINA TOK, OTKPBHIBAIOT IIHPOKUE
MEPCHEKTUBBI JUI Pa3IMYHbIX IpUMEHEHuH [1].

Hamu  mpencraBneHsl  pe3ynbTaThl — UCCIENOBAHMH  PE30HAHCHBIX,
CHUHXPOHHU3AINOHHBIX M Xa0THYECKHX SBJICHUH B aHOMAJIBHBIX JHKO3E€()COHOBCKHX
CTPYKTYpax, B KOTOPBIX pealu3yercsi IpsMasi CBsI3b CBEPXIPOBOMAIICH PAa3HOCTH
(a3 ¥ HaMarHMYeHHOCTH. Bo3nelicTBIe BHEUIHETO AJIEKTPOMArHUTHOTO H3ITyYEHUs
NPUBOJUT K PsIy YHHUKAJIbHBIX SIBJICHHH, CBA3aHHBIX C (eppoMarHUTHBIM
PE30HAHCOM M CHHXPOHHU3AIUEH K03e()COHOBCKUX M MAarHUTHBIX OCIMJUIILUNA B
cucreme [2,3]. Coderanne 1K03e()COHOBCKOTO M KUTTEIEBCKOTO (peppOMarHUTHBIX
PE30HAHCOB C PA3IMYHBIMU THIIAMH CHHXPOHHM3AaIMHM JAeiaeT (U3UKY JaHHOW
CHCTEMBI UpPE3BBIYAfHO HWHTEPECHOW W OTKPBIBACT PSAJ HOBBIX ITPHUIIOKCHHH.
[IpencraBneHsl TakXkKe pe3yJbTaThl, AEMOHCTPUPYIOIIUE MPOSBICHUE XA0TUUYECKUX
SIBIICHUH B TaHHBIX CTPYKTypax [4].
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Ilouck B3auMOCBSI3€l MEXAY D3JEMEHTHBIM COCTaBOM, CTPYKTypod u
MaKpOCKOIIMYECKUMH ~ XapaKTepHUCTUKAMU MAaTepHaJoB SIBISETCS BayKHEHILEH
3ajadeil Kak I (GyHIAMEHTAJIbHBIX, TaK M MU IPHUKIAIHBIX HCCIEJOBAHHUM.
BonpIIMHCTBO ~ COBpeMEHHBIX  (YHKIMOHAIBHBIX  MAaTepHaloB Ha  OCHOBE
METAIMYECKUX  CIUIABOB ~ —  3TO  MHOTOKOMIIOHEHTHBIE  MaTepHallbl,
npuoOperaromme CcBOM (PU3MKO-XMMHYECKHE CBOWCTBAa 3a CUET KOMIUICKCHOTO
JIETUPOBaHMs OOJNBIIMM YHCIIOM 3JIEMEHTOB. boJblIoe KOJIMYECTBO CTereHeH
CBOOOABI JIENIaeT YHCTO OSKCIEPUMEHTAIBHBIA IIPOIEcC IOMCKAa ONTHMAabHBIX
COCTABOB CILIABOB KpaliHE TPYJOEMKMM M DJHEPro3arpaTHbIM. TpajulMOHHBIN
METOA HCCICAOBAHHUA TaKHUX CHCTEM B 3HAYUTEIIFHOU CTENEHH nucuepnana CBOM
pecypc ¥ He OTBEYaeT COBPEMEHHBIM TpeOoBaHUsAM. [lodToMy BaKHOW 3amadeit
SIBISIETCSI pa3pabOTKa HOBBIX ITOJXOJ0B K JU3aliHYy MaTEpHAaJIOB C HCIOIb30BaHUEM
MIEPEIOBBIX OTKPBITHH, HOBBIX YCTAHOBJICHHBIX (H3MYECKHUX 3aKOHOMEPHOCTEH,
HOBEHIINX METOJMK HccieioBaHus BemecTBa. OUH U3 EepCIeKTHBHBIX METOIOB --
MHOTOMAacCIITa0HOE MOJIEJIMPOBAHNE, OCHOBAaHHOE HA IPUMEHEHHH aJITOPUTMOB
HCKYCCTBEHHOT0 HHTesIeKkTa. [losie3Has OCOOEHHOCTh 3THUX IOJXOJOB — I3TO
BO3MOXXHOCTh JICTAJIbHO HCCIIEIOBATh IIHPOKUE OOJACTH TEPMOAMHAMUUECKUX
nmapaMeTpoB, YTO BaXXHO JJId IMPOMBIIIJICHHOCTH. O}:[HaKO HCOaBHUC HUCCIICAOBAHUA
MIOKa3aly, 4TO JaKe 3TOT IMEPCIEKTHUBHBIM MOAXOJ MOXKET ObITb HETOUHBIM AT
pacdera TpPaHCHOPTHBIX CBOMCTB WiM  (DAa30BBIX  JWarpaMM  HEKOTOPBIX
MeTaJUIMIECKHX cIuIaBoB. CTpaTerus ¢ HCIOIb30BaHUEM TPaHC(HEPHOTO 00YIEHUS H
rpadoBBIX HeWpoceTed MO3BOJSET Ha MOPSJOK COKPATUTh 00BeM O00ydarommx
JaHHBIX II0 CPAaBHEHHIO CO CTaHIAPTHBIM NOAXOAOM, W C HHU3KMMH 3aTpaTaMu
NepeoOyYnTh MEXKaTOMHBII HEHPOCETEBOM MOTEHIIMA HA HECTaH/IapTHBIE 0OMEHHO-
KOppesLUOHHbIe (YHKIHOHaNbl, Takue, Harmpumep, kak 12SCAN u PBEsol.
Haan/IMep, pacye€T BABKOCTH B MHOTI'OKOMIIOHCHTHBIX MECTANIMYECKUX paciijiaBax
IIPEACTaBIsIET COOOH CIOXKHYIO 33/1a4y Kak Al KJIACCHYECKUX, TaK M AJISI METOJIOB
ab initio. MBI TpoBeNMM MOAETMPOBAHNWE KMHEMATHYECKOW BS3KOCTH B TPOMHBIX
pacmiaBax Al-Cu-Ni ¢ ucrons30BaHHEM TOTSHIMAIOB TITyOOKHUX HEHPOHHBIX CETEH;
OTKJIOHEHHE OT SKCIIEPUMEHTAIbHBIX JaHHBIX He mpeBbimaer 12% u OGim3ko K
MHTEpBaLy HEONPEIEIICHHOCTH YKCIIEPUMEHTANBHBIX JTaHHBIX, CM. pHc. 1. Uto emie
Ooslee  BaXXHO,  HAlle  MOJAEIMPOBAHWE  BOCIIPOM3BOJUT  MHHUMAJIbHYIO
KOHLICHTPALMOHHYIO 3aBUCUMOCTh BSI3KOCTH JBTEKTHYECKOTO COCTaBa. Takum
00pa3oM, MbI MPUXOAMM K BBIBOAY, 4ro MJI-MomenupoBaHHe Ha OCHOBE
MOTCHIMAJIOB MAIIMHHOTO OOy4YeHHUs SIBISIETCSl KaK IEPCIEKTUBHBIM CIIOCOOOM
pacdera BSA3KOCTH, TaK M TEOPETUYECKUM CIIOCOOOM OIPENECNCHUS IBTEKTHUECKUX
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COCTaBOB.
Puc. 1. ®a3zopas auarpamma Al-Cu-Ni u KuHEMaTH4YeCKast BA3KOCTb.

References

[1T N. Kondratyuk, R. Ryltsev, V. Ankudinov, N. Chtchelkatchev, Journal of
Molecular Liquids 380, 121751 (2023).

80



)II/IHAMHqECKI/Iﬁ JUAMATHETHU3M B JIETKO-IIJIOCKOCTHOM
AHTU®EPPOMATHETUKE B HAKJIOHHOM I1OJIE
A.C. Lllep6axos’, O.H. YTecos®

'HUL] «Kypuamoeckuii uncmumymy — IHIHAD, T'amuuna
Center for Theoretical Physics of Complex Systems, Institute for Basic Science
(IBS), Daejeon 34126, Republic of Korea
nanoscienceisart@gmail.com

utiosov@gmail.com

Coequnennss DTN [ NiCl,-4SC(NH,):] u ero momupoBanHBI OpoMOM (C 3aMEHOI aTOMOB XJIopa Ha
atombl Opoma) anamor DTNX [1,2] u3yyanuck B TEYEHHE IOCICAHUX HECKOIBKUX MACCATUIICTUI B
OCHOBHOM B KOHTEKCTE KBAHTOBBIX ()a30BBIX IIEPEXOJOB KaK B OTCYTCTBHE OECIOpSIKA, TAK U IPH €ro
HaJIMYMK. DTH BEIIECTBA MOXKHO pacCMaTpUBaTh Kak ciabocBsizaHHble aHTH(eppoMarHuTHbie (AD)
LIETIOYKH CO CIIUHOM S=1 ¢ CHJIbHOM OJTHOMOHHOW aHU30TPONHEH THIIA JIeTKasl MIOCKOCTb.

B Haweii npeapiaymieii pabore [3] OOBACHANIMCH HEMOHOTOHHAs 3aBUCHMOCTH IIENU B CIEKTpE B
yHOpsZOYEHHOH (aze OT BeNMYMHBI BHENIHETO MATHUTHOIO TIOJNsA M KOHCTAaHT OOMEHHOrO
B3aHMOJCHCTBUSI B paMKax OOBIMHOrO JAMArpaMMHOrO CTaHAapTHOro 1/S  pasmoxkenus, rae
MOAYEPKUBANACh BaKHAs POJIb CUIIBHBIX KBAHTOBBIX (DIyKTyaluif.

B Hacrosmeil crarbeé MbI IPOAOIDKAEM TeopeThueckoe oOcyxiaeHue pabotsl [3]. 3mech Mbl
paccMaTpuBaeM Clydyai HaKJIOHHOTO MAarHMTHOIO IOJIf, MCCIIEIOBABIIMICSA JKCIEPHMEHTaNbHO [4].
Ucnone3yst dopmanusm Kybo 1 nmeeliHOro otkimka u 1/S pasnoxeHue ObUIO IIOKa3aHO, 4TO
MHAYIMpYEeMas HAKIOHHBIM IOJIEM IIONEepeyHas KOMIIOHEHTa BOCHPUMMYHMBOCTH  HpHOOpeTaer
CHHTYISAPHOCTh B Onu3M 4yacToThl “KBa3sHroiaToyHOBCKOOro” MarHOHa W3-3a CHIIBHBIX KBAaHTOBBIX
TIOTIPaBOK, B MEpBOM Topsake 1/S pasnoskeHns. DTo NPUBOAUT K SKCHEPHMEHTAIBHO HaOIIFOaeMoi
TI0JIEBOH 3aBUCUMOCTH MM B aKyCTHYECKOIl BETBH crieKkTpa. IlokazaHo, 9To onTHdeckas BETBb BONM3N
IIEHTpa YIOPsANOYeHHOH (a3bl TNPHOOPETaeT 3HAYMTENBHOE 3aTyXaHHWE 3a CUET JBYXMAarHOHHBIX
nporeccoB. Takum o6pa3om, Halma T€OpHsl KOJIMYECTBEHHO NOAEPIKUBAET Ka4eCTBEHHOE 00OCYXkIeHHE
SIBJICHHS] AMHAMWYECKOTO IMaMarHeTH3Ma, Habmo1aeMoe B SKCTIepUMeHTax [3] .

Pabora Bhmonnena mpu moanepxke rpanrta Ilpesmmenrta Poccuiickoit Depeparmm uist
TOCYAapCTBEHHOM MOAICPKKH MOJIOJBIX YUCHBIX — KaHaAnuaAaToB Hayk MK-1366.2021.1.2.
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A new method, called the method of self-similar approximants, and its
recent developments are described. The method is based on the ideas of
renormalization group theory and optimal control theory [1-6]. It allows
for the effective extrapolation of asymptotic series in powers of small vari-
ables to the finite and even to infinite variables. The approach is proved to
be regular. It is illustrated by several examples demonstrating good agree-
ment with numerical calculations. The method is shown to provide accurate
approximate solutions to complex nonlinear problems. In some cases, the
method allows for the reconstruction of exact solutions on the basis of rather
short perturbative series.
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