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NICKELATES: A NEW CLASS OF HIGH-TEMPERATURE SUPERCONDUCTORS

LV. Leonov

M. N. Mikheev Institute of Metal Physics, Russian Academy of Sciences, Yekaterinburg, Russia
E-mail: ivan.v.leonov@yandex.ru

Thetheoretical understanding of the electronic, magnetic, and structural phase transitions
of materials with strongly correlated electrons has been among the main research topics
of materials science and condensed matter physics over the last several decades. In such
systems the complex interplay between electronic correlations and the spin, charge, orbital,
and lattice degrees of freedom leads to a wealth of ordering phenomena, emergent quantum
phases and high-temperature superconductivity (SC), which makes these materials attractive
for possible technological applications and in fundamental research. In this regard, the recent
discovery of unconventional superconductivity in hole-doped infinite-layer nickelate thin films
RNiO5 (R = Sr, Ca, REE) with a nominal low-valence Nit state below T, ~ 14 K has stimulated
much experimental and theoretical efforts to explain the unusual properties of this novel
class of SC materials [1,2]. More recently, it has been demonstrated that under pressure
bulk single- and polycrystalline phases of La,;1Ni;,03,,11 (LNO) with n = 2 (bilayer, Ni*>>*)
and n = 3 (trilayer, Ni2-¢7*) exhibit SC with a high transition temperature, comparable to that
in cuprates, ~80 K (for n = 2) and 20-40 K (n = 3), opening up a new route to design high-
temperature SC [3,4].

In this talk, I will review experimental and theoretical data on this topic. I will discuss the
effects of electron corrections, chemical doping, and pressure on the normal state electronic
structure, orbital-dependent quasiparticle renormalzations, Fermi surface, and magnetic pro-
perties in this novel class of high-Tc SC [5]. It was shown that electron-electron correlations
and, in particular, spin fluctuations, are critically important to describe the properties of the
normal phase and superconducting state of nickelates. It was proposed that unconventional
superconductivity in nickelates is associated with suppression of spin and charge density
wave stripe ordering, e.g., under pressure, which leads to a sharp increase of spin fluctuations.

This work was supported by the Russian Science Foundation under grant N2 25-12-00416.

. LiD,, Lee K., Wang B. Y., Osada M., Crossley S. et al., Nature (London) 572, 624 (2019).

. Osada M., Wang B. Y., Goodge B. H., Harvey S. P, Lee K et al., Adv. Mater. 33, 2104083 (2021).

. Sun H., Huo M., Hu X, Li J., Liu Z et al., Nature 621, 493 (2023).

. Zhu. Y, Peng D., Zhang E., Pan B., Chen X., Chen L. et al., Nature 631, 531 (2024).

. Leonov L., Skornyakov S. L., Savrasov S. Y., Phys. Rev. B 101, 241108(R) (2020); Slobodchikov K. G., Leonov 1. V.,
Phys. Rev. B 106, 165110 (2022); Shilenko D. A., Leonov I. V., Phys. Rev. B 108, 125105 (2023); Leonov L. V.,
Phys. Rev. B 109, 235123 (2024).
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HYDRODYNAMIC REGIME OF EXCITONS TRANSPORT
IN VAN DER WAALS HETEROSTRUCTURES

V.N. Mantsevich** M.M. Glazov?

1| omonosov Moscow State University, Moscow, Russia
2Ioffe Institute, Saint-Petersburg, Russia

E-mail: vmantsev@gmail.com

A combination of fundamental physics and potential applications makes 2D exciton trans-
port a highly topical field of research nowadays [1]. Experimental studies of exciton transport
in 2D materials revealed diffusive propagation across hundreds of nanometers at ambient
conditions. While diffusive propagation of excitons remains the most studied and widespread
transport regime in 2D semiconductors [1] other scenarios are, generally, possible and deser-
ve detailed study. Particularly interesting propagation regimes are realized where excitons
beha- ve collectively. The most prominent example is the superfluid propagation of excitons
discus- sed in the literature [2]. Hence, at low temperatures and relatively high densities the
excitons should behave as inviscid fluid. Recently signatures of an inviscid propagations have
been reported for a MoS, monolayer [3]. The experimental results are consistent with the
nonviscous fluid scenario, however, the ultrahigh speed of exciton propagation, being several
percents of speed of light call for further discussion [4]. All this motivates further studies of
nondiffusive exciton propagation in atomically thin semiconductors.

Here we theoretically demonstrate the possibility to reach the viscous hydrodynamic—
liquidlike—regime of exciton propagation in two-dimensional materials, focusing on the mono-
and bilayers of transition-metal dichalcogenides [5]. This regime can be realized where the
exciton-exciton collisions dominate over exciton-phonon and disorder scattering. We have
derived the hydrodynamic like set of equations describing viscous flow of interacting excitons
based on the Boltzmann kinetic equation for the exciton distribution function. We obtained an
expression for viscous coefficient and performed a comparison of various exciton propagation
regimes including diffusive, viscous hydrodynamic, and superfluid regime is presented. Condi-
tions that allow one to observe the hydrodynamic regime of exciton transport and the role of
material are discussed. It was shown that mono and bi-layer of transition metal dichalcogeni-
des are an excellent structures for observation of hydrodynamic regime of excitons transport.

This work was supported by Russian Science Foundation Grant No. 24-12-00020.

1. A. Chernikov and M.M. Glazov, Exciton diffusion in 2D van der Waals semiconductors in 2D Excitonic Materials
and Devices, edited by Parag B. Deotare and Zetian Mi (Elsevier,Amsterdam, 2023).

2. M.M. Fogler, L.V. Butov, and K.S. Novoselov, Nat. Commun. 5, 4555 (2014).

3. A.G.del Aguila, Y.R. Wong, I. Wadgaonkar, A. Fieramosca, X. Liu, K. Vaklinova, S. Dal Forno, T. Thu Ha Do, H.Y. Wei,
K. Watanabe, T. Taniguchi, K. S. Novoselov, M. Koperski, M. Battiato, and Q. Xiong, Nat. Nanotechnol. 18, 1012
(2023).

4. M.M. Glazov and R.A. Suris, Zh. Exp. Teor. Fiz. 166, 20 (2024).

5. V.N. Mantsevich, M.M. Glazov, Phys. Rev. B 110, 165305 (2024).
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INTERPLAY OF SUPERCONDUCTIVITY AND FERROELECTRICITY:
TUNING SUPERCONDUCTIVITY BY THE ELECTRIC FIELD

A.S. Mel’nikov'* A.A. Kopasov?3, D.S. Annenkov*

IMoscow Institute of Physics and Technology, Dolgoprudnyi, Moscow Region, Russia
2National University of Science and Technology “MISIS”, Moscow, Russia
3Institute for Physics of Microstructures, Russian Academy of Sciences, Nizhny Novgorod, Russia
4. D. Landau Institute for Theoretical Physics, Chernogolovka, Russia
*E-mail: melnikov@ipmras.ru

Starting from a brief historical overview of previous research works on the electric field
effect in superconducting systems we proceed with the discussion of recent experiments
providing evidence for the interplay between superconductivity and sliding ferroelectricity in
van der Waals heterostructures. We analyze different theoretical ideas suggesting the expla-
nations for the puzzling stimulation of superconductivity by ferroelectric domain structure
and then focus on the scenario based on the assumption of the dominating interlayer electro-
nic attraction. The latter can trigger the formation of Cooper pairs consisting of electrons
localized in neighboring layers even in the absence of direct quasiparticle transfer between
the layers and has been previously analyzed for a number of layered and multiband supercon-
ducting materials including high-Tc cuprates.

We revisit the problem of nonlocal interlayer pairing focusing on its effect on the properties
of different types of superconducting hybrid structures. The difference between the electronic
spectra in neighboring layers can produce the effect similar to the effect of the momentum
dependent exchange field on Cooper pairing. We investigate the manifestations of such nonlo-
cal pairing and resulting unconventionalinduced superconductivity in several exemplary laye-
red systems in the presence of the energy band offset. The band offset is shown to induce
the odd-frequency superconducting correlations, affect the phase diagram and the magnetic
response of the system.

This model of interlayer superconductivity tuned by the energy band offset is applied
to explain the distinctive features of the interplay between the interlayer superconductivity
and ferroelectricity in van der Waals heterostructures. Corresponding analysis is carried out
within the framework of the quasiclassical Eilenberger equations for a tunnel coupled bilayer
with inhomogeneous relative shift of the conduction bands between the layers, which descri-
bes the net charge transfer in sliding ferroelectrics. It is shown that the critical temperature
of the interlayer superconductivity can be significantly enhanced for superconducting nuclei
localized in the vicinity of ferroelectric domain walls. We demonstrate that the increase in the
tunneling amplitude leads to the decrease (increase) in the difference between the critical
temperatures for localized and homogeneous superconducting states for the spin-singlet
(spin-triplet) interlayer superconductivity. We also perform an extensive analysis of the effects
of the in-plane magnetic field on the interlayer superconductivity. It is shown that the orbital
effect canresultin the suppression of the spin-singlet interlayer superconductivity and to the
enhancement of the spin-triplet one. We find that possible manifestations of the paramagnetic
effect include the suppression of the interlayer superconductivity by rather weak Zeeman
fields, the two-fold anisotropy of the critical magnetic field for the spin-triplet states as well as
the appearance of the reentrant superconducting phases. It is shown that the joint influence
of the orbital and paramagnetic mechanisms on the spin-triplet interlayer superconductivity
can even lead to a nonmonotonic behavior of the superconducting critical temperature as a
function of the external magnetic field.

Experimental evidence for the above nonlocal interface pairing would provide new perspec-
tives in engineering the unconventional superconducting correlations in heterostructures inclu-
ding topologically nontrivial superconducting states.

This work was supported by the Russian Science Foundation (Grant No. 25-12-00042).
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ALTERMAGNETIC AND NONCENTROSYMMETRIC ORDERING IN METALS

V.P. Mineev

L. D. Landau Institute for Theoretical Physics, Chernogolovka, Russia

Altermagnets are metals with a momentum-dependent spin splitting of electron bands
originating from their specific crystal structure, which is invariant under time reversal only
in combination with rotations and reflections. The developed phenomenological approach
allows us to obtain the spectrum of electron bands in altermagnets by comparing them with
antiferromagnets with the same symmetry, including spectrums of atermagnet analogs with
weak ferromagnetic and ferrimagnetic states.

Asimilar splitting of electron bands also occurs in metals whose symmetry does not have a
spatial inversion operation. This allows us to consider both types of materials within the same
mathematical framework, which, however, does not imply the coincidence of their physical
properties. For both types of materials, there will be considered: spin susceptibility, the kinetic
equation, the magnetoelectric effect, the anomalous Hall effect, and the piezomagnetic effect.
Asignificant difference is characteristic of the description of superconducting pairing. In non-
centrosymmetric metals it occurs between electrons occupying states in the same band,
whereas in altermagnets we deal with interband pairing.
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SINGLE PARTICLE AND TWO PARTICLE EXCITATIONS

IN THE TWO-DIMENSIONAL HUBBARD MODEL
ON SQUARE AND TRIANGULAR LATTICES

S.G. Ovchinnikov

Kirensky Institute of physics, Krasnoyarsk research center of Siberian branch of Russian Academy of Science

B noknage paccMaTpmMBaroTCs CBOMCTBA OQHOYACTUYHBIX U OBYXYACTUUHbBIX CIMHOBBIX U
3apsaoBbIX BO3OYyXKAEHWUA B OBYMEPHbIX CUSTbHO KOPPENMPOBaHHbIX CUCTEMAX C KBagpart-
HOWM 1 TPeyronbHOM peleTkaMm B pamMmkax Mogenn Xabbapaa v ee 06obuieHnin. Peannsaum-
el MoJenu Ha KBagpaTHou peweTke ansatoTcsa BTCI kynpaTobl, @ Ha TPeYronbHOM pelleTke-
crnoucTble gmxanbkoreHnabl 4d n 5d nepexofHbIX MeTaNN0B C U3MHIOBCKON CBEPXMPOBO-
omMocTbto. OCHOBHbIE pe3ynbTaThl NOMyYeHbl B PaMKaX KNacTepHOM TeOpUN BO3MYLLLEHWN,
MCNOJb3YHOLWEN NepPUOANYECKOe NOKPbITME UCXOLHOM pelleTky bonee KpynHbIMKU KNlacTepa-
MW, BHYTPW KOTOPbIX BCE B3aMMOLENCTBMUS YYUTbIBAKOTCH TOYHO. B pesynbTate TouHOM ana-
roHanMsaLmMm BHYTPKU KNacTepa cTpoaTcsa onepatopbl Xabbapaa B 6asunce BHyTpuknacrep-
HbIX MHOFOYaCTUYHBIX COCTOSIHWI, 1 B3aMMOLENCTBMA MEXAY KNacTepaMn yUnTbIBaKOTCS MO
Teopun Bo3MyLLEeHNI B npnbnmxeHun Xabbapg, 1.

[ns KynpaToB Takon Noaxo No3BOJSIN ONUCATb KOHLEHTPALMOHHYIO U TeMNepaTypHYHo
3BOJIOLMIO 3NEKTPOHHbIX CBOMCTB C (DOPMUPOBAHMEM ABYX TUMOB NCEBOOLLENEBbIX COCTOSA-
HWURN, cUbHOW K cnabon ncespoLwenn. B He[onnMpoBaHHbIX aHTU(EPPOMArHUTHbIX KynpaTax
BbllLe TeMnepaTypbl Heena Ty hopMupyeTcs nceBaoLLenieBoe COCTOSHME, KOTOPOE MaBHO
nepexoauT B PepMn-xnaKocTHoOe HopMasnbHoe cocTosiHue Npu T > 2Ty. C pOCTOM KOHUEH-
TpauuMu ObIPOK X XapaKTepHble TeMnepaTypbl HOPMUPOBaAHUS COCTOSIHUIA cnabo nceBno-
wenun T(x) n cunbHow ncesaoLeny T (x) cbnuxatloTcs 1 CTPEMATCS K HYM0 MpU nepexoae
B COCTOSIHME HOPMasibHON DepMU-KnaKocTh npu x>0.24. TakKe paccuUnTbIBAOTCA U OBYX-
YacTUYHble CNEKTPbI 3apPSAA0BbIX M CMMHOBBIX (hNTYKTyauui, 3aBucsLwmMe oT TeMnepaTypbl U
LONMPOBaHUS.

[ns TpeyrofibHbIX PeLeToK CIOUCTbIX ANXaIbKOreHUA0B NepexonHbIX MeTanoB 4OMnos-
HUTENbHO K KYJTOHOBCKMM B3aMMOLENCTBMAM HEObX0AMMO yUnTbiBaTh CNMH-0pbuTanbHble
B3aMMOLENCTBMS, NPpMBOAALLME K aHM30Tponun N3umHra unmn Pawbel. Ons HMX B paMKax Ta-
KOW e KJTaCTEPHOWN TEOPUN BO3MYLLEHNI PACCUMTaHbl 3BOTOLUN 3NIEKTPOHHON CTPYKTYPHI
M CMEeKTPOB CMMHOBBIX M 3apSaA0BbIX IYKTyaL Wi C POCTOM KOHLEHTPAaLLMN HOCUTENEl TOKa.
MpocnexnBaeTcsa KOPPensunsa nx MUSMeHEHNN, a TaKKe CTaTUUYECKMX CMMHOBLIX KOPPeNsaTo-
pOB, onpenenstowmnx 6aMKHUN MarHUTHbIA NOPSAO0K, C POCTOM NapaMeTpoB MoLEeN.

Paborta BeinosiHeHa npu noddepxke rpaHTa PH® 24-12-00044.
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FERROMAGNETISM IN ANTIFERROMAGNETIC QUASI-2D CRYSTALS

V.M. Pudalovt, A.Yu. Levakhoval* A.V. Sadakovi, K.S. Pervakovi, V.A. Vlasenko?,
A.L. Vasiliev?, A.V. Ovcharov?, V.I. Bondarenko?, P.D. Grigorev®, N.S. Pavilov*, I.A. Nekrasov*,
LI Gimazov®, D.E. Zheleznyakova®, R.B. Zaripov®, Yu.I. Talanov®

1vV.L. Ginzburg Research Center, P.N. Lebedev Physical Institute RAS, Moscow
2National Research Centre “Kurchatov Institute”, Moscow
3UHCTUTYT TeopeTuueckoit dunankn um. J1.00. Nanaay PAH, Chernogolovka
4Institute for Electrophysics, RAS, Ekaterinburg
SE.K. Zavoiskii Kazan Physical-Technical Institute, RAS, Kazan

*E-mail: levakhovaayu@lebedev.ru

In pure semi-metallic quasi two-dimensional antiferromagnets (MnBi,Tes, EURbFesAs,,
Euln,As,, EuCd,As,, EuSn,As,, EuFe,As,, EuSn,P, etc.) delocalized electrons (or Cooper
pairs) propagate in a spatially changing magnetic field of a magnetically ordered lattice.

The talk will present a number of effects that are more characteristic of the FM- than
the AFM-state, the origin of which has remained a mystery until now [1,2]. In particular, in
the AFM state, the DC magnetization exhibits weak nonlinearity and even hysteresis at low
magnetic fields; the AC susceptibility diverges with decreasing temperature [3]. The electron
spin resonance (ESR) of EuSn,As, exhibits an additional line that is atypical for the AFM-
state [1]. To explain the origin of these effects, we sudied the microstructure of EuSn;As,
single crystals using a transmission electron microscope and revealed planar defects with
a thickness of a monolayer [3]. These defects have a local composition EuSnAs;, with tin
valence Sn(4+) and the absence of one monolayer of Sn atoms. The supercell of the defective
transition layer has the formula EuySni12As14, contains an odd number of Eu atoms and has
a non-zero magnetic moment [3]. DFT calculations of the band structure and magnetization
confirm the FM-ordering of the defect layer. The corresponding two-phase model of the meta-
material, in which FM defects are embedded in an AFM lattice [3] describes all the above-
mentioned features, including the dependences of the ESR on temperature and magnetic
field [2].

1. I.A. Golovchanskiy et al., Magnetic resonances in EuSn,As, single crystal, J Magn Magnetic Materials 562,

169713 (2022).

2. 1. 1. Gimazov et al., Ferromagnetic resonance in an antiferromagnetic crystal EuSn,As,, thp

3. AYu. Levakhova, et al., Emergence of ferromagnetism from planar defects in EuSn,As, antiferromagnet,
arXiv:2511.03582.

14

Q
1
=
-
>
Z
™=



levakhovaayu@lebedev.ru

Z§ f‘j g) XLI INTERNATIONAL < ff/ éﬁ/
WINTER SCHOOL 14 (14
M IN THEORETICAL PHYSICS w v

FEBRUARY 1-6, 2026

BRAVE NEW ALTERMAGNETISM

S.V. Streltsov

M. N. Mikheev Institute of Metal Physics, Russian Academy of Sciences, Yekaterinburg, Russia
E-mail: streltsov@imp.uran.ru

The combination of a centrosymmetric crystallographic structure with local structural al-
ternations and collinear antiferromagnetism can lead to broken PT (Parity x Time-reversal)
symmetry, resulting in non-relativistic spin-split bands [1,2]. Such magnetic systems were
called altermagnets [3]. Later, notion of altermagnetism of extended also on materials with
non-collinear spin structures. These materials now attract a lot of attention from both theore-
tical and experimental communities. In this short talk we will briefly discuss main ideas lying
behind altermagnetism, some particular altermagnets having structure of 6H perovskites and
various physical effects related to altermagnetism.

Support by RSF 23-12-00159 is acknowledged.

1. Hayami S. et al., J. Phys. Soc. Jpn. 88, 123702 (2019).

2. Yuan L.-D. et al., Phys. Rev. B 102, 014422 (2020).

3. Smejkal L. et al., Phys. Rev. X 12, 040501 (2022).

4. Streltsov S., Cheong S.-W. NPJ Quantum Materials 10, 102 (2025).
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MAGNON SPIN CURRENTS IN COLLINEAR ANTIFERROMAGNETS

V.A. Zyuzin

L. D. Landau Institute for Theoretical Physics, Chernogolovka, Russia

We will be discussing Néel ordered antiferromagnet on a bipartite lattice. In Néel ordered
antiferromagnets there are excitations about the order called magnons. In a bipartite lattice
there are two types of magnon modes defined by their spin. We will be discussing recent
progress in transport properties of these magnons. For example, magnon spin Nernst effect
will be discussed. This is a situation when applied to the system temperature gradient creates
transverse to the gradient magnon spin currents, such that opposite spins flow in opposite
directions. We will then discuss a possibility of these magnons to result in a finite thermal
Hall effect in the absence of the applied magnetic field. This is a situation when in addition
to the spin currents, the magnon modes carry heat current in the transverse direction to the
applied temperature gradient.

Presence of finite thermal Hall effect in a physical system is a consequence of finite magne-
tic moment in the system. A finite magnetic moment in compensated collinear Néel ordered
antiferromagnets is allowed provided some crystal symmetries are broken in the system.
Such Néel ordered antiferromagnets are called Dzyaloshinskii’s weak ferromagnets and ferri-
magnets. In the absence of canting of the Néel order in these systems, the magnetic moment
will be carried by the magnons.

Finally, we will discuss another possibility of generation of the magnon spin currents in
Dzyaloshinskii’s weak ferromagnets originating from the magnon spin degeneracy breaking
due to the local non-magnetic environment of the Néel order.

1. V.A. Zyuzinand A.A. Kovalev, Phys. Rev. Lett. 117, 217203 (2016). Magnon spin Nernst effect in antiferromagnets.

2. M. Naka, S. Hayami, H. Kusunose, Y. Yanagi, Y. Motome, and H. Seo, Nature Communications 110, 4305 (2019).
Spin current generation in organic antiferromagnets.

3. V.A. Zyuzin, arXiv:2505.22317 (2025). Magnon thermal Hall effect in collinear ferrimagnets.
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MAIN TRIPLE POINT OF SUBSTANCES ON THE PHASE DIAGRAM:
THE SECRET BECOMES CLEAR

V.V. Brazhkin

L.F. Vereshchagin Institute of High Pressure Physics, Russian Academy of Sciences, Troitsk, Moscow, Russia

This paper analyzes the positions of the triple points of various elementary substances
and simple compounds on the P,T phase diagram. The pressures at the triple points vary
greatly — by many orders of magnitude for most substances! This enormous spread is due
to the very strong, nearly exponential, dependence of the saturated vapor pressure on the
reciprocal temperature near the sublimation and boiling lines. The physical meaning of the
pre-exponential factor for vapor pressure is discussed. A good correlation is established bet-
ween the pressure at the triple point of a substance and the ratio of the temperature at
the critical point to the temperature at the triple point. The relationship between the phase
diagrams of substances and the position of the triple and critical points on them with the
effective potential of interparticle interactions is examined. The evaporation of solid objects
in space conditions is discussed.
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A NON-MAGNETIC MECHANISM OF BACKSCATTERING
IN HELICAL EDGE STATES

P.A. HugsosY2* W.B. KpaliHos?, [].H. Apuctos®2, B.FO. Kayoposckuii?

1HaumoHanbHbIi MCCNeaoBaTENbCKMIA LLEHTP «KypuaToBCKUI MHCTUTYT», [eTepbyprcKkuii MHCTUTYT AAepHON
usnkn, NaTumHa, Poccma
2DU3NKO-TEXHNYECKNH HCTUTYT uM. A.D. Nodde PAH, CankT-MeTepbypr, Poccus

*E-mail: niyazov_ra@pnpi.nrcki.ru

Boonb rpaHuubl ABYMEpPHOro Tonosiormyeckoro nsonatopa (TW) cywecTBytoT NnpoBoas-
L Me Of4HOMEPHbIE 3/IEKTPOHHbIE KaHas bl (refMKkonaanbHble KpaeBble COCTOSHNS). B HUX anek-
TPOHbI C NPOTUBOMOMIOXHbIMUW HaNpPaBNeHUAMU ABUXEHNS UMEIKOT NPOTUBOMOOXKHbIE CAn-
Hbl. TeOpeTMYecKM, Takag TONoNornyeckas 3almnTa AoMKHaA NOAABNATh paccesaHne Ha HeMar-
HUTHbIX NTpuMecsx. OfHaKo B aKcnepumeHTax HabnogaeTcsa cnunbHoe paccesHne B obpasiiax
OJIMHHee 3 MKM, MHTEHCUBHOCTb KOTOPOro cnabo MeHsieTcsa ¢ Temnepatypon [1].

Mbl 06BACHSEM 3TOT 3(h(HEKT MEXaHN3MOM 0OPaTHOro paccesHUsA Ha 3apsXKEHHbIX OCT-
POBKaX, PacnosioXXeHHbIx B6nM3n kpas TU [2]. 3Tn 0CTPOBKM MOryT 3axBaTbliBaTb 31EKTPO-
Hbl M3 KPaeBbIX KaHANO0B 3a CYET TYHHENMPOBaHUS. B oTnnume ot npeablaywmx mogeneii [3],
KtoyeBast 0cobeHHOCTb Hallero MexaHn3Ma 3aKJ/4aeTcs B TOM, YTO B OCTPOBKE He Npouc-
XOAAT Heynpyrue npouecchl. 3To 06bAcHAET, noyeMy TemMn 06paTHOro paccesiHUS NoYTH He
3aBUCUT OT TEMNePATypsbl.

1.00
2 \ 2/ 3/ J = NR — NL
0.98
0.97

0.96

R/vsin®(2/3)

T

0.95

(b)

0.2 0.4 ¢ 0.6 0.8 1.0

0.93
0.0

1/

Puc. 1. (a) OctpoBok B6nn3n kpaa 2D TU. (b) 3aBUCUMOCTb paccesHusl Hasad OT MarHUTHOro NOoToKa
NpwW pasHoW cue TYHHENIMPOBAHUS B OCTPOBOK.

PaccMOTpUM maeanvsnMpoBaHHyo Mofeslb OCTPOBKA B BMAEe OTBEPCTUS B Tomosiornye-
ckoM nsonsitope (cM. Puc. 1 (a)). bes yueTa afieKTpOHHbIX B3aMMOLAENCTBMIM aMMNIMTY bl pac-
cesaHua ons nyten o6xona no v NPOTMB YaCOBOW CTPESIKM KOMMNEHCUPYHOT ApYyr Apyra, 1 06-
paTHoe paccesHue oTcyTcTByeT. OQHAKO NpW yuyeTe B3aMMOLENCTBMI BOSHUKAET DIIYKTYU-
PYIOLWMNI KPYroBoW TOK B KonbLe J, KOTOPbIA 3aBUCUT OT PasHMLLbl MeXay YMCnamMm npaebix
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1 NEBbIX 3/IEKTPOHOB. ITOT TOK CO3[AET PA3/IMUHYHO (hasy 419 3/IEKTPOHOB, 06X04sLLMX OCT-
POBOK B PasHblX HAMpaBAEHMAX, YTO CHMMAET KOMMEHCALMIO Y MPUBOAUT K KOHEYHOMY 06-
paTHOMy paccesiHuio. Ero BeposiTHOCTb MPOMNopLUMoHaibHa cpefHeMy 3HadeHuto {((sinJ)?),
KOTOPOE NPaKTUYECKM HE 3aBUCUT OT TeMMepaTypbl, HO c1labo MeHSeTCs C MarHUTHbLIM Mo-
TOKOM yepes ocTpoBok (cM. Puc. 1 (b)).

Tak>Xe Mbl paclUMPUNN 3TOT pesynbTaT o8 PeanmcTMyHon Mogenmn anddysnoHHoro ocT-
POBKa CO MHOXECTBOM CllyyalHbIX TpaeKTopuii. NokasaHo, YTo BKAaObl OT KIAaCCUYECKMX
(anddy3oH) M KBaHTOBO-UHTEPEPEHLMOHHbIX (KYNepoH) MPOL,ECCOB KOMMEHCHPYOTCS Npw
OTCYTCTBUM B3anmogenctems. OLHaKO Npu BKIKOYEHUN B3aUMOLENCTBUS OHMU HAUMHAKOT YCU-
nvBaTb obpaTHoe paccesHue. Ero BeposaTHOCTb CTAHOBUTCS NMPOnopuuoHansHon In(T_eT,
roe T_ — BpeMa AeKorepeHunn. 3ta norapudmmyeckas 3aBMCUMOCTb NPUBOAUT K OYEHb
MeLIEHHOMY U3MEHEHUIO PACCeAHMNS C TEMNEPATYpPOoN, YTo U HabntogaeTca B aKCNepUMeH-
Tax.

PaboTta BbinosIHeHa npu puHaHcosol noddepxke PH® (rpaHT N 25-12-00212).

1. E. Olshanetsky, Z. Kvon, G. Gusev, N. Mikhailov, Physica E 147, 115605 (2023).
2. L.V. Krainov, R.A. Niyazov, D.N. Aristov, V.Yu. Kachorovskii, JETP Lett. 122, 495 (2025).
3. J.1. Vayrynen, M. Goldstein, L.I. Glazman, Phys. Rev. Lett. 110, 216402 (2013).
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FULL-REPLICA-SYMMETRY-BREAKING SPIN GLASS
IN THE RANDOM BLUME-CAPEL MODEL

A.C. OByuHHUKOBY2* A.[l. Jlaxos?, B.E. CuHuubiH?, U.I. Boctpem?

ncTutyT dmsukm metannos YpO PAH, Ekatepunbypr, Poccus
2Ypanbckuit henepanbHblii yHnsepcuTeT, EkatepunHbypr, Poccus

*E-mail: alexander.ovchinnikov@urfu.ru

Ha ocHoBe Mopenu bntoma-Kanensa mbl npegnaraem obbsicHeHMe Toro, NoYeMy HeKoTo-
pble NOANTUMbI CIOUCTbIX COeQMHEHWU CEMENCTBA AMNXaNIbKOreHMA0B NepexofHbIX MeTas-
noB TaS,(Sey) MHTEPKANMPOBAHHbBIX Xene30M, NPosiBAAT CNUH-CTEKONbHOE NOBEAEHME, B
TO BpPeMs Kak Apyrue nonmTunbl 3TOr0 CeMencTBa AEMOHCTPUPYIOT HU3KOTEMMNEpaTypHoe
napaMarHuTHoe cocTosiHue [1]. Hawa Teopust yunTbiBaeT TOT (haKT, YTO B 3TUX COEAUHEHN-
X, BobaBneHHble Fe aToMbl 1160 3aMeLLatoT aTOMbI TaHTasa C NepexonoM B CUHIIETHOe Co-
CTOSIHME, TEPSIA CBOW MarHUTHblE MOMEHTbI, NMMB0 pacrnonaratoTcs Mexay cnosamu TaS,(Sey),
COXPaHsAa BbICOKOCMMHOBOE MarHUTHoe cocTosiHne. Moaens Britoma-Kanens nossongeT sse-
CTW XMMNYECKUIN NOTeHLMan ynpasnsaowmin banaHCcoM MHTepKanmMpoBaHHbIx Fe atomos 0bo-
nx TmnoB. Teopusa lataka-LLeppunHrToHa CAMH-CTEKONIBHOIO NOBEAEHUS ANS 3TOM MOAenu
npeacKasbiBaeT CyLeCcTBOBaHNE TPUKPUTUYECKOW TOUKM, O3HAYAIOLLLEN B HALWEM Clyvae Ha-
NnMyre NOPOroBon KOHLEHTPALUN MOHOB Fe, COXpaHsAoLWMX CBOM MarHUTHbIE MOMEHTbI; TOMb-
KO Mpwv eé npeBbIeHNN BO3HUKAET CNNH-CTEKONbHasA (asa. Huxe aToro nopora MoHbl Fe
BeayT cebs Kak He3aBMCUMbIe NapaMarHuTHbIe LeHTpbl. B pamkax mogenu LLeppuHrToHa-
KupknaTpvka Mbl NOCTPOUAN TeMMNepPaTypPHble 3aBUCUMMOCTU MarHUTHON BOCNPUUMUMBOCTY
1 3aBUCUMOCTM HAMAarHMYEHHOCTU OT MPUIOKEHHOrO MarHUTHOrO Nonst, YTo6bl NOAYEPKHYTh
0CcobeHHOCTM Mofenn, CBA3aHHble C USBMEHEHNEM COAEPKaHUS MOHOB Fe B BbICOKOCMUHO-
BOM COCTOSIHUW.

Kpome Toro, peannsys cxemy Naprsn NoAHOCTbIO HAPYLWEHHON PenIMYHON CUMMETPUH,
Mbl aHaNIM3MPYyeM H1U3KoTeMMnepaTypHble TepMOAMHAMMYECKME CBOMNCTBA — 3HTPOMMUIO U Ten-
NOEMKOCTb — BOIM3N TPUKPUTUUECKOW TOUKU NEPEXOAA B CUHINIETHOE NapamMarHuTHOe Co-
CTOSIHME U UccrenyeMm BAvsHNE 3h(heKTOB HECTEXMOMETPUM Ha 3TV BenuuuHbl [2]. MNpeano-
XeHbl cnocobbl ycuneHms aTux ahheKToB B peasibHbIX COeQUHEHMAX AN 3KCNepuMeHTasb-
HOW NPOBEPKU TEOPUMN.

Mbl Take 0TMeyvaeM, YTO CTPYKTYpa C/IOUCTbIX ANXaJIbKOreHUO0B NepexoiHbix meTtan-
N0B faeT BO3MOXHOCTb YBETMYUTb KOHLUEHTPALMIO MOHOB C HEHYNTIEBbIMU MarHUTHbIMWU MO-
MeHTaMM 3a cYeT COBMECTHOr0 MHTepPKarMpoBaHNA aTOMOB eJle3a C HEKPaMEPOBCKNMMU
3d-noHamu B BaH-Oep-BaasibCoOBCKME LWenn. ITOT NPOLECC MOXET MHULMMPOBATb Nnossse-
HMe CNUH-CTEKOSIbHOrO NOPsiiKa B M3HAYaIbHO NapamMarHuMTHbIX nonuTtunax Fe,TaS,(Sey).

1. Ovchinnikov A.S., Bostrem 1.G., Sinitsyn VL.E., Nosova N.M., and Baranov N.V., Phys. Rev. B 109, 054403 (2024).
2. Lyakhov A.D., Sinitsyn VL.E., Bostrem I.G., Fomenko V.E., Ovchinnikov A.S., Phys. Rev. B 112, 174415 (2025)
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QUANTUM MOLECULAR DYNAMICS IN A MOS,; MONOLAYER

B.B. Creratinosl2*, H.A. ®omuHbix12

106beanHEHHDI MHCTUTYT BbICOKMX TemnepaTyp PAH, Mocksa, Poccua
2MOCKOBCKMIN U3NKO-TEXHUYECKUI MHCTUTYT, [lonronpyaHsiii, Poccua
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ATOMapHO TOHKWE NAEeHKN ANXaNbKOreHUA0B NepexofHbiX MeTasIoB NPeacTaBNsSoT 3Ha-
UMTENbHbIA UHTEPEC B KadyecTBe OBYMEpPHbIX MOSYNPOBOAHUKOB C PerynMpyemMbiMu a/1ek-
TPOHHbIMM CBOMCTBAMMW 1 CUNTbHBIMW ONTUYECKUMU 3hheKTaMm, CBA3AHHbIMU C 3KCUTOHAMM.
MMeHHO N03TOMY CBOMCTBA 3KCUTOHOB B JaHHbIX MaTepuanax aBnstoTCs MHTEPECHEeNLINMM
06beEKTAMWN COBPEMEHHbIX UCCNEAOBAHWI U BbISOBOM /15 COBPEMEHHON DU3NKUN KOHOEHCK-
POBAHHOIO COCTOSAHUS, 3KCNEPUMEHTANIbHbIX TEXHUK 1 METOLO0B aTOMUCTUYECKOro MOAENM-
POBaHMS.

Onsa onvucaHns Bo3byXAEHHOro COCTOSIHUS 3KCMTOHA B paMKaxX KBAaHTOBOW MONeKynsp-
HOWM AMHAMKKMK B JaHHON paboTe ncnonbayetca noaxon ROKS [1], koTopbin 6narogaps cBo-
el BblMMCNTENbHOM 3h(heKTUBHOCTUN NPEeACTaBASET YHUKabHble BO3MOXHOCTM A5 HEMO-
CPeACTBEHHOr0 U3yUYeHUs INEKTPOHHOM CUCTEMbI C IBHBIM YUETOM KOHEYHO-TEMMEPATYPHbIX
konebaHui pewéTkn. B pamMkax aToro nogxopa paHee 6bi/1M onMcaHbl AUCCOLNALLUS SKCUTO-
Ha B NNIOTHOM hntonae Bogopoda [2] n nonumepusaumnsa B NIOTHOM MOMEKYNAPHON a3oTe
[3].

PasBMBas nogxod onvcaHusi 3KCMTOHOB B paMKax KBAaHTOBOW MONIEKYNSIPHON ANHAMM-
KW OJ15 yYeTa KOHeYHo-TeMnepaTypHbIX kKonebaHuin pelwéTkn, B AaHHOW paboTte 6binm pac-
CMOTpPEHbI CTPYKTYpa U TPAHCMOPT CBET/ION0 3KCUTOHA B MOHOC0e MoS,. Ncnonb3ysa LeH-
TPbl MAKCMMasibHO JTIOKaNM30BaHHbIX YHKL M BaHbe bblfia M3yveHa CKoppenupoBaHHas au-
HaMMKa 3NIEKTPOH AblPOYHOM Napbl, 06pas3yroLLen IKCUTOH, NPY Pas3finyHbIX TeMnepaTypax,
noJlyudeHbl COOTBETCTBYIOLLME pagmnanbHble PyHKUUM pacnpeneneHns c SBHON KYNOHOBCKOM
ACMMNTOTUKOM, a TaKXKe TeMMepaTypHas 3aBMCUMOCTb KoahduumneHTa anddysnm CBETIONO
3KCUTOHA, N0 KoTopoW bblna onpenenieHa aHeprus aktueauum [4]. Kpome Toro, B aHHOM f,0-
Knape byneTt paccMoTpeHa paananbHaa QyHKUWS pacnpepeneHns n ans TEMHOro 3KCMTOHa.

1. Frank I. et al., J. Chem. Phys., 108 4060-4069 (1998).

2. Fedorov I.D., Stegailov V.V., Chem. Phys. Chem., 24, 6 (2023).
3. Fedorov I.D., Stegailov V.V. J. Chem. Phys., 161, 15 (2024).

4. Fominykh N.A., Stegailov V.V., J. Chem. Phys., 163, 11 (2025).
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THE INFLUENCE OF ELECTRONIC CORRELATIONS

ON THE FERMI SURFACES AND ELECTRONIC STRUCTURE
OF TOPOLOGICAL SEMIMETAL WTe,

C.T. batdak** A.B. JlykosHos' 2

IWHCTUTYT hrsnku meTannos umern M.H. Muxeesa YpO PAH, EkatepuHbypr, Poccus
2Ypanbckuit DeaepanbHblil YHUBEPCHUTET M. nepsoro MpesuaenTta Poccun B.H. EnbuyHa, Exkatepunbypr, Poccua

*E-mail: baidak@imp.uran.ru

KBaHTOBbIN MaTepuan WTe, —3T1o nonymeTann Benna II Tmna, ons ero uccnenoBaHms 6bl-
N UICNONb30BaHbl TEOPETUYUECKME pacyeTbl HA OCHOBE NEPBbIX MPUHLUMNOB C YY4ETOM CUMb-
HbIX 3JTEKTPOHHbIX KOPPENSALNIA. INEKTPOHHAS CTPYKTypa paccunTaHa B pamMmkax metopga DFT+
U + SOC, 3HaueHne Xabbapposckoro napametpa U ang coctoaHumn W-5d onpenensietcsa B
pamkax DFPT (Density-Functional Perturbation Theory) npu noMouu koga hp.x B nporpamm-
HoM nakeTe Quantum ESPRESSO, 3HaueHne napameTpa noayyunnoch pasHbiM 3 3B ona op-
TopoMbuueckom cTpykTypbl Ty-WTe,. B 30HHON CTpYyKTYpe 6bian obHapyxeHbl ABa Hebonb-
LWNX ObIPOYHbIX KAPMaHa 1 [,Ba NOYTN BbIPOXAEHHbIX 3N1IEKTPOHHbIX KapMaHa 4yTb 6onbLue-
ro pasmepa B0J1b BbICOKOCMMMETPUYHOIO HanpaeneHus I — X [1]. BaneHTHas 30Ha cocTouT
N3 31eKTPOHHbIX cocTosiHun W-5d 1 Te-5p, a 30Ha NPOBOAMMOCTU B OCHOBHOM COLEPXKUT
cocTosiHust W-5d. B 30HHON CTpYKType Takxe 6binn obHapyKeHbl ABe napbl Touek Benna un
BblUYMCNEHbI MX KOOPAMHATbLI B UMMYbCHOM NPOCTPAHCTBE, MO pesysibTaTaM pacyeTa obe na-
Pbl IeXaT B NJIOCKOCTM 30HbI BpunntoaHa k; = 0. Takxxe Bblin cMOgeNMpoBaHbl MOBEPXHOCTU
®epMun 1 paccunTaHbl X MaKCUMarbHble NAOWAAM NONEpPeYHOro ce4eHns B paMmKkax meTo-
fa DFT+U c pacyeTHbIM 1 gpyrummn 3HadveHnsmmn napametpa U. B 3oHe BpunntoaHa 6binm
06HapyXeHbl AiBe 3aMKHYTble 3/IeKTPOHHbIE 1 ABe AblPOYHbIE MOBEPXHOCTU, KOTOPbIE COOT-
BETCTBYIOT HebONbLIMM KapMaHaM B panoHe ypoBHsA DepMu B 30HHOM CTPYKTYpe coeaunHe-
Hus. B pacueTax Takxe nonyvyeHa noBepxHocTb @epmu B hopme annmnconaa eLe MeHbLLero
pasMepa BOKPYr BbICOKOCMMMETPUYHOM TOUKM [, KOTOpas O4eHb YyBCTBUTENbHA K 3Have-
Huto napameTpa U. [laHHble noBepxHocTn Mepmu Bbinn conocTaBfeHbl C 3KCNepUMeHTasb-
HbIMK M3MepeHusaMK ocumnnsaumi LLybHnkoBa-ae Maasa u 6b1no obHapykeHo xopollee co-
rnacue TeopeTUYecKmnx pesynbTaToB 1 3KCMepPUMEHTANIbHbIX OaHHbIX. VI3 KBAHTOBbIX KOMe-
H6aHun Takxke Bblna nonyyeHa HeTpuBManbHas hasa beppu n B coueTaHnm C TEOPETUYECKN-
MW UCCnefoBaHMaMM OenaeTcs BbIBOL, YTO TOUKM Bennsa pacnonoxeHbl BHYTPY OblPOYHbIX
KapmaHoB [1]. MonyyeHHoe 3HaueHMe napameTpa U NoKasbiBaET, UTO B TONOSIOrMYECKOM MO-
nymetanne WTe, BeNCTBUTENbHO NPUCYTCTBYIOT CUJIbHbIE 3/IEKTPOHHbIE KOPPEensaumu, yueT
KOTOPbIX AA€ET Ny4llee cornacue ¢ 3KCnepuMeHTabHbIMU pesynbTaTamu.

370 uccnedoBaHue 61710 NoddepHaHo Pocculickum Hay4YHbiM (hOHOOM B PAMKAX NPOeKTd
N 24-72-00168.

1. Fominykh B.M., Perevalova A.N., Baidak S.T., Lukoyanov A.V., Naumov S.V., Marchenkova E.B., Marchenkov V.V.,
J. Alloys Compd. 1039, 182966 (2025).
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MAGNON THERMAL HALL EFFECT IN SKYRMION CRYSTAL

0.B. BapambiruHa** f.H. Apuctost?

THUL, «KypuaToBCcKuit HCTUTYT» — MUAD, FaTunHa, Poccus
2CaHkT-TMeTepbyprekuii rocyaapcTBeHHbI yHuBepcuTeT, CaHkT-MeTepbypr, Poccus

*E-mail: barjv@mail.ru

MarHuTHble CKMPMWOHbBI — 3TO TOMOJIOTMYECKMN HETPUBUASIbHbIE BUXPU JIOKAbHOW Ha-
MarHM4eHHOCTU. B LUIMPOKOM crneKkTpe MaTepuanoB OHU YNOPSA0UYMBAIOTCA B PELUETKU, TaK
Ha3blBaeMble CKUPMUOHHble kpucTannbl (CkK). CnekTp anemMeHTapHbIx Bo36yxaeHun CkK
Takxe obrnapgaeT HeTpPMBMANbHOM Tonosornen. Tononornyeckmne CBOMCTBa CNeKTpa NpuBo-
OST K BOSHUKHOBEHWIO B CUCTEME Psfa YHUKANbHbIX SBNEHNN, OOHUM U3 KOTOPbIX ABNSETCS
Tennosol achchekT Xonna (T3X) MarHoHoB. 3TOT adhheKT 3aK/oHaeTcs B NOABIEHMUM NOTOKA
Tenna, NepneHanKynapHoOro Co3gaHHOMY B CUCTEME FpafMeHTy TeMnepaTypsbl.

MexaHun3M nosiBneHust T3X B cMCTEMe, roe OTCYTCTBYOT CBOHOAHbIE HOCUMTENN 3apaaa,
npepnonaraeT Hanmume ocobbix CBOMCTB cucTeMbl. Hanpumep, 6b1n10 TeopeTnyecku npen-
CKa3aHo Hanu4yme Tennosoro ayexTa Xonna MarHOHOB B ABYMepPHOM heppoMarHeTmke co
CTPYKTYypol pelwéTkn Karoms [1]. B 2022 roay 6binn ony6nnKoBaHbl pesynbTaThl aKCnepu-
MeHTa No 0bHapyKeHNI0 TENIOBOIO XOJIOBCKOro OTKAMKa B CKK [2].

B HacTosel paboTe paccMaTpuBaeTcs ABYMepHas Mofenb (heppoMarHeTMka co B3a-
nmopencTenem [3a10WnHCKOro-Mopumn n BHEWHMM MarHUTHbBIM noneM. B Takon mopenu
B HEKOTOPOM AuanasoHe napamMeTpoB peanusyeTtcsa hasa CKMPMUOHHOrO Kpuctanna. Mc-
cnepyeTcs MarHoHHbIN cnekTp CkK B nogxope ctepeorpadmyeckon npoekunn [3]. Takol
noaxof no3BonseT NpenctaBuTb yHKLMIO, onucbkiBatowyo CKK, B Buae cyMMmbl (PyHKLMI
OAMHOYHbBIX CKUPMNOHOB. OTAENbHbIE BETKWN CNEeKTpa MarHOHOB COOTBETCTBYIOT PasfINyHbIM
nedopManmam 0gMHOYHbBIX CKUPMUOHOB B KpucTanie. Tononormyeckme CBOMCTBa CneKkTpa
onpenenatoTCa HaNMUYMEM TaKMX HEHYIEBbIX XapaKTEPUCTUK Kak KpuBM3Ha beppu n uncna
YepHa. Mbl npegnaraeM aHanUMTUYECKMI BbIBOL, (hOPMY bl 419 KO3 (UL MEHTA XONSTOBCKON
TenJonpoBogHOCTM B AByMepHon moaenu CkK. MiccnepyeTcs MMHENHbIA OTKIMK CUCTEMbI Ha
BHellHee BO3MYyLLLEeHWe B BUAE rpagneHTa TeMnepatypsbl. [onyyeHHoe BbipaXkeHne cogep-
XUT KpUBM3HY Beppu, UTO roBOPUT O TOMOSIOrMYECKOM NMPOUCXOXAEHUN TENOBOro adhhekTa
Xonna B NpenioxXeHHoN Mogenu.

1. Katsura H., Nagaosa N., Lee P. A, Physical review letters 104, 066403 (2010).
2. Akazawa M. et al., Physical Review Research 4, 043085 (2022).
3. Timofeev V.E. and Aristov D.N., Physical Review B 105, 024422 (2022).
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NON-FERMI-LIQUID BEHAVIOR AND FERMI-SURFACE EXPANSION
INDUCED BY VAN HOVE-DRIVEN FERROMAGNETIC FLUCTUATIONS:
THE D-TRILEX ANALYSIS

1.S. Dedov*, A.A. Katanin®-2, E.A. Stepanov3*

1Center for Photonics and 2D Materials, Moscow Institute of Physics and Technology, Dolgoprudny, Moscow region,
Russia
2M. N. Mikheev Institute of Metal Physics, Ural Branch of the Russian Academy of Sciences, Yekaterinburg, Russia
3CPHT, CNRS, Ecole Polytechnique, Institut Polytechnique de Paris, Palaiseau, France
4Collége de France, Paris, France

*E-mail: il.lyshin20@gmail.com

We consider the electronic and magnetic properties of the two-dimensional Hubbard mo-
del near avan Hove singularity within the D-TRILEX [1] approach, which consistently incorpo-
rates both local dynamical and nonlocal magnetic correlations. The system is studied at the
next-nearest-neighbor hoppingratiot'/t = —0.45, corresponding to the vicinity of a ferromag-
netic instability.

In contrast to DMFT, where only local correlations are included, the self-consistent D-TRILEX
treatment reveals strong momentum-dependent self-energy corrections induced by ferro-
magnetic fluctuations. We find in D-TRILEX that these fluctuations cause a characteristic
splitting of the electronic spectral function. This splitting exhibits only weak momentum de-
pendence, and only one of the resulting bands crosses the Fermi level. As a consequence, the
Fermi surface itself remains unsplit but expands in area, signaling a violation of the Luttinger
theorem and reflecting the presence of non-Fermi-liquid excitations.

The quasiparticle damping extracted from the self-energy behaves as y ~ const(T) near
the van Hove singularity at high temperatures and increases closer to the transition tempera-
ture T* = 0.03t. Whereas DMFT yields a conventional Fermi-liquid-like y ~ T?> dependence
at low temperatures T < 0.02t, however analysis at higher values gives y ~ T. Moreover,
the damping exhibits a pronounced nodal-antinodal dichotomy, being largest near the nodal
region. These findings demonstrate that nonlocal self-energy effects qualitatively modify the
low-energy spectra and prevent the restoration of Fermi-liquid behavior even at the lowest
temperatures considered.

By comparing D-TRILEX with the A-corrected [2] and self-consistent DIA [3] approaches,
we show that the former provides a more physically consistent picture of the quasiparticle
band structure. The flat upper band obtained in A-corrected DI A is identified as an artifact of
the approximation, violating the Pauli principle.

Overall, our results highlight that ferromagnetic fluctuations near a van Hove singularity
drive non-Fermi-liquid behavior and Fermi-surface expansion with split band, and that their
accurate description requires self-consistent inclusion of nonlocal correlations as realised in
D-TRILEX.

The study is supported by the Russian Science Foundation (Grant No. 24-12-00186).

1. Vandelli M. et al., SciPost Phys. 13, 036 (2022).
2. Toschi A., Katanin A. A., Held K., Phys. Rev. B 75, 045118 (2007).
3. Kaufmann 3J. et al., Phys. Rev. B 103, 035120 (2021).
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ENTANGLING TWO POLARITON BOSE-EINSTEIN CONDENSATES:
CHALLENGES AND INSIGHTS

A.A. Elistratov, A.N. Asriyan, A.V. Kavokin

N. L. Dukhov All-Russian Research Institute of Automation, Rosatom, Moscow, Russia
*E-mail: andrei.a.elistratov@mail.ru

Abstract Exciton—polariton condensates are promising for quantum technologies, but entangling macroscopic
condensates remains challenging. We show that under parametric pumping, entanglement and coherence can coexist
in a stationary state, evidenced by quadrature squeezing and second-order coherence function. However, using the
Wouters—Carusotto model, we find that such entanglement cannot emerge dynamically from an initially entangled
seed under standard incoherent pumping—quantum correlations decay during condensate growth. Thus, while en-
tangled steady states are theoretically accessible, their realization requires coherent driving or active protection
mechanisms, not achievable with incoherent excitation alone.

Exciton—polariton Bose-Einstein condensates (BECs) form at cryogenic temperatures (a
few kelvins), can be coherently controlled by optical means, and achieve mutual phase synchro-
nization on picosecond timescales. These and other favorable properties position polariton
condensates as a promising platform for quantum information processing. Several qubit archi-
tectures based on this system have been proposed, with the design introduced in [1] gaining
particular attention.

In that scheme, a ring-shaped polariton condensate is created by a circular laser pump
spot, while a narrow segment of the ring is shielded from excitation. This shadowed region
hosts a stationary dark soliton that imposes a m-phase jump across the condensate. As a
result, two persistent, dissipationless supercurrents circulate in opposite directions. The sym-
metric and antisymmetric superpositions of these currents correspond to the two lowest-
energy quantum states — effectively forming a macroscopic two-level system. This configura-
tion bears a close analogy to a superconducting flux qubit containing a Josephson junction.

Numerical simulations and analytical estimates in [1] suggest an energy relaxation time
T1 ~ 100 ns, while single-qubit gate operations can be performed in ~100 ps. This implies
the potential for ~103 coherent operations — comparable to leading solid-state qubit platforms.
However, a critical open question remains: can two such polariton qubits be reliably entangled
to enable high-fidelity two-qubit gates?

Ref. [1] proposes a vertical, coaxial arrangement of two ring condensates, with qubit-qubit
coupling mediated by the magnetic interaction between their circulating supercurrents. Yet,
practical implementation faces significant theoretical and experimental hurdles, calling for a
deeper investigation into the fundamental mechanisms of entanglement generation between
macroscopic polariton condensates.

In this work, we first investigate the dynamics of two entangled exciton-polariton Bose-
Einstein condensates subject to parametric pumping [2], with a focus on the interplay between
guantum entanglement and coherence. By means of stochastic Gross—Pitaevskii simulations,
we demonstrate that entanglement and coherence can coexist in a stationary regime of the
system. We quantify this coexistence by evaluating the degree of squeezing in the entangled
quadratures of the polariton fields and by computing the second-order coherence function,
across a broad range of parametric pump strengths and coupling rates to the excitonic reservoir.

While the aforementioned results demonstrate the principle possibility of coexisting entan-
glement and coherence in a stationary state under externally driven parametric pumping, a
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crucial question remains: can such an entangled coherent state emerge dynamically without
pre-imposed quantum correlations? To address this, we investigate whether entanglement
can survive — or be generated — during the growth of polariton condensates from an initially
entangled microscopic seed under incoherent pumping from an excitonic reservoir.

Using the widely adopted driven-dissipative two-component model of Wouters and Caru-
sotto [3], we simulate the condensate dynamics starting from an entangled initial state.

Our results show that entanglement is not preserved during the condensation process
under incoherent pumping: quantum correlations rapidly decay as the condensates grow and
approach the steady state.

These findings imply that, although entangled coherent stationary states are theoretically
accessible (e.g., via engineered parametric drives), they cannot be achieved through standard
incoherent excitation alone. An additional mechanism s required to generate or protect entan-
glement during condensate formation.

1. Y. Xue, I. Chestnoy, E. Sedoy, E. Kiktenko, A. K. Fedorov, S. Schumacher, X. Ma, and A. Kavokin, Split-ring polariton

condensates as macroscopic two-level quantum systems, Phys. Rev. Research 3, 013099 (2021).

2. B. Mollow and R. Glauber, Quantum theory of parametric amplification, Phys. Rev. 160, 1076 (1967).

3. M. Wouters and I. Carusotto, Excitations in a nonequilibrium Bose-Einstein condensate of exciton polaritons,
Phys. Rev. Lett. 99, 140402 (2007).
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POLARON TRANSPORT AND TRIMERON ORDERING
IN THE HIGH-TEMPERATURE PHASE OF MAGNETITE

B.B. Creratinos®?, H.A. ®omMuHbix 2*
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MarHeTut Fe304 NnpeTepneBaeT CNOXHOE CTPYKTYPHOE UCKAXKEHWE Npu TeMneparype ~
125 K ¢ noHwxeHWeM rpynnbl cummetpun ¢ Fd3m po Cc. [aHHblii nepexon 6bil Ha3BaH
nepexonom BepBesi U NOCAYXUN UCXOOHbIM NPOTOTUNOM KOHUenuun asoBoro nepexoa
MeTann-usonsatop [1]. OfHaKo, XOTs HEKOTOPbIE NPOTUBOPEUMS eLLE COXPAHSIOTCS, COBpe-
MeHHble 3KCNnepmnMeHTanbHble paboTbl xapakTepuayoT nepexo BepBes kak nepexop, nony-
NPOBOAHMK-NONYNPOBOAHUK [2, 3]. [onroe BpeMsi TO4Hasa KpUcTananveckas CTpyKTypa Hi13-
KOTeMnepaTypHoOM (ha3bl MarHeTUTa ocTaBaslacb HeM3BecTHa. Ha faHHbIN MOMeHT Hanbonee
[OCTOBEPHOWN MOLENblo ABNSETCS CTPYKTypa C rpynnov cummetpun Cc, koTopas obnagaet
TPMMEPOHHBIM ynopagoveHneM [4]. Kpome Toro, akcnepuMeHTasbHO Bbl10 MOKas3aHo BEPO-
ATHOE CYLLLEeCTBOBAHME TPMMEPOHHOI0 YNOPSA0YEeHUS U B BbICOKOTEMNepaTypHol tase [5].

PaHee, 0CHOBbIBasACb Ha YCMELHOM NPUMEHEHUM CTaTUYECKOro MeToga pacyéra sHep-
FMK NONSIPOHHOMO XonnuHra B pamkax DFT+U ana xpomuta FeCr,04 [6] 1 heppuTa HUKeNs
NiFe,04 [7], HaMK Bbina M3yyeHa HM3KOTEMMepaTypHas asa MarHeTuTa. B pamkax aToli pa-
60Tbl Hapsay ¢ Cc CTPyKTypow Bblnv pacCMOTPeEHbl anTepHATMBHbIE BapuaHTbl opbuTansHo-
3apsnoBoro ynopsagoyeHus: P24, P4,2,2, P2 /c, Pnma, Imma. MNokasaHo Hanuune Tpume-
POHHOrO ynopsgoyeHus ans cTpyktyp Cc, P2/c n Pnma. MNonyyeHbl WWPUHBI 3anpeLLéHHOm
30HbI CO 3HaYeHNAMN B AnanasoHe £g = 0.55—-1.12 3B, a Takxe OLgHKa 3Heprum akTusaLmm
3NIEKTPOHHOIO M ObIPOYHOMO NOASPOHHOro xonnuHra E; = 0.13 — 0.16 3B. Ha ocHoBe 4yero
npennoXxeHa rapMOHU3MPYOLLAa MHTEpPNpeTaLMs IKCNePUMEHTabHbIX aHHbIX N0 ONTuye-
CKOW MPOBOAMMOCTM C COCYLLECTBOBAHNEM BKJ13[L0B 30HHOMO 1 NOMISIPOHHOIO MaexaHM3MoB
(8].

B naHHOM pgoknage bynyT npeacTaBneHbl pa3BmTre NOAX0AA A8 ONUCAHUS BbICOKOTEM-
nepaTtypHoi (asbl B paMKax KBaHTOBOW MOJNEKYNSPHON AMHAMWUKMW A5 ABHOrO yyYeTa TeM-
nepatypHbIx ahekToB. ByaeT nokasaHo M3MEHEeHWEe WNPUHbBI 3anpeLLEéHHON 30HbI NpK ne-
pexone BepBes n nonyyeHa aHeprumn akTmeaLuum NoaSPOHHOIO XOMMUHIa B BbICOKOTEMMNE-
paTypHOM hase HaNpPAMYI0 U3 appPeHNYyCOBCKOW 3aBUCUMOCTM YaCTOTbl XOMNMNMHra. A Takke
PacCMOTPEHO BNNSHME aKTUBHOIO NOISPOHHOIO XONMWHIa Ha TPUMEPOHHOE YyNopsa0HEeHMe.

1. Mott N.F., Rev. Mod. Phys. 40, 677 (1968).

. Schrupp D. et al., Europhys. Lett. 70, 789 (2005).

. Prozorov R. et al., Mat. Res. Bulletin 167, 112442 (2023).

. Senn M.S. et al., Nature 481, 173 (2012).

. Perversi G. et al., Nat. Commun., 10, 2857 (2019).

. ®omuHbix H.A., Cterannos B.B., Mucbma B XKITD 117, 857-862 (2023).
. Fominykh N.A. et al., Comput. Mater. Sci. 246, 113326 (2025).

. Fominykh N.A,, Stegailov V.V., Phys. Rev. B 111, 115130 (2025).
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THE EFFECT OF STRONG MAGNETIC FLUCTUATIONS
IN THE SINGLE-BAND HUBBARD MODEL NEAR HALF FILLING

LA. Goremykin* A.A. Katanin®?

1Center for Photonics and 2D Materials, Moscow Institute of Physics and Technology, Dolgoprudny, Moscow region,
Russia
2M. N. Mikheev Institute of Metal Physics UB RAS, Ekaterinburg, Russia

*E-mail: goremykin.ia@phystech.edu

The report examines the single-band Hubbard model on a two-dimensional square lattice
with nearest-neighbor and next-nearest-neighbor hopping.

Within the static (MF) and dynamical mean-field theory (DMFT) approaches, magnetically
ordered states of this system are obtained at finite hole doping.

a) b) Ak, w = 0)
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Puc. 1. (a) Phase diagram of the single-band Hubbard model within the mean-field theory. (b) Spectral
density in DMFTat w = 0, U = 5.6t, and x ~ 4.

For these states, the spin stiffnesses are calculated and used to determine the correlation
length &. Taking into account the frequency dependence of the temporal spin stiffness in
the mean-field theory makes it possible to describe the formation of states with short-range
magnetic order. Figure ??a shows the resulting phase diagram, which contains short-range
magnetically ordered states surrounding a small “island” of long-range ordered states that
exists in an intermediate region of electron concentrations nR¢ ~ 0.93.

For states in which the correlation length is sufficiently large, the electronic spectral density
can be obtained by transforming from the local reference system—where the mean-field calcu-
lations are performed—to the global one. This procedure produces a nontrivial and significant
dependence of the resulting self-energy on the wave vector. In particular, the analysis of
magnetically ordered states makes it possible to obtain pseudogap states within DMFT. Figure
2?b shows the electronic spectral density, where the Fermi surface remains only along the
nodal directions of the Brillouin zone.

Numerical calculations were supported by the Russian Science Foundation (Grant No. 24-
12-00186). I. A. G. also acknowledges financial support of the derivation of equations from
BASIS Foundation (Grant No. 24-1-5-152-1).

1. I. A. Goremykin and A. A. Katanin, Phys. Rev. B 107, 245104 (2023); 110, 085153 (2024); 112,L.060405 (2025).

30



goremykin.ia@phystech.edu

Zj\i f\j g) XLI INTERNATIONAL < ff/ éﬁ/
WINTER SCHOOL 14 (14
M IN THEORETICAL PHYSICS w v

FEBRUARY 1-6, 2026

DENSITY WAVE PHASE DIAGRAM OF CREUTZ LATTICE:
EFFECT OF CORRELATION AND SPIN-ORBIT COUPLING

K.K. Kesharpu

Bogolyubov Laboratory of Theoretical Physics, Joint Institute of Nuclear Research, Dubna, Moscow Region, Russia
*E-mail: kesharpu@theor.jinr.ru

Creutz lattice is a quasi one-dimensional ladder with diagonal rungs connecting the upper
and lower legs of the ladder [1]. In some defined parameter range this model has the flat
bands, which results in topological protected edge states. At the beginning, it remains mostly
of academic interest, due to lack of physical compounds. However, recently, due to advent of
the cold atom based experimental platform, a renewed interest has been invigorated in this
model [2].

Following the initial proposal, the Creutz model has been investigated mostly for the spin-
less electrons. However, we investigate the Creutz model with spinfull electron. Specifically,
we investigate the effect of spin-orbit coupling and electron correlation on the topological
phase diagram. We also introduce the lattice coupling to the Creutz model through Hubbard-
Holstein framework, and look for charge density wave (CDW) and spin density wave (SDW)
in different parameter ranges. We also perform the numerical density matrix renormalization
group (DMRG) calculations to corroborate our analytical results.

1. Creutz, M., Physical review letters 83(13), 2636 (1999).
2. Jinemann, J., et. al., Physical Review X 7(3), 031057 (2017).
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MAGNETIC FLUX VORTICES IN MOVING HIGH-TEMPERATURE
SUPERCONDUCTORS FOR MAGNETIC LEVITATION

B.B. Konedos** C.B. ®oHrpatoscku?, M.B. MatioHuHa?, U.B. Bbiukos?, [1.A. Ky3bMuH?

LY HCTUTYT pagmnoTexHUKN 1 3neKTpoHMKM 1M.B.A.KoTenbHukosa PAH, Mocksa, Poccus
2YenabUHCKNI1 FOCyAapCTBEHHbI yHUBepcuTeT, YenabuHck, Poccus

*E-mail: victor_koledov@mail.ru

3afava 0 3axBaTe MarHMTHOrO NOTOKA, (OPMUPOBAHMM U ABUKEHWUM BUXPEN B BbICOKO-
TemnepaTypHbIx cBepxnpoBogHukax (BTCIM) B nocnenHue rogbl CTaHOBUTCS Bece bonee ak-
TyanbHOM, B CBA3M CO 3HAYUTENIbHbIMU YCUNUSIMU, KOTOPbIE HAMPaBASIOTCA HA 3KCNEPUMEH-
TasIbHOE UCCNef0BaHMe U TEXHONIOrMYecKMe pa3paboTky No nccrnenoBaHNO BO3MOXHOCTM
CO3JaHNS HA3EMHOI0 TPAHCMNOPTa C MarHUTHOWM IeBUTALMEN NO BaKYYMHOM Tpacce U3 NocTo-
AHHbIX MarHuToB (BMJIT). MarHuTHas nesutauma BTCI ycTpaHsAeT B TaKMxX 3KCNepMMeHTax
MexaHu4Yeckoe TpeHue, a BakyyMHas cpeaa, aspoamHammndeckoe [1,2].

Mpun cBEPXNPOBOASALLEN MAarHUTHOW IeBUTaLUK C ucnonb3oBaHuem BTCI, cBepxnpoBog-
HUK, Yalle BCEro, NoanepKnBaeTcs Npu TeMNepaType XMUAKOro a3oTta, Npy KOTOPOK B CBEPX-
NPOBOAHMKE BO3HUKAET CMeLLIaHHOEe BUXPEBOE COCTOsAAHME. B poknane aHannsmpyetcs oBu-
XeHuve Buxpen B 06pasuax BTCI, ABMXYLLMMKCS B NOJI€ NOCTOSHHbIX MarHUTOB, B TOM Uncne
C BbICOKMMU CKOpOCTAMU. OBCyKaatoTCsa pasnyHble MEXaHU3Mbl NOTEPb, CBA3AHHbIX C BUX-
pPeBbIMU NPOLLECCAMMU, OLLEHMBAETCS UX BKIAA, M 06CyKAatTCs BO3MOXHOCTM NpeaoTBpaLLe-
HUS 3TUX NOTepb. PaccMaTpmBaroTCs pasnmyHble NPOoLEecehl, CBA3aHHbIe C ABMXEHUEM BUX-
pew, BK/TKOYas aIeKTPUYECKMEe TOKWU U INEKTPOMArHUTHOE U3ny4veHue, 1 ap.

B MarHuUTHbIX NOMAX, MPEeBbIWAKOWNX NEPBOE KPUTHUUYECKOe none Hgi, MarHMTHbIE BUXPU
WA HUTU MarHMTHOIrO NOTOKA NMPOHUKAKOT B CBEPXMNPOBOLAHUKK 2-r0 poaa, Bkatovaa BTCI.
BonbLwoe konnyecTBo paboT (cM., HanpuMmep, [3-8]) NOCBALLEHO U3YUYEHMIO BUXPEBOIO OBU-
YEHUS B CBEPXMPOBOLHMKAX NOL AENCTBMEM TPAHCMOPTHOIO TOKAa, CBOMCTB BUXPEN U Apy-
MM CMeXHbIM BOMnpocaM. XO0TS OCHOBHbIE NPUHLUMbI, MOIOXEHUS U MeToAbl, ONUCaHHbIE B
nuTepaType, TakXe MoryT 6biTb KOPPEKTHO NPUMEHEHbI NPY ABUXEHUM CBEPXMPOBOAHMKA
C BUXPSIMUM OTHOCUTENbHO MarHMTOB, B MOociiegHeM cnydae byayT NPOMCXOANTb NPOLLECChI U
(husnyeckmne ABNEHNUS, CYyLLECTBEHHO OTINYAIOLLMECS OT TEX, KOTOPbIe MPOUCXOAAT C BUXPS-
MW B CBEPXMPOBOAHMKAX C TOKOM, Bbl3BaHHbIM BHELIHUM UCTOYHMKOM. XOTS B oboumx cny-
Yasix BUXpU MOTyT NepeMeLLaThCs U Bbl3biBaTb paccenmBaHne aHeprmum (ConpoTMBieHune no-
TOKY), MEXAaHWN3MbI, ONUCbIBaKOLLNE UX hOPMYIbl, U SBNEHUS, BO3HUKAIOLLME B 3TOM Cllyyae,
pasnunuHbl. lnHamMmKa BUXpEN B CBEPXNPOBOAHMKAX, OBUXKYLLMXCA OTHOCUTENBHO MarHnTa,
TpebyeT He3aBUCMMOrO TLLATENIbHOIO U3yYeHUs, 0cobeHHOo ansa peanmsaunmn BMJT.

Pabota noddepxaHa rpaHTom PH® N2 25-19-20141.

1. KapnyxuH [.A., NeTtpos A.O., Konenos B.B. n ap., XXypHan pagvoaneKTpoHUKMN [3NeKTPOHHBIN xypHan]. Ne11.
(2022). https://doi.org/10.30898/1684-1719.2022.11.5

. Deng Z., Zhang W., Kou L., et al., IEEE Transactions on Applied Superconductivity 31(8), 1-5 (2021).

. Bardeen J., Stephen M.J., Physical Review 140(4A), A1197 (1965).

. Gorkov, L.P., Kopnin, N.B., Uspekhi Fizicheskikh Nauk 116(7), 413-448. (In Russian) (1975).

. Maeda A, Hirasawa N., IEEE Trans. Appl. Supercond. 25, 6800304 (2015).

. Wagenleithner R.J., Appl. Phys. 124, 123901 (2017).

. PyoHeB U.A., AHnweHko W.B., XXypHan TexHuyeckor pusnkm 91(12), 1813-1847 (2021).

. MakcumoBa A.H., KawypHukos B.A., Mopos A.H., PyaHes U.A., ®uauka TBepporo Tena 63(5), 592-601 (2021).
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NEURAL NETWORK APPROXIMATION OF CLASSICAL CORRELATIONS
IN QUANTUM SYSTEMS

D.A. Konyshev** V.V. Mazurenko*?

1Ural Federal University, Ekaterinburg, Russia
2Russian Quantum Center, Skolkovo, Moscow, Russia

*E-mail: dankon.and@mail.ru

The mutualinformation (M) quantifies interconnection between random variables. It plays
akeyroleinanalyzing correlations in various systems, but in most interesting cases its estima-
tionis vast problem due to a huge number of the system’s states, which complicates definition
of the system states probabilities. To solve this problem, a number of parameterized methods
have been developed to approximate the mutual information, even when there is a deficit of
information on the system’s states. One of them is MINE [1] aimed at maximizing the lower
bound of mutual information with the supposition of its proximity to the exact value M. Being
based on neural networks MINE allows one to get reliable estimates of M and evaluate other
important characteristics such as the specific Shannon entropy (s) and the von Neumann
entropy (Syy) in the case of quantum systems.

In our study, by the example of the Ising quantum chain in a longitudinal and transverse
magnetic field we have estimated the classical mutual information by using MINE with a
limited number of measurements. On this basis we have defined a relationship between the
entropy-based quantities and mutual information [2,3]. This allows to perform a quantitative
estimate of entanglement entropy based on classical mutual information (Fig.1a), and likewise
identify unique features of phase diagrams. For example, a comparison of the critical changes
in the behavior of information entropy with known solutions and the other results [4] helped
us to reveal a previously unknown FM-PM phase transition in this spin model (Fig.1b).

(b)

[¢)]

w

Puc. 1. (a) A numerical map of one-dimensional 16-spins quantum Ising model in longitudinal B and
transverse B* magnetic fields that visualizes the ratio between entanglement entropy calculated
for a subsystem of 8 spins and classical mutual information. (b) An extended phase diagram is
reconstructed with a neural network estimate of the specific information entropy of the entire
system.

1. Belghazi, M. 1., Baratin, A., Rajeshwar, S., Ozair, S., Bengio, Y., Hjelm, D., Courville, A. International Conference
on Machine Learning, pp. 530-539 (2018).

2. Nir A., Sela E., Beck R., Bar-Sinai Y., PNAS 117, 30234-30240 (2020).

3. Y. Meurice, Phys Rev Research 7, L022023 (2025).

4. Bonfim O. F. de A., Boechat B, Florencio J., Phys Rev E. 99, 012122 (2019).

33



dankon.and@mail.ru

Zj\i f\j g) XLI INTERNATIONAL < ff/ éﬁ/
WINTER SCHOOL 14 (14
M IN THEORETICAL PHYSICS w v

FEBRUARY 1-6, 2026

PROGRAMMABLE SOLITON DYNAMICS IN ALL-JOSEPHSON-JUNCTION
LOGIC CELLS AND NETWORKS

A.A. Maksimovskaya™23* V.I. Ruzhickiy®, N.V. Klenov'?, A.E. Schegolev?, S.V. Bakurskiy*=3,
LI Solovievt

1All-Russian Research Institute of Automatics n.a. N.L. Dukhov (VNIIA), 127030, Moscow, Russia
2Lomonosov Moscow State University, Faculty of Physics, Moscow, 119991, Russia
3Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow, 119991, Russia

*E-mail: stasyahime@gmail.com

In this work, we propose a novel approach to programmable control of kinetic soliton
dynamics in all-Josephson-junction (all-JJ) logic circuits and neuromorphic networks. Our
design centers onatunable cell, the Kinetic Inductance Controllable Key (KICK), which exploits
engineered inhomogeneity to fundamentally alter the solitons behavior [1]. Such inhomoge-
neity may be designed as an element of tunable kinetic inductance [2]. Through theoretical
modeling and numerical simulations, we demonstrate that:

1. The KICK cell supports four distinct dynamical modes (Open, Close, T-Mode, M-Mode)
by tuning the kinetic inductance L/L; and damping parameter o, fundamentally altering
soliton propagation;

2. Structural asymmetry in the KICK enables a soliton diode effect, enforcing unidirectional
signal propagation — a functionality dynamically switched ”on/off”via kinetic inductance;

3. These principles underpin the WayMatrix, a reconfigurable network for collision-free soliton
routing in high-density circuits, with direct applications in superconducting logic and bio-
inspired neuromorphic hardware.

Ourresearch demonstrates that engineering artificialinhomogeneity into the circuit archi-
tecture enhances robustness in all-JJ logic circuits, 2D transmission line all-JJ lattices, and
neuromorphic computing systems.

1. Ruzhickiy V.I. et al., Beilstein J. Nanotechnol. 16, 1883 (2025).
2. Annunziata A.J. et al., Nanotechnology 21 (44), 445202 (2010).
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NONLINEAR EXCITON DYNAMICS IN 2D SEMICONDUCTORS
MODELED FOR PUMP-PROBE EXPERIMENTS

M.A. Manaxos* M. Quintela?, M. Sa?, G. Cistaro®, A. Picon?

IWHcTUTYT dhmsmkm meTannos nmenn M.H. Muxeesa YpO PAH, ExatepuHbypr, Poccua
2Departamento de Quimica, Universidad Autonoma de Madrid, E-28049 Madrid, Spain
3Theory and Simulation of Materials (THEOS), Ecole Polytechnique Federale de Lausanne (EPFL), CH-1015
Lausanne, Switzerland

*E-mail: MMalakhov89@yandex.ru

JKCUTOHbI UrPatoT BaXKHYHO POJib B ONTUUYECKOM OTKJIMKE ABYMEPHbIX MarHUTHbIX MaTe-
pranoB. 3T0 CBsA3aHHbIE COCTOSIHMSA, PACCMATPUBAIOTCS KaK KBa3n4yacTuLbl, 06pasoBaHHble
3NEKTPOHOM U OblPKOW. BbINOMHAS MoAennpoBaHve B peaslbHOM BPeMeHMU, Mbl MOKa3blBaeM,
YTO YNLTPAKOPOTKMIA (HEeCKONbKO heMTocekyHA) YD-UMNybC MOXKET CO30aBaTb KOrepeHT-
HYIO Cyneprno3nuUmMio 3KCUTOHHbIX COCTOSIHUIM, KOTOPasi Bbi3blBAET KOrePeHTHOe ABUXKEeHMUe
3NEKTPOHOB W OblPOK MeXAy PasinyHbiMU NCEBOOCMMHOBbLIMU AO/IMHAMM B K— NPOCTpaH-
CTBE U B peasibHOM NpocTpaHcTBe. bes npunoxeHns BHewHel aedopmaumm, ncesgocnu-
HOBbIE [O/IMHbI M COOTBETCTBYHOLLME UM IKCUTOHHbIE COCTOSIHUS BbIPOXKAEHbI MO IHEPTUAM.
Mbl NoKasbliBaeM, Kak CHATUE 3TOr0 BbIPOXAEHUA NPU HAPYLUEHWUN KPUCTaNSIMYECKON CUM-
MeTpUK B pe3ynbTaTte NpUIoXKeHns BHELLHEro AaB/ieHns, N03BOASET YyNpaBaaTh AMHAMUKOM
3KCUTOHHbIX COCTOAHWNIN Na3epHbIM UMMYJTbCOM.

Mbl Tak)xe NokasbiBaeM, YTO Hallu TeopeTuyeckne Metodbl pacueTa [1-3] MoryT 6bITb
NPUMEHeHbI OJ19 ONMCaHUS SKCMEPMMEHTOB B CBEPXObICTPOI CNEKTPOCKONUM MMMYMbC-Ha-
Kauka. B gaHHol paboTe Mbl MOOENMPYEM IKCUTOHHbIE CMEKTPbl U AMHAMUKY SKCUTOHOB
B peasibHOM BpeMeH /19 MOHOC/IOMHbIX MaTepuasioB, B YaCTHOCTM AJ1S FreKCaroHanbHOro
HUTpuga bopa.

PaboTa BbINO/IHEHA B paMKax rocydapcTBeHHoro 3adaHus MuHobpHayku Poccuu dnst UOM
YpO PAH.

1. G. Cistaro et al., Journal of Chemical Theory and Computation 19, 333 (2023).
2. M. Malakhov et al., Communications Physics 7, 96 (2024).
3. M. Quintela et al., arXiv:2501.16036 (2025).
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LOW DIMENSIONAL MAGNETISM.
SPHERICALLY SYMMETRIC APPROACHES

A.®. Bapabarost, B.3. Banuynun*? A.B. Muxeernkos*?* I1.C. CapyeHkos>*

1l/IH(:TMTyT h13nkn BbicOKMX fasneHnin PAH, Mocksa, Poccus
2MOCKOBCKUI (PU3UKO-TEXHNUYECKMI MHCTUTYT, [onronpyaHslii, Moc. 06n., Poccus
3Hl/ILI, KypuaToBckuii MHCTUTYT, MockBa, Poccus
AHUAY «MUDU», Mocksa , Poccus

*E-mail: mikheen@bk.ru

B HM3KOpa3MepHbIX MarHUTHbIX CUCTEMAX CYLLEeCTBEHHOM OKa3blBA€TCH POSb KBAHTOBbIX
nykTyaumn. esopraHnsyowmm hakTopoM CIYXNUT Takxe 1 ppycTpauns. B coegmHeHnsx
C NOKaNM30BaHHbIMY MOMEHTAMW NOCNEAHAS NPUBOANT K UHTEPECHbBIM U HE O4EBUOHBIM 3(-
thekTam. 3710, HanpuMep, obpa3oBaHNe HETPUBMASIBHOM CMMHOBOM KOH(Urypauumn nam no-
Tepsa cnMHoBoro ynopsgodeHus gaxe npu T = 0. Kak 1 ponb KBaHTOBbIX AyKTyaumi, ad-
thekTbl hpycTpaumm ocobeHHO CUMBHBI MPU HU3KOW Pa3MepPHOCTH.

OnuncaHune Takmnx 3hheKToB B paMKax TPAAULMOHHbIX METOO0B TEOPUM MarHeTM3mMa He
BCerga pesynbTatMBHO. [TPUXOANTCS UCKaTb anbTepHATUBHbIE anropuTMbl. OOUH U3 HUX —
cthepmyeckm CMMMETPUYHBIN CaMOCornacoBaHHbIn noaxon, CCCIM (aHrnossblvHas HoTaLMs
rotation-invariant Green’s function method, RGM) [1-3].

B moknaze npeacTaBieHbl OCHOBHbIE MAEN M HEKOTOPbIE NOJyUYeHHble 3a nocnegHue 25
NEeT BaXKHeNLWme pesynbTaTbl Chepruyeckn CUMMETPUYHOIO CAMOCOr1acoBaHHOIO MOAX0AA U
paOa POACTBEHHbIX TEOPETUYECKUX aNnropuTMOoB [4].

KntoueBasi nges B aTo 06nacTn n BaxkHenwee otiu-
yme OT CMMH-BOJIHOBOIO (M BAU3KUX K HEMY) NMOAXOA0B

2 Am — coxpaHeHue ncxogHon cummeTpum: SU(2) cnnuHoBoi

N TPAQHCNAUMOHHOW. 3TO NO3BONSIET UCCEA0BATb HU3-
Wq KopasMepHble CNnHOBbIe Mogenn (B TOM uncne pycT-
' PUPOBaHHbIE), MPU TOYHOM y4yeTe TEOPEMHbIX OrpaHu-

" - “ \ UEHWI, a TaKXKe Y3eJIbHOro CMIMHOBOIO KOHCTPEKrHTA.
\_\!,4” o Takum obpasom, obxomaTcs TPYAHOCTWU, KOTOpble
T 2z 0 ) MOryT BO3HMKaTb NpU TPAAULWOHHOM aHanM3e HU3KO-
a a, pasMepHbIX MarHUTHbIX cucTeM. MNopxon MoxeT 6bITb
BCTPOEH B 6osiee CNoXHble KOHCTPYKLUMW NPW paccMoT-
Puc. 1. Mpumep CNeKTpa CRWHOBLIX  neHMK CNMHOBBLIX MoAerei co cBoboLHbIMU HOCUTENS -
BO3BY M AEHNI MU, TaKMX Kak 6a3osas 1 TpexaoHHaa Mogenun Xabbap-
aa, t—Juns—dmopenu, peweTka KoHpo. 3To nopoxaaeT

HeTpMBMaNbHble peann3almm noen CNMHOBOIO NONSPOHa.

AnropuTMbl MeToa paboTatoT 1 Npu aHanmse HU3KOPasMepPHOW CNMH-NCEBLOCHNHOBOM
mMozenu (Mopenn Kyrens-XoMmckoro). lNpuyem B 3TOM crydae, NOMMMO CTaHAAPTHbIX TEPMO-
OMNHAMUYECKMX XapaKTEPUCTUK, YOAETCS NOMYUYNTb YKa3aHMa Ha KBAHTOBYHO 3anMyTaHHOCTb
noacucTem.

1. Kondo J. and Yamaji K., Prog. Theor. Phys., 47, 807 (1972).

2. Shimahara H. and Takada S., J. Phys. Soc. Jpn., 60, 2934 (1991).

3. bapabaHoB A.®., bepesosckuii B.M., XX3T®, 106, 1156 (1994).

4. bapabaHos A.®., BanuynuH B.3., MuxeeHkoB A.B., CaBueHkos I1.C., YOH (2025),
DOI: 10.3367/UFNr.2025.06.039948 (NpuHsTO B Neyartb).
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VIOLATION OF THE LUTTINGER’S THEOREM
IN FRACTIONAL CHERN INSULATORS

A.M. Hukuwun®2?* A.A. Mapkos®3, L.P. Gavensky®*, N. Goldman®*>

1MockoBCKMit (BU3MKO-TEXHUUYECKMI MHCTUTYT, JonronpyaHbiii, Poccus
2PoccuiicKmii KBAHTOBBIN LIeHTP, MockBa, Poccua
3Center for Nonlinear Phenomena and Complex Systems, Universit “e Libre de Bruxelles, CP 231, Campus Plaine,
1050 Brussels, Belgium
4International Solvay Institutes, 1050 Brussels, Belgium
5Laboratoire Kastler Brossel, Coll‘ege de France, CNRS, ENS-Universit “e PSL, Sorbonne Universit e, 11 Place
Marcelin Berthelot, 75005 Paris, France

*E-mail: a.nikishin@rqc.ru

B naHHom paboTe nccnenyroTcst O4HO31EKTPOHHbIE BO36YXaeHWs B ApobHOM n3onstope
YepHa. Pasza gpobHoro nsonatopa YepHa MoxeT bbITb onmncaHa B TepMuHax cnaboesanmo-
LencTByOWMX pobHO3apaKeHHbIX KBasnyacTumL, 6e3 npsmMon CBA3K C aNIeKTPOHAMM CUCTE-
Mbl. TeopeTudecku 66110 0fHaAKO NpeacKasaHo [1], YTo 3neKTpPoH — cTabunbHoe Bo36yxae-
HWe B 3TOW CUJTbHOKOPPENMPOBAHHON XMKAOCTW. Bonee Toro, ¢ CNONb30BaHNMEM TEOPEMBI
JTaTuH>Xepa MOXHO NokasaTb [2] KaK CBA3aHbl 3N1eKTPOHHbIE KOPPENALMM U HU3KO 3Hepre-
Tudeckasa usuka gpobHoro adhexTa Xonna.

DOKyC faHHOro UccnenoBaHmsa — nsydveHune puankm gpobHoro acchekTa Xonna B peLué-
TOYHbIX cMCTEMax (ApobHble n3onaTopbl YepHa) ncnonbsys Teopemy JlattuHxepa [3]. B pa-
6oTe [2] B LocTaTouHO 0b6Lein nocTaHoBKe Bonpoca 66110 aHaNUMTUYECKM NOKA3aHo, YTO BO
B3aMMOLENCTBYHOLMX CUCTEMAX TeOpPeMa HapyLAeTCsd, a UMEHHO MOSBNSAETCS HEHYIEBOM
BKJaL4 OT MHTerpana JlattuHxepa Ny B NIOTHOCTb YacTuUL, NpY HYNIEBOM TeMneparype.

B LaHHOM MccnepoBaHMM Mbl aHANMTUYECKM M YACTIEHHO NOKa3ann HapylleHne JaHHON
TeopeMbl B pobHom XonnoBckon ase, UTO CBA3bIBAETCSH C BO3HUKHOBEHMEM B HEWN HYNeMn
thyHKUMM [pUHA BHYTPU OQHOYACTUYHON Wenn. B 4acTHOCTN 3TO NPUBOANT K OTKJIOHEHWMIO
MHOroyactuuHoro 4ymcna YepHa C oT BennunHbl N3, KoTopasa ABASETCA UHBApPUAHTOM U XO-
powo paboTaeT B uenouncneHHom acdpekTe Xonna.

Mpu aHanM3e n3y4anmcb CBOMCTBA BO3HMKAIOWMX 0COBEHHOCTeN (Hynem) u nx BAusaHue
Ha KBaHTOBaHWe XO/I/I0BCKON NPOBOANMOCTU Oy, OOHO3HAYHO CBA3AHHON C YACIIOM YepHa.
Ob6Hapy»eHwue Hynen hyHKLMA FPUHa B CNEKTPE COCTOSHUI CUCTEMbI IBISETCS KA4ECTBEHHO
HOBbIM Pe3ynbTaToM A8 PEPMUOHHbBIX CUCTEM B ApobHON hase.

1. Jain J. K. and Peterson M. R., Reconstructing the Electron in a Fractionalized Quantum Fluid., Phys. Rev. Lett.

94, 186808 (2005).

2. Gavensky L. P,, Sachdev S. and Goldman N., Connecting the many-body Chern number to Luttinger’s theorem

through St “reda’s formula., Physical review letters 131, 236601 (2023).

3. Luttinger J. M., Fermi surface and some simple equilibrium properties of a system of interacting fermions.,
Physical Review 119, 1153 (1960).
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SOLITARY SUPERCONDUCTIVITY IN
FERROMAGNET-SUPERCONDUCTOR TRILAYERS (NEW ASPECTS)

FO.H. Mpowun*, A.A. Apbysos®2, B.A. TymaHos?,
A.A. Kamawes?, H.H. lapugbsaHos?, U.A. fapugpynnun?

L HCTUTYT thnsukm, KasaHckuin hegepanbHblil yHuBepcuTeT, KasaHb, Poccus
2DU3nKO-TexHNYecKmnit MHcTUTYT, ®UL, KHL, PAH, KasaHb, Poccus

*E-mail: Yurii.Proshin@kpfu.ru

B MCKYCCTBEHHbIX CITOUCTbIX CTPYKTYpPax (PeppoOMarHUTHbIN MeTassl - CBEPXNPOBOOHUK
(FS) cBepxnpoBoaMMOCTb 3a cueT adphekTa 6nm3ocT NnpoHMKaeT B F meTann, n, ogHoBpe-
MeHHO, 0bMeHHOoe nose heppoMarHeTUKOB CTPEMUTCA NOLABUTL CBEPXMPOBOAMMOCTb B S
mMeTanne. MocnenHuii aheKT pacTeT c yBeanyYeHMeM TONWMH heppoMarHUTHbIX CoeB (CM.
0630pbl [1-3] ¥ NpuBEOEHHbIE B HUX CCbINTKK).

Mo3TOMy HEOXMOAHHbBIM BbITMIALE10 TeEOpeTUYeCKoe NpeacKasaHne yequHEHHON CBepx-
NPOBOAMMOCTM Kak anst “uncTbix” TpexcnonHbix F1 SF, cuctem [4], Tak n gna “rpsasHbix” F1SF,
n F1F»S cuctem [5-7]. YeonHEHHaa cBepXNPOBOAUMOCTb NOABNAETCS B BuAe nuka Ha da-
30BOW AMarpamMMe KpUTuyeckon TemMnepartypbl oT TonumnHbl Fo cnog Te(dy,), KOTOpbIN BO3-
HWKaeT MpuU yBeNIMYEHUU TONWNHDI dpp [0 df, 1 ncyesaeT npu dgy > d. 3T0 Npoucxo-
OWT Npu aHTMnapannenoHoin (AP) B3aMMHONM OpueHTaLMM HaMarHM4yeHHocTen cnoés Fq u
F», npn napannensHon (P) opreHTauMmM HaMarHMYeHHOCTEN CBEPXMNpPOBOAMMOCTb He BO3-
HuUKaeT. M3noxeHHbIn B paboTe [6] peuenT No NpakTUYeCKol peannsaumm ycrnoBuii akcne-
pPUMEHTaNbHOro HabnaeHns yeOUHEHHON CBEPXMPOBOAUMOCTM BblN NPUMEHEH K CUCTEME
HA1/HA,/Pb, roe HA — cnnaB. lencnepa (HA = Co,Crq,_4Fe,Al) [8]. B aTol Hawewn paboTe, 6na-
rogapsi onTMMasnbHO NogobpaHHbIM NapaMeTpaM KOHCTPYKL MM CBEPXNPOBOASILLErO CMMHO-
Boro knanaHa (CCK), 6bino BnepBble 3KCNEPUMEHTANIbHO Peann30BaHO COCTOSHME C yeaun-
HEHHOW CBEPXMPOBOAMMOCTbBIO 1 6bl1 06HapyKeH aHOMaNbHO 6onbLon 3heKT CMMHOBOIO
knanaHa AT, = TQ‘P — TCP > 0.2 K, KOTOpbI/ MOXeT AoCTUraTb BeNIMUnHbI 1.6 K B MarHMTHOM
none 1 k3. [10 HACTOALLEro BpeMEHM CONOCTaBMMble pe3ynbTaThl N0 BennumHe adphexkta CCK
Habntoganucb NUwwb B cTpykTypax CCK ¢ TpunneTHoN CBEpXNpoOBOAUMOCTbLIO BO BHELLHMX
MarHWTHbIX MNONSX, 3HAYUTENbHO NpeBblWarWwmx 1 k3.

OcHoBbIBasACb Ha aHanuse a3oBbIX AMArpaMMm, NOAyYEHHbIX anrOPUTMUYECKN TOUHBIM
MEeTOLOM pelleHns ypaBHeHWI Y3aaens [9], kpoMe yeAnHEHHON CBEPXNPOBOLAUMOCTM TakK-
e nccnenyeTcs BONPOC O BO3MOXHOM 3KCNEPUMEHTaNbHOM AEeTEKTUPOBaHNN “CKpbITOro”
MEX3/1eKTPOHHOIo B3anmonencTeus B F cnosx.

Pabora ].A. Apbysosa, A.A. Kamawesa, H.H. lapugpeaHosa u M.A. FapucgynnuHa no uccne-
00BaHU0 cBepxnpPOoBOOdSUUX CBOUCTB 6bl/1a BbINOJIHEHA B PAMKAX rocy0apCTBEHHOro 3a0aHus
OUL KHL PAH.

. M3tomoB H0.A., MpowwuH H0.H., XycanHos M.T., YOH, 172, 113 (2002).

. Buzdin A. Rev. Mod. Phys.77, 935 (2005).

. Golubov A.A. et al., arXiv:2509.16387 (2025).

. XycamHoB M.T. u dp., NMucbma B XKITD, 90, 402 (2009).

. ABzeeB M.B., MpowwH K0.H., Mucbma B XKITD, 102, 106 (2015).

. ABpees M.B., MNpowwuH H0.H., MexayHapoaHasa 3uMHAS WKona pru3nkoB-TeopeTnkos Koyposka-36: Tesncol go-
knagos. - C. 33. (2016).

. Avdeev M.V, Proshin Y.N., IMMM, 440, 116 (2017).

. Apbysos [.A. u dp., Mucbma B XKITD, 123, 41 (2026).

. TymaHos B.A., MpowwH H.H., Mrucbma B XXITO, 120, 636 (2024).
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VORTEX STRUCTURE AND INTERVORTEX INTERACTION
IN SUPERCONDUCTING STRUCTURES WITH INTRINSIC DIODE EFFECT

A.V. Putilov*** D.V. Zakharov?, A. Kudlis3, A.S. Mel’nikov**4, A.I. Buzdin®

1Moscow Institute of Physics and Technology, Dolgoprudnyi, Russia
2ITMO University, Saint-Petersburg, Russia
3Science Institute, University of Iceland, Reykjavik, Iceland
4Institute for Physics of Microstructures RAS, Nizhny Novgorod, Russia
5University of Bordeaux, LOMA UMR-CNRS 5798, F-33405 Talence Cedex, France

*E-mail: alputilov@ipmras.ru

We consider a thin superconducting film deposited on an insulating ferromagnet within
the modified Ginzburg-Landau functional.

The magnetochiral anisotropy triggered by the exchange field and the interfacial spin-
orbit interaction can be incorporated into the GL free-energy density through the odd spatial-
derivative terms whose strength is set by two phenomenological constants €; and €3.

The interface normal n breaks inversion symmetry, while an in-plane exchange field h
breaks time-reversal symmetry; taking h parallel to the layers suppresses stray fields.

The vectors n and h together single out the in-plane direction [n x h] that governs all non-
reciprocal responses.

Since the spin-orbit interaction is confined to an atomic-scale interface layer, its effects
are more pronounced if the film thickness is of the order of coherence length &, In this limit,
variations of the order parameter along n can be neglected, which leads to the two-dimensional
density of free energy

F=—aly|® + 0.5B|w[* + §alD|? + (e2p*[n x h]DY + €3DY*[n x h|D?y +c.c.),

where operator D = —{V — 2n1A/®, where A is a vector potential.

Within this modified GL functional, we demonstrate that the intrinsic superconducting
diode effect can strongly reshape Abrikosov vortices and leads to a chiral distortion of the
superfluid velocity, non-central interaction forces and resulting torque in a vortex-antivortex
pair, and anisotropy of the Bean-Livingston barrier [1].

These results are fully confirmed by time-dependent GL numerical simulations carried out
with a fourth-order least-squares finite-difference solver, which captures equilibrium single
vortex configuration in realistic mesoscopic geometries. The analysis shows that the cubic
gradient term shifts vortex cores by an amount proportional to the in-plane exchange field and
simultaneously generates a lateral torque that can rotate entire vortex ensembles, showing
how spin-orbit coupling and the exchange field enable breakdown of the vortex—antivortex
symmetry in a finite-size sample.

This work has been supported by the Russian Science Foundation (Grant No. 25-12-00042).
1. Putilov A. V. et al., Phys. Rev. B 112, 134507 (2025).
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QUANTUM PROPERTIES OF NONEQUILIBRIUM KINETICS OF TWPA

S.V. Remizovt:2:3%, A.S. Plyashechnik®, A.A. Elistratov?, A.V. Lebedev*

1Dukhov Automatics Research Institute, Moscow, Russia
2Kotelnikov Institute of Radioengineering and Electronics of RAS, Moscow, Russia
3National Research University Higher School of Economics, Moscow, Russia

*E-mail: sremizov@gmail.com

Modern quantum technologies demand precise handling of weak microwave signals, high-
lighting the importance of understanding nonequilibrium and quantum effects in travelling-
wave parametric amplifiers (TWPAs), which provide low-noise amplification. Describing the
propagating signals as bosonic fields shows that interactions between modes of the TWPA
couple their first moments to higher-order cumulants, producing nontrivial dynamics. Notably,
such effects arise already at first order in the nonlinearity, where Fermi’s golden-rule—based
approaches fail and the kinetic description becomes non-obvious.

To address the kinetics of such a system, we employ the Schwinger-Keldysh diagrammatic
technique within the Nambu representation to describe inter-boson correlations. We also
explicitly incorporate nonzero field displacements (first moments), which may evolve in time.
Using a TWPA as a model, we study the kinetics of Gaussian states in a medium with a quartic
bosonic-field nonlinearity.

Using a standard approach [1,2], we derive equations for the temporal evolution of the
field displacements and the corresponding Dyson equations. From these, we obtain equations
of motion for the cumulants, which explicitly include the field displacements. Crucially, the
cumulants also enter the equations for the displacements, preventing a closed description in
terms of first or second moments alone.

Our analysis shows that coherent signal propagation in such a nonlinear medium is accom-
panied by periodic oscillations, signifying the conversion of a small fraction of photons from
a coherent to a squeezed state. When inter-mode interactions are neglected, the problem
admits an exact analytical solution at first order in the nonlinearity.

The derived formalism allows us to analyze a TWPA in the amplification regime and investi-
gate the noise properties of the amplified signal. From a practical perspective, the case of
classical (coherent) pump and input signals is particularly relevant. We demonstrate that,
at first order in the nonlinearity, the amplified signal’s signal-to-noise ratio depends on the
TWPA length and on the powers of the signal and pump, which results from differences in the
dynamics of field displacements and cumulants.

Furthermore, our theory provides a means to estimate higher-order correlators. For a
strong coherent input signal, the estimated g(?) of the amplified output is close to 1, indicating
its classical behavior. In contrast, for a weak input signal, g(? increases, reflecting the enhan-
ced role of quantum effects that lead to photon bunching. We further demonstrate that relaxa-
tion caused by nonlinearity imposes limits on the achievable squeezing parameter of the
generated radiation, so that the interplay between relaxation and squeezed-radiation genera-
tion determines the optimal TWPA length.

1. Buchhold M. and Diehl S., Eur. Phys. J. D 69 224 (2015).
2. Vasil'ev A.N., Functional Methods in Quantum Field Theory and Statistical Physics, Taylor & Francis Ltd (1998).
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EVALUATION THE TENDENCIES TO SUPERCONDUCTING PAIRING

OF EPSILON-IRON AND IRON-BASED SUPERCONDUCTORS
FROM DFT+DMFT CALCULATIONS

S.L. Skornyakov'2* A.S. Belozerovt, A.A. Katanin®-3, V.I. Anisimov-?

1M. N. Mikheev Institute of Metal Physics of Ural Branch of Russian Academy of Sciences, Yekaterinburg, Russia
2Ural Federal University, Yekaterinburg, Russia

3Center for Photonics and 2D Materials, Moscow Institute of Physics and Technology, Dolgoprudny, Moscow region,
Russia *E-mail: skornyakov@imp.uran.ru

Iron and iron-based compounds exhibit a variety of unusual properties that attract the
attention of a broad circle of researchers. Over the past two decades this interest gained a
significant boost due to the discovery of superconductivity of epsilon-iron and the entirely
new class of superconducting materials — iron pnictides and chalcogenides. In particular,
many efforts have been devoted to microscopic first-principle modeling of the electronic
structure of iron-based systems, aimed at explaining their phase diagrams and understanding
the nature of the superconducting state.

Here, we employ the Bethe-Salpeter equation (BSE) approach to evaluate the tendencies
to superconducting pairing of epsilon-iron and parent compounds of iron-based superconduc-
tors. As a first step, we use the dynamical mean-field theory plus density functional theory
(DFT+DMFT) method to calculate the electronic structure and non-uniform spin susceptibility
takinginto account the effect of local Coulomb correlations in the Fe 3d shell. In these calcula-
tions the quasiparticle mass enhancement m*/m is found to range from 1.5 (33 GPa) to 1.8
(12 GPa) for epsilon-iron and reach 2 for iron-based superconductors FeSe and LaFeAsO
signaling moderate correlations. In addition, we calculate the imaginary time spin correlation
functions and the nonuniform spin susceptibility which indicate the presence of strong antifer-
romagnetic fluctuations and short-lived local moments. Next, using the DFT+DMFT local self-
energy and non-local particle-hole bubble we construct and solve the multiband BSE with
the pairing vertex calculated by the second-order perturbation theory. For epsilon-iron we
analyze the evolution of BSE eigenvalues and eigenfunctions under pressure and speculate
on the spin fluctuation-mediated mechanism of superconductivity. In particular, we show
that the tendency to superconducting pairing in epsilon-iron becomes weaker under pressure
consistent with vanishing of the superconductivity at 30 GPa. For the parent compounds FeSe
and LaFeAsO our calculations give a singlet pairing with sign-changing gap sharing similar
features with the so-called s+-scenario of superconductivity proposed earlier foriron pnictides
and chalcogenides. Altogether, our results demonstrate that the BSE with the interaction
vertex obtained by perturbation theory can be used to explore the fundamental properties of
superconducting state such as the symmetry of the superconducting gap of strongly correlated
materials.

The work was supported by the Russian Science Foundation (Project No. 24-12-00024).
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CLUSTER QUANTUM-CHEMICAL APPROACH TO THE STUDY LOCAL

ELECTRONIC PROPERTIES AND EXCHANGE SPIN INTERACTIONS
IN COMPLEX TRANSITION METAL OXIDES

L.A. Siurakshina*

Meshcheryakov Laboratory of Information Technologies, JINR, Dubna, Russia
*E-mail: siuraksh@jinr.ru

Ab initio quantum chemical approach has been developed [1-5] to calculate the local
electronic structure (N-electron wave functions and their energies) of small crystalline frag-
ments (clusters) of complex transition metal (TM) oxides. All three families of TMs with partial-
ly filled nd-orbital electron subshells (n = 3, 4, 5) differing in the strength of spin-orbit coupling
are considered. This wavefunction methodology utilizes post-Hartree-Fock calculations and
symmetry analysis of local electron configurations to account for static and dynamic electron
correlations and classify the resulting stationary cluster’s multi-electron configurations.

On this basis, for a large set of TM oxides with diverse crystal structures, first, the energy
spectrum of local d — d electron transitions was calculated with the accuracy required by
experimental resolution, for example, by RIXS spectroscopy [6]. Second, a numerical scheme
was elaborated for the ab initio estimation of the exchange model parameters for a variety
of effective spin-1/2 Hamiltonians relevant to a number of heavy TM oxides of the 5d family
with strong spin-orbit interaction. In my presentation, the general structure of the cluster ab
initio approach together with details of its application will be discussed using the example of
the Heisenberg compass model for the iridate BayIrO,.

1. Hozoi L., Siurakshina L., Fulde P., van den Brink J., Scientific Reports 1, 65 (2011).

2. Huang H.-Y., Bogdanov N., Siurakshina L., Fulde P., van den Brink J., and Hozoi L., Phys. Rev. B. 84, 235125
(20112).

3. Katukuri V., Yushankhai V., Siurakshina L., van den Brink J., Hozoi L., and Rousochatzakis I., Phys. Rev. X 4,
021051 (2014).

4. Siurakshina L., Yushankhai V., Bulletin of the Russian Academy of Sciences: Physics 89, 1802 (2025).

. Xu L., Yadav R., Yushankhai V., Siurakshina L., van den Brink J., and Hozoi L., Phys. Rev. B. 99, 115119 (2019).

6. Yushankhai V., Siurakshina L., Int. J. of Mod. Physics. B 27, 1350185 (2013).
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MAGNETOELASTIC DYNAMICS OF THE SPIN JAHN-TELLER TRANSITION
IN CoTi,05

K. Guratinder®, R.D. Johnson??3, D. Prabhakaran®, R.A. Taylor*, F. Lang®, S.J. Blundell*,
L.S. Taran®* S.V. Streltsov®, T.J. Williams®, S.R. Giblin’, T. Fennell®, K. Schmalz/®, C. Stock?
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5M. N. Mikheev Institute of Metal Physics UB RAS, Ekaterinburg, Russia
6Institute of Physics and Technology, Ural Federal University, Ekaterinburg, Russia
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*E-mail: leonidtaran97@gmail.com

In this work, the dynamics of the spin Jahn—Teller transition in CoTi,Os have been investi-
gated for the first time using inelastic neutron scattering and Raman spectroscopy. It is found
that upon entering the magnetically ordered state, the acoustic shear mode with Fzr symmetry
undergoes a pronounced hardening and narrowing. This mode corresponds to a Cee-type
deformation and possesses the appropriate symmetry to break the mirror plane my, which
is responsible for magnetic frustration.

Notably, the energy scale of this anomaly (~3-4 meV) coincides with that of magnetic
excitations—spin waves—indicating strong magnetoelastic coupling. Complementary Raman
spectroscopy data revealed an optical phonon mode of the same ry symmetry (~21.5 meV),
which, unlike typical lattice modes, softens upon cooling—a signature of dynamic instability
and a possible structural distortion. Density functional theory calculations show that this
mode is associated with displacements of oxygen ions out of the mirror plane, thereby lifting
the frustration. These results suggest that the spin-driven Jahn—Teller transition in CoTi,O5
is realized through cooperative magnetoelastic fluctuations, in which acoustic phonons play
a crucial role.

The work was carried out within the framework of the state assignment of the Ministry of
Science and Higher Education of the Russian Federation for the IMP UB RAS.
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MAGNON EDGE STATES OF SKYRMION CRYSTAL IN NON-UNIFORM
MAGNETIC FIELD

V.E. Timofeev*2* D.N. Aristov!2

INRC “KI” Petersburg Nuclear Physics Institute, Gatchina, Russia
23aint Petersburg State University, Saint Petersburg, Russia

*E-mail: viktor.timofeev@spbu.ru

We investigate the magnon excitation spectrum of skyrmion crystals (SkX) formed in thin
ferromagnetic films with Dzyaloshinskii—Moriya interaction when the system is subjected to
a spatially nonuniform external magnetic field. In uniform fields, the low-energy magnon
bands of SkX exhibit a field-induced topological transition: the gap between two modes near
the Brillouin-zone center closes and subsequently reopens with an exchange of their Chern
numbers [1,2]. We explore a configuration where two adjoining half-planes reside on opposite
sides of this transition point. Such a setup creates an interface separating topologically distinct
SkX phases.

Using the stereographic projection approach within semi-classical quantization [3], we
perform full-scale calculations of the magnon band structure in an elongated strip geometry.
In parallel, we employ a reduced effective description based on an extended Dirac equation
for the breathing and counterclockwise low-energy modes. Both approaches consistently
reveal the emergence of chiral magnon edge states bound to the interface. Their group velocity
is governed by the orientation of the magnetic-field gradient, providing a direct mechanism
for field-controlled unidirectional magnon transport. We further show that these edge states
remain strongly confined within only a few lattice periods of the skyrmion crystal, correspon-
ding to submicron scales in realistic materials, and that their localization properties are robust
over a wide range of magnetic fields.

Our results [4] demonstrate that spatially engineered magnetic fields offer a powerful
means of creating and tuning chiral magnon channels in skyrmion crystals. Such field-reconfi-
gurable edge states provide a promising platform for magnonics applications, including cont-
rollable waveguides and quasi-one-dimensional conduits for heat and spin transport.

The work was supported by the Russian Science Foundation, Grant No. 24-72-00083.

1. S. A. Diaz, T. Hirosawa, J. Klinovaja, and D. Loss, Physical Review Research 2, 013231 (2020).
2. V. E. Timofeev, Yu. V. Baramygina, D. N. Aristov, JETP Letters 118, 12, 911-916, (2023).

3. V. E. Timofeev and D. N. Aristov, Phys. Rev. B 105, 024422 (2022).

4. V. E. Timofeev and D. N. Aristov, arXiv:2510.16970.
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CRITICAL DYNAMICS OF SPIN BOSON MODEL

M.I. Bacun™?* A.A. Enuctpartos?, C.B. Pemuzos?3*
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2V|HCTMTyT (hn3mnkn BbicOKMX fasneHnn um. J1.®d. BepewarmHa PAH, MockBa, Poccus
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4HauyoHanbHbI MccnepoBaTeNbCKU YHUBEPCUTET «BbICLasn WKona 3KOHOMUKK», MockBa, Poccus

*E-mail: dr_vasin@mail.ru

B npencrtaBneHHom paboTe n3yyatoTcs HU3KO3HEPreTU4ecKne CBOMCTBa CNMH-6030HHOWM
MoZenu, onucbiBaloLen AMHaAMKKy cnuHa 1/2, cBa3aHHOro ¢ 6030HHLIM TepMOCTaTOM, Xa-
PaKTePU3YIOLWMMCS CTEMNEHHOW cneKTpanbHon dyHKumMen f(w) « w*. MNpennoxeH anstep-
HaTUBHbIA NOAXOA, OCHOBAHHbIA HA CMMHOBOW (hepMUOHM3ALMN C UCMOSb30BAHNEM Malio-
PaHOBCKMWX CMUHOPOB [1] M NpUMEHEHUM KPUTUUYECKON AMHAMUKW M PEHOPMIPYMNNOBOro aHa-
nn3a B pamkax opmanmsma LsnHrepa—Kengbiwa.

Mpexnae Bcero, bbina npeogoneHa npobnema nepeHopMmpyemMocTu. lokasaHo, YTo CTaH-
napTHas popMynMpoBKa raMUAbTOHMAHA B TEPMUHAX MaiopPaHOBCKMX PepMUOHOB MPUBO-
ONT K HenepeHopMmnpyeMon Teopun. ns pewweHnsa aton npobnembl 6b110 NPeaioxKeHo K-
BMBANIEHTHOE, HO NMEePEeHOPMUPYEMOe NPeaCcTaBeHNe raMUIbTOHNAHA, KOPPEKTHO YYUTbI-
BatoLLee KOMMYTALMOHHbIE COOTHOLLIEH WS CMMHOBBIX ONEPaToOpoB. 3TO NO3BOJIUIIO HaM B paM-
Kax OOHOMNETNEBOro NpuUbAMMXKEHNS PEeHOPMIPyNMbl BbIBECTU YPaBHEHUS O NepeHopMU-
POBKMW TYHHENIbHOW KOHCTaHTbI A M KOHCTaHTbl CBS3M A. B pesynbTtaTe 6b11m nosyyeHbl aHa-
NUTUYECKMNE BbIPAXKEHUS AN HEMOABUXHbIX TOYEK PEHOPMASIU3ALMOHHONM FPynMbI.

Teopus cornacyeTcs ¢ TeopeTUYeckMm nonoxerHuamm JNlerretta [2] n nocnefoBaTenbHO
ONMCbIBAET TPU PEXMMA B 3aBUCUMOCTU OT MHOEKCA CNEKTPaNbHOM hyHKLMK s: [1na oMude-
cKoro pexuma (s = 1) BblumcrieHa KputTuueckas Touka A*. MNokasaHo, UTo Nepexon Mexay
NOKaNM30BaHHON W AeNoKann3oBaHHoM hasamu npoucxoaut npu A = v/21"; B cybomuue-
CKOM pexunme (s < 1), Kak 1 B OMUYECKOM, CYLLECTBYET NEPEXOA, MEXOY OE/TOKANIM30BAHHOM
(Mpu A < v/2\*) 1 nokanusosaHHoii (Npu A > +/21\") thasamu. KpuTnueckoe 3HaueHme KoH-
CTaHbl CBA3M, A" (S), CTPEMUTCS K HYJ/I0 C YMEHbLLEHWEM S, Cyxas 0611acTb AenoKanmsauum.
MonyyeHHOE B paMKax 3TOW MOAENM BblpaXKeHue AN KPUTUYECKOro MHAEKCa HaMarHnyeH-
Hoctn 1/86 = (1 —5)/(1 + s), a Takxke (PyHKLMOHANbHAS 3aBUCUMOCTb KPUTUYECKOW KOH-
CTaHTbI CBA3M OT S COMNACYIOTCA C pesynbTaTaMu YMCTIeHHbIX pacyétoB npu s < 1 [3-6]; B
CynepoMmyeckoMm pexxmme (s > 1) nokanusoBaHHas asa OTCYTCTBYET, a CNMH BCEraa ocTa-
8TCa [eNoKanmM3oBaHHbIM, MOCKOMbKY NapamMeTpbl A 1 A He NepeHopPMUpYHOTCS.

MpennoxeHHbIN NOAX0A ONUCLIBAET MPOLLECCHI AUCCUNALLMM, MO3BOSIAS PACCUNTbIBATb Bpe-
MeHa penakcaummn n gekorepeHumu. NMokasaHo, uTo: npu A < A* Bpemsa aekorepeHummn 6omb-
Wwe nepronaa TyHHeNbHbIX KonebaHnin, UToO COOTBETCTBYET 3aTyXatloWeMy KonebatenbHoMy
pexxumy; npu A > A" BpeMsa [eKOrepeHLUmMm MeHblle BPEMEHU TYHHENMPOBaHMS, YTO COOT-
BETCTBYET HEKOFEPEHTHOMY PEXUMY penakcauuu.

1. Schad P. et al., Annals of Physics 361, 401 (2015).
2. Leggett A. J. et al., Rev. Mod. Phys 59, 1 (1987).

3. Vojta M. et al., Phys. Rev. Lett. 94, 070604 (2005).
4. Winter A. et al., Phys. Rev. Lett. 102, 030601 (2009).
5. Zhang Y.-Y. et al., Phys. Rev. B 81, 121105 (2010).
6. Wang Y.-Z., et al., Phys. Rev. B 100, 115106 (2019).
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NON-EQUILIBRIUM DYNAMICS IN LOW-DIMENSIONAL MODELS
OF QUANTUM MAGNETISM

V. Yushankhai*

Bogoliubov Laboratory of Theoretical Physics, JINR, Dubna, Russia
*E-mail: yushankh@theor.jinr.ru

With the advent of quantum computers, i.e., the analog and digital quantum simulation
platforms, and their expected experimental development in the near future, new opportunities
arise forinvestigating the relationship between microscopic quantum theory and macroscopic
thermodynamics. One of the key problems is the emergence of irreversibility in the non-
equilibrium quantum dynamics of isolated many-body systems. Moreover, the development
of sophisticated computational methods, in particular those based on the tensor-network
framework, provide complementary tools to study dynamical properties of low-dimensional
quantum systems of growing size with the use of classical computers.

In the context of both approaches a quantum quench protocol is commonly used. In such
guench protocols, a system with the Hamiltonian H = Hg+AH, is first prepared in an eigenstate
|w(0)) of Ho. Next, the second term with nonzero value of A is suddenly switched on at ¢t = 0,
such that |w(0)) is no longer an eigenstate of H, and hence one expect the many-body system
to exhibit for t > 0 a nontrivial time evolution, for instance, relaxing to an equilibrium state.

Approaching a thermalization as a result of a late-time evolution, when physical observab-
les agree with a (micro)canonical Gibbs ensemble, is a central problem of any simulation of
the quantum dynamics of a many-body system. At the same time, several classes of systems
fail to fully thermalize. These include some strongly disordered systems that undergo a transi-
tion to a many-body localized (MBL) phase, or regular systems featuring “quantum scars”
where nearly stationary states are embedded in an otherwise thermal spectrum.

The aim of my talk is to present a mini-review of recent results in the field of non-equilibri-
um dynamics of quantum models of low-dimensional magnetism. The results reported in the
literature are obtained by analog simulations on quantum platforms, as well as by application
of numerical tensor-network methods including our own original program package.
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EXACTLY SOLVABLE MODEL OF ELECTRON-PHONON INTERACTION
WITH FORWARD-FOCUSED SCATTERING

R.G. Babaian* E.Z. Kuchinskii

Institute of Electrophysics UB RAS, Ekaterinburg, Russia
*E-mail: babaian@iep.uran.ru

In this study, we consider a two-dimensional model with a Fréhlich-type Hamiltonian that
describes forward-focused electron-phonon scattering. The corresponding matrix element of
the interaction, g(q), is given by g(q) = go exp(—|q|/qo), where go < a~ and ais the in-plane
lattice constant. This model was first proposed in the context of the FeSe/STO system in [1].

Using the specific form of the Ward identity obtained in [2], we are able to take into account
all diagrams in the asymptotic expansion of the full one-particle electron Green’s function and
derive a self-consistent equation for the Green’s function. The model is studied in various
regimes, including the antiadiabatic case (er/Qo < 1, where Qq is the characteristic energy
of phonons), the strong coupling case (Ao = 2g2N(€f)/Qo > 1, where N(gg) is the DOS at the
Fermi level), and at other values of the model’s parameters, including those relevant to the
FeSe/STO system. Numerical results (e.g., the spectral function and the effective dimension-
less electron—phonon coupling) are compared with those obtained using the self-consistent
Born approximation (for the FeSe/STO case, with the results from [3]).

This research was supported by the Russian Science Foundation (grant number 25-12-
00418).

1. J.J. Lee et al., Nature 515, 245-248 (2014).
2. Kuchinskii E.Z. et al., Phys. Rev. B 75, 115102 (2007).
3. Y. Wang et al., Supercond. Sci. Technol. 29, 054009 (2016).
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QUANTUM ERROR MITIGATION WITH COMBINED DATA

[.B. babyxun** B.B. [Morocos?

1Bcepoccuitcknii HayuYHO-MCCnef0BaTeNbCKNIA UHCTUTYT aBTOMaTUKM
M. H. J1. lyxoBa, 127030 MockBa, Poccus

*E-mail: dv.babukhin@gmail.com

KBaHTOBOE CMATrYeHME N KOPPEKLMS OLLMOOK SIBNSOTCSA OCHOBHbBIMU MHCTPYMeHTaMu 6opb-
6bl C LWYMOM B KBaHTOBbIX BblYMCEHUSX. CoveTaHne 3TUX MHCTPYMEHTOB MOXeT obecne-
unTb Bonee NaBHbIA U BLICTPLIN Nepexon Mexay WyMHbIMU KBAHTOBbIMU BblYMCIEHUSMMN
npomexyTouHoro MacwTtaba (NISQ) n 0TKa3zoyCcTONUMBLIMM KBAHTOBbLIMM BbluMcieHUaMU. B
noknape byneTt pacckasaHo, Kak 0QHOBPEMEHHOE UCMOMb30BaHWE OAHHbIX, MOYYEHHbIX C
Mcrnonb3oBaHMeM 1 6e3 MCNosb30BaHNA KBAHTOBOWM KOPPEKLMM OLLMBOK, MOXET YyuLlnTb
pPaboToCnoCcobHOCTb 3KCTPANONSALMM K HYJIEBOMY LYMY - OAHOI0 U3 6a30BbIX METOL0B KBaH-
TOBOMO CMsirYeHus olmbok. B yacTHoCTH, ByaeT nokasaHo, UTo obbegmHeHne OaHHbIX, Nony-
YeHHbIX C UICNOJSIb30BaHMEM KBAHTOBOWN KOppPeKL M olwmnbok 1 6e3 He€, NpMBOAMUT K OLLEHKaM
C HYJIEBbIM LUYMOM, KOTOPbIE MMEIOT NIYULLY TOYHOCTb U MEHbLUee CTaHOAPTHOE OTKIOHe-
HMe NO CPABHEHMIO C UCMONb30BAHMEM AAHHbIX, MOSYYEeHHbIX TM60 TObKO C MCMNOSIb30BAHM-
eM, Nnbo 6e3 Ncnonb3oBaHWs KOpPeKLMmM onMbOK. B kKauecTBe 4EMOCTpPALLUN UCNOSb3YeTCS
CUMYNSALMA AUHAMUKM MHOMOYACTUYHOM CMIMHOBOM CUCTEMBI NOA, AENCTBMEM raMUIIBTOHMA-
Ha Mogenu M3unHra B nonepeyHoM none. MoMnUMo ynyylleHHON TOYHOCTM, KOMBUHNPOBaH-
HOE MCMNOSIb30BaHMe KBAHTOrO CMSArYEHNs U KOppPeKLMn owmnboK MOXET faBaTb 3KOHOMMIO
thnsnyecknx pecypcoB B NpoLECcCe KBAHTOBbIX BbIYUCIEHUN. APryMeHTbI B NMOJIb3y TaKoro
YTBEPKLAEHUS NPUBOOSATCS B AOKNALE.
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Puc. 1. PacnpefeneHune OTKIIOHEHWI OLLEHOK CpefHelt HAaMarHMYeHHOCTH, NOMYyYEHHbIX 3KCTpanons-
LMein K HyNIeBoMy LYMy OT 3HaUYEeHUI cpefHel HaMarHn4yeHHocTy 6e3 wyma.
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ANDERSON TRANSITION OF A QUANTUM PARTICLE WITH LONG-RANGE
HOPPING AMPLITUDES IN ONE DIMENSION

M.C. BaxosaduHos?* ®.H. Awanonos™3, b.J1. AnbTwynep?, I.B. lnsnHukos™*

1Poccuiicknii kBaHTOBbIN LeHTP, Mocksa, Poccus
2 MexxayHapopaHas nabopatopus M3MK1 KOHAEHCMpoBaHHoro cocTosiHus HNY BLLI3, Mockea, Poccua
3 CKONKOBCKMIH MHCTUTYT HayK M TexHomoruii, Mockea, Poccus
4 MoCKOBCKMI (PU3NKO-TEXHUYECKMNI MHCTUTYT, [lonronpyaHsiii, Poccua

*E-mail: m.bahovadinov@rqc.ru

MN3BeCTHO, YTO KBAHTOBAsA YacTMLA B O4HOMEPHOM reOMeTPUN B NPUCYTCTBUN CKOJIb YTroOf-
Ho cnaboro 6ecnopaaka nokanuayetcs [1,2]. B noknaae 6yayT npencTtaBneHbl pesynbTaTbl
Hallero HefLaBHEro NccnepoBaHmMs No oKanmMsaunm AHAEPCOHA B MPUCYTCTBUN JaNlbHUX Ne-
PECKOKOB B 0 HOMepHon pelwéTke [3,4].

PaccmatpurBaeTcs nokanmsaums KBAHTOBOW YacTULLbl C aMIMTYAAMU NEPECKOKOB t(r) ~
r—%, B guaroHanbHoM becnopsagke. B oTnnumne ot cTaHOapTHON Modenn AHOepcoHa B of-
HOMepHoW reoMeTpun (00 — oo), rAe BCe COCTOSAHMA NIOKaNN30BaHbl, a AJIMHA NoKanM3aumm
MUHMManbHa Ha Kpasx 30Hbl, B 4aHHOM 3adave npu 1 < o < 3/2 Ha Kpato 30HbI Habntopa-
eTcs nepexop no amnnautyae becrnopsigka, B TO BpeMsi Kak BCe OCTasIbHble COCTOSIHMSA OCTa-
OTCS TOKaNM30BaHHbIMK Npu Ntobon amnnntyne becnopagka. Mbl MccnepoBany aToT nepe-
X0[, B KOOPAMHATHOM M UMMYNbCHOM NPOCTPAHCTBAX A1 OCHOBHOI0O COCToAHMSA. MNonyye-
Hbl aHAIMTUYECKNE BbIPAXKEHUS O XapaKTEPUCTUUECKMX DYHKLUIN 1 MOMEHTOB BOJTHOBbIX
hyHKUMI, a TakKe ons dpaKTanbHON pa3MepHOCTM B pexuMe cnaboro becnopsgka B M-
nySbCHOM MpocTpaHcTBe. [MocTpoeHbl 6eTa-thyHKLUN, NPOBEepeHa rmnoTesa ogHonapameT-
PUYECKOro CKeMIMHra 1 nocTpoeHa hasoBas anarpamMmma Mmogenu. MonyyeHHble pesynbTaTbl
CpaBHEHbI C YNCNEHHBIMW pe3ynbTaTaMy TOYHOW AMaroHannsaunumn 1 NPUMEeHNMbI Takxe K
ogHoMepHoM XY Moaenu c AanbHOOENCTBYOLWNMM 0BMEHHbIMY B3aMMOAENCTBMAMU B O HO-
CMUHOHHOM pPEeXnMe, YTO MOXKET BbITb IKCNEPMMEHTANbHO Peann3oBaHo Ha nnaTdopme Xo-
NOAHbIX MOHOB.

1. Anderson P.W., Phys. Rev. 109, 58, (1958).
2. Mott N.F., Advances in physics, 10, 38, (1961).

3. De Moura F. A. et al., Phys. Rev. B, 74, 17, (2005).
4. Tikhonov K.S. et al., Annals of physics, 435, 168524, (2020).
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TOPOLOGICAL TRANSITION IN Co,MnAl DURING SUBSTITUTION
OF COBALT FOR COPPER

E.[. YepHoB'* A.B. JlykosiHos™ 2

IWHeTuTyT dhmsmkm metannos YpO PAH umenn M.H. Muxeesa, Exatepunbypr, Poccus
2Ypanbckuit DepepanbHblil YHUBEpCHTeT UM. Mepsoro MpesuaenTta Poccun B.H. EnblumHa, Exkatepunbypr, Poccua

*E-mail: chernov_ed@imp.uran.ru

Bnarogaps yHMKanbHbIM MarHUTHbBIM U TPAHCMOPTHbLIM CBOMCTBAM, cnaBbl lencnepa aB-
NAKTCS NePCNEKTUBHbIMU MaTepuanamm gas CIMHTPOHUKM U MarHUTO3NeKTPoHMKM [1]. Nx
OT/INYMTENBbHANA YepTa — CNOCOBHOCTbL NPOSBAATL CBOMCTBA NOJYMETANII0B, TOMOMOMMYECKUX
NosyMeTasNsIoB U CBEPXNPOBOAHNKOB B 3aBMCUMOCTM OT COCTaBa M CTPYKTYpbl [2]. Bbicokas
TeMnepaTypa Kiopu, aHoManbHbIN adhdekT Xonna n s3HavymuTeNbHas CNMHOBas Nonsipu3aums
YCUMMBAKT MX NPUKIAAHOM NOTEHUMan, Npu 3TOM ocoboe BHMMaHWe yoenseTcs cucteMmam
Ha ocHoBe KobanbTa [3].

B paHHoOM paboTe npencTaBneHbl pesynbTaThl NepBONPUHLMMAHbBIX pacyeToB Aasa cha-
Ba lelicnepa Co,MnAl npu 3amelleHnn atomoB kobanbta Ha Meab. MccnegoBaHue noka-
3an0, uto cnnae Co,MnAl nposiBngeT nonymeTanMyeckme CBOMCTBA, a B MPOEKLUN CrnHa
«BBEPX» B BBICOKOCMMMETPUUHbIX Toukax X n W Ha ypoBHe DepMun obHapyeHbl TOUKkK Ben-
nsi. MoNHbIA MarHUTHbIA MOMeHT cocTaBmn 4.12 pg. O6Hapy»KeHo, YTO C POCTOM KOHLEHTpa-
LM/ aTOMOB Meu TONOoNorn4yeckmne oCobeHHOCT MEHSAIOTCS, COCTOSIHME CTaHOBUTCS MeTas-
nn4yeckuM. MonHbIM MarHUTHbIN MOMeHT cucteMbl CuyCos_yMNAL ¢ pOCTOM KOHLLEHTPaLUK
Menwu cHavana ysenunumnsaetcs go 4.5 pg (npu x = 0.5), a NoToM ymeHbLuaeTcs f0 3.6 pg (npw
Z=2) [4]. Nony4yeHHble pe3ynbTaTbl 4EMOHCTPUPYIOT BbICOKWIA NOTEHLMAN AaHHbIX CM1aBOB
OJ19 MICNO/b30BaHMS B CMIMHTPOHMKE.

ViccnedoBaHue BbINOHEHO B paMKax npoekta Pocculickoro Hay4yHoro ¢oHda Ne 25-22-
00481.

1. S. Tavares, K. Yang, M. A. Meyers, Prog. Mater. Sci. 132, 101017, (2023).

2. A. Difalco, A. Castellero, M. Palumbo, M. Baricco, S. Boldrini, A. Ferrario, C. Fanciulli, O. Rouleau, B. Villeroy,
G. Barrera, P. M. Tiberto, P. Allia, E. Alleno, J. Alloys Compd. 1027, 180557 (2025).

3. B. Mallett, Y. Zhang, C. Pot, K. V. Koughnet, B. Stanley, R. G. Buckley, A. Koo, Y. Yin, N. V. Medhekar et al., Phys.
Rev. Mater. 7, 094203 (2023).

4. E.[. YepHos, A.B. JlykosHoB, XX3T®d 168, 5 (11), 676 (2025).
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SUB-BRAGG AND SMALL ANGLE SCATTERING OF THE RAYLEIGH WAVE
AS A TOPOLOGICAL INTERSECTION OF META-RAYLEIGH
SPECTROSCOPY AND THE LAUE-BRAGG-WULFF META-SPECTROSCOPY

B.H. YykoB*

NHCcTUTYT Brioxummnyeckor gpusnkm nmern H.M. 3maHyans PAH, MockBa, Poccus
*E-mail: vehukov@mail.ru

Mony4eHo, YTO HOBbIE TOMOJSIOMMYECKME 3aKOHbI PaccesiHUS NMOBEPXHOCTHOM akycTuye-
CKOW BOMHbI Panea Ha feTepMUHUPOBaHHON TPEXMEPHON WepoxoBaTocTn cesobogHoM no-
BEPXHOCTM M30TPOMHOIro TBEPAOro Tena (hoOpMUPYOT TOMONOrMKU MeTa-pPaneeBCcKoro pacce-
AHMA U MeTa-paccesaHus Jlaya-bparra-Bynbda, BKIOUaOLWMX 3aKOHbI paccesHusa Panesa u
Jlays-bparra-Bynbga [1-6], pacumpsas v 4ONOAHAS MX, BIJIOTb 4O UX NMOSTHOMO HapyLUeHWUS
[2-6]. laHHble TONONOrMM ONUCHIBAIOT KaK NEPUOAMNYECKME, TaK U NOJTHOCTBIO XaoTUYeCKME
HEOLHOPOAHOCTHU. N5 XaOTUUYECKMX PELLETOK paccenBaTenen faHHble TOMNONOrMYecKme 3a-
KOHbl BbIIBNAIOT 3HAYEHMS TOMOOrMUYECKUX XapaKTEPUCTUK PELLETKN, AN KOTOPbIX XaoTu-
yecKue peleTKM NOAUNHAKTCA 3aKoHY Jlaya-bparra-Bynbta 4na BupTyanbHOW nepuogmnye-
CKOW PeLWéTKM, MMetoLLLen onpeaenérHHblin aDEKTUBHbBIA pasMep 3/IEMEHTAPHOM AUENKN 1
COOTBETCTBYHOLLEN peanbHOM XaoTu4eckon pewéTke. MNpu gpyrux onpegenéHHbIX Tononoru-
YeCKMX XapaKTepuCTMKax B 0bLLEM Cllyvae MOSTHOCTbIO XaOTUYECKMX PELIETOK HapyLuaeTcs
OaHHbIN 3aKoH Jlaya-bparra-Bynbda. CnekTp MoXeT MMeTb MPOM3BOJbHbIN XapaKTep, (op-
Ma KOTOpPOro onpefenseTcs He TONIbKO paccMaTpuBaeMbiMU 3aKOHaMK (Pa3oBOro CUHXPO-
HU3Ma, ONpeLensseMoro Tonoaornen HeOQHOPOAHOCTEN, HO U ANHAMUKO-TEOMETPUYECKUM
thakTOpOM. PU3NYECKN OaHHbBIN MHOXUTENb MHAMKATPUCHI PACCESHMSA OMUCHIBAET KakK yBe-
NIMYEHNE MIOTHOCTU NMOTOKA SHEPTUM PACCEAHHOW BOJIHbI, TAK N €r0 YMEHbLUEHUE C POCTOM
reoMeTpUYECKON rMafKoCTU HEOQHOPOLHOCTY NPU YBEIMYEHUN YacTOThbl BOJHbI. [JaHHbIN
LVHaMUKO-reoMeTpuyecknin hakTop He yuntbiBaeTcs B heHoMeHonornveckon [1] Teopum
Naya-bparra-Bynba. Ho B pamkax HOBbIX 3aKOHOB pacCesiHNs OH TaKXe MMeeT CBOKO TomMo-
NOTUI0 HapaBHe C Tonosornen asoBoro CUHXPOHM3Ma.

Mony4eHo, UTO B NEPEXOLHOM YaCTOTHON 061aCTK OT PaSIEEBCKOro paccesHms K pacces-
Huto Jlaya-bparra-Bynba, To ecTb, B obnacty cyb-6parroBckoro paccesiHus M B obnacTtun ma-
NOYrN0BOro paccesHms, HO BbICOKOYACTOTHOrO Mo napaMeTpy Panea — oTHoweHuo pasmepa
HEO4HOPOAHOrO yyacTKa K ASIMHE BOJIHbl, 3aKOHOMEPHOCTU (hOPMUPOBAHNS CNEKTPa pacce-
AHUS ONPefensoTCs B3aMMOAENCTBMEM METa-P3aNIeeBCKOr0 PaccesHusa 1 MeTa-paccesHus
Jlaya-Bparra-Bynbda [5,6]. C TOUKN 3peHUss TONONOMMn 3aKOHOB PaccesHUsa 1 CTPYKTYPb
HEeoJHOPOLHOCTM 3TO O3HAYAET, UTO AaHHble 3aKOHOMEPHOCTMN ONPEeAensatoTCa nepeceyeHun-
€M TOMoJNIorni MeTa-pPaneeBCKOro paccesHnsa n Meta-paccesHus Jlays-bparra-Bynbda.

CKOHCTpPYMpPOBaHbI TOMOMOrMYeCKME CTPYKTYPbl HEOOHOPOLHOCTEN, peann3yoLmnx MeTa-
paneeBCKYl0 CMEKTPOCKOMNUIO, MeTa-cnekTpockonuto Jlaya-bparra-Bynbta n nx tononoru-
yeckoe nepeceveHune [2—6]. MonyyeHHble MeTa-panieeBcKas CNeKTPOCKONUS U MeTa-CneKT-
pockonus Jlaya-bparra- Bynbta MoryT 6biTb MCMONb30BaHbl B pa3Hbix 061acTax akcnepu-
MEHTaNbHOM N TEOPETUYECKON (DU3MKM, B HOBbIX TEXHONOMMSX aKyCTO3NEKTPOHUKM, MUKPO-
3MTEKTPOHMKW, aKYCTUHECKOW U 3NIEKTPOMArHUTHOM, B YaCTHOCTM, PEHTITEHOBCKOW BU3yanu-
3aUMKM CTPOEHMS BELLECTBA, B CEMCMOSION MM NPU KOHCTPYMPOBAHMM CENCMUYECKMX JIOBYLLEK
BOJIH Panesq.

PaboTa BbinosiHeHa B pamkax loczadaHus HUOKTP N2 122041400112-8, ko0 Tembl FFZR-
2022-0012.

. Ewald P.P. Acta Cryst. A25, 103 (1969).

. YykoB B.H. HayuHo-TexHuueckme BegomocTu CMN6IMY. dusnko-marematnyeckne Hayku 16 (2), 557 (2023).

. Chukov V.N. Bulletin of the Russian Academy of Sciences: Physics 89 (1), 96 (2025).

. Chukov V.N. Journal of Siberian Federal University. Mathematics & Physics 18 (5), 585 (2025).

. B.H. YykoB. Cab-6parroBckuii CNekTp paccesHns NMOBEpPXHOCTHOM aKyCTUYEeCKON BOJSHbI Paned. Matepuanbi
JIN®-2025, NpkyTek, C. 142.

. YykoB B.H. MeTa-cnekTpockonus paccesiHusi BonHbl Panes Ha TOMOMOrMYecKkmnx CTPYKTypax LLIepoxoBaToCcTy.
MpenpuHT/UBX® PAH. Mocksa: Mabnut, 2025. 33 c.
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COLLECTIVE MODES IN CORRELATED n-CONJUGATED SYSTEM

G.S. Dedovt2*, A.N. Rubtsov?:3

IMoscow Institute of Physics and Technology, Dolgoprudny, Russia
2Russian Quantum Center, Skolkovo, Moscow, Russia
3Department of Physics, Lomonosov Moscow State University, Moscow, Russia

*E-mail: dedovgrigor@gmail.com

Strongly correlated m-conjugated materials, such as organic conductors of the Fabre salts
family (TMTTF,X) [1], display rich phase diagrams driven by the interplay of charge- and
spin-density fluctuations. Traditional mean-field approaches, while efficient, fail to capture
essential non-local correlations and overestimate symmetry-breaking tendencies.

The Fluctuating Local Field (FLF) method [2] provides a systematic way to go beyond
mean-field theory by explicitly introducing fluctuating collective fields associated with the
leading instability channels. These fields are integrated out in the partition function, effectively
restoring the influence of collective fluctuations, allowing for quantitative improvement with
modest computational cost.

We apply the FLF framework to the half-filled extended Hubbard model on an 8x8 lattice,
focusing on the interplay between antiferromagnetic (AFM) and charge-density-wave (CDW)
instabilities.

The FLF method eliminates spurious mean-field transitions and provides smoother ther-
modynamic quantities near criticality. In particular, the artificial kink in the total energy and
the divergence of magnetic susceptibility predicted by the Hartree—Fock (HF) approximation
are removed once fluctuations are accounted for.

Extending the method to include multiple fluctuating channels (spin and charge) enables
us to capture competing orders and metastable states near the first-order COW—AFM transition
(around V = U/4). This multichannel FLF reproduces known phase boundaries and shows
metastable regions beyond the reach of simple mean-field theory.

The next stage involves applying DFT+FLF to real m-conjugated conductors, aiming to
describe the complex balance between charge ordering and antiferromagnetism in TMTTF,X
compounds. This approach paves the way for realistic modeling of correlated organic materials
with strong fluctuation effects and competing collective modes.

1. Jacko, A. C., Feldner, H., Rose, E. et al. Phys. Rev. B 87, 155139 (2013).
2. Rubtsov, A. N., Stepanoy, E. A, Lichtenstein, A. I. et al. Phys. Rev. B 102, 224423 (2020).
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POLARONIC EFFECTS IN THE EXCHANGE INTERACTION

OF CORRELATED SYSTEMS: THE ROLE OF COMPETITION
BETWEEN HOLSTEIN AND PEIERLS CONTRIBUTIONS

A.V. Dudarev'*, S.V. Nikolaev*2, E.I. Shneyder*

1Kirensky Institute of Physics Federal Research Center KSC Siberian Branch of Russian Academy of Sciences,
660036, Krasnoyarsk, Russia
2Siberian Federal University, 660041, Krasnoyarsk, Russia

*E-mail: dudarev.av@ksc.krasn.ru

The influence of electron—phonon interaction (EPI) on exchange processes in strongly
electron correlated systems remains a subject of active debate. In the literature, both suppres-
sion of the superexchange parameter due to strong EPI [1,2] and enhancement of exchange in
the presence of Peierls or SSH-type coupling [3,4] have been reported. Therefore, a universal
picture of EPI effects on exchange in strongly correlated materials is still lacking.

To analyze the influence of EPI on exchange processes in strongly correlated systems,
we consider an extended pd model that includes Holstein (local) and Peierls (nonlocal) EPI
mechanisms:

H= de + Hepr.

Here, Hpq is the electronic pd-model, and Hgp; incorporates both types of electron-lattice
contribution mechanism.

Using the polaronic version of the generalized tight-binding method [5] (pGTB), the model
isrewritteninthe Hubbard-operator representation, which enables a projection onto an effec-
tive single-band model and the derivation of an exchange interaction parameter via the projec-
tion-operator technique [6,7]. The expression obtained thereby fully incorporates the compe-
ting on-site contributions of Coulomb and lattice interactions.

In this work, we construct a phase diagram in the parameter space of Holstein and Peierls
EPI for the extended pd-model. In particular, the diagram shows a non-uniform variation
of the exchange interaction, including regions of both suppression and enhancement. The
detailed discussion of the underlying mechanisms of renormalizing exchange interaction in
a system with strong electron and electron-phonon contributions will be presented in the
poster.

This work was supported by the Russian Science Foundation, project No. 24-12-00044.

. Kugel K.I., Khomskii K.I., Zh. Eksp. Teor. Fiz. 79(3), 987-1005 (1980).
. Badrtdinov D.I, et al, Phys. Rev. B 110, L060409 (2024).

. Cai X, et al., Phys. Rev. Lett. 127, 247203 (2021).

. Zhang C., et al., Phys. Rev. X 13, 011010 (2023).

. Makarov I.A., et al., Phys. Rev. B 92 155143 (2015).

. Gavrichkov V.A,, et al., Phys. Rev. B 95 144424 (2017).

. Chao K.A., et al., J. Phys. C: Solid State Phys. 10 L271, (1977).
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CIRCUIT-QED SIMULATOR OF THE BOSE-HUBBARD MODEL
FOR QUANTUM SPIN DYNAMICS

LV. Dudinetst:2*, J. Kim3, T. Ramos®, A.K. Fedorov*>:¢, V.I. Man’ko®, J. Huh”

1 Russian Quantum Center, Skolkovo, Moscow, Russia
2Moscow Institute of Physics and Technology, Dolgoprudnyi, Russia
3SKKU Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan University, Suwon, Korea
4Institute of Fundamental Physics IFF-CSIC, Madrid, Spain
5National University of Science and Technology “MISIS”, Moscow, Russia
6| ebedev Physical Institute, Russian Academy of Sciences, Moscow, Russia
7Department of Chemistry, Yonsei University, Seoul, South Korea

*E-mail: dudinets@phystech.edu

We present an experimentally feasible circuit quantum electrodynamics (circuit-QED) si-
mulator for the Bose-Hubbard model, which captures the complex spin dynamics of Heisen-
berg models. The design of the circuit-QED Bose-Hubbard simulator is depicted in Fig. 1.
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Puc. 1. The design of a circuit-QED Bose-Hubbard simulator [1]. It consists of a Josephson junction
array, where at each sitej = 1,..., N, a capacitance C; and a Josephson junction with an energy
E;; are connected to ground. Flux variables y; indicated by red dots play the role of nonlinear
microwave oscillators. These nonlinear oscillators interact via capacitive couplings C/, nonlinear
inductive couplings £,/ = 0,...,N.

Our approach involves mapping spin-1/2 systems onto bosonic states using the Dyson-
Maleev (DM) transformation. This transformation translates the intricate behavior of spins
into a format that is compatible with bosonic devices, such as those used in circuit-QED
setups. For comparison, we also implement the polynomially expanded Holstein-Primakoff
(HP) encoding for spin-1/2 systems and demonstrate that, in this context, DM and HP are
equivalent. Rigorous numerical analyses confirm the effectiveness of our DM-based protocol.
Specifically, we investigate the concurrence between the spin dynamics and the behavior of
microwave photons within our circuit-QED-based analog simulator designed for the Bose-
Hubbard model. By utilizing the microwave photons inherent to circuit-QED devices, our fra-
mework provides an accessible and scalable method forinvestigating quantum spin dynamics
in a practical experimental setting.

1. I. Dudinets, J. Kim, T. Ramos, A. Fedorov, V. Man’ko, J. Huh, arXiv:2507.03587.
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ALL-TO-ALL CONNECTIVITY OF RYDBERG-ATOM-BASED QUANTUM
PROCESSORS WITH MESSENGER QUBITS

LV. Dudinets®?*, S.S. Straupe®3, A.K. Fedorov*#, O.V. Lychkovskiy®®1

1 Russian Quantum Center, Skolkovo Innovation Center territory, Moscow, Russia
2Moscow Institute of Physics and Technology, Dolgoprudnyi, Russia
3Quantum Technology Centre, M.V. Lomonosov Moscow State University, Moscow, Russia
4National University of Science and Technology “MISIS”, Moscow, Russia
5Skolkovo Institute of Science and Technology, Skolkovo, Moscow, Russia
6Steklov Mathematical Institute of Russian Academy of Sciences, Moscow, Russia

*E-mail: dudinets@phystech.edu

Rydberg atom arrays are a front-running platform for quantum processors. A major challenge
threatening the scalability of this platform is the limited qubit connectivity due to the finite
range of interatomicinteractions. In this work [1], we explore an approach to realize dynamical
all-to-all connectivity with the use of moving “messenger’’ atomic qubits that couple distant
“computational” qubits held in a static tweezer array.
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Puc. 1. General layout of one of the five architectures. See [1] for a detailed description.

We detail and compare five specific architectures (see Fig.??) based on this concept, each
presenting distinct advantages and challenges tied to the efficacy of techniques used to couple,
move and measure atomic qubits. We demonstrate that, though technologically demanding,
the messenger-qubit paradigm opens a promising avenue to a truly scalable quantum processor
based on Rydberg atoms.

1. I. V. Dudinets, S. S. Straupe, A. K. Fedorov, and O. V. Lychkovskiy, arXiv:2504.05087.
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MODELING THE DYNAMICS OF CIRCUIT ELEMENTS

FOR NEURAL NETWORK COMPUTING BASED ON OVERDAMPED
JOSEPHSON JUNCTIONS

A.A. Elistratova®?*, G.I. Gubochkin®, A.G. Shishkin2, S.V. Bakursky?3, N.V. Klenov?:3,
V.S. Stolyarov*?

IMoscow Institute of Physics and Technology (NRU), Dolgoprudnyy, Russia
2Federal State Unitary Enterprise VNIIA named after. N.L. Dukhova, Moscow, Russia
3Moscow State University (MSU), Moscow, Russia
*E-mail: elistratova.aa@yandex.ru

Neuromorphic computing based on SFQ logic is also a rapidly developing field. Spiking
neural networks (SNNs) are a particularly attractive approach for implementation in the con-
text of single-quantum electronics. The use of logic based on single magnetic flux quanta
allows for the natural implementation of information transmission in the form of discrete
pulses, analogous to neural "spikes”. Experimental implementations of such networks have
already demonstrated the ability to learn and classify input patterns. However, a key challenge
remains: the fundamental components required for the fastest and most energy-efficient
Josephson-based implementations currently possess excessively large planar dimensions,
limiting the scalability of such systems.

AL, 1sc] = 200

80 -0 -20 L n 0 &0

Puc. 1. SQUID response to short current pulses with an amplitude of 20mkA. At certain bias current
values, the pulse becomes sufficient to cause a phase shift of 2pi and, accordingly, contact
switching.

In this study, we explore the practical feasibility of implementing Josephson junctions
with a weak normal (SNS) region—an approach that may overcome the existing barriers to
miniaturizing Josephson biosimilar neurons [1, 2]. Josephson SNS contacts Nb/Au/Nb and a
two-contact SQUID were manufactured. The SQUID’s parameters were also investigated by
applying a bias current (see Fig. 1b). Based on the experimental results obtained, a simulation
modeling of the neuromorphic system was conducted. The system’s possible operating modes
were investigated depending on the circuit design and technical parameters of the supercon-
ductor circuit and bias currents.

1. Schegolev, A., Klenov, N., Gubochkin, G., Kupriyanov, M., Soloviev, L.I., Nanomaterials, 13(14) 2101 (2023).

2. Gubochkin G.I., Elistratova A.A., Shishkin A.G., Sidelnikov M.S., Klenov N.V., Stolyarov V.S., Radiotehnika i élek-
tronika 70, 2 (2025).
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SCRAMBLING HORIZON FOR A LOCAL QUENCH: THE EMERGENT
BOUNDARY BEYOND WHICH INFORMATION BECOMES DELOCALIZED

G.A. Ershovt3*, N.S. Arefyeva2, E.A. Polyakov*

1Russian Quantum Center, Moscow, Russia
2Physical Department, Lomonosov Moscow State University, Moscow, Russia
3National Research Nuclear University MEPhI, Moscow, Russia

*E-mail: gleb.ershovO03@gmail.com

Understanding how quantum information scrambles and becomes irreversibly delocalized
following a local quench is a central challenge in non-equilibrium many-body physics. While
tools like OTOCs quantify the spread of information, a complete spacetime description of its
irreversible recording has remained elusive.

In this talk, we introduce the concept of a ”Scrambling Horizon”[1] — an emergent causal
boundary that dynamically forms in the wake of a local quench. We show that the key to
identifying this structure is a Bogoliubov transformation to a causally diagonal frame, which
plays a role analogous to the transformation to Rindler coordinates in relativity. Just as the
Rindler transform reveals a partition of spacetime into causally disconnected wedges, our
transformation reveals a sharp algebraic partition of the environment’s degrees of freedom.

This partition defines the Scrambling Horizon, separating the "recorded wedge”of irrever-
sibly decoupled modes from the "future wedge”of dynamically active modes. This structure
directly parallels the Unruh effect: while entanglement across the Rindler horizon leads to a
thermal state for an accelerated observer, entanglement across our Scrambling Horizon leads
to the emergence of a classical, stochastic ensemble of decoherent histories. The horizon is
the active boundary where this transition occurs: as modes cross it, local quantum information
is transformed into a global, scrambled record, accompanied by the production of classical
history entropy. In contrast to the resent research [2, 3], which consider only non-integrable
or Markovian environment, our method allows us to observe the phenomenon of the emergen-
ce of decoherent histories in non-Markovian integrable environment.

We demonstrate the universality of this framework across distinct physical systems: first,
in a local open quantum system coupled to a free bosonic/fermionic environment, extended
to finite temperatures; and second, in a local quench within an interacting spin chain. In both
cases, we explicitly construct the horizon’s growth and quantify the corresponding rise in
history entropy, providing a new paradigm for visualizing information dynamics.

1. Arefyeva N.S., Polyakov E.A., arXiv:2509.00845v1 (2025).
2. Strasberg P., Reinhard T.E., Schindler J., Phys. Rev. X 14, 041027 (2024).
3. Wang J., Strasberg P., arXiv:2406.15577v3 (2025).
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SYMMETRY-INDUCED ENHANCEMENT OF TRANSMISSION
THROUGH A DISORDERED SYSTEM

A.O. ®nerontosY?*, 11.5. PoroskuH?
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2HauyoHanbHbIN McCNeaoBaTeNbCKUI AAepHbIi yHuBepcnTeT «MU®U», Mocksa, Poccus

*E-mail: kuaiirenn@gmail.com

NHTepdhepeHUNs BOSIH B C/IOXKHbIX paccenBaroLIMX CMCTEMAX YyBCTBMUTENbHA K NPUCYT-
CTBUIO CUMMETPUN U K Pa3ninyHbiM dakTopaM, eé€ HapylarwmMm. Hanbonee BaxHa CUMMET-
pust OTHOCUTENBbHO 0bpalleHns BpeMeHW. TakXe NPeacTaBnsaoT MHTEPEC PasfiNUHble TUMbI
rnobanbHOM NPOCTPAHCTBEHHOM CUMMETPUM CUCTEMDI B LiefioM. MNocnegHuin cnyyar Hambo-
nee n3y4yeH B KOHTEKCTE 3N1EKTPOHHOI0 TPaHCMNopTa Yepe3 KBAHTOBbIE TOYKM/XaoTMUecKkme
MoJiIoCTH.

Llenb HacToswen paboTbl — 0606WMTb NONYyYEHHbIE OS5

CMMMETPUUHbIX KBAHTOBbIX TOueK pe3dynbtathbl [1] Ha 8 o ‘ ‘
Cnyyan cpegbl C 3epKasibHO-CUMMETPUYHBIM 06beM- 7 0:5‘\'&'\‘\ 1 e
HbiM BecnopsiakoM. PaccMaTpuBaeTcs ahekT ycune- 6 oof “\ A — 00
HMUS NPONYCKaHWA Yepes cucTeMy cuMmeTpuuHbix (left- s os v - gg; ]
right) anddysHbix cnoes, pasgeneHHbIXx cnabonpoHn- — Sym A -1 ” o1 |
LuaemblM bapbepoM. C NOMOLWbIO AMArpaMMHON TEXHU-  Suand 0001020304

KW, MOKa3aHo, YTo MHTeP(EpPEeHLMA MEXAY CUMMETPUY- 3 oA ]
HbIMW NYTAMW NPUBOOUT K NepeHOPMUPOBKe KO (U-

LMEHTOB MPOMNyCKaHUs 1 oTpaxkeHus bapbepa. ITo ne-

XWT B OCHOBE NPEenJIoKEHHOro HaMn 0b6bACHEHNS 3h- ‘ ‘

0.0 0.1 0.2 0.3 0.4

thekTa ycuneHus nponyckaHusa [2]. BBoamTca TpaHc- 5o

MOPTHOE YypaBHEHWE O KOPPENSLUMOHHOW (YHKLMM

BOJIH, PacnpOCTPaHALWMXCA N0 CUMMETPUYHBLIM NyTAM, Puc. 1. YcuneHne nponyckaHusa Kak

MYyepes ero peleHune BbipaxaoTcs 3Ha4YeHNa nepeHop- (hyHKUMA CcMelLeHus 6apbe:

MWUPOBaHHbIX KO3 (MLIMEHTOB N KOHAAKTAHCA CUCTEMDbI Pa AN pasiiniHbIX SHA4eHN

B LLeNoM. 3T0 ypaBHEHMWEe CNYXWUT WHCTPYMEHTOM OIS C/ly4amHoro chsura paccen-

aHanmnsa YyBCTBUTENbHOCTU ahheKTa YCUNEHMS K pas- BaloUIMX LUEHTPOB (AnMHa 06-
pasua L/l = 10, nponyckaHue

JIMYHBIM HapyLLaOLWUM CUMMETPUIO haKTopaM, Hanpu- 6apbepa t — 10-3).

Mep, CMeLLEHMI0 paccenBatoWwmnx LeHTPoB 1 bapbepa 13

X CUMMETPUYHBIX nonoxeHui (puc. 1). MNpoaHannaun-

POBaHO BNMSIHWE NapaMeTpoB bapbepa Ha apeKT ycuneHms. NpUMeEHNUTENBHO K 3N1EKTPOH-

HOMY TpaHCNopTy onpeneneHa obycnoBneHHas CUMMETPMEN 3aBUCUMOCTb KOHAAKTaHca OT

MarHMTHOro MoJs, UTO MOXET ObITb MCNOSIb30BAHO 4151 BbICOKOUYBCTBUTENBHON MarHMTo-

MeTpuu.

MonyyeHHble pe3ynbTaTbl NPEACTABNAOT COOON TEOPETUUYECKYO OCHOBY AN U3YUYeHUs
06yCOBIEHHbIX CUMMETPUEN U3MEHEHUIA B KOrepeHTHbIX atekTax bosnee BbICOKOro no-
papka (cnabo nokanusaumnn, GAyKTyaLmMi KOHAAKTaHCA U T.4.) U MOTyT BbITb NONe3HbI Ans
aHanusa aeKkTa ycuneHms B 4pyrnx Me30CKONMUYeCcKnx cucteMax (XonoaHbIX aToMOB B On-
TUUYECKOM CneKI-noTeHumane u ap.).

1. Whitney R.S., Marconcini P. and Macucci M., Phys. Rev. Lett. 102, 186802 (2009).
2. Flegontov A.O. and Rogozkin D.B., Phys. Rev. B 111, 174205 (2025).
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OBSERVATION OF THE KONDO EFFECT IN MAGNETICALLY-DOPED
TUNGSTEN DITELLURIDE SINGLE CRYSTAL

B.M. Fominykh*, A.N. Perevalova, A. Stepanov, S.V. Naumov, E.B. Marchenkova,
V.V. Marchenkov

M.N. Mikheev Institute of Metal Physics UB RAS, Ekaterinburg, Russia
*E-mail: bogdan.fominyh@mail.ru

This work presents a comparative study of the electronic transport properties between
pristine WTe2 and Wy ¢97Feq.03Te;, single crystals. Fe doping at a 3% level induces profound
modificationsin the low-temperature electricaland magnetotransport behavior. While pristine
WTe, exhibits metallic conductivity [1], the Fe-doped crystal shows a significant increase in
resistivity and a drastic reduction in the residual resistivity ratio from 38 to 3.17.

The most striking feature in Wg 97Feq.03Te, is the emergence of a distinct low-temperature
resistivity minimum, accompanied by a nearly logarithmic increase in resistivity with decrea-
sing temperature below 10 K. This behavior is a hallmark of the Kondo effect, arising from the
scattering of conduction electrons on localized magnetic moments of the Fe impurities. The
resistivity data, including the minimum, are excellently described by the Hamann equation,
yielding a Kondo temperature of approximately 5.2 K. Furthermore, the magnetoresistance
becomes strongly negative and exhibits an almost quadratic field dependence at low fields,
which is another characteristic signature of the Kondo regime.

Analysis rules out weak localization and electron-electron interaction as the primary ori-
gins of the observed logarithmic correction. The significant changes in Hall resistivity and
carrier concentrations upon doping also suggest a substantial reconstruction of the electronic
structure. Our results provide compelling evidence for the Kondo effect in Fe-doped WTe,,
suggesting the potential for realizing a Weyl-Kondo semimetal phase in this system, where
magnetism intertwines with topologically non-trivial electronic states.

The work was carried out within the framework of the state assignment of the Ministry of
Science and Higher Education of the Russian Federation for the IMP UB RAS and the youth
project No. 14-25 (B.M. Fominykh).

1. B.M. Fominykh, A.N. Perevalova, S.T. Baidak, A.V. Lukoyanov, S.V. Naumov, E.B. Marchenkova, V.V. Marchenkov,
Journal of Alloys and Compounds 1039, 182966 (2025).
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COMPETITION OF SUPEREXCHANGE INTERACTIONS
IN CHARGE-ORDERED INSULATING MANGANITES

J1.3. loH4apbt?*

1ypanbckuit rocyaapcTBeHHbI yHUBEpCUTET NyTelt coobuieHus, Exkatepunbypr, Poccua
2Ypanbckuil heaepanbHblii yHnsepcuteT nM. B.H. EnbumHa, EkatepuHbypr, Poccus
*E-mail: l.e.gonchar@urfu.ru

MHoroobpasune MarHUTHbIX CTPYKTYP NCEBAONEPOBCKUTHBIX PeAKO3eMeSbHbIX MaHraHK-
TOB € 06LWen hopmynon R1_,A,MnO3, rae R3T — noH peaKo3eMenbHbIX 31eMEHTOB unu Bilt,
A%t — MOH WLeN0YHO3EMENbHbIX 3NEMEHTOB, X — KOHLIEHTPaLMs NpUMecH, BKoYaeT B cebs
theppomarHeTnku, aHTUDEPPOMArHETUKU U CYLLLECTBEHHO HEKONJIMHEapHbIe ynopsaaoveHus
[1-4].

Hanbonee MHTEpPeCHbIMM YyMOpAOOYEHUAMU SABNSA-
HOTCS CTPYKTYPbl, B KOTOPbIX MMEKTCA KOHKYPUPYHO-
e obMeHHble B3aMMOOENCTBUS, Bbi3blBaloLWMe mar-

HUTHYIO (pycTpaumio. PaBHOBECHOE MarHUTHoe yno- 4 b |3

psfoYeHVe B 3aBUCUMOCTU OT OpBUTaNbHOMO U 3apsi-

[LOBOrO YNopsoYeHUit B TaKUX COEAUHEHUSIX HEeBO3- J, )
J3

MOXHO YCTaHOBUTb, PYKOBOACTBYSACH TONbKO NpaBuna-
mu NyneHada-KaHamopu [1]. B nceBgokybuueckmx mar-
HeTMKax, KaKMMU SBNSOTCA paccMaTpMBaeMble Coeam- / J:‘ 2
HeHus, 06bIYHO cUTyaumsa hpycTpaumm cBaA3aHa C KOH-
KypeHumen 0bMeHHbIX B3anMoAeNnCTBUN BANMXKANILINX U Pyc. 1. ANEeMEHT MArHUTHON Sueilku
crnepylowmx 3a 6nmxanwmnmMm MarHMTHbIX cocegen [4]. C KOHKypeHuuel cBepxob-
B MaHraHuTax C BbICOKOW CTEMNEHbI A0NUPOBaHUA (X = MeHHbIX B3aMMOLECTBUIA.
2/3, 3/4, 4/5) n B BiMnO3 npu HM3KUX TeMnepaTypax

NPUCYTCTBYET KOHKYpPeHLMs cBepxobmeHa mexay 6nu-

Xanwmmm coceasiMu B N1ockocTu [5, 6]. CBepxobMeHHble mapaMeTpbl MOryT MPUHMMATb Kak
NONOXWUTeNbHbIE, TaK U OTpULLATENbHbIE 3HAYEHNS B 3aBUCMMOCTM OT opbuTanbHOM 1 3aps-
OOBOW CTPYKTYP.

OCHOBHOW 3N1€MEHT MarHUTHON SUENKN, B KOTOPOM MOSIBASIOTCS KOHKYpUpYyoLwne 06-
MEHHble B3aMMOAENCTBIUS, — 3TO KBaAPaT, B yriiax KOTOPOro pacnonioxeHsl MoHbl Mn3+ unu
Mn** (cM. Puc.1). B 3apaaoB0o-ynopaaodeHHbIX MaHraHUTax C BbICOKOM KOHLEHTpaLue npu-
Mecu Tpu obMeHHble CBSA3U KBagpata UMEeKT aHTU(EepPPOMarHUTHbIX XapakTep, a ogHa —
theppomarHuTHasa. B kpuctanne BiMnOs ¢pycTprpoBaHHas 4acTb MarHMTHOM SYerKK Co-
LEPXKUT TPU heppoOMarHUTHbIX M 0OHY aHTU(eppoOMarHMTHyo cBsA3b. B uccnepgoBaHmm pac-
CMOTpeHbl 0pbuTanbHO-3aBUCUMblE MEXaHM3Mbl HOPMUPOBAHMS PPYCTPUPOBAHHBIX 3/IEMEH-
TOB B MarHUTHbIX SYeinKax MaHraHUTOB. MonyyeHbl MarHUTHbIE CTPYKTYPbl 3TUX 3/IEMEHTOB,
PacCMOTPEHHbIX OTAENIbHO OT MOMHOLEHHON MarHUTHOM sueku. MokasaHo BAusHWe pycT-
PUPOBaHHOro hparMeHTa Ha PaBHOBECHYIO MarHUTHYH CTPYKTYPY KPUCTaa MaHraHmMTa B
3aBUCMMOCTM OT COOTHOLLEHMI 0OMEHHbIX NapaMeTpPOoB.

Joknad nodrotosneH B pamkax lporpammsi puHaHcoBol noddepiku o1 AO «AJTbOA-BAHK»
«Anbpa-bydyuiee MpaHTel npenodasatensm» (2025 rod).

. J. B. Goodenough, Phys. Rev. 100, 564 (1955).

. P.G. Radaell et al., Phys. Rev. B 59, 14440 (1999).

. T. Kimura et al., Phys. Rev. B 68, 060403 (2003).

. D.P. Kozlenko et al., Phys. Rev. B 82, 014401 (2010).

. L.E. Gonchar, A.E. Nikiforov, Phys. Rev. B 88, 094401 (2013).
. L.E. Gonchar, Phys. Met. Metallogr. 125, 433 (2024).
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QUANTUM SELECTION OF GROUND STATES
IN LOW DIMENSIONAL MAGNETS

K.K. Kesharpu*, P.A. Maksimov

Bogolyubov Laboratory of Theoretical Physics, Joint Institute of Nuclear Research, Dubna, Moscow Region, Russia
*E-mail: kesharpu@theor.jinr.ru

Order-by-disorder, whereby fluctuations lift an accidental classical ground state degenera-
cy to stabilize a subset of ordered states, is a recurrent and prominent theme in the field
of frustrated magnetism where magnetic moments are subject to competing interactions.
The Kitaev-Heisenberg model [1] is one such Hamiltonian, which does not have the required
symmetry but the ground state is largely degenerate [2,3]. It implies that quantum fluctuations
are necessarily stabilize the ordered ground phase.

Motivated by this, the magnetic phase diagram and magnon spectra of the anisotropic
Kitaev-Heisenberg model with first and third nearest neighbour coupling are investigated
using linear and non-linear spin wave theory in triangular and honeycomb lattice. We find
that interplay of several bond-dependent interactions of Kitaev-Heisenberg model stabilize
several magnetic states through quantum fluctuations. Moreover, quantum effects are also
prominently pronounced in the magnetic spectrum. The results are corroborated by the nume-
rical density matrix renormalization group (DMRG) calculations.

1. Jackeli G., Khaliullin G., Physical review letters 102 (1), 017205 (2009).
2. Jackeli G., Avella A., Physical Review B 92(18), 184416 (2015).
3. Maksimov P.A. et al., Physical Review X 9(2), 021017 (2019).
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TENSOR NETWORKS IN CONDENSED MATTER PHYSICS:
FROM DMRG TO FEYNMAN DIAGRAMS

PM. Xawaes™*

MoCKOBCKMI PU3NKO-TEXHNYECKMI MHCTUTYT, llonronpyaxsiin, Poccus
*E-mail: khashaev.rm@phystech.edu

Noea TeH30pHbIX CeTelr 3apogmnacb He3aBMCUMO B hU3MKE KOHLEHCUPOBAHHOIO COCTO-
AHMA, A5 NpeacTaBneHns BONHOBOM (YHKLMN MHOMOYaCTUUYHOM CUCTEMbI Yepe3 Masioe Ko-
NMYecTBO NapaMeTpoB, UTo NoNyunso HaseaHune Matrix Product State (MPS) u B MaTemaTuKe,
roe Ta XKe KOHCTpPyKUMs HasbiBaeTca Tensor Trains (TT). Lenb gaHHon paboTbl — npeacTa-
BUTb 0630p COBPEMEHHbIX METOL0B W 0bnacTel NPUMEHEHUs 3TOro NoaxoAaa.

(061 az ay -2

A1 Az Ay-1 -1 Ay

(%1 02 On-1 On

Puc. 1. BonHoBas hyHKLMA cucTeMbl B MPS-npeactaBneHunu.

Ona cuctembl 13 N y310B, Ha KaXO0M U3 KOTOPbIX MOXKET BbITb COCTOSIHME U3 Habopa {0;},
roei=1,...,N, BONHOBYIO (hyHKLMIO MOXHO 3anucathb Kak:

|lp>: Z CUly---70N|01?"'30N>
01,...,0n

, TAE Cq,.....a, TEH30p paHra N. Micnonbays SVD pasnoxeHne MOXHO NPeacTaBUTb AaHHbIN
TEH30p B BUE CBEPTKMU TEH30POB 3 paHra:

OoN—
Coy,....on = Z AgiAoz Ay s Ay

01,0 " "Oy—2,0y—1" T0Ny—1
O1,...,0v—1

370 pasnoxeHue 1 HasbiBaeTca Matrix Product State, cxemaTtuueckn nsobpaxeHoe Ha
Puc. ??. Ha aToM npencTaBfieHn OCHOBaHbI BCe AasibHelwmne MeTobl.

MepBbiit N3 HMUX — Density Matrix Renormalization Group [1], B KOTOPOM raMUILTOHWAH CK-
CTeMbl TaKXXe 3anucbiBaeTcs B TeH30pHOM Buae (Matrix Product Operator), nocne uero kax-
ObIA TeH30p M3 MPS pasnoxeHus onTMMU3nPyeTCs /19 HaX0XOEHMNS OCHOBHOIO COCTOSIHUS
CUCTEMBI.

BTopoi — BbluMCNEeHNE MHOTOMEPHbIX MHTErpasnoB, BO3HMKALWNX Npy aHanu3e enHma-
HOBCKMX amnarpamm [2] Bupa Fy = f dty...dtyFn(ts, ..., tn), roe Fa(ta, ..., ty) NpeacraBnsaeTcs
B Buae TeH3opHoro noesga (TT), nocne yero nHTerpan npencraBnseTca Kak ceeptka us N
OLHOMEPHbIX MHTErpanos.

Ona onTuMmMsaumm 1 HaxoxgeHUs Taknx TEH30PHbIX CUCTEM MOTYT UCMOMb30BaTbCA Ta-
Kue meTopbl kak Tensor Cross Interpolation [3] nnu ynomsaHyTbin Boiwe meTon DMRG.

1. (Scholl;/véck, U. The density-matrix renormalization group in the age of matrix product states. Annals of Physics

2010).

2. Fernandez, Y. N. et al., Phys. Rev. X, 12, 041018 (2022).
3. Fernandez, Y. N. et al., SciPost Physics, 18, 104 (2025).

63


khashaev.rm@phystech.edu

éj\i f ‘i g) XLI INTERNATIONAL ff/ éﬁ/
WINTER SCHOOL 14 (14
M IN THEORETICAL PHYSICS w v

FEBRUARY 1-6, 2026

BEYOND PBE: HIGH-FIDELITY MACHINE LEARNING POTENTIALS FOR
TI-AL ALLOYS VIA FOUNDATION MODEL-BASED TRANSFER LEARNING

E.O. Xazuesa*, P.E. PeinbyeB

MHCTUTYT MeTannyprum umenn akagemmka H.A. BatonuHa YpO PAH, EkatepuHbypr, Poccusi
*E-mail: cat.hazieva@yandex.ru

Mpu paspaboTke HOBbIX MaTepranoB BCE bonbliee 3Ha4YeHe npnobpeTaeT atommcTmye-
CKOe MOeNnMpoBaHMe Ha OCHOBE MepPBONPUHLMMIHBIX MeTogoB. OgHaKo cTaHOapTHbIE Npu-
6nvxxeHns Teopumn yHkuMoHana nnotHocTu (DFT), ocobeHHO WNPOKO ncnonb3yemblii 06-
MEHHO-KOPpPensunoHHbl yHkumMoHan GGA-PBE, yacTo 4eMOHCTPUPYIOT HELOCTATOUHYO
TOYHOCTb B ONUCAHMM TEPMOLNHAMUYECKMX U TPAHCTNOPTHbLIX CBOMCTB CIOXHbIX CM1aBoB [1].
B yacTHOCTU, 3TO MUMeeT MecTo A1 TUTAHOBbIX CMaBOB, MAe PeLlatoLLyto POSib UFPaKT MHO-
rovyacTMYHble B3aMMOLENCTBUSA 1 KonebaTenbHas sHTponusa. 3Ta OrpaHMYeHHOCTb genaet
HEBO3MOXHbIM MOCTPOEHME HAAEXHbBIX Moaenen ha3oBor CTabMNbHOCTU, KUHETUKK pacna-
[la U BNUSHUA Nernpyowmx aneMeHTos (Zr, Hf, Si, Mo), 4To TopMO3uMT paLmoHasnbHbIi An3alH
TUTaAHOBbIX CMNJ1ABOB.

[ns npecfoneHunst aTux orpaHnveHmnii Hamm paspaboTaHbl MalMHHO-06y4aeMble NOTEH-
umnansl (MLIP) Ha ocHOBE MHHOBALLMOHHOM CXeMbl TPaHCHePHOro obyyeHms ¢ UCNOSIb30BaHM-
eM Foundation Models [2], uTo no3Bonunno apekTMBHO NepeHOCUTb 3HAHNS, U3B/TIEUEHHbIE
13 06LLMPHbBIX aTOMUCTUYECKMX [LaTaceTOB, Ha cnevumduryeckyto cuctemy Ti—Al. CpaBHUTENb-
HbIi aHaNIM3 NoKasar, YTo noTeHumansl rnybokoro obyueHunsa (Deep Potential, DP), 0byueH-
Hble Ha gaHHbix DFT/PBE 0eMOHCTPUPYOT 3HAaUNTENbHYIO NOrPELIHOCTb B pacyeTax aHTasb-
MU CMeLLeHNs 1 TeMNepaTyp MNJaBfEHMS, YTO HE NO3BOISET UCNOMBb30BaTb UX O KO-
YeCTBEHHOIo MoaenunpoBaHus. B 1o e Bpems DP, obyyeHHble Ha JaHHbIX, MOAYYEHHbIX C
mMeTa-GGA dyHKuMoHanoM r’SCAN, obecneunsaroT 3HaunTeIbHO 6onee BbICOKYH TOYHOCTb
Kak o TepMOAUHAMUYECKUX, TaK U 08 TPaHCNOPTHbLIX CBOMUCTB.

3T pesynbTaTbl NOAYEPKMBAIOT (ByHOAMEHTaNbHYO Npobnemy: kayectBo MLIP Hanps-
MY OFpaHMYeHO TOYHOCTbIO OMOPHbIX AaHHbIX DFT, a yHuBepcanbHble «30/10Tble CTaHOap-
Tbi» Bpofe PBE yacTo okasbiBalOTCS HENPUIrOAHbIMU AN15 CIOXHbIX CMaBoB. Hawun pesynb-
TaTbl JAKOT BKNAA B pelleHne npobnemMbl NOCTPOEHMS HAAEXKHBIX, NEPEHOCUMBIX U (hn3nue-
CKN 060CHOBAHHbIX MOTEHLMASIOB, KPUTMUYECKN He0BXooMMbIX ANs NPefAcKasaTelbHoro Mo-
AennpoBaHNA MaTepuasnos C/ieaytoLero noKoneHus.

1. Khazieva E.O., Chtchelkatchev N.M., Ryltsev R.E., The Journal of Chemical Physics 17, 161, (2024) 2. Qin, Yujia,
et al.,, ACM Computing Surveys 57, 1-40, (2024).
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ROLE OF CHARGE IMBALANCE POTENTIAL RELAXATION

IN HIGH-FREQUENCY DYNAMICS OF ABRIKOSOV VORTICES
IN SUPERCONDUCTORS

R.I Kinzibaev2*, A.S. Mel’nikovt-3

IMoscow Institute of Physics and Technology (National Research University), Dolgoprudnyi, Moscow region,
141701 Russia
2pukhov Research Institute of Automatics (VNIIA), Moscow 127055, Russia
3Institute for Physics of Microstructures, Russian Academy of Sciences, 603950 Nizhny Novgorod, GSP-105,
Russia

*E-mail: travelerintime2@mail.ru

Starting from the seminal paper [1] the Charge imbalance  Vortex
problem of vortex mass in the equation of potential
motion of flux lines has been addressed in B
the variety of experimental and theoretical / B Fr
works. The importance of this issue for the
physics of vortex matter is obvious as the it \ ~E v
frequency-dependent vortex response tothe  Jsoo™€ ~=> " Jso
external current determines the microwave .
. . Thin film
impedance and Ohmic losses of superconduc-
tors in magnetic fields. Puc. 1. Schematic illustration of a moving vortex

We investigate the motion of isolated Ab- with core radius of order coherence
rikosov vortex in a thin Superconducting film length € and charge-imbalance potential
driven by a microwave transport current (Fig. induced by the vortex motion. Here js oo
1). Within the time-dependent Ginzburg - is ac transport current produces the
Landau equations [2], we show that dynamics Lorenz force Fy, jso is superfluid current
of vortex line is retarded with relaxation circulating around the vortex core, B is
time Tz and the equation of motion can be magnetic field.
written as: 1 8/e|TD

e
(nRel + r]Ohml_inE> V(w) = m[]s,m(w)aeﬂa @

where nge =~ 0.279 is the viscosity of vortex caused by relaxation of order parameter,
Nohm ~ 2[,%/&2 is viscosity caused by relaxation of charge imbalance potential for dc transport
current js o, case, Tg = IE-/D is characteristic relaxation time of charge-imbalance potential,
lg is the electric field penetration depth, D is the diffusion coefficient, v is the vortex velocity,
o is the normal state conductivity, A, is the gap magnitude far from the vortex core, T is
temperature, e is electron charge. In addition, for superconducting devices, we evaluate
corrections for kinetic inductance Al, resulting from non-stationary vortex dynamics and
determine its temperature dependence:

. mh Nohm
- 2 2
|e|c r]Rel(-'JZTE + (nRel + r]Ohm)2

Al B (2)

1. Gittleman J.I. and Rosenblum B., Phys. Rev. Lett. 16, 734, (1966).
2. Kopnin N., Theory of Nonequilibrium Superconductivity, Oxford Science (2001).
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FORMATION OF INHOMOGENEOUS MAGNETIC STATES TRIGGERED
BY ELECTROMAGNETIC PROXIMITY EFFECT IN PLANAR
SUPERCONDUCTOR/FERROMAGNET HYBRIDS

A.A. Kopasovt23*, S.V. Mironov?, A.S. Mel’nikov32

INational University of Science and Technology “MISIS”, Moscow 119049, Russia
2Institute for Physics of Microstructures, Russian Academy of Sciences, 603950 Nizhny Novgorod, GSP-105 Russia

3Moscow Institute of Physics and Technology (National Research University), Dolgoprudnyi, Moscow region
141701, Russia

*E-mail: kopasov.aa@misis.ru

Planar hybrid structures consisting of superconducting (S) and ferromagnetic (F) layers
are known to host a huge variety of fascinating phenomena coming from the proximity effect,
i.e., partial penetration of the Cooper pair wave function from superconductors to ferromag-
nets. Among such phenomena one recognizes, e.g., the generation of spin-triplet supercon-
ducting correlations [1] and the spin-valve effect [2]. Since the superconducting state is extre-
mely sensitive to the magnetization profile in ferromagnetic layers, the understanding of the
influence of the induced superconducting correlations on the orientation of the magnetic
moments is important for further progress in this field.

This talk discusses the back-action of the superconducting order on the magnetic texture
of F layers in S/F hybrids. We show that the proximity-induced superconducting correlations
in planar S/F heterostructures are responsible for the appearance of a nonlinear interaction
between the magnetic moments of the F layers [3]. This interaction originates from the combi-
ned influence of the orbital and exchange phenomena and can result in the spontaneous
formation of noncollinear magnetic states in these systems. The appearance of this interaction
is demonstrated via direct free energy minimization for dirty S/F1/F2 trilayers. The physics
underlying the joint influence of orbital and paramagnetic mechanisms is associated with the
strong dependence of the Meissner response of the induced superconducting correlations
and, correspondingly, the energy of screening supercurrents in F layers on the relative orienta-
tion of the magnetic moments. Particularly, important role is played by the odd-frequency
spin-triplet correlations, which provide the paramagnetic contribution to the electromagnetic
response. This paramagnetic contribution can suppress the total energy of screening currents
making the noncollinear magnetic ordering more energetically favorable.

As a next step, we show that the predicted nonlinear magnetic interaction can lead to
instability of the state with homogeneous magnetization in S/F bilayers [4]. We demonstrate
that the electromagnetic proximity effect favors the formation of magnetic domains in the
ferromagnet for the broad range of system parameters. Specifically, for the model of the
isolated domain wall separating two domains we determine the energetically favorable do-
main thicknesses and the magnetic texture. It is shown that the instability of a homogeneous
magnetic state in S/F bilayer is not restricted to the case of rather thick F layer and can also
occur when the spin-triplet superconducting correlations in the F layer are not developed.
In this case both analytical and numerical calculations performed in this work reveal the
formation of two magnetic domains with anti-parallel relative orientation of the magnetic
moments. In the general case we carry out direct minimization of the system free energy and
determine the dependence of the optimal domain size as a function of the F layer thickness
and show that (j) it is strongly non-monotonic and (ii) the ground state angle between magnetic
moments in two neighboring domains corresponds either to the anti-parallel or noncollinear
orientation.

This work was supported by the Russian Science Foundation (Grant No 25-12-00042).

1. F.S. Bergeret, A.F. Volkov, and K.B. Efetov, Rev. Mod. Phys. 77, 1321 (2006).

2. L.R. Tagirov, Phys. Rev. Lett. 83, 2058 (1999).

3. A.A. Kopasov, S.V. Mironov, and A.S. Mel’nikov, Phys. Rev. B 110, 214501 (2024).

4. A.A. Kopasov, S.V. Mironov, and A.S. Mel’nikov, accepted for publication in J. Supercond. Nov. Magn (2025).
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CHANNEL SPECTRUM BENCHMARKING OF THE TOFFOLI GATE

D.K. Korliakov*?*, B.I. Bantysh®, A.S. Borisenko3, LV. Zalivako3, and E.O. Kiktenko*-*:

1Russian Quantum Center, Moscow 143025, Russia
2Moscow Institute of Physics and Technology, Dolgoprudny, Russia
3P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia
4Steklov Mathematical Institute of Russian Academy of Sciences, Moscow, Russia
5National University of Science and Technology “MISIS”, Moscow, Russia

*E-mail: korliakov.dk@phystech.edu

Channel spectrum benchmarking (CSB) provides a robust framework for characterizing
guantum gate fidelity while remaining insensitive to state preparation and measurement (SPAM)
errors. However, CSB protocol, proposed in [1], struggles due to high degeneracy in the target
operation’s eigenvalue spectrum and off-diagonal noise elements in the target operation’s
eigenbasis. We present an alternative CSB protocol incorporating more reliable processing
method.

As an alternative to a single point estimate, our method introduces a Fidelity Estimate
Interval (FEI) approach that circumvents eigenvalue matching ambiguities by providing fidelity
bounds. The protocol incorporates a refined fitting model with additional terms to account
for off-diagonal noise contributions, followed by a filtering procedure to eliminate spurious
eigenvalues. We demonstrate that in CSB protocol simulations for fidelity estimation of a
three-qubit Toffoli gate, the obtained FEL is sufficiently narrow, and its midpoint closely appro-
ximates the true fidelity value.

(a)

30

180°

c
Frequency
N
o

-
o

0.84 0.86 0.88 0.90 0.92 0.94
Fidelity

Puc. 1. CSB experimental results for qubit (blue) and qutrit (red) Toffoli implementations. (a)
Filtered noisy eigenvalues in polar coordinates; (b) Distributions of fidelity estimates from 64
eigenvalues.

We experimentally validate our protocol on a trapped-ion processor, characterizing qubit
and qutrit [2] implementations of a three-qubit Toffoli gate. Fig. 1 displays the obtained filtered
noisy eigenvalues sets and corresponding fidelity estimate distributions. For the qubit imple-
mentation, we obtained FEI i = [0.854;0.894] (ﬁqubit = 0.873). The qutritimplementation
yielded FEI it = [0.866;0.922] (]:‘qutrit =0.892).

The work was supported by Rosatom in the framework of the Roadmap for Quantum compu-
ting (Contract No. 868-1.3-15/15-2021).

1. Y. Gu, W.-F. Zhuang, X. Chai et al., Nat. Commun. 14, 5880 (2023).
2. A.S. Nikolaeva, E.O. Kiktenko, A.K. Fedorov, Phys. Rev. A 109, 022615 (2024).
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INVERSE FARADAY EFFECT IN MESOSCOPIC SUPERCONDUCTING
DISKS AND FILMS WITH COLUMNAR DEFECTS

M.B. KosaneHko*, A.C. MenbHukoBL:2

IMoCKOBCKMI (hU3NKO-TEXHUYECKMIA MHCTUTYT (HaLMOHabHbIN MCCNefoBaTenbCKui yHneepcuTeT), Mockea,
Poccusa
2ZUHCTUTYT M3MKM MUKPOCTPYKTYp PAH, HuskHnii Hosropop, Poccus

*E-mail: kovalenko.m@phystech.edu

O6paTHbIn athekT Papages (03D) B cBepXNPOBOAHNKAX MPEACcTaBASET UCKNHOYNTENb-
HbI MHTEPEC AN19 U3YUYEHMS, TaK KaK faeT BOSMOXHOCTb co3faBaTtb besanccunaTneHble DC
TOKW, KOTOPbIMU MOXHO BbICTPO YNPaBASTb C MOMOLLbIO BHELLIHEro U3fy4yeHus 1 KoTopble
MOryT OCTaBaTbCsl B CUCTEME AaxKe Nocie npekpalieHns obnyyeHums.

Aunck MnexHka ¢ petexTom

d< i
“Uper conducting film with defect

Puc. 1. VisnyueHune reHepupyeT LUUPKYIUpPYyLo-
wume DC chotoToku B CIM Ancke, KoTopble cospa-
FOT MOCTOSIHHbIV MarHUTHbIA MOMEHT.

Puc. 2. /isnyyeHne reHepupyeT LUPKYInpyto-
wme DC hotoTokm B CIM nneHke ¢ AedeKToM.

%6 o %ol jo* 10°

3.0
0.2 0.4

25
-0.05 20
15

010 — wr=0.8
- - wr=20 1.0
-0.15 wtr=5.0 0.5

30 40 s0"/R

20

10

Puc. 3. 3aBUCMMOCTb asMMyTaslbHOM KOMMO-
HEHTbl (hOTOTOKa OT PACCTOSHMSA OT LeHTpa
ancka npu R =10¢ ans §=\/5.791E N pasnnyHbIX
3HAYEHMIN WT.

Puc. 4. 3aBMCKMMOCTb a3MMyTaslbHON KOMMO-
HEeHTbl (hOTOTOKA OT PacCTOsSHUSA OT Kpasa pe-
thekTa npu R = 0.01¢ ong §=\/5.79[E N pasnuu-

HbIX 3HAYEHWI WT.

[na TeopeTnyeckoro onvcanmsa 03d B paccMaTprBaeMbIX CBEPXMNPOBOASLLMX CUCTEMAX
Mbl MCMONb3yeM ypaBHEHME HeCcTaLuMOoHapHo Teopun MMH3bypra-SlaHpay Ha CBepXNpoBO-
OAlWMin napameTp nopsigka W, KotTopoe paHee NPUMEHANOCh B PSAE TEOpeTUYecKmx pabot
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[1, 2], nocBALLEHHbIX (hoToranbBaHMUECKUM 3hdeKTam B CBEPXNPOBOAHMKAX:

) .
(T—To)a¥w + BY |¥)* + h—(—zv - 2—“A)2‘P + T (0t + ng)q—' =0, )
4dm LIJ() h

roel = (T +iy)h— KOHCTaHTa penakcaumm, MHMMas 4aCTb KOTOPOM OTBEYaeT 3a 3/1eKTPOHHO-
[ObIPOYHY0 acCMMMeTpUI0. lNonaras none BoHbI OCTaTOUYHO CNabbiM, Mbl pa3BMBAEM TEOPUID
BO3MYLLEHWI Ha NapameTp NopsiaKa, KOTopbin uweM B euae W = (Mg + Ag)eX, rae Ay o« A,
X x A, A =a |T — T¢| /B — napameTp nopsinka B OTCYTCTBMM NONS.

CxemaTtunyeckme yCcTaHOBKU ang getektuposaHms 03® nokasaHbl Ha puc. 1 v puc. 2, a
rpaguKm NoMyYeHHbIX LUPKYAMPYOLWKMX (DOTOTOKOB M306paXxkeHbl Ha puc. 3 1 puc. 4.

Ona oucka:

. 1 R R
o == Zre {if(aun) - f(an |1 - r(asn] }. @
wT(1l - 2—1%)
[na nneHku ¢ gedeKTom:
. i R R
jO = —J0  pelig(qir) —g(q2r)] |1 - Sgt(qan] §, @3)
pn, 3 § r
wT(1l - ﬂ)
. 3p2p2-3 - -
B thopmynax (2) m (3) jo = LA, T= gt B = o gy = [E2 gp = fln 4,

— @) _ Hi (o)
1ar) = Grzar)-nary 807) = gRHY (qu)—H(ll)(qR)'

PaboTa BeinosiHeHa npu noddepxike rpaHta PHO N2 25-12-00042.

1. Mironov S.V., Mel’'nikov A.S., Tokman I.D. et al., Phys. Rev. Lett. 126 (2001).
2. Mironov S.V., Mel'nikov A.S., Buzdin A.L., Phys. Rev. Lett. 132 (2024).
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EXTENDED HUBBARD MODEL ON THE KAGOME LATTICE

P.P. Kovaleva*, A.I. Poteryaev'2:3, S.V. Streltsov*2

1M.N. Mikheev Institute of Metal Physics UB RAS, Ekaterinburg, Russia
2Ural Federal University, Ekaterinburg, Russia.
235kolkovo Institute of Science and Technology, Moscow, Russia

*E-mail: pp.kovlvi@gmail.com

This work investigates the Hubbard model on a ”breathing”kagome lattice with alternating

small and large triangles(Fig. 1).

N

Puc. 1. "Breathing” kagome lattice
with translation vectors and
atimic positions. Parameters
t n t correspond to the
hopping amplitudes in the
“up” and “down” triangles,
respectively.

In the strong coupling approximation, the non-
interacting Hamiltonian and the band structure depen-
dence on the parameter a = % were obtained.

A phase diagram was constructed at a = —-0.9,
and the dependence of the gap magnitude on a was
analyzed for fixed values U = 3eV and V = 0.8eV.
In the standard Hubbard model, it was shown that
the metal-insulator transition is possible at half-filling
with a critical Coulomb interaction U, =~ 1.2eV.
The extended model includes non-local interaction
V on small triangles, leading to the formation of a
Mott phase confirmed by cluster dynamical mean field
theory (cDMFT). The results for LiZn,Mos0g with the
"breathing” kagome lattice demonstrate agreement
between calculations and experiments[1,2], confirming
the critical role of Coulomb interactions in the formation
of the insulator and spin localization. The extended
model adequately describes the electronic properties of
real compounds and requires further study of the U/V
phase diagram.

This work was performed under the state assignment
of the Ministry of Science and Higher Education of the

Russian Federation for the Institute of Metal Physics, Ural Branch of the Russian Academy of

Sciences.

1. Nikolaev S.A. et al., Quantum spin liquid and cluster Mott insulator phases in the Mo30g magnets npj Quantum

Mater. (2021).

2. S.V. Streltsov et al. Beyond a cluster-Mott state in the breathing kagome lattice of LiZn,Mo30g, Phys. Rev. B

(2025).
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L.S. Taran®, A.E. Lebedeva?*, and S.V. Streltsov*:2

1M. N. Mikheev Institute of Metal Physics UB RAS, Ekaterinburg, Russia
2Institute of Physics and Technology, Ural Federal University, Ekaterinburg, Russia

*E-mail: nastya.leb2004@gmail.com

The study of layered perovskites exhibiting high-temperature superconductivity remains
a highly relevant area of research.

The groundbreaking discovery of
superconductivity in the copper-free
perovskite SroRuO4 [1] significantly
impacted the scientific community
and stimulated the search for analo-
gous compounds, including the niobi-
um-based system Sr,NbQjg.

Major challenges in perovskite re-
search stem from the complexity of
synthesis and an insufficient under-
standing of the underlying supercon-
ducting mechanisms. Although the
synthesis of SroNbO4 has been repor-
ted previously [2], and its possible
superconductivity has been sugges-
ted [3], data on its crystal structure
and physical properties remain cont-
roversial and poorly characterized.

In this work, we investigate the
structural, electronic, and magnetic
properties of the layered perovskite
SraNbOg4 using first-principles calcula-
£ tions based on density functional

theory (DFT). We assess the thermo-
dynamic stability of the system, there-

Puc. 1. Unit cell structure of SroNbO,. by providing new insights into its
intrinsic behavior and potential for
functional applications.

1. Y. Maeno et al., Nature 372, 532-534 (1994).
2. G.G. Kasimov et al., J. Inorg. Chem. 19, 148 (1974).
3. K. Isawa, M. Nagano, Physica C 357-360, 359-362 (2001).
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FLUCTUATION-DRIVEN SPIN AND CHARGE ORDER
IN GEOMETRICALLY FRUSTRATED ELECTRON SYSTEMS

Ya.S. Lyakhova

Russian Quantum Center, Moscow, Russia
*E-mail: yanalyakhova@gmail.com

Geometrically frustrated quantum systems represent an intriguing frontier in the physics
of correlated fermions. Interest in frustration effects has grown significantly over the past
two decades, driven by their experimental relevance in organic conductors, twisted bilayer
graphene, and other correlated materials [1]. Geometric frustration—often manifesting as
incommensurate ordering wavevectors—is a key ingredient for rich phase diagrams, while
simultaneously posing a major challenge for theoretical description.

The aim of this work is to elucidate the role of order-parameter fluctuations in shaping
the emergent structural and magnetic patterns of such systems. We focus on the single-
band Hubbard model on the triangular lattice, where the interplay between spin and charge
fluctuations gives rise to competing instabilities (e.g., 120° magnetic order, incommensurate
CDW, nematicity). To this end, we employ the Fluctuating Local Field (FLF) method as a control-
lable, beyond-mean-field framework to capture coupled instabilities in both channels [2],
benchmarked against Exact Diagonalization (ED) on small clusters.

The two-channel FLF partition function reads:

Sule =B (/R s /A Vi ) o
Z:// o [c*,c]—- & (\/>s+ n+\/E+\/fc> Dlc*, ] Vi d¥,. %

where Sex[c*, c] is the exact fermionic action, §! = CLOLBC,B andn' = c,Tc,c,0 — (n) are the local

spin and charge operators, and V., v. are auxiliary fluctuating fields. The parameters Ag, A
control the strength of spin and charge fluctuations, respectively—and crucially, the gradient
structure V'n explicitly enables the symmetry-allowed spin—charge coupling § - VA.

Within this framework, we compute key observables such as the spin—charge cross-suscep-

tibility: B
1 . .
Xsc(d) = W/o dt(s(q,7) - VAa(—q,0)), )

which serves as a direct diagnostic of fluctuation-mediated coupling—and vanishes in decoup-
led (mean-field or purely Ising) treatments.

It will be demonstrated that fluctuations impact the system strongly and qualitatively: the
intrinsic spin—charge coupling § - Vi leads to a pronounced transfer of spectral weight from
magnetic to charge channels, resulting in the suppression of 120° spin correlations and the
emergence of robust incommensurate charge modulations—even at half-filling.

1. Pal H.K., Spitz S., Kindermann M., Phys. Rev. Lett. 123, 186402 (2019).
2. Lyakhova Ya.S., Semenov S.D., Lichtenstein A.L, et al. Phys. Rev. B 110, 245134 (2024).
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ELECTRONIC STRUCTURE, MAGNETIC STATE
AND ORBITAL-SELECTIVE PHYSICS IN THE NICKELATE
SUPERCONDUCTOR La3Ni,0; AT AMBIENT PRESSURE

P.O. Makarova2, V. Leonov?

1nstitute of Natural Sciences and Mathematics, Ural Federal University, Ekaterinburg, Russia
2M.N. Mikheev Institute of Metal Physics UB RAS, Ekaterinburg, Russia

The discovery in 2019 of superconductivity with a critical temperature T, ~ 13 K (~31 K
under pressure ~40 GPa) in ANiO,/SrTiO3 films (with A = Sr, La, REE) synthesized using soft
chemical topotactic reduction of the parent perovskite phase [1] has gained much recent
interest to this novel class of superconducting materials [2—-4]. In 2023, superconductivity
with a critical temperature of up to ~80 K was found in poly- and singlecrystal samples
of the bi- and three-layer Ruddlesden-Popper phases La,1NiyO3,:1 (n = 2 and 3) under
pressure above ~14 GPa [5,6]. In spite of a large experimental progress in understanding
the properties of such systems (synthesis of high-quality crystalline phases of such materials
has become possible only in recent years), the microscopic understanding of their unusual
properties still poses a great challenge.

In this work, we explore the effects of the Coulomb correlations on the electronic structure,
spinand charge state of Niions, and structural phase equilibrium of the bilayer superconductor
LagNi;O7 (LNO) at ambient pressure using the DFT+U method. Using DFT+U we perform
structural optimization of the internal atomic positions of LNO. We study different types of
spin-charge long-range orderings, perform a comparative analysis of their electronic structure
and magnetic properties, evaluate total energy differences, perform analysis of the phase
stability of "breathing mode”lattice distortions, evaluate orbital polarization and charge dis-
proportionation of Ni ions. Our results show the emergence of a double spin-charge-density
stripe state characterized by a propagation wave vector q = (1/4 1/4). This state is characteri-
zed by an alternation of the high-spin Ni?*A and the low-spin Ni**B ions, which form zigzag
ferromagnetic chains alternating in the ab plane (diagonal hole stripes oriented at an angle
of 45° to the Ni-O bond). The phase transition is accompanied by a cooperative ”breathing
mode”distortion of the crystal structure and leads to a reconstruction of the low-energy elec-
tronic structure and magnetic properties of LNO. We find a narrow-gap correlated insulator
with a band gap value of ~0.2 eV characterized by strong localization of the Ni 3d states and
significant spin-orbital polarizations of the charge deficient Ni®* B ions. We note the importan-
ce of double exchange to determine the magnetic properties of LNO, similarly to that in charge-
ordered manganites and nickelates. We propose that spin and charge stripe fluctuations play
an important role to tune superconductivity in LNO under pressure.

The work was supported by the Russian Science Foundation grant N 25-12-00416.

. D. Li et al., Nature (London) 572, 627 (2019).

. N.N. Wang et al., Nature Commun. 13, 4367 (2022).

. A.S. Botana et al., Front. Phys. 9, 813532 (2021).

. L. Leonoy, S.L. Skornyakov, and S.S. Savrasov, Phys. Rev. B 101, 241108(R) (2020).
. H. Sun et al., Nature 621, 493 (2023).

.Y. Zhu et al., Nature 631, 531 (2024).
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STUDYING QUANTUM PHASE TRANSITIONS
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A. Mardanova®?*, J.A. Lépez-Saldivar?, S. Semenov*2, and E. Kiktenko?3

IMoscow Institute of Physics and Technology, Moscow, Russia
2Russian Quantum Center, Skolkovo Innovation Center territory, Moscow, Russia
3Department of Mathematical Methods for Quantum Technologies, Steklov Mathematical Institute of Russian
Academy of Sciences, Moscow, Russia

*E-mail: mardanova.aa@phystech.edu

Quantum machine learning (QML) is a cutting-
Kernel matrix edge field where classical machine learning techni-
ll'0 ques are adapted to leverage quantum computati-
ons. This work addresses the specific problem of
quantum phase recognition, where purely classical
methods face fundamental limitations [1]. We
develop an unsupervised approach for this problem
using kernel-based clustering. The elements of a
quantum kernel matrix are obtained by the SWAP-
., test [2] and represent similarity between quantum
' states, enabling effective dimensionality reduction
I while preserving essential quantum features.
1oz 3 We validate our method on quantum systems
with known phase transitions, including the trans-
Puc. 1. The obtained kernel matrix for TFIM  verse field Ising model (TFIM) [3]. The resulting
model H = —J3,6767,, — h >, 67 kernel matrix Fig. 1 has a block structure, demonst-
Dashed lines correspond to the ratingourapproach’s capability toidentify quantum
known points of the phase transition phasesand compute transition pointsinan unsuper-
h/J = +1. vised manner.

We expect that this hybrid quantum-classical
algorithm is well-suited for noisy intermediate-scale quantum (NISQ) devices. By combining
quantum kernel estimation with classical clustering algorithms, we provide an efficient
method for extracting physical insights about phase diagrams from quantum states.

ro0.8

r0.6

ro0.4

-3 -2 -1

0
h/)

1. Yusen Wu, et al., Quantum 7, 981 (2023).
2. Wiebe N., Kapoor A., Svore K., arXiv:1401.2142v2 (2014).
3. Sancho-Lorente T., Roman-Roche J., Zueco D., Phys. Rev. A 105, 042432 (2022).
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HEAT CAPACITY AND MAGNETIC PHASE TRANSITIONS
OF Mn;sSi; COMPOUND

A.B. Mawupos™*, A.C. KysHeyos®, K.P. Eparep?, B.B. Cokonosckuii?

L HCTUTYT pagmMoTeXHUKM 1 aNeKTPOHUKM 1M. B.A. KoTenbHukosa PAH, MockBsa, Poccus
2UenabUHCKMIt rocyaapCTBEHHbIN YHUBEpCUTeT, YenabuHck, Poccus

*E-mail: a.v.mashirov@mail.ru

Cvnuumnp, MapraHua co CcTexuoMeTpuue-

240 CKMM cocTaBOM MnsSis npuBnekaeT BHUMa-

200 | 2RN = 1004 Hue uccneposatenen bnarogaps yHUKanbHO-

My coyeTaHuio (DyHKUMOHANbHbIX U usnye-

CKMX CBOWMCTB, B YaCTHOCTU MPOSABNIEHUIO KaK

NpPsSIMOro, Tak 1 06paTHOro MarHMToKanopuye-
0,=391.8+23K CKOoro aq)qJeKTa [1]

7=12.3 mx mons™1 K2 o
cum B HacTodALWen pa60Te nposegeHo nccneno-
~~~~~ C:iph(T) BaHWE CTPYKTYPHbIX U MAarHUTHbIX CBOWCTB 06-
— Cnag(D pa3ua coeamHeHuns Mn5Si3 B paMKax Teopuu
ik . q)yHKLLI/IOHaJ'Ia NAOTHOCTU ONA KOMMNJIEKCHOro
100 150 200

NOHMMaHNSA MarHUTHOIO MOBEAEHUS N BO3HU-
KaHLLLMX CTPYKTYPHbIX MCKAXKEeHWI. BbinonHeH
PHC. 1. EMNEPATYPHbIE 3ABUCMMOCTM MONHOV aHanu3 aKcnepuMeHTasnbHbIX KPUBbIX Tenso-
Tennoemkoctn Ci(T) C Bbipenenvem €MKOCTVW p B Ananasoxe Temneparyp ot 10 J(
3NEKTPOH-OHHOTO Cor o (T) 1 MarnmT- A0 200 K [2] c paspgeneHneM Ha cyMMapHbIi,
HOTO Cnag(T) BKNAMIOB ANS COEMMHEHNS 3NEKTPOH-(POHOHHbIV M MarHUTHbIN BKIaAbl B
MnsSis. pamMkax NMHenHon KoMbuHaummn pyHKLUMn 30-
mMepdenbaa n Lebasa, no pesynsratam KoTo-
poro onpegeneHbl: TeMnepaTypa [debasa co 3HaveHneM Op = 391,8+2,3 K n koathhnumeHT
3NEeKTPOHHOM TennoeMkocTu y = 12,34+0,1 mOx-Monb~1-K—2 (puc. 1). Mo pesynstatam Teo-
PEeTMYECKOro MOOENMPOBAaHUSA NOKa3aHO, YTO OCHOBHbLIM COCTOSIHMEM MnsSis aBNseTcs rek-
caroHanbHas cTpykTypa P63/mcm, ynopagoveHHas eppomarHutHo (PM). OgHako, nony-
UeHHble B paMKax MOHHOM penakcauun 3HaueHns Temnepatypbl Jebas (0p = 446,7 K) u,
COOTBETCTBEHHO, TennoeMKocTu Cp, poMbuyeckon aHTudeppomarHnTHon (ADM) cTpyKTy-
pbl ropasfo fyylle CornacytTCs C IKCNEPUMEHTaNbHbIMUK pe3ynbTatamu, 4To 0byCcroBneHo
MaJsion saHepreTuveckom pasHuuen 9,774 maB/atom mexgy ®M n AOM ynopsagoyeHnsmu.
YBenuueHune obbema sfieMeHTapHOM S4Yelikn CTPYKTypbl Pmma Ha 5%, NpUBOAMT K Konunue-
CTBEHHOMY BOCMPOU3BEeAEHNIO TeopeTuieckomn thyHkumen Cpp(T) 3KCNepuMeHTanbHON Kpu-
BOM TEM0EMKOCTHM ¢ TeMnepaTtypou [lebas Op = 392 K. CyLiecTBEHHOE NOHMXEHME TeMMe-
patypbl Op Ha 54,7 K npu yBenmueHnn obbeMa KpncTaiInueckom peweTkm ¢ poMbuyeckon
CUMMeETPUEN, MOXKET BbITb 0ObACHEHO 3HAUUTENIbHBIM TEMOBLIM PACLUMPEHNEM CO 3HaYe-
HMeM KoathdurumeHTa 06beMHoro pacumpenns B =2,4-10~*4 K~1 npu oTHocUTeNIbHOM U3Me-
HeHun obbema AV/V = 4,9-10~2 B paccMaTpuBaeMoM uanasoHe Temneparyp.

PaboTta BbINOHEHA B paMKax rocydapctBeHHoro 3adaHus NP3 um. B.A. KoTenbHuUKoBd
PAH, tema FFWZ-2024-0007.

1. Tegus O. et. al., Journal of Alloys and compounds 1-2, 249-252 (2002).
2. KysHeuoB A.C., PapnoTexHuKa v anekTpoHuka 70, 53-64 (2025).
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SEMICONDUCTOR-METAL TRANSITION OF GOLD NANOTUBES

n.A. Matsees*, I'N. MupoHoB

®re0Y BO «Mapuitcknii rocynapcTseHHbIN YH1BepcuTeT», Molukap-0na, Poccus
*E-mail: matveev_ia@marsu.ru

Lienbto paboTbl SBNSETCA MCCNEAOBAHME 3NEKTPOHHONM CTPYKTYPbl HAHOTPYOOK M3 aTo-
MOB 30/10Ta B61M3K Nepexofa M3 NosynpoBOAHUKOBOIrO COCTOSIHUS B MeTaslInyeckoe, no-
CKOJIbKY B 3TOM 061acTh Hanbonee spKo NposiBnatoTCS HeobblYHbIE CBOMCTBA 30/10ThIX HAHO-
Tpybok. MaTtepuansl u MeToabl. MiccnenoBaHne NpoBOAMIOCE B pamMkax Mogenn Xabbapaa,
MOCKOJIbKY HAaHOTPYOKM M3 aTOMOB 30J10Ta ABASKOTCA CUCTEMAMU C CUJTbHBIMUW KOppensums-
MW, [1na onnucaHus d-aneKTPoOHHOM CUCTEMbI 30/10TOM HAHOTPYOKKM raMunbToHNaH Xabbappaa
[1, 2] umeeT BUA;

N N N
:‘:I =€ Z (flﬁ + fln) +B Z (a]?;am + Cﬁ,—TGﬁ + aftam =+ aﬁaﬁ) + UZ flﬁflﬂ,
f=1 f#f f=1

roe affr — onepaTop POXAeHUa d-3NeKTPOHOB Ha y3re f C npoekumen cnuHa T, ap — onepa-
TOP YHUUTOXEHWS, N = aﬁaﬁ — onepaTop umcna d-aneKkTPoHOB, € — COBCTBEHHANA aHeprua
3NEKTPOHOB, B — MHTerpan nepeHoca, ONUChIBaKOLLNN NEPECKOKN 3NEKTPOHOB C y3/1a Ha Co-
cepHwi y3en, U — sHeprusa KyIOHOBCKOIO OTTa/IKMBaHMWS ABYX 3/IEKTPOHOB C pa3HbIMU Npo-
eKLMSMUN CMMHOB, HAXOASLMNXCS Ha OgHOW opbuTanu atoMa 30/10Ta B HaHOTpybkax, N — Ko-
INYeCTBO aTOMOB.

HanucaB ypaBHeHMS OBUXEHUS A8 BCEX aTOMOB HAHOTPYHOK, peLlunB 3TW ypaBHEHUS,
Mbl MONYYUNUIN BbIPAXKEHUS AN aHTUKOMMYTATOPHOW hyHKLMK [pUHA, a TaKKe Koppensaum-
OHHble OYHKLUK, ONUCbIBatOLLMEe CBONCTBA HAHOTPYOOK.

Pesynbtathl. MonyyeHHble BblpaxkeHUs Ana hyHKunn FpuHa 6b1nm ncnonb3oBaHbl 4518 onu-
CaHWs 3NIEKTPOHHOW CTPYKTYpPbl HAHOTPYHOK.

BbiBoAbl. AHaNM3Mpys aHepreTuyeckme cnexkTpbl Obin caenaH BbIBOA, YTO MO Mepe yBenu-
YeHUs1 ANINHbI HAHOTPYBOK NPOMCXOAMT NMABHbIN Nepexon NoNynpoBOAHMK-MeTann [5], Bbl-
UnCeHne 3HEePruit OCHOBHOMO COCTOSIHNS MPUBENM K BbIBOAY, UTO 30/10Tas HAHOTPybka Be-
et cebs Nnpy B3aMMOLENCTBMM CO CTOPOHHMMM MOJIEKYNIAMN KaK eMHasa CUCTEMA CUITbKOP-
penupoBaHHbIX 3N1EKTPOHOB, 0bnafaeT CBOMCTBaMU 1 aKLLEeNTOPOB 1 AOHOPOB. [1na coBpe-
MEHHOIo MaTepmanoBefeHNs akTyalbHON 3aJayen ABASETCS CMHTE3 MaTepmnasnos C 3aaH-
HbIMW (B3UKO-XMMUYECKUMM CBOMCTBAMU. 30/10Tble HAHOTPYDOKM, HaxogsLwmecs B NOAynpo-
BOOHWKOBOM COCTOSIHMM a Takxxe B6nM3u rpaHuupl nepexofa nonynpoBogHuK-meTans, ob-
naparT HeOBbIYHBIMM, YOMBUTENbHBIMU CBOMCTBAMM, Hanpumep, metann Au BefeT ceba kak
nonynpoBogHuK. HaHoTpybku, obnapatolwime TakMMmn CBOMCTBaAMM, MOXHO UCMOMb30BaThb B
PasNYHbIX NPaKTUYECKUX LLensax, Hanpumep, MOXHO NPUMEHATb A8 CO30aHNA KOHHEKTO-
POB, CBA3bIBAKLLNX TPAH3MCTOPbI B COBPEMEHHbIX NPOLLECcCOpax, BBUAY Ux banamctmyecko-
ro xapakTepa NnpoBOAMMOCTHU, MOCKOJIbKY B 3TOM Cllydae AxKyoneBcKkue notepu byoyT HesHa-
unTenbHbiMU. OHKU MOryT 6bITb UCNONb30BaHbI AN co3aaHusa 6onee aphHeKTUBHbIX KaTanu-
3aTOPOB, NMOCKOJbKY BCE aKTMBHbIE aTOMbl 30/10Ta HAaHOTPY6KK, 0bapatoLLe CBOMCTBaAMM U
OOHOpa 1 akLenTopa, HaxogAaTca Ha MOBEPXHOCTH, a TaKXe MCNOoMb30BaTb /19 OMarHOCTUKMU
N neyeHns pakosbix 3abonesaHnit [3].

1. Hubbard J., The Basic Cause of Superconductivity, Proceedings of the Royal Society A 276, 238 (1963).

2. Xomckuin .N. ®DMM 29, 31 (1970).
3. Mironov G.I., Physica B: Condenced Matter 704, 417018 (2025).
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OCOBEHHOCTU CMNEKTPA 3KCUTOHHbIX NMOJIAPUTOHOB
B CKPELWWEHHbIX MATHUTHOM U ANNEKTPUYECKOM Nondax

T.B. Makcumos™*, W.J1. Kyp6akos?, H.C. BopoHosa®*

1Bcepoccuiickuii HayYHO-UCCnenoBaTeNbCKUI MHCTUTYT aBToMaTukm M. H.J1. yxosa, MockBa, Poccua
2MdepepanbHoe rocyaapcTBeHHoe BromkeTHoe yupexaeHue Haykun MCAH, Tpouuk, Mocksa, Poccua
3HaumoHanbHbIN NcCnenoBaTENbCKUI AAepHbIN yHUBEpCUTET «MUDN»
4Poccuiicknit KeaHToBblil LleHTp, Ckonkoso, MockBa, Poccus

*E-mail: bygrus@yandex.ru

Odunnonb-gmnonbHble B3aMMOAENCTBUA UrPatoT KNHOYEBYHO POSIb B MHOMOYACTUUYHbIX AB-
neHusax B epmu- 1 6o3e-rasax npu TemnepaTypax, OCTATOUHO HU3KUX O OOCTUKEHUN
KBAHTOBOI0 BbIpoXAeHWs. Mbl paspabaTbiBaeM MHOFOTESIbHYI0 TEOPUIO AMMOJIbHBIX 3KCU-
TOHHbIX NMONAPMUTOHOB B ONTUYECKOM MUKPOPE30HATOPE B CKPELLEHHbIX MOMNepeUHblX aMeK-
TPUYECKOM M MArHUTHOM MONAX.

B paboTe nokasaHo, YTo AaXKe B OTHOCUTENbHO crabblX NOJIAX B CNEKTPE SKCUTOHHbIX MO-
NAPUTOHOB BO3HMKAIOT ABa MUHMMYMa. YNpaBneHWe OTHOCUTENIbHOMN FMyBUHON 3TUX MUHK-
MYMOB MPUBOOMT K Nepexody Mexay KoHAeHcaToM Bose-JiHITeliHa NoNSPUTOHOB U KOH-
LEeHCATOM 3KCMTOHOB. Mbl MpefcKa3biBaeM, YTO TaKOM AUMOSIbHBIA KOHOEHCAT LEMOHCTPU-
PYeT POTOH-MaKCOHOBCKMIM XapaKTep CreKTpa BO36yaeHWs, HUKOr4a paHee He Habnoaas-
wniAca oNa nonspUTOHOB.

Mpu Nnepexone Mexay OBYMS peXMMaMu KoHOeHcalmmn cnabble Koppenauum B nonapu-
TOHHOM ra3e CMeHSHTCS MPOMEXYTOUHBIMU MEXUYACTUYHBIMU KOPPENALNAMU, XapaKTePHbI-
MW OJ151 9KCUTOHOB. 3TOT Nepexof, CONPOBOXAAETCH PE3KUM YMeHbLIeHEeM (hOTONMIOMUHEC-
LLeHL MW MO Mepe YBEIMUYEHNA BPEMEHM XMU3HM Ha HECKOJTbKO NOPSAAKOB. B NONSpUTOHHOM
pexuMe MUK TIOMUHECLEHLMM KOHAEHCaTa CMeLLLaeTCca Ha HeHYeBo yron.

PaccunTaHa yrnoeas 3aBUCMMOCTb BPEMEeHW ABYX(hOTOHHOIo pacnaga B 3KCNepuMeHTe
X3aHbepu BpayHa 1 TBuUcca, KOTOpas MCMOJb3yeTcs KaK MHCTPYMEHT AN A0Ka3aTeNbCTBa
(hopMUPOBaHUS MaKPOCKOMMYECKU-KOrepeHTHOro CocTosiHMSA. Halua paboTa OTKpbiBaeT BO3-
MOXHOCTW N1l YNPaB/IEHNA CBEPXTEKYUUMM CBONCTBAMM 1 KOPPENALMAMM OUMNONb-AMUNONb-
HbIX B3aMMOAENCTBUI B KOHAEHCaTaX 3KCUTOH-MONMAPUTOHOB.
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CREATION OF LARGE-SCALE PHOTONIC WEIGHTED GRAPH STATES
WITH LINEAR-OPTICAL FUSION OPERATIONS

A.A. Melkozerov*?*, S.S. Straupe®*-2, M.Yu. Saygin®?

1Russian Quantum Center, Moscow, Russia
2Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow, Russia
3Sber Quantum Technology Center, Moscow, Russia

*E-mail: melkozerov-a@yandex.ru

The most advanced protocols for linear-optical quantum computing rely on two key primi-
tives: the repeated generation of small entangled photonic resource states and the probabilis-
tic entangling measurements, known as fusion operations, applied to them. Prior research
has focused predominantly on specific entangled states, notably graph states, which are key
components in well-established quantum computing models [1,2], while broader families
of states with variable entanglement remain largely unexplored. Although experimentally
feasible, existing fusion-based approaches suffer from inherently low success probabilities.
Notably, the success probability of fusing two maximally entangled qubit states cannot exceed
50% without using extra photonic resources.

In this work, we investigate the linear-optical generation of multiqubit weighted graph
states, a generalization of standard graph states that allow varying degrees of entanglement.
These states find various applications in quantum algorithms, including measurement-based
guantum computing [3], and they are encompassed by the recent extension of Pauli stabilizer
formalism [4], a powerful tool underpinning many modern quantum error correction and quan-
tum computing protocols.

We propose and analyze a novel approach for constructing large-scale photonic weighted
graph states using modifications of standard fusion gates. Using the matrix product state
formalism, we study the fusion of weighted graph states, characterize the resulting entangle-
ment structure, and evaluate the performance and scalability of the method. Our results
provide a new pathway toward resource-efficient photonic entanglement generation, expan-
ding the toolbox for scalable quantum computing and quantum communication.

1. Bartolucci S. et al. Fusion-based quantum computation, Nat. Commun. 14, 912 (2023).

2. Gimeno-Segovia M. et al. From three-photon greenberger-horne-zeilinger states to ballistic universal quantum
computation, Physical Review Letters 115, 2 (2015).

3. Gross D. et al. Measurement-based quantum computation beyond the one-way model, Physical Review A 76, 5
(2007).

4. Webster M.A. et al. The xp stabiliser formalism: a generalisation of the pauli stabiliser formalism with arbitrary
phases, Quantum 6, 815 (2022).
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ANALYSIS OF THE EXCITATION SPECTRUM
IN MAGNETIC SKYRMION STRUCTURES

A.A. Muxeesa™?*, [l.H. Apuctos!?

1 HUU«KW», MeTepbyprckuin MHCTUTYT AaepHoit dusuku, MatumnHa, Poccua
2 CaHkT-MNeTepbyprckuii focynapcTBeHHbI YHnBepcuTeT, CaHkT-MeTepbypr, Poccua

*E-mail: anmikheeval4d@gmail.com

MarHuTHblE CKWUPMUOHbBI — 3TO KpoLLeYHble Tonosiornyeckmne obbekTbl MacwTaba gecaT-
KOB HAHOMETPOB, KOTOPblE NMPMBMEKAIOT OrPOMHOE BHVMMaHWe nUccnegoBaTenen B nocnen-
Hee pecaTuneTue. VIHTepec K 3TON TeMe CBA3aH C BO3MOXHOCTbIO NPaKTUYECKON peannsa-
Lum 3TUX 06bEKTOB B ByAyLWwmMx ycTporcTBax namsaTu [1,2], a Takke ¢ ux hyHAaAMEHTasIbHbIMM
CBOWCTBaMM.

N3BeCTHO, YTO CNEKTPbI 31eMEHTapPHbIX BO36YXAeHNA (MarHOHOB) B CKUPMUOHHbIX KpU-
ctannax (CkK) HaxogsiTcs nyTeM guaroHanusaluu ramunsToHnaHa Tuna borontobosa - e
XeHa B npucyTcTBUM KannbpoBoyHoro nons. B [3] 6bino nokasaHo, YTO HaNPsIXKEHHOCTb 3TO-
ro KanMbPOBOYHOMO NONA B CPELHEM pPaBHA HYJIKO M YTO OHa XapakTepuayeTcs ABYMS BKa-
AaMU, OOUH U3 KOTOPbIX - FNagKas KOMNOHEeHTa nons ¢ ByMs KBaHTaMu MOToKa, NPOHU3bI-
BalOLWLMMM 3MIEMEHTAPHYI0 AvenKy. [lpyrags KOMNOHeHTa KanMbpoBOYHOrO NONS CUHIYNsP-
Ha, NponopunoHanbHa gensta-hyHKLMM B KOOPAMHATHOM NPOCTPaHCTBE, PacroNOXeHHOM
B LLeHTPe KaX[oro CKUPMMOHA, U BeC TaKon AenbTa-GyHKUUN paBeH MUHYC ABYM KBaHTaM
noToka. MiMes HyneBoe cpefHee none Ha 3fIeMeHTapHYI0 S4enKy, MOXXHO OnpeaennTb mar-
HOHHble cneKTpbl B 06bI4HOM Basnce nnockmx BosH. OfHAKO, NPy TAKOM OMMCaHUK CNeKTpa
YYET fenbta-hyHKLUUOHHOM CUHTYASAPHOCTM TpebyeT 3HaUMTENbHbIX BbIYUCTIUTENbHbBIX MOLLL-
HocTen, nnbo perynapusaumm 3agadu. Nonyyaemasn 30HHaa CTPYKTypa yxe obcyxaanach B
paboTax HeKOTOpPbIX aBTOPOB [4,5], HO NOHMMaHWE MHOMMX 0COBEHHOCTEN CNEKTPOB A0 CUX
Nnop OTCYTCTBYET.

Mbl npegnaraem anbTepHaTMBHbIN METOL, pacyeTa 30HHOM CTPYKTYPbl MarHoHoB B CKK Ha
ocHoBe H6asuca BbIpoXAeHHbIX ypoBHew JlaHpay (Y/1). Ha nepBoMm 3Tane Mbl NOCTPOUN YHU-
TapHoe npeobpasoBaHMe BOMHOBON (PYHKUMM NS yAANEHUs CUHTYASAPHOCTM 13 kanubpo-
BOYHOIO Nong. 3To NPUBESIO K NOSBNEHNIO aHasiora NoCTOAHHOrO MarHUTHOMO NONS C ABYMS
KBaHTaMu NOTOKa Ha 3/IeMeHTapHYI0 A4YeinKy. Ha BTOpoM aTane mMbl Noay4mnm hopmynbl Ans
MaTPWUYHbIX 3/1IEMEHTOB BO3HMKatoWMX onepaTtopos B 6asuce YJ1. Ha ocHoBe NOCTPOEHHO-
ro yHMTapHoro npeobpasoBaHus 1 oTpaboTaHHOro MeTona pacyéta MaTpUYHbIX 3IEMEHTOB
onepaTopoB B HOBOM Hasuce oxunaaeTcs SBHOE YUNC/IEHHOE NOCTPOEHME MaTPULLbI raMuslb-
ToHMaHa. lpeaBapuTenbHble OLLEHKM MOKa3bIBAIOT, YTO AJ19 KaXK40ro BOSTHOBOIO BEKTOpa B
nepBou 30He bpunntosHa 30HHaA CTPYKTypa AaeTcs nosocyaTon matpuuen, T.e. obecneun-
BaeTCsa xopolas YNCNeHHas CXOAMMOCTb CneKTpa.

This research was supported by the Russian Science Foundation (grant number 25-12-
00418).

1. Vakili H., et al, J. Appl. Phys. 130, 070908 (2021).

2. Yan Z., et al, Phys. Rev. Appl. 15, 064004 (2021).

3. Timofeev V.E., Aristov D.N., Phys. Rev. B 105, 024422 (2022).
4. Schiitte C., Garst M., Phys. Rev. B, 90, 094423 (2014).

5. Garst M., J. Phys. D: Appl. Phys. 53 363001 (2020).
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CONTROLLING PROPERTIES OF NON-GAUSSIAN LIGHT STATES
VIA MEASUREMENTS ON A SQUEEZED ANCILLARY MODE

E.I. Mingazhitdinov**, O.V. Tikhonova*2-3

1Sarov Branch, Lomonosov Moscow State University, Sarov, Russia
2Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia
3Russian Quantum Center, Moscow, Russia

*E-mail: emildave@mail.ru

The generation of non-Gaussian states of light is a cornerstone for enabling universal
quantum computation, particularly for error correction using Schrodinger cat codes [1]. However,
deterministic approaches are often hampered by weak material responses. In this work, we
propose a method for non-Gaussian state engineering based on a cross-Kerr interaction.
We extend the capabilities of the scheme [2] through the use of quantum-tailored ancillary
states.

Specifically, we use a displaced squeezed state |y,,.) = D(B)S(r)|0) as the ancilla. The
interaction is described by the Hamiltonian H = —hynghnp. A homodyne measurement of the
ancillary mode’s X-quadrature projects the signal mode (initially in a coherent state |a)) into

a conditional state:
|W(X))a x ZC,,CD“(X)M)Q, 1)
n

where ®,(x) acts as a programmable "quantum filter”. This filter selectively amplifies or
suppresses specific Fock components depending on the photon number n. Analytically, ®,(x)
corresponds to the wavefunction of a displaced squeezed vacuum whose parameters depend
linearly on ndue to the cross-Kerrinteraction. The structure of the generated states s illustrated
by their Wigner functions in Fig. 1.

5 05 5 05
o0 ‘ 0 o Q 0
5 05 g 05
5 5 5 5

Puc. 1. Wigner functions of the generated states: (left) Schrodinger cat state via strong squeezing (r =
5); (right) a state approximating a cubic phase state via squeezing (r = 2) and displacement

B="7.

We demonstrate that by varying the squeezing r and displacement B of the ancillary mode,
one can deterministically shape the output state’s properties. For instance, strong squeezing
transforms the filter into an oscillatory comb, generating high-fidelity Schrédinger cat states.
A combination of squeezing and large displacement allows for the synthesis of cubic phase
states, which are critical for non-Gaussian quantum gates [3].

1. M. Mirrahimi et al., New J. Phys. 16, 045014 (2014).

2. T. Tyc and N. Korolkova, New J. Phys. 10, 023041 (2008).
3. S. Lloyd and S. L. Braunstein, Phys. Rev. Lett. 82, 1784 (1999).
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FLAT BANDS IN “PYROCUBIC” LATTICE

[.A. MakotHukosY2*, C.B. Ctpenbuyos?

1ypanbckuit henepanbHbiii yHnsepcuteT, EkatepunHbypr, Poccus
2 HeTUTYT thusuku meTannos YpO PAH, EkatepuHbypr, Poccus

*E-mail: myakotnikovdanild9@gmail.com

MnocKme 3NeKTPOHHbIE 30HbI BaXXHbI MPY OMMCAHUN MHOTUX (DU3NYECKUX ABIEHUIA, B YaCT-
HOCTW AJ15 TOMOMOrMYEeCKUX CBEPXMPOBOAALLMX (ha3 1 CMMHOBOM XMAKOCTU. Knaccuyeckne
nNpUMepbl CTPYKTYP — KaroMa-peLléTka C 04HON MIOCKOW 30HON B MOAENN CUIIbHON CBA3M
N eé KBa4paTHbIN aHasor, rae niockas 30Ha BO3HMKAET MPU PaBEHCTBE AMArOHasbHbIX U
HOKOBbIX MEPECKOKOB 3NEKTPOHOB. B 060X crnyyasax Hanuume naockux 30H obycnoBneHo
reoMeTpuYecKomn hpycTpaLmen n eCTPYKTUBHOM NHTepdepeHumnen 6110XOBCKMX BOTHOBbIX
hyHKUMNA.

Bblfo NpoBefeHo YNCNEHHOE MOAENNPOBaHME 30HHON CTPYKTYPbI M NAOTHOCTWN COCTOSNA-
HWI A1 MOAEeNbHOM CUCTEMbI HA OCHOBE KaroMa-rnogobHom peléTkun B NpUbmxeHnn cunb-
How cBsA3W. PaccmaTtpurBaeMas pelwéTka npefcraBnseT cobom npaBubHble KBafpaTHbIE NK-
paMuibl, KOTOPble COEOMHATCA APYr C APYroM no pebpam ocHoBaHWi, 06pasyst BHYTPEH-
HIOKO MOJIOCTb B BuAe Kyba. B pesynbraTte yero hopMumpyeTcs «nnpokyburyeckas» pewéTtka.
MpocTpaHCcTBEHHada rpynna Takoii pewéTkn Pm3m (no.221). MapameTp nepeckoka aneKTpo-
Ha 6bIs1 yYTeH TONIbKO s bnunxkanwmnx cocenen. Pacuét 30HHOM CTPYKTYpPbl BbISBU Xapak-
TepHble 0COBEHHOCTM 3/IEKTPOHHOMO CNEKTPA: HalUYne HYeTbliPEX NIOCKUX 30H, CPELN KOTO-
pbiX 0BHapyXKeHbI TPUXKObI BbIPOXAEHHAS M OOHOKPATHO BbIPOXAEHHAS 30HbI. Takoe pac-
npefeneHne BblpOXOEeHUS CBA3aHO C BbICOKON CUMMETPUEN KPUCTaNIMYECKOW CTPYKTYPSI
N reoMeTpuYeckmM pycTpupoBaHmeM pelwéTkn. Takxe 6ol obHapyxeHbl 0cobeHHOCTH
BaH-XoBa B TOUKax BbICOKOW CUMMETPUW.
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A SPIN MODEL TEST FOR A GENERATIVE QUANTUM EIGENSOLVER

V.S. Okatevt*, 0.M. Sotnikov'2, V.V. Mazurenko-2

1Theoretical Physics and Applied Mathematics Department, Ural Federal University, Ekaterinburg, Russia

2Russian Quantum Center, Skolkovo, Moscow, Russia
*E-mail: okatev.v9@gmail.com

Large language models (LLM) help to solve problems in completely different fields of know-
ledge, including condensed matter physics and quantum computing. A prominent example
of the latter is a quantum circuits-based approach for solving the eigenvalue problem using
generative transformers - Generative Quantum Eigensolvers (GQE) proposed in [1]. Using this
approach, the ground states of the electronic Hamiltonians of various molecules have been
approximated. However, the unitary transformations the authors used cannot be effectively
implemented on modern quantum devices with shallow circuits of basic one- and two-qubit

gates.

A

B 4 C

~—— GQE Training —< GQE Sampling —015 GQE Evaluation
e o N .
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[ '
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@ ° ground state
N Y il & -0.30
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Figure 1. (A) Within GQE training each item from a given set of one- and two-qubit gates is associated

to a word. Random quantum circuits (sentences) are generated and the corresponding ener-
gies are estimated. They are used for training GPT. (B) The GPT models at different training
steps are employed to sample quantum circuits approximating the ground state of the given
Hamiltonian. (C) Two-spin Ising model example shows that GPT predictions of the ground
state energy converge to those estimated for the quantum circuits that are constructed on
the basis of sentences generated with the trained GPT.

Here, we explore the efficiency of the GQE algorithm for solving eigenvalue problems for
the Ising model of a few spins using a pool of 1-qubit rotational and CNOT gates. The results
(Fig 1C) obtained with different initial states evidence that GQE can construct quantum circuits
that minimize the energy of the quantum model. However, the current realization requires
a huge number of parameters at the level of GPT and calls for further optimization of this
procedure.

1. Kouhei Nakaji et al., arXiv:2401.09253 (2024).
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This work is devoted to the study of dynamic fluctuations of the order parameter within
the framework of the Fluctuating Local Field (FLF) method [1].

The main idea of the FLF method is to approximate the exact partition function using
functions of a parental method (e.g., mean-field) averaged over an ensemble of external fields
vintroduced in the leading fluctuation channel. Considering the example of antiferromagnetic
fluctuationsinaone-dimensional Hubbard chain with N sites, the FLF transformation is written

as [2]:
/
2611\;\ ’ 2//e p Sh—z—i\(v—h As) } cf, cld®v, @)

where B is the inverse temperature, Sy, is the action of the system without interaction in the
external field h, A is an arbitrary parameter of the method.

ZriF =

The aim of this work is to develop
an approach for accounting for quantum
fluctuations of the order parameter. For
this purpose, the field v® is expanded in
imaginary time T in terms of Matsubara
frequencies w,. Assuming the contribution

of non-zero modes is small compared to the
zero mode:
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Puc. 1. Temperature Green’s function for p = 10 at
momentum k = 1t for a chain of N = 4 sites
in the moderate correlation regime U/t = 1

Within this approximation, analytical expres-
sions for the partition function and Green’s
functions were obtained (Fig.1). While the
developed approach provides generalimpro-
vements, the most notable enhancement
in accuracy is observed for systems with a
suppressed leading channel.

1. A.N. Rubtsov, Fluctuating local field method probed for a description of small classical correlated lattices, Phys

Rev. E 97, 053306 (2018).

2. Ya.S. Lyakhova [et al.], Fluctuating field series: towards calculations of correlated systems with high accuracy,

Phys. Rev. B 110, 245123 (2024).
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FROM DISCRETE TO CONTINUOUS VARIABLES SYSTEMS
VIA JORDAN-SCHWINGER TOMOGRAPHIC TRANSFORMATION

B.A. OpsioB*

Poccuincknin kBaHTOBbIM LLEeHTP, MockBa, Poccust
*E-mail: vorlovac@outlook.com

MMbpuaHble KBAHTOBbIE apXUTEKTYPbl, 06beanHSAIoLINE CUCTEMBI C AUCKPETHbIMK (OI) 1
HenpepbiBHbIMYK (HI) nepeMeHHbIMK, MPeACTaBAA0T NEPCNEKTUBHOE HaMNpaB/ieHMe B KBaH-
TOBbIX BbluncneHusix [1, 2]. OgHako MateMaTnyeckune opmanmamel OM- n HM-cructem cy-
LLLEeCTBEHHO pasnmyatoTcs, U Aa)ke OANHAKOBO HasblBaeMble KOHLUEeNuUMn Hepeako obnaga-
0T pasfNYHbIMM CBOMCTBAMM N (hU3NYECKUMUM MHTepnpeTaumamu. B pabote [3] npennoxeH
e0WHbIN BEpPOATHOCTHbIV NOAX04,, OCHOBAaHHbIM Ha TOMOrpadyeckom npeacTaBneHm KBaH-
TOBbIX COCTOSIHUIA 1 0ToBpaxkeHUn Moppara—LUsurrepa (ML) [4], nosBonstowmii yctaHas-
nMBaTb B3aMMHO-04HO3HaYHble cooTBeTCcTBUA Mexay [AM- n HIM-onMcaHMaMn KBaHTOBbIX
cuctem. B Tomorpagumueckom npencraBieHUM onmcaHne KBAHTOBOIO COCTOAHMS OCYLLLECTB-
nAeTca He yepes onepartop MIOTHOCTU, a MOCPeacTBOM ToMorpamm. ing cuctem ¢ HIN [5]
NCMNOMb3yeTCs CUMMNIEKTUYECKAsa TOMOrpaMma, yHKLUMS NIOTHOCTU BEPOATHOCTU. [1na cu-
cteM ¢ O npuMeHstoTca OTOHHO-4YMCNOBas TOMorpamMmma anst 6eckoHeUHOMEepHbIX COCTO-
AHWI [6] M cNMHOBasi TOMOrpaMMma AJ11 KOHEYHOMEPHbIX COCTOSIHUIA [7]. TK pacnpeneneHus
ABNAOTCA MH(OPMALMOHHO NOSIHBIMU 1 BUEKTUBHO CBA3aHbl C OnepaTopamMmn CTaHOaPTHON
KBAaHTOBOI MeXxaHMKM B paMKax (hopmannsma KBaHTarsepa—geKkBaHTansepa [8]. MokasaHo,
UTO UCMONb30BaHWe oTobpaxerus VLU, ycTaHaBAMBAIOLLErO U3OMOPHN3M MEXY CUHOM j
N OBYXMOL0BbIM cocTossHMeM Poka ¢ PUKCMPOBAHHBIM YUMC/IOM BO3OYXAeHU n = 2, N03BO-
NAeT NOCTPOUTb aHANIMTMYECKME MHTErpasibHble NpeobpasoBaHms MeX a4y BCEMU YKa3aHHbI-
MU TUNamMu TOMOrpamM. MNony4veHbl ABHbIE BbIPAXXEHUS 94ep nepexoaa Mexay pasandHbiMm
TOMOrpaMMaMm u hyHkumen BurHepa.

MpennoxeHHble Npeobpa3oBaHusa He TpebyoT NpenBapuTebHOM PEKOHCTPYKLUN MaT-
pULLbI MIOTHOCTU, YTO CHUXKAET BbIUNCIIUTENbHYH C/IOXKHOCTb M HaKoMNeHne owmnbok npu 06-
paboTKe aKcnepuMeHTasbHbIX AaHHbIX [9]. peasioXKeHHbI MeToA, NO3BONSET, HAYMHas, Ha-
npuMep, Co CMMHOBOM TOMOrpamMMbl, U3MepeHHoW B [1-aKkcneprMMeHTe, HAaNPsSMYy BOCCTa-
HOBUTb CUMMNIEKTUYECKYIO UM (DOTOHHO-YMCNOBYO TOMOrpaMmy cooTeeTcTBytowero HIl-
COCTOSIHWS, NpUHagnexallero MkcMpoBaHHOM NoaceKkumm npocTpaHcTBa Goka. AHanoruny-
HO NOoCTpoeHbl 1 0bpaTHble NpeobpasoBaHus, obecnevnBatowme nepexoq ot HM-k-OM-onu-
caHuaM. MpennoXeHHbIn hopManM MMeeT NPsSMOe NPUKIaAHOEe 3HaYeHMe: OH No3BONs-
€T CpaBHMBAaTb pasfiMyHble annapaTHble nnaThopmbl, paspabateiBate OM-HM rubpuaHblie
MPOTOKOJbI, BbINOMHATL KPOCC-NNaTPOpPMeHHbI BEHUMAPKUHT 1 TECTUPOBaHME KBAHTOBbIX
ycTpoincTs [10], a Takxxe (hopMynMpoBaTh HOBble CTpPaTernm KBaHTOBOM KOPPEKLMM OLWNOOK.

1. Andersen U.L. et al., Nat. Phys. 141, 713 (2015).
2. Takeda S. et al., Phys. Rev. Lett. 114, 100501 (2015).
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EXACT SOLUTION OF ONE-DIMENSIONAL SPIN MODELS
WITH MARKOV PROPERTY

Y.D. Panov*

Ural Federal University, Ekaterinburg, Russia
*E-mail: yuri.panov@urfu.ru

OpHoMepHble CMUMHOBbLIE Moaeny bnarofaps CBoei KOHLEeNTyabHO NPoCToTe U paspe-
WWMOCTU CNYXKaT AJ/1s MPOBEPKM PasfiMUHbIX TEOPETUUECKMX KOHLEMNUNUA U METOA0B CTaTh-
CTUYECKOW (PU3MNKM, a TaKIKE 3aKNaablBatOT OCHOBY /1A MOHMMAHNA CMIOXHOro NoBeaeHNn
peanbHbIX (U3NYEeCKMX cucTeM. [N aHM30TPOMHbIX CMIMHOBbIX CUCTEM, TaKMX KaK OeKopu-
pOBaHHbIe Lienoyku MsuHra, bnoma-amepu-rpudidurca n MoTttca, cTaHAAPTHbIN MeTof, No-
NYYeHMs TOYHOIO peLleHNs 3aKJIYaeTcs B MOCTPOEHMM TpaHcdep-MaTpULLbl U HAXOXOEHMN
ee Hambosnbluero cobCcTBEHHOro 3HaueHus. Cyl,ecTBOBaHWe TpaHchep-MaTpuLbl KOHEUHOTO
pasMepa NpUBOLAMT K 0TOBPaXeHWIo MOAENN Ha HEKOTOPYH MapKOBCKY!O Lienb. Takoe 0To6-
payKeHue No3BosseT, B YaCTHOCTK, AeTa/lbHO ONUCaTb Pas/inyHble CBOMCTBA (ha3 OCHOBHOMO
cocTosaHusa [1-5]. OoHaKo, TaKKe 3TO AaeT BO3MOXHOCTb TOYHOMO pelleHns CTaTUCTUUYECKOM
Mopaenv 6e3 BbluncreHns Hanbosblero CO6CTBEHHOro 3HaUeHUs TpaHcdep-MaTpuLbl.

PaccMOTPUM CMIMHOBYIO LLEMOYKY, A1 KOTOPOM COBCTBEHHbIE COCTOSIHUS ABNSAOTCS Npsi-

MbIM NPOV3BEEeHNEM COCTOSHUI Ha y3nax. Beegem cpegHue P(a) = (Pq ) 1 napHble PyHK-
umn pacnpepenenns P(ab) = (PqiPp it1), e Pq i — NPOEKTOP Ha cocTosHWe a y3na i, a =

1,...,q, n {(...) 03HAYaeT TEPMOAMHAMNYECKON CpefHee. IHTPONUSA TaKON CUCTEMbI MOXET
6bITb BbipaXeHa vYepes napHble YHKLUKN pacnpeneneHus:
S = - _P(ab)InP(ab) + > P(a)lnP(a). @)
a,b a

MockonbKy Ana paccMaTpuMBaeMoro Knacca CMHOBbIX MOAENe BHYTPEHHSAS SHeprus Tak-
e BblpaxaeTcs vepes dyHKuumn P(a) n P(ab), ToO MOXHO 3anucaTb SBHbIN BN, 3aBUCMMO-
CTV thyHKLMOHana cBoOOAHOM IHEPrUM OT MapHbIX PYHKLUMIA pacnpegenerHns. MuHnMmsaums
3TOro (PyHKLMOHANA AAET TOUHOE pelleHne CTaTucTMyecKon Mmogenu. B goknage paccmor-
PeHbl NPUMEpPbI NPUMEHEH NS 3TOro MeTOAA NOMCKa TOYHOTO PeLUeHMs AN O4HOMEPHOW aHu-
30TponHon mopgenu Notrca, Mmopenn Knuttens n pazbaBneHHON N3MHIOBCKOM LLeMOYKMU.

1. Panov Yu. D. JMMM 514, 167224 (2020).

2. Panov Y. Phys. Rev. E 106, 054111 (2022).

3. Panov Y., Rojas O. Phys. Rev. E 108, 044144 (2023).
4, Panov Y. Ferroelectrics 618, 1207 (2024).

5. AcuHckaa . H., Nanos KO.[. ®TT 66, 1106 (2024).
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IMPACT OF VIBRATIONAL ENTROPY ON ORDERING
AND PHASE STABILITY IN a-Ti—Al

M.B. Metpuk™*, A.FO. CTpoes®3, U.K. Pasymos*, N.A. HacuétHukosa**

LWMHCTUTYT hrnkm MeTannos MMeHn M.H. MuxeeBa YpO PAH, EkaTepuHbypr, Poccus
2HaLuMoHaNbHbI UCCNef0BaTENbCKMIA LLeHTP «KypuaToBCKUIN MHCTUTYT», MockBa, Poccust
3MOCKOBCKMIT IU3MKO-TEXHUUYECKMI MHCTUTYT (roCyapCTBEHHbIN YHUBEPCUTET), [ONronpyaHbiii,
MockoBckas obnacTtb, Poccus
4Ypanbckuii hegepanbHbii yHsepcuteT M. B.H. EnbumHa, Exkatepunbypr, Poccua

*E-mail: mikk@imp.uran.ru

3agava uccnenoBaHUs TUTAHOBBIX CMTABOB MMEET BbICOKYHO MPaKTUYECKYH 3HAUMMOCTb
B CBSI3M C MX NEpPCNeKTUBaMM UCNOSIb30BaHMA B aBMa- U aBTOMOBUIECTPOEHUM, a TaKXKe B
MeauuuHe. BaxkHyto posib B DOPMUPOBAHUMN UX CBOWCTB UrpaeT NosiBfieHne HaHOCTPYKTY-
PUPOBAaHHbIX COCTOAHUIA, COAEPIKALLMX AMUCMEPCHble YacTULbl YNpoYHaoWwmux das, npexae
Bcero TizAl. YnopagoueHHaa tasa o, (cTpykTypa DO1g Ha ocHoBe uHTepMmeTannuaa TizAl)
OKa3blBaeT CYLLEeCTBEHHOE B/INAHME Ha MexaHu4eckoe noseaeHme cnnaeos Ti—Al: eé obpa-
30BaHMe NOBbIWAET NPOYHOCTb, HO COMPOBOXAAETCA CHUXEHMEM MNacTUUYHOCTU. Mo3ToMy
TeopeTMYecKoe NOHMMaHNe MexaHM3MoB ynopsaodeHns B cucteme Ti—Al aBnseTcs Heobxo-
OVMbIM YyCIOBMEM ANS LefleHanpaBieHHOro yrpasB/ieHns UX CTPYKTYPOR U 3KCMJyaTalnoH-
HbIMM XapaKTepuUCTMKaMMu.
B paboTe [1] ¢ noMoLbio MeTofa KNnacTepHOro pasno-
T200 »eHus (cluster expansion) 6b110 MOKa3aHo, YTo BKMad KO-

e nebaTenbHOM 3HTPONMM UMEET peLlatoLLee 3HaYeHne ois
1000 KOPPEKTHOro onucaHmns hasoBoro paBHOBECUS B CUCTe-
Je me Ti—Al. OgHako JaHHbIV MOAXO4 Henpo3paYveH Ans Ka-
w900 YeCTBEHHOro aHanmns3a, 1 CNoXeH O MOBTOPHOro BOC-

800
700

npousBeneHus. Llenbto gaHHom paboTbl aBnAeTcs comno-
: CTaBfeHne pPasfnYHbIX NPUBAUNKEHUN U BbIUMCITUTENb-
vl o g HbIX CXeM, MPUMEHSeMbIX Npu onncaHun hasoBoro pae-

0.05 0.1 015 02 025 HoBecuda Bcucteme Ti—Al, a TaKKe KONMYeCTBEHHbIN aHa-

L LARL RRALY RARRY ALY RAAY

Bl b b NG 3

600

o g

concentration of Al, at.% N3 POSIN KOH(UIYpaLMOHHON 1 BUBPALMOHHOM COCTaB-
narowmx ceobopgHom aHeprun. ns 3Toro MCNonb3yeT-
Puc. 1. CSl KOMMNEKCHbIN NOAXOM, BK/OYAOLWMIA PacyéT MHOoro-

YaCTMYHbIX B3aUMOLENCTBUIN METOLOM M30SMPOBAHHbIX
knactepoB Al B hcp-Ti, MogenvMpoBaHue pa3ynopsgo4eHHOro COCTOSAHUS C NoMoLLbio SQS,
MoHTe-Kapno MogenMpoBaHue 451 OLLEHKN OTKJIOHEHUIA OT CPeAHEeNoneBoro NnpubanxeHms
N pacyéTbl konebaTenbHOM 3HTPOMUK U (DOHOHHbBIX CNEKTPOB B paMKax opmanunsma VASP
+ Phonopy (Harmonic approximation).

Ha ocHoBaHMM NpOBEAEHHbIX PACUYETOB NPeaoKeH yaobHbIN 1 BOCMPOM3BOLMUMBIN CNO-
cob nocTpoerus hasoBon gmarpamMmmbl Ti—Al. YUET MHOro4acTMUHbIX B3aMMoOencTBumi, no-
JTYYEHHbIX N3 MOLENMPOBaHMSA N30IMPOBaHHbIX KnacTepos Al B hcp-Ti, NpMBOAUT K CHUXKe-
HUIO TeMMNepaTypbl ynopsaaoveHus npuMepHo Ha 200 K no cpaBHEHMIO C MOAENSMU, UCMOSb-
3YHOLLUMM TOSIbKO NapHble NoTeHuManbl. OCHOBHOM BK/IAZ B MPaBUIbHOE NMOJIOXEHNE IMHUN
ynopsifoueHuns BHOCUT konebatenbHas sHTponus: 6e3 eé yuéta TeMneparypa ynopsgoveHus
nony4aeTcs CyLLeCTBEHHO 3aBblleHHOW. Takon Noaxoa AaéT COrlacoBaHHYH0 C 3KCNepUMEH-
TOM fuarpammy 1 MOXeT ObITb MCMOMb30BaH A1 faNlbHENLIEr0 YyTOYHEH WS TEPMOAMHAMMKM,
BKJ/1HOMas pacyéThl 3a Npefenamy rapMoHUYeCcKoro NpmubnmxeHns n mogennpoBaHmne Tpom-
Hbix cnnasos Ti—Al-X.

1. Axelvan de Walle, Ghosh, G., & Asta, M. (2007). Ab initio modeling of alloy phase equilibria. In G. Ghosh & M. Asta

(Eds.), *Applied computational materials modelling: Theory, simulation and experiment*. Kluwer Academic Pub-
lishers (Springer).
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NON-EQUILIBRIUM QUANTUM DYNAMICS IN INHOMOGENEOUS
JOSEPHSON TRAVE- LING-WAVE PARAMETRIC AMPLIFIERS

A.C. MnaweyHuk™?*, A.C. Pemusos®34, A.A. Enuctparos?, A.B. Jle6edes*

1Bcepoccuitckuii HayuyHo-MCCnef0BaTeNbCKM MHCTUTYT aBToMaTvkm um. H.J1. Oyxosa (BHUWMA), Mocksa, Poccus
2A0 HIMM «McTok» nM. LLlokuHa, ®dpsasuHo, Poccus
SUYHCTUTYT pagyMoTeXHUKM U 3NeKTPOHUKM 1M. B.A. KoTenbHukosa PAH (MP3 PAH), Mocksa, Poccus
4HaumoHanbHbIN UcCnenoBaTenbCKMi YHMBEpPCUTET «Bbiclwas wkona askoHoMuku» (HUY BLU3J), MockBa, Poccus

*E-mail: a_plyashechnik@mail.ru

MapameTpuueckui ycunutenb beryLien BoHbl HA OCHOBE LLeNOYKM CBA3AHHbIX AX03ed-
COHOBCKMX NEPEXOL0B SBMSETCA NepCrneKTUBHbLIM 3/IEMEHTOM KBAaHTOBbIX CXxeM bnarogaps
cnocobHocTH ycunueatb cnabble cUrHasmbl U reHepnpoBaTb KBAHTOBO-3amnyTaHHbIe COCTOsA-
HMS. 3anyTaHHble KBAHTOBbIE COCTOSIHUS — KITHOUEBOW PeCcypce 4SS KBAHTOBOM CBSI3W, METPO-
NOTUM Y BbIYUCIIEHUI. MHTEpeC BbI3blBAKOT KOMMNAKTHbIE MCTOYHWKM 3anyTaHHbIX POTOHHbIX
nap, COBMeCTMMble C TBEPAOTENbHbIMU KBAHTOBLIMUM CxeMaMu. [lapameTpuyeckue ycunumre-
N1 Ha A)03etCOHOBCKMX Nepexonax bnarofaps CUAbHOM HENMMHEMHOCTM U HU3KUM NOTepam
€nocobHbl reHepnpoBaTh TaKoe U3NyHEHME B PEXUME HaKaUKM.

B knaccuyeckoM npnbnumkeHnm [1] npoxoxaeHune curHana yepes napameTpuyecKunii ycu-
NUTENb ONUCbIBAETCS HENIMHENHbBIM BO/THOBbIM YPaBHEHMEM, B KOTOPOM HENTMHENHOCTb 00y~
CNOBEHa CUHYCOMAANbHOM XapaKTePUCTUKOM 0)K03e(hCOHOBCKOro 3/1IeMeHTa.

B HacTosiLeln paboTe Mbl pa3BMBaEM KBAHTOBOE HEPABHOBECHOE OMMCaHWe TaKoW Cu-
CTEMbI B NPUCYTCTBUM BHELLIHEW HaKayku. s 3Toro npumeHsietcs hopmanmam LLBnHrepa-—
Kenpbiwa [2], a camocornacoBaHHble ypaBHEHUWS A1 CPeQHUX M KOPPENATOPOB CTPOATCS C
MCNonNb30BaHMEM (YHKLMOHANbHbIX NpecbpasoBaHunin JlexaHapa [3]. Takon nogxopn, ecte-
CTBEHHbIM 06pa30M BOCMPOM3BOAUT KNACCUYECKMIA NPeaen 1, YTO NPUHLMMNNANBLHO, NO3BO-
nsieT onucaTb CNOHTaHHYI0 reHepaLmio 3anyTaHHbIX (POTOHHbIX Nap 3a CYET napameTpuue-
CKOro pacnafia Hakavyku — ahheKT, HELOCTYMHbIV B PaMKax KNacCU4ecKoro noaxoaa.

B oTnnune oT 60nbLUMHCTBA TEOPETUUECKUX MOLEeNeN, NpeanonaralLmxX naeanbHy of-
HOPOOHOCTb M UCMONb3YHOLLMX UMMYNbCHOE NPEACTaBEHNE, Mbl SBHO YYUTbIBAEM HEOLHO-
POLHOCTU, KOTOPble MOrYT 6bITb Bbi3BaHbl pa36pOCOM NapaMeTpPoB 3/IEMEHTOB yCUNUTENS,
reoMeTpuen cuctemol (Hanpumep, M3rmbbl LEMOYKHM), @ TaKKE KPAeBbIMU YCNOBUSIMM NOA-
KNtoYeHMs. 3To aenaet HeobxoaMMbIM NePexXof, K KOOPAMHATHOMY NpecTaBIeHUIO U MPUBO-
LMWT K CUCTEME CBSI3aHHbIX HEJIMHENHbIX BOMTHOBbLIX YPaBHEHWI A5t OQHO- U OBYXYACTUYHbIX
CpefHWX. B ycTaHOBUBLIEMCS pexuMMe 3afa4a CBOAWUTCS K PeLleHNt0 CBA3AaHHOW CUCTEMBI
ypaBHEHWI, COOTBETCTBYIOLLEN 3afiave paccesHus. B npegene ogHOPOAHON LLENOYKM HalLl
NOAX0n, BOCNPOU3BOAUT U3BECTHbIE KMHETUYECKME YpaBHEHNS Ans ornbatowmx, nonyyeH-
Hble B MMNYNIbCHOM NPeACTaBAeHNM, NOATBEPKLAS €ro COrNacoBaHHOCTb.

MonyyeHHble pe3ynbTaThl OTKPbLIBAKT NYThb K NPOEKTUPOBAHUIO UCTOYHMKOB 3anyTaHHO-
ro U3/y4eHWs1 Ha CBEPXNPOBOASALLMX YMMNaX C YHETOM peasibHbIX TEXHOMOMMUYECKUX OrpaHu-
YEHWN.

1. Yaakobi O., Friedland L., Macklin C., Siddiqi I., Phys. Rev B 87, 144301 (2013). 2. Kamenev A., Field Theory of

Non-Equilibrium Systems, Cambridge University Press (2011) 3. BacunbeB A.H., ®yHKLMOHaNbHbIE METOAbI B
KBAHTOBOW TEOPUU NONSA U CTaTUCTUKe, M13aaTenbCcTBo JIeHUMHrpaackoro yHusepcuteta (1976).
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FERROELECTRIC AND ANTIFERROELECTRIC INSTABILITIES
IN BI MONOLAYER

[.B. MoHkpatosa™?3*, U.B. 3aropodHes’ %3, B.B. EHandues?3

1HMY BLU3, Mocksa, Poccus
2AP3 um. B.A. KoTenbHukoBa PAH, MockBa, Poccus
3MOCKOBCKMIT IU3MKO-TEXHUUYECKUI MHCTUTYT, JlonronpyaHsii, Poccus

*E-mail: poncratova.d@gmail.com

B nocnegHee BpemMda aKTUBHO UCClieQyeTCA CerHeToa/IeKTpnveCTBO B ABYXMEPHbIX MaTe-
puanax, B TOM 4YMCrie COCTOSILMX U3 aTOMOB ogHoro Buaa [1,2]. B Hawen paboTte Mbl noka-
3blBaEM BO3MOXHOCTb CErHETO3/IEKTPUYECKOr0 M aHTUCErHETO3NEKTPUUECKOro Nepexona B
MOHOC/I0€ BUCMYTa C peLleTKomr, nogobHom uepHoMy hoctopy, C Mcnosb3oBaHneM hopma-
nn3ma Knasumyca-MoccoTTu. MNonsipnusyemMocTb aTOMOB BUCMYyTa B PeLUETKE, BblUMCIIEHHHAS
¢ ucnonb3zoBaHnem DFT, oTnnyaeTcs oT NoaspmuayemMocT cBoboaHOro atomMa BUCMyTa Hanum-
YmMeM KOMMOHEHTbI Oy;.

OnpepenvM TeH30p BOCMPUUMUNBOCTH KaK P; = X;Eex;. Ha pnc.?? nokasaHa Hanbonee
CyLLeCTBEHHAas KOMMOHeHTa X, Kak hyHKLMS 06e3padMepeHHbIX MOCTOSHHbIX PeLLeTOK. 3Ha-
UYeHUs gMaroHanbHbIX KOMMOHEHT TEH30pa NONSPU3YEMOCTM O YKa3aHbl Ha rpadumkax; npu

03 .
3TOM ONe BCeX NogpeLleToK oy, = +1.1A . [p1 Manbix 0 MOHOC/IOM BUCMYTa ABNSETCS na-
pasnekTpukoM (PE). Mpu yBenmyeHnn o cHavana Habnogaetcs BOSMOXHOCTb nepexoaa B
aHTUcerHeToanekTpuueckyto asy (AFE), a 3aTem - B cerHeToanekTpuyeckyto (FE).

1.551
3
=
1.451
1.55 165 155 1.65  1.55 1.65
ald ald ald
| , |
-20 -10 0 10 20
Kxld

Puc. 1. X,, Kak tyHKUuMa obespasMepeHHbIX MOCTOAHHbIX peweTku a/d u b/d. YepHbiii kBagpaT no-
Ka3blBaeT 3KCNEPUMEHTANbHO N3MePEHbIble NapaMeTpbl peleTkn. Cepble NyHKTUPHbIE IMHWUK
nokasbiBatoT napameTpbl a/d n b/d, npu KOTOpbIX X,, 0bpaLlaeTca B HOMb, YEPHbIE CMOLLHbIE
- MPU KOTOPbIX X,,, UCMbITbIBAET PACXOANMOCTb. BCTaBKM NOKasbiBalOT MOHOCNON BUCMYTA, Jie-
walume B nnockocTu XY (ock X||a, YI|b, Z||6), a Takke AUNONbHbIE MOMEHTbI aTOMOB (KenTble
BEKTOPbI) NPU NPUAOKEHUN BHELLUHETO 3/IEKTPUYECKOro Nons BAOSb X.

PaboTa BeinosiHeHa npu nodoepike rpaHTa PH® N2 24-72-10015 ¢ ucnosib30BaHueM cy-
nepKomMnboTepHOro komnaexkca HAY BLLS.

1. Qi L. et al., Advanced Materials 33, 13 (2021).
2. Gou J. et al., Nature 617, 7959 (2023).
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STRONGLY CORRELATED ELECTRONIC STATE IN THE FERRIMAGNETIC
QUADRUPLE PEROVSKITE CuCuzFe,Re, 01,

A. Poteryaev*, Z. Pchelkina, S. Streltsov, V. Irkhin

Institute of Metal Physics UB RAS, Ekaterinburg, Russia
*E-mail: poteryaev.alexander@gmail.com

Recently synthesized quadruple perovskite CuCusFe;Re, 04, possesses strong ferromag-
netism and unusual electron properties, including enhanced electronic specific heat. The
application of the first principles electronic structure approaches unambiguously shows the
importance of the many-body effects in this compound. Although CuCusFe;Re; 015 is a half-
metallic ferrimagnet in the DFT+U method, in the density functional theory (DFT) combined
with the dynamical mean-field theory (DMFT) it appears to be a metal. Strong electronic
correlations lead to a renormalization of the electronic spectrum and the formation of incohe-
rent states close to the Fermi level. The electronic specific heat and magnetic properties
obtained in the DFT+DMFT approach agree better with the available experimental data than
those derived by other band structure techniques.

This work was supported by RSF grant # 23-42-00069.
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THEORETICAL INTERPRETATION OF EXPERIMENTS
ON MAGNETIC MOMENTS DETERMINATION

C.[. MpocHsak™, /1.B. CkpunHukos*-?

LHUL, «KypuaToBCKui MHCTUTYT> - MUAD, FaTumnHa, Poccua
2CaHkT-TMeTepbyprekuii rocyaapcTBeHHbI yHuBepcuTeT, CaHkT-MeTepbypr, Poccus

*E-mail: prosnyak_sd@pnpi.nrcki.ru

3HauMTENbHbIV UHTEpeC ANS GM3NKK TBEPAOro Tesna, MONEKYNSPHOM, aTOMHOM U aaep-
HOM (OM3UKM NPEeACTaBNSeT MarHUTHbIN MOMEHT aapa. CyLecTBYeT HECKOTbKO TUMOB aKCne-
PUMEHTOB, C MOMOLLBbIO KOTOPbIX MOXHO ONPeaennTb JaHHYO BennunHy. OOHUM U3 HUX SB-
NAETCA CNEeKTPOCKONMA 9AepHOro MarHMTHOro pesoHaHca (AMP) 0ns aToOMHO-MONEKYNAPHbIX
cucTeM. 3avacTyro noslydaemasi TOYHOCTb 3KCNEPUMEHTaNbHbIX OAaHHbIX HACTONIbKO BbICO-
Ka, YTO A1 HAAEXHOM MHTepNpeTaLmm HeobXxoaAnMo NPoBeAEHNE MPELN3NOHHbBIX TEOPEeTU-
yecKuMx pacyéToB. MNpubamxEHHblE TEOPETUYECKME OLEHKN Y3Ke MPUBOAUIMN K NMOSIBNIEHNIO
pasfiMyHbIX 3arafokK, HanpuMep, 3arafKke CBEPXTOHKOM CTPYKTYpbl B aToMe BucMmyTa [1]. B
Aoknage Ha npuMepe MonekynapHoro noHa ReO, byaeT nokasaHo, Kak C UCMNOJIb30BaHNEM
NPeuM3nNoHHbIX PACCUYETOB M3 AaHHbIX AMP akcnepumMeHTa onpeaenvTb MarHUTHbIE MOMEH-
bl aaep 8°Re n 187Re, yunTbiBas B TOM UnCne U KOHEUHOE pacrpefeneHme HaMarH1UYeHHo-
cTu no ob6vémy agpy [2].

Takxxe 60NbLIOK MHTEPEC NPEeACTaBASIOT MarHUTHbIE MOMEHTbI KOPOTKOXUBYLLMX SAEp.
MpoBepeHne AMP sKcneprvMEHTOB B 3TOM Cllydae L0CTaTOYHO 3aTpygHutenbHo. OgHako,
015 KOPOTKOXMBYLLNX A€ BO3MOXHO M3MepPeHNE KOHCTaHTbl CBEPXTOHKOIO pacluensieHms
HenTpanbHoOro aToma. 3Has u3 AMP akcnepuMeHTa MarHUTHbIN MOMEHT cTabunbHoro a4pa,
a TaK)Xe KOHCTaHTbl CBEPXTOHKOIMO pacluensieHns ansa obomx M3oTonos B ABYX 3NIEKTPOHHbIX
COCTOSIHUSIX, OKa3blBAETCS BO3MOXHbIM ONPEeAennTb MarHUTHbIA MOMEHT KOPOTKOXMBYLLE-
ronsotona. [pn aToM, eC/iv 3TU YNCNa M3BECTHbI C BbICOKON TOYHOCTbLO, HEOH6X04MMO YyUnNTbI-
BaTb TaKXXe CBEPXTOHKYH MarHUTHYI aHOMaInio — cneumnanbHyo KOMOUHALMIO CBEPXTOH-
KMX KOHCTaHT 1 g-(haKTOPOB, KOTOPas OKa3blBA€TCH HEHYNEBOM A5 A0ep KOHEYHbIX pas-
MepoB. B goknage bynet npencTaBneHo BblUMCIEHWE 3TOM BEIMUUHBI A9 aTtoMa Tanaums,
NMO3BONMBLLEE YTOYHUTb MAarHUTHbIE MOMEHTbI PSiia KOPOTKOXMBYLLMX N30TOMOB 3TOMO 3/1e-
MeHTa [3, 4, 5].

1. Ullmann J. et al., Nature communications, 8.1, 15484 (2017).

2. Skripnikov L. V., Prosnyak S. D., Physical Review C, 106.5, 054303 (2022).

3. Prosnyak S. D., Maison D. E., Skripnikov L. V., J. Chem. Phys., 152.4, 044301 (2020).
4. Prosnyak S. D., Skripnikov L. V., Physical Review C, 103.3, 034314 (2021).

5. Yue Z. et al., Physics Letters B, 849, 138452 (2024).
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ELECTRONIC AND MAGNETIC PROPERTIES
OF Co,_xMn, Al (x = 0; 0.25; 0.5; 0.75; 1) HEUSLER ALLOYS:
FROM TOPOLOGICAL SEMIMETAL Co,MnAlLTO SPIN GLASSES
SEMICONDUCTOR Mn,CoAl
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OcobeHHOCTU 3NEKTPOHHOM CTPYKTYPbI coeanHeHuii leicnepa Co,_Mng Al (x = 0; 0.25;
0.5; 0.75; 1) MoryT npuBOAMTb K (hOPMUPOBAHMIO COCTOSIHUIA CNIMHOBOMO BecLueneBoro no-
nynpoeogHuka (CBIM) [1], nonymeTannuyeckoro eppomarHetmka (MM®) nnum Tononoruye-
ckoro nonymetanna (TMM) [2, 3, 4]. B MM® u CBIN ypoeHb PepMum ans aN1eKTPOHHbIX CO-
CTOSIHWIA CO CMMHOM BHU3 NIEXUT B WNPOKoN wenn (AE ~ 1 3B), Toroa Kak nfsi COCTOSIHUI C
NPOTUBOMNOJIOXHON Npoekuuel cnuHa B NMMO® wenb otcyTcTByeT, a B CBIM 0Ha paBHa Hyno [1,
2]. B TMM nunHenHoe CONPUKOCHOBEHWE BAJIEHTHOM 30HbI M 30HbI MPOBOAUMOCTM CTAHOBUT-
€A NPUYMHOM BO3HWKHOBEHMSA 3K30TUYECKUX BeclueneBbiXx NMOBEPXHOCTHbLIX COCTOSHMI. Pe-
ann3oBaTb YKa3aHHbIE 3/IEKTPOHHbIE COCTOSAHMSA BOSMOXHO NOCPeACTBOM Masion Bapuauum
3NEeMEHTHOro cocTaBa BOM3M CTEXMOMETPUM, a TAKXKE YaCTUYHON 3aMEHOI OAHMNX aTOMOB,
BXOOALWMX B COCTAB COeAMHeHus, Ha gpyrue. MockonbKy cnnae Co;MnAl gemMoHcTpupyet
csoncTBa TMM, a Mn,CoAl npepgcTtasnset cobon CBM, To Npy nocTeneHHOM 3aMeHe aTOMOB
Co Ha aTombl Mn npu nepexope ot CooMnAl k Mn,CoAl npegnonaraloTcs COOTBETCTBYOLNE
N3MEHEHUS B 3/TEKTPOHHbIX XapaKTepUCTUKaxX COefnHeHMn Ha ocHoBe Co-Mn-Al.

Llenb naHHow paboTbl — nsyyeHne ocobeHHOCTEN 3NEKTPOHHON CTPYKTYPbIl, 3NEKTPOH-
HbIX M MarHMTHbIX CBOMCTB cnnaeoB lecnepa Coy_xMn1, Al (x = 0; 0.25; 0.5; 0.75; 1) npwm
nepexone ot coegnHeHns Co,MnAl k Mn,CoAl.

Cnnassbl leicnepa Coy_xMn1 Al (x = 0; 0.25; 0.5; 0.75; 1) cMHTE3MPOBaHbl METOAOM WH-
AYKUMOHHOW NS1aBKW B aTMOcepe aproHa. 3aTeM B TeHeHne 7 CyTOK BbIMOSHSAICSH OTXUT NPU
600°C c nocnepytolen 3akankon B Boay. CTpyKTypHas atTecTaumns n aNeMeHTHbI aHanms
CNNaBOB BbINOSHEHbI HA PACTPOBOM 3/IEKTPOHHOM MUKpocKone «Tescan Mira». iaMepeHus
TemMnepaTypHbIX 3aBUCUMOCTEN 3N1IEKTPOCONPOTUBIEHUS MPOBeAeHbl 0OLLENPUHATHIM YEThI-
PEXKOHTAKTHbIM METO0M B AnanasoHe Temnepatyp oT 4.2 go 300 K. OnTnyeckue cBoicTBa
NCCnepoBaHbl 3MIMNCOMETPUYECKMM METOLOM BuTtTn npu KOMHaTHOM TemnepaType. Pac-
YeTbl 3NIEKTPOHHONM CTPYKTYPbl U MAarHUTHbIX CBOWCTB OblN BbIMOSTHEHbI B paMKax Teopun
thyHkumoHana nnotHocTu (DFT) npu ncnonbsosaHun GGA v noteHumanos PBEsol.

MNMokasaHo, YTo C U3MeHeHneM cooTHoweHus Co/Mn B cnnaBax Cos_xMni Al (x=0, 0.25,
0.5, 0.75, 1), HabntopaeTcsa CyWweCTBEHHOE U3SMEHEHWE 3NEKTPOCOMPOTUBIIEHNS, KOTOpPOe
yBenunumaeTcs oT 252 MKOM-cM ana Co,MnAl oo 383 MkOM-cM ana Mn, CoAl, npu aToM Bupg,
3aBucumocTtelr p(T) M3MeHsAeTCs C MeTaJINIMYECKOrO Ha NOMYyNPOBOAHUKOBO-NOA00HbIN. CTa-
TMyecKasl M onTuyeckas NPOBOAMMOCTM YMEHbLUIAKTCS C POCTOM KOHLLEeHTpauum Mn. AHanuns
ANCnepcun ouanekTpuyeckon npoHuntaemoctn B MK-obnactu cnektpa cBUAETENBCTBYET 06
ocnabneHnm NpoBOASLLNX CBONCTB CMIaBOB MO CPaBHEHMIO C 06blYHbIMK MeTannamu. uc-
nepcus oNTUYECKON NPOBOAMMOCTM MOKa3biBAET JOMUHUPYIOLLYO POSib MEX30HHbIX Nepe-
XOL0B B (hOPMUPOBAHMM ONTUYECKUX CBOMCTB.

PaboTa BbinosiHeHa 3a cyeT rpaHTa Pocculickoro Hay4Horo ghoHda (npoekT N2 24-72-00152,
https://rscf.ru/project/24-72-00152/, IHcTuTyT (husuku metasnos umerHu M.H. Muxeesa Ypasib-
ckoro otdeneHus Pocculickol akademuu Hayk, CBepdnoBckas 0611.).

1. Wang X.L., Phys. Rev. Lett. 100, 156404 (2008).
2. Manna K., SunY., Muechler L. et al., Nat. Rev. Mater. 3, 244 (2018).

3. Xu S.-Y., Belopolski I., Alidoust N. et al., Science 349, 613 (2015).
4. Li P, Koo J., Ning W. et al., Nat. Commun. 11, 3476 (2020).
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ANALYSIS OF FLUCTUATION STATISTICS
VIA THE FLUCTUATING LOCAL FIELD METHOD

L.D. Silakov*?*, Ya.S. Lyakhova?3, A.N. Rubtsov?*

IMoscow Institute of Physics and Technology, Dolgoprudny, Russia
2Russian Quantum Center, Moscow, Russia
3National Research Nuclear University MEPhI, Moscow, Russia
4Lomonosov Moscow State University, Moscow, Russia

*E-mail: l.silakov@rqc.ru

The Hubbard model is used to describe a variety of correlated systems, including high-
temperature superconductors. Animportant feature of this model is the presence of fluctuation
channels that determine the system’s behavior. In this context, we study the fluctuation
statistics of the Hubbard model at half-filling; its Hamiltonian is written as

H= tz (chxyocj,c + c§+y_yocj,o + h.c.)
J,o

-I—UZ nJT—*) ng, — hz an—nji)

J

b

Here U is the magnitude of the Coulomb interaction between ¢ =t and 0 =|, his an
external magnetic field that supports the antiferromagnetic (AFM) state. Hopping between
neighboring sites occurs with amplitude t. The index J denotes the site position (jx,j,), SO
that I+ x = (jx + 1,jy).

This work is devoted to the application of the Fluctuating Local Field (FLF) method [1,2],
proposed to account for collective fluctuations, as a tool for the quantitative evaluation of
fluctuation statistics in the Hubbard model. It is known that mean-field (MF) approximations
do not account for fluctuations in the AFM channel. By introducing an external field h in the
AFM fluctuation channel, we replace the fixed effective field of MF with an ensemble of fields
that fluctuate in a controlled way. This allows us to probe the distribution of fluctuations
directly, rather than relying on Gaussian assumptions.

The flexibility of the FLF method and the presence of tunable calibration parameters suggest
that it can provide a tool for exploring non-Gaussian fluctuation effects and gaining quantitative
insight into the fluctuation dynamics of correlated fermionic systems. It will be shown that
the FLF approach enables a controlled reconstruction of the full fluctuation distribution, going
beyond Gaussian assumptions and standard mean-field limitations.

1. Rubtsov A. N., Phys. Rev. E 97, 052120 (2018).
2. Lyakhova Y.S., Rubtsov A.N., J Supercond Nov Magn 35, 2169-2173 (2022).

92


l.silakov@rqc.ru

éj\i f‘i g) XLI INTERNATIONAL < ff/ éﬁ/
WINTER SCHOOL 14 (14
M IN THEORETICAL PHYSICS w v

FEBRUARY 1-6, 2026

EXPLORING MAGNETIC PROPERTIES OF SINGLE MOLECULAR

MAGNETS: GENERAL AB INITIO QUANTUM-CHEMICAL APPROACH
AND ITS APPLICATIONS

A. Syurakshin*

Institute of Mathematical Problems of Biology, Pushchino, Russia
*E-mail: a_syurakshin@mail.ru

Prominent physical properties of a broad family of single-molecule magnets (SMM) based
onthetransition metalions with the partially filled electronic 3d-orbital shell are characterized
and their potential for practical applications is disclosed. In particular, molecular magnets
can serve as elements of magnetic memory or as quantum bits [1]. Among the major characte-
ristic of SMM is the strength of intra-ion magnetic anisotropy D(Sz)2, known also as zero field
splitting (ZFS), that determines the barrier Ueff for SMM magnetization reversal.

To evaluate the expected characteristic of a SMM such as the aforementioned ZFS, the
low-energy subspace including the multi-electron states have to be obtained, together with
their energies, by solving Schrodinger equation with a general all-electron Hamiltonian of the
SMM. In our work this is done for mononuclear complexes such as metal-organic molecule,
based on explicitly correlated (multiconfigurational) ab initio quantum- chemical calculations
performed with the use of Firefly computer program [2].

Particular attention is paid to establishing the dependence of the ZFS value on the charac-
teristics of the ligand field formed by the organic environment of the magnetic transition metal
ion.

1. Raza A., Perfetti M., Coordination Chemistry Reviews 490, 215213 (2023)
2. Granovsky Alex A., Firefly version 8, http://classic.chem.msu.su/gran/firefly/index.html;
Schmidt M.W., Baldridge K.K., Boatz J.A., et al., J. Comput. Chem. 14, 1347-1363 (1993).
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BOSON SAMPLING WITH SELF-GENERATION OF SQUEEZING
VIA INTERACTION OF PHOTONS AND ATOMS

S.V. Tarasov*, VLV. Kocharovsky

Institute of Applied Physics RAS, Nizhny Novgorod, Russia
*E-mail: serge.tar@gmail.com

We suggest a novel scheme for generating multimode squeezed states for Gaussian boson
sampling. The idea is to replace a commonly used linear interferometer with a multimode
resonator containing a passive optical element: an ensemble of two-level atoms dispersively
interacting with photons and self-generating a squeezed compound state of both bosons -
photons and atoms. The suggested scheme does not require (a) on-demand external sources
of photons in squeezed or Fock quantum states and (b) numerous interchannel couplers
which introduce phase noise and losses that prevent scaling up the system and achieving
guantum advantage. The idea is illustrated by a setup based on a Bose-Einstein-condensed
gas conFn]ed inamultimode resonator, one of whose optical modes is in the classical coherent
regime [1].

Challenging quantum advantage with Gaussian boson sampling has been suggested in
[2] and is widely discussed nowadays in the race to demonstrate advantage of quantum
simulators over classical computers. The concept relies on the fact that if a multimode entan-
gled squeezed vacuum state is prepared and then measured in the multimode Fock basis, the
output probabilities are proportional to the hafnians of certain matrices. Classical computation
of these hafnians, in general, requires a number of operations that grows exponentially with
the matrix size (i.e., with the number of occupied modes). Hence, the described sampling
process in a properly scaled system is believed to be classically intractable.

Although the quantum optical implementation of the concept looks straightforward — take
a large number of beam splitters, build a large multimode linear interferometer, feed it with
proper photon states, and measure the photon numbers in the output channels —the prospects
for achieving quantum advantage with this traditional architecture are questionable. Such
interferometers suffer from exponential decay of transmission with circuit depth, and losses
drive the output state far from a squeezed vacuum, dramatically reducing the cost of classical
simulation. For example, for the largest experiment based on traditional architecture [3],
involving 144 mixed modes and 113 detected photons on average, the effective computational
complexity can be reduced to that of ideal Gaussian boson sampling with 5 photons only [4].

We propose instead to generate multimode squeezed photonic states directly inside the
multimode cavity, avoiding external squeezed-light sources, input synchronization, and inter-
ferometric mixing. The idea is to fill the cavity supporting a number of high-Q optical modes
with a medium introducing counter-rotating terms in the system’s description. As an example
of such a medium, we consider a cold, partially condensed gas of two-level Bose atoms
interacting with photons in the non-resonant way. The counter-rotating terms associated
with the light-atom interaction bring the desired squeezing effects to the hybrid modes of
the system, and the coupling existing between atoms and light distributes that squeezing to
photons. With an appropriate choice of parameters, the resulting multimode photonic squee-
zing becomes strong enough to yield output statistics that are classically hard to simulate,
while remaining accessible to standard well-developed detecting tools of quantum optics.

The suggested scheme is modeled using a standard cavity QED approach, and the statistics
are analyzed via the method of characteristic functions together with a recently established
theorem on the hafnian generating function [5].

1. Tarasov S.V., Kocharovsky VLV. arXiv preprint: 10.48550/arXiv.2409.09027 (2024).

2. Kruse R., Hamilton C.S., Sansoni L., Barkhofen S., Silberhorn C., Jex I., Physical Review A 100, 032326 (2019).
3. Zhong H.-S., Deng Y.-H., Qin J., Wang H., Peng L.-C. et al., Physical Review Letters 127, 180502 (2021).

4. Oh C., Liu M., Alexeev Y., Fefferman B., Jiang L., Nature Physics 20, 1461-1468, (2024).

5. Kocharovsky V.V., Kocharovsky VL.V., Tarasov S.V., Linear Algebra and its Applications 651, 144 (2022).
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RATTLING EFFECT IN QUADRUPLE PEROVSKITES
AND ITS POSSIBLE PSEUDO JAHN-TELLER ORIGIN

E.V. Temnikov*, S.V. Streltsov

M.N. Mikheev Institute of Metal Physics UB RAS, Ekaterinburg, Russia
*E-mail: temnikov.fedor.v@gmail.com
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Rattling is a vibration of a loosely
bound ioninside an oversized coordina-
tion cage. The presence of such local
vibrational modes can give rise to
different solid-state properties, in parti-
cular to a notable reduction of the
lattice thermal conductivity due to pho-
non scattering on the rattling mode.
In quadruple perovskites AA;B,B, 015,
rattling-like behavior has been reported,
for example, in CuCusFe;0s,045 [1].
This compound exhibits a low thermal
conductivity of 1.4 WK=tm~* at room

Rattling ion displacement, A temperature. CuCusFe;0s,01; contains
two crystallographically distinct Cu sites:
one located in CuO4, icosahedra with
a large factor (Ug, = 9.82), and
another one in CuO4 plaquettes with
much smaller Ui, = 0.23. DFT+U
calculations made by authors show that the first type of Cu atoms can be displaced off-center
from the icosahedral site along several symmetry-related directions; the energetically most
favorable displacement is along [1,1, 1] (Fig. 1).

The microscopic origin of these off-center displacements has not yet been explained. In
the present work, we analyze the pseudo Jahn-Teller (PJT) effect as a possible origin of
the observed rattling. The PJT effect, arising from vibronic coupling between a ground state
and an excited electronic state of appropriate symmetry, is known to drive ferroelectricity in
perovskites such as BaTiO3 by displacing Ti ions [2]. We discuss the applicability of the PIT
mechanism to quadruple perovskites and other rattling systems.

Puc. 1. Change in the total energy upon displacement of
the Cu ion from the CuO1; icosahedron center
along various directions.

The work was carried out within the framework of the state assignment of the Ministry of
Science and Higher Education of the Russian Federation for the IMP UB RAS.

1. Xiao Wang et al. Inorg. Chem. 64, 20796 (2025).
2. Bersuker I. B., Phys. Lett. 20, 589 (1966).
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COULOMB CORRELATIONS AND THE COHERENT-INCOHERENT
ELECTRONIC CROSSOVER IN VANADIUM OXYCHALCOGENIDES

L.O. Trifonov*, S.L. Skornyakov*-?

1 M.N. Mikheev Institute of Metal Physics UB RAS, Ekaterinburg, Russia
2Ural Federal University, Ekaterinburg, Russia

*E-mail: trifonov.i@bk.ru

Quasi-two-dimensional van der Waals vanadium oxychalcogenides V,Ch,0 (Ch = Se, Te)
represent a new class of materials with unique electronic properties arising from Coulomb
correlations. Experimental studies have revealed substantial differences in the physical pro-
perties of these isoelectronic compounds: V,Te,0 is a moderately correlated metal with an
anomalously large Sommerfeld coefficient, which cannot be explained within standard band
theory approaches [1], while V,Se,0 exhibits an unusual temperature dependence of resisti-
vity ~log(1/T) [2], reminiscent of underdoped cuprates [3] and indicating proximity to a Mott
insulating state.

Inthis work, we investigate the effect of Coulomb correlations on the electronic properties
of vanadium oxychalcogenides using the density functional theory combined with dynamical
mean-field theory (DFT+DMFT). It is shown that in the paramagnetic state, single-crystalline
V,Te,0 and V,Se, 0 are moderately correlated metals with orbital-dependent localization of
spin moments [4,5]. For V,Te,0, accounting for electronic correlations improves the agree-
ment between the calculated and experimental Sommerfeld coefficients. A comparison of
the self-energy between V,Te; 0 and V,Se,0 reveals qualitative differences between these
compounds. The temperature dependence of the imaginary part of the orbital-resolved self-
energy ImX(w,) at a fixed wg = TkgT demonstrates fundamentally different behavior: in
V,Te, 0, linear extrapolation to T = 0O yields zero for all vanadium d orbitals, indicative of
Fermi-liquid behavior, whereas in V,Se;0 the extrapolation remains finite for most orbitals,
signaling a loss of electronic coherence and pointing to non-Fermi-liquid behavior.

The obtained results demonstrate the critical role of Coulomb correlations in shaping the
electronic properties of vanadium oxychalcogenides and may help explain the experimentally
observed transition from metallic behavior in V,Te; O to anomalous transport in V,Se, 0.

The DFT+DMFT calculations was supported by the Russian Science Foundation (Project No.
24-12-00024). The DFT calculations were supported by the Ministry of Science and Higher
Education of the Russian Federation for the IMP UB RAS and youth project No. 12-25. The
theoretical analysis of electronic structure was supported by the Foundation for the Advance-
ment of Theoretical Physics and Mathematics “BASIS”.

1. Ablimit, Abduweli, et al., Inorganic Chemistry 57, 14617 (2018).
2. Lin H,, et al. Physical Review B 98, 075132 (2018).

3. D.J. Scalapino, Rev. Mod. Phys 84, 1383 (2012).

4. Skornyakov S.L., Trifonov 1.0, et al., JETP Letters 7, 120 (2024).
5. Trifonov 1.0., Skornyakov S.L., et al., JETP Letters 3, 122 (2025).
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EDGE STATES OF PERIODICALLY DEFORMED TOPOLOGICAL INSULATOR
AND THEIR FORBIDDEN ZONES OSCILLATING UNDER MAGNETIC FIELD

A.B. Lisetkosa™, .M. PoduoHos?, [1.1. puropbes®

1Bcepoccuiicknit HUM aBTomaTukm um. H. J1. lyxoBa, Mocksa, Poccus
2/AHCTUTYT TEOPETUYECKOI 1 NPUKNaAHON aneKTpoaHamnky PAH, Mocksa, Poccus
3UHCTUTYT TeopeTnueckon dusuku um. J1. [1. Nlanoay PAH, YepHoronoska, Poccus
*E-mail: al.v.tsvetkova@yandex.ru

Tononoruueckun nsonatop (TWU) obnapaet nposoas-
LXMW NOBEPXHOCTHBIMU COCTOSAHUAMM, 3aLLMLLEHHBIMN
TOMOJSIOrMYECKKN, B TO BPEMSA KaK COCTOSIHMS, OTHOCS-
wmecs K obbemy, UMEOT N30NUPYIOLLYIO Weflb B CBO-
€M crnekTpe. 3almLLEeHHOCTb NMOBEPXHOCTHbIX COCTOS-
HWUI MOXKET ObITb paspylleHa HapyLleHUeM CUMMETPUK
no obpaleHunto Ko BpeMeHu, Hanpumep, nobaBneHu-
€M BHeLUHero MarHuTHoro nons. B paHHon pabote 06-
HapYXXeHO HeTpMBMANIbHOE MOBEAEHME 3anpeLLeHHbIX
30H KpaeBblX COCTOSIHWIA B ABYMEPHOM Tomnonoruye-

CKOM 13019TOpE, NOBEPXHOCTb KOTOPOro 6bina aedop-
Puc. 1. Cxematndyeckas  wnnocTpa-  vppoaHa.

LMsl reOMEeTPVYecKon Henpe- PaccmaTtpurBaeTcs BHECEHHbIN BO BHELHEe MarHuT-
a/IbHOCTU Kpas [OBYMEpPHOro Hoe nosie AByMepHbIn TU, Kpai KoToporo gegopmmpo-
™ BaH nepuoguyveckn. Cuctema onucbiBaeTcs 0gHOMep-

HbIM MOAE/IbHbIM FraMUbTOHMaHOM [1]:
HP(x) = Vepxo, + Ho, + U(x), )

roe 4 = Hg8H, g — g-thakTop AN KpaeBblX 3/1€KTPOHOB, 0; — MaTpuubl Maynu. Hanuuve
fedekTa n3MeHseT CnuH-opbutanbHoe B3aMModenCcTBMe B cucTeme, 1 noteHuman U(x) =
S [Px@(x) + ©(x)px] 0, oTpakaeT 3TOT hakT [1]. 3mech P(x) onMcbiBaeT KPUBYHO KacaTelbHOM
K Kpato obpasua (puc. 1).

Mpu peleHn ogHoMepHoro ypasHeHusa HPy(x) = ey (x) 6bin npuMeHeH MeTop MoKpoBC-
Koro-XanaTHukoBa [2, 3]. B npubnuxkeHunmn 60nblinx MarHUTHbIX NOJSIEN, CPaBHUMBIX C 3HEp-
rMyen YacTumLbl, 6bl10 NONYYEHO BbipaXKeHWe A5 Ko3amLMeHTa pacceaHNs 3NeKTpoHa Ha
nepuoanYeckom noteHumane geopmaLmm, 4to, B CBOKO ovepesb, a0 BblpaXeHue Ans Wwin-
PWHbI 3anpeLLeHHON 30HbI [3]:

2 2abe

s(na6e>r(|a|6€+1> abe| % <_4Im/ q+(z/)dz/), )
VE VF 2 2

eVvr
roe T, — BpeMs NPOXOXAEHMS YacTULLEeN ANWHbI eprofa noTeHumnana, I'(x) —ramma-dyHKums,
a — KOHCTaHTa, 3aBMCALWAaa OT Nepuoga noteHumana, q(z) — KBasmknacCuyeckuii UMnynbc.
MonyyeHHoe BbipaxkeHue (3) MoKasbiBaET, UTO LMPKHA N-OM 30HbI OCLIMIMPYET Kak PyHK-
LM OT PA3HOCTU IHEPTUM YACTULLbI U BENNYUHBI MarHUTHOMO Nons 8€ = €, — . MNpwv BbINON-
HeHUW ycnoBus cos 21|albe = —1 wupurHa sHepreTuyeckown wenu A, obpallaeTca B HOMb U
3anpeLleHHas 30Ha ucuesaeT NONHOCTbIO.

4
nl,

An:

This research was supported by the Russian Science Foundation (grant number 25-12-
00418).

1. Dotdaev A.C. et al, JETP Letters 120, 675 (2024).
2. Pokrovskii V. L., Khalatnikov I. M., Soviet Phys. JETP 13, 1207 (1961).
3. A. Dykhne, Sov. Phys. JETP 13, 999 (1961).
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NEURAL NETWORK FOR PREDICTING PARAMETERS
OF A MODEL CUPRATE SUPERCONDUCTOR

B.A. Ynutko*, [.H. ScuHckas, A.A. Kowenes, 10.1. MaHos!

Ypanbckuit @epepanbHblil YHUBepcuTeT, Ekatepunbypr, Poccus
*E-mail: vasiliy.ulitko@urfu.ru

MpsmMoe BbluncneHne hasoBbIX AMarpaMm Ans MHOronapameTpuyecKnx Mogenemn cnox-
HbIX MaTepmanoB, TaKMX KaK BbICOKOTEMMEPATYPHbIe CBEPXMPOBOASLLME KynpaTbl, ABNSeT-
€S BbIUUCIIUTENBHO CNOXHOW 3afadven. Ewe 6onee Tpynoemkon ssnsetca obpaTHas 3aga-
ya — nogbop napameTpoB HU3MUECKON MOLEeNn ANs BOCNponsBendeHns ocobeHHocTel tha-
30BON AMarpaMMbl KOHKPETHOro coefmHeHms. Hamu 6bina paccMoTpeHa nceBnocnmMHoBas
S = 1 mogenb Kynparta [1], c MHoronapaMeTpuyeckmMM raMmubTOHMAHOM [2], BKIOYaOLWMM
B cebs nokanbHble (A) 1 HenokanbHble (V) 3apan-3apsnoBble Koppensunm, obMeHHoe B3a-
nmopencteve (J), a Takxe ofHoYacTUUHbIN (t,) U ABYX4ACTUYHbIN NepeHocs (t,). Kaxapii
13 NapameTpPoOB MOLENbHOMO raMUIBTOHMAHA CIIOXHbIM 06pa3oM BAUSET Ha BUA (ha30BbIX
omarpamm, 4yto genaet obpaTHyto 3aady no TOMHOMY nogbopy NapaMeTpPoB Ype3BblYaHO
pPecypCcoEMKON.

B aton paboTte Mbl npepnaraem
noaxof Ha OCHOBe MalWHHOro oby-
YeHus, NO3BOMSIOLLNIN NpeacKasbiBaTb
napamMeTpbl raMWabTOHMAHA MopAesb-
HOro KyrnpaTta no ero ¢asoBor aua-
rpamme. Metogamm cpefHero nong u
MoHTe-Kapno 6biin nonyyeHsl ¢aso-
£ Bble iMarpaMMmbl B NepPeMEHHbIX TeMne-
paTypa-MioTHOCTb 3apsAa, KOTopbIe B

OaNbHenweM MCMnonb3oBasiNCbL B Ka-
yecTBe obyvatowero Habopa OaHHbIX.
Hamn 6b110 NpoBefeHO CpaBHUTENb-
Hoe muccnepoBaHune apxutekTtyp VGG,
ResNet u U-Net [3] u Ha ocHoBe no-
crnegHen peanu3oBaH OPUTMHANbHbIN
! BapuWaHT apXMTEKTypPbl HEMPOHHOW ce-
B T TU C ABYX3TaMNHOM CXeMol 0byueHus.

Pt pete [Na OueHKWU Koppenauum Mexay

Puc. 1. KoppenaunoHHble auarpammel pacceaHus mex- MPEACKa3aHHbIMU U UCTUHHBIMW 3Ha-

[y NPECKA3aHHBIMU U UCTUHHBIMY 3HaueHusiMy  YEHUSIMI NapameTpoB Bbln nocTpoe-

ANS KAXOOro napameTpa Hbl KOpPeNsaUNOHHble Auarpammbl pac-

cesiHus (Puc. 1). KpacHol nuHnen nsob-

pa)keHo Hauny4llee COOTBETCTBUE, CU-

HEMN - OCHOBHOMN TPeH[, B COOTBETCTBIM C KO3(DMULMEHTOM AeTepMuHaLmm R2, YépHbIM LBe-

ToM o6BefeHbl 0bnacTy OTCYTCTBUS KOPPENAUMM Mexay npeackasaHHbIMU U UCTUHHBIMUI

3HaveHunamMmn napameTpoB. B xopne paboTbl 6b110 MOKa3aHo, YTO MCNOSIb30BaHME HEMPOHHbIX

ceTeln Takow apXMUTEKYTPbl MO3BOSET C XOPOLLIEN TOYHOCTbIO NpeAcKasbliBaTb 3HA4YEHUS na-

PaMeTPOB raMUIbTOHUAHA, a TaKXXe HaxoaMTb 06nacT napamMeTpUYecKom HevyBCTBUTENb-
HOCTM (Pa30BbIX Anarpamm.

1. Moskvin A., Panov Y. Condensed Matter 6, 24 (2021)

2. Panov Y. D., Physics of Metals and Metallography 120, 1276 (2019)
3. Ronneberger O. et. al., MICCAI 2015. Lecture Notes in Computer Science, 234 (2015).
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= Trend (R” = 0.865)

s

% 0.10)

Predicted valu

2

— Ideal 020F = Ideal

= Trend (R* = 0.694) = Trend (R* = 0.898)

0.15

Predicted values
Predicted values

0.03
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SPIN-ORBIT EFFECTS INDUCED BY CURRENT
IN MAGNETIC TUNNEL JUNCTIONS

H.X. YceuHoB*

NHcTuTyT chmsmkn, KazaHckuin hepepanbHbii yHBepcuTeT, KasaHb, Poccus
*E-mail: nuseinov@mail.ru

WccnepoBaHmve BnvsiHUG cnnH-opbuTtanbHoro B3anmopencTeus (COB), koTopoe 3MeHsi-
€T UMMYNbC U HanpaBfieHNe CNHA 3NIEKTPOHA, Ha CMIMHOBYO MPOBOANMOCTb reTEPOCTPYKTYP
NPMBENO K BO3HWKHOBEHWUIO HOBOW 0651aCTH (hn3MKM, M3BECTHON KaK CNH-opbuTpoHumKka [1,
2]. Ocobbii nHTepec COB npepcTaBnseT B MarHUTHbBIX METANIMYECKUX U NONYNPOBOLHNKO-
BbIX cMCTeMax bnarofaps cBoew KNo4eBoM ponn BO B3anMHOM npeobpasoBaHmm CIMHOBbIX
N 3apsAL0BbIX TOKOB. B HM3KOpasMepHbIX MHOFOC/OMHbIX CTPYKTYpax addekTol COB, nssect-
Hble KaK athdekTbl Pawbbl 1 [lpeccenbxay3a, BOSHUKAOT BCAIeACTBME HAPYLLUEHMWS CTPYKTYpP-
HOM MHBEPCMOHHON CMMMETPUKN Kak B 06bEMe MaTepmana, Tak 1 Ha rpaHMLUax pasgena, a
TaKXe Nof, OEeNCTBNEM MPUNOXKEHHOTO 3NTEKTPUYECKOro Nons.

B pabote uccnepyertcs BAvsHue cnmH-opbuTansHOro MOMeEHTa, MHAYLMPOBAHHOIO 3d-
thektammn Pawbel 1 [peccenbxaysa, Ha MarHWTHble CBOMCTBA, MPOBOAUMOCTb U TYHHENb-
Hoe aHM30TponHoe MarHuToconpoTueneHme (TAMC) B MarHUTHbIX TYHHENIbHbIX KOHTaKTax
(MTK). UccnepoBaHre cOCpenoTOUEHO Ha reTepoCTPYKType Tuna «(eppoMarHUTHbIN Me-
Tann /guanexkTpuyeckuii bapbep/deppomarHnTHeiin MeTann» (PM/OB/PM) ¢ ogHUM bapbe-
poM. B Takom CTpyKType HanpaBieHUs HaMarHWYeHHOCTU (hepPPOMarHUTHbBIX CIIOEB MOryT
Haxo4MTbCS KaK B NapasiesibHOM, TaK U B aHTUNapaieslbHON KOH(Urypauusx, a Takxe no-
BOpaYMBaTbCs OTHOCUTESIbHO 3a4aHHON KpUcTannorpamyeckon ocu.

O6bluHOe TyHHenbHoe MarHutToconpoTusneHme (TMC) onpegenseTcs Kak pasHoCTb Npo-
BogmmocTen MTK B mapannensHom 1 aHTunapanienbHOn KOHPUrypaunsax HaMarHM4eHHo-
CTV 3NeKTPOLOB. B paMKax NnpeanoXeHHON TeoOpeTUYeCKO Mogenu BnusiHne adhgexkTos PaLu-
6b1 1 [lpeccenbxay3a, 3aBucsLLEe OT OpUEeHTAL MU HAMarHM4eHHoOCTM B PM, npuBOAMT K pas-
JIMYMNIO BEPOSATHOCTEN TYHHENTMPOBAHUS M OTPAXKEHWS 3NEKTPOHOB C Pas3fIMYHbIMM CIMHOBbI-
MW OPUEHTALMAMM Ha rpaHuLax pasgena @M/OB. 370, B CBOKO o4yepesb, Bbi3biBAET aHN30-
TPONUIO JIOKAJIbHOW MIOTHOCTM COCTOSIHMI Ha NOBepxHOCTM Pepmu 1, Kak cneacTeue, Ha-
6ntopaemble appekTbl B TAMC. B paboTe npeactaBneHbl MogefbHble pacyéTbl oS TYHHeNb-
HbIX KOHTaKTOB Fe/&-bapbep/Fe n Fe/MgO/Fe.

MonyyeHHble aHaNMUTUYECKNE BblpaXKeHUsa W pe3ynbTaTbl YACTIEHHOr0 MOAENNpPOBaHNUSA
OMNUCbIBAKT OCHOBHbIE (hr3nyeckne HabnogaemMble BEMUYMHBI C Y4ETOM CMUH-0POMTANBHOIO
B3aumogencTeus Pawbebl n Ipeccenbxaysa. BuyacTHoCTH, npeacTaBneHbl 3aBUCUMOCTU CMINH-
Nonspu3oBaHHON MPOBOAUMOCTU, TYHHENbHOro Toka U TAMC oT BeNYMHbI MPUIOXKEHHOIO
HanpsxeHusa. Kpome Toro, npoaHannsnpoBaHbl yriosble 3aBucuMoctn TAMC 1 aHU30Tpo-
nns Koa(h(HMUNEHTOB NPOXOXKAEHMS 3eKTPoHOB MTK npu ogHOBPEMEHHOM y4YéTe Kak af-
thekTa Pawbsl, Tak 1 apdekTa Opeccenbxaysa. [ns pacyéra CNMH-NoASpU30BaHHOM Npo-
BoaMMocTK B paboTe ncnonb3oBancsa hopMann3M KBasmKIacCUYeckmx GyHKUMM MprHa u
KBaHTOBO-MeXaHW4YeCKNN BbIBOL KO3 (PULNEHTOB NPOXOXKAEHNS 3NEKTPOHOB NPOBOANMO-
cTn yepes MTK. Vicnonb3yemble TeopeTUUecKmne NpeacTaBieHns U MeTodbl pacyérta MoX-
HO HalTK B paboTe [3]. 3T MeTonbl NO3BONAKOT CAMOCOIACOBaHHO YUNTbIBATb, KaK MHTEP-
thencHoie adhpekTbl COB, Tak n ahekTbl, MHAYLMPOBAHHbIE TOKOM CMELLEHNS, B PaMKax
peanuCTUUYHbIX 30HHbIX CTPYKTYpP. PacyéTbl nokasbiBatoT, YTo yrnosas 3aBucumoctb TAMC
CyLLEeCTBEHHO ycunueaetcs npu yuéte apchekToB Pawbbl n Opeccenbxaysa — NPaKTUYECKU
Ha nopanok. [laHHOe yCueHne COXPaHaeTca Aaxe B YC0BMAX yMePEHHOro 0bMeHHOoro pac-
LensieHNs CMMHOBBIX MOA30H, YTO yKa3biBaeT Ha NEPCNEKTUBHOCTb MCNOSIb30BaHMSa NOA06-
Hbix MTK pns cosgaHns BblICOKO3((EKTUBHbBIX CMUMHTPOHHbIX YCTPOMCTB.

1. 1.Manchon A., Zelezny 1., et al., Rev. Mod. Phys. 91, 035004 (2019).
2. Fert A., Ramesh R, et al., Rev. Mod. Phys. 96, 015005 (2024).
3. Useinov N., Zaitsev N., Tagirov L., Magn. Reson. Solids. EJ 26, 24112 (2024).

99


nuseinov@mail.ru

éj\i f ‘i g) XLI INTERNATIONAL ff/ éﬁ/
WINTER SCHOOL 14 (14
M IN THEORETICAL PHYSICS w v

FEBRUARY 1-6, 2026

ON CLASSICAL REWRITING
OF CSS-PRESERVING STABILIZER CIRCUITS

V.I. Yashint:2*, E.O. Kiktenko?3:1, V.V. Yatsulevich*, A.K. Fedorov?:3

1Steklov Mathematical Institute of Russian Academy of Sciences, Moscow 119991, Russia
2Russian Quantum Center, Skolkovo, Moscow 143025, Russia
3National University of Science and Technology “MISIS”, Moscow 119049, Russia
4Moscow Institute of Physics and Technology, Dolgoprudny 141700, Russia

*E-mail: yashin.vi@mi-ras.ru

Simulation of stabilizer circuits is a well-studied problem in quantum information proces-
sing, with a number of highly optimized algorithms available. Yet, we argue that furtherimpro-
vements can arise from the theoretical structure of stabilizer operations themselves.

We focus on the subclass of stabilizer circuits composed of Calderbank-Shor-Steane (CSS)-
preserving stabilizer operations [1], which naturally appear in fault-tolerant computations
over CSS stabilizer codes. Using elementary circuit transformation techniques, we show that
such circuits can be exactly rewritten as classical probabilistic circuits that reproduce measu-
rement statistics [2]. This rewriting introduces no computational overhead, in contrast to the
general case of stabilizer circuits.

To clarify the origin of this simplification, we introduce the standard quadratic form repre-
sentation of general stabilizer operations (Clifford channels). It provides an efficient way to
describe compositions of stabilizer operations and thus to simulate stabilizer circuits. CSS-
preserving operations correspond to purely linear forms, which under a Walsh-Hadamard-
Fourier transform yield a noncontextual hidden variable model, providing an alternative proof
of the introduced rewriting.

Finally, we develop a theory of reference frames for multiqubit systems, where frames are
encoded by quadratic forms [3]. This allows us to express stabilizer operations as probabilistic
maps for proper reference frames. Non-CSS-preserving stabilizer circuits require dynamical
modifications of reference frames, embodying a contextuality resource that leads to the com-
putational overhead. This framework provides a new perspective on simulating stabilizer and
near-stabilizer circuits within dynamically evolving quasiprobability models.

1. Delfosse N. et al., Phys. Rev. X 5,021003 (2015).
2. Johansson N. and Larsson J.A., Quant. Inf. Process. 16, 233 (2017).

3. Park G., Kwon H. and Jeong H., Phys. Rev. Lett. 133, 220601 (2024).
4. Yashin V.I. et al., arXiv:2511.05478.
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PREDICTING HAMILTONIAN PARAMETERS
FROM PHASE DIAGRAMS USING MACHINE LEARNING

D.N. Yasinskaya*, V.A. Ulitko®, A.A. Koshelevt, Y.D. Panov*

Ural Federal University named after first President Russia of B.N.Yeltsin, Ekaterinburg, Russia
*E-mail: daria.iasinskaia@urfu.ru

Modern microscopic models for complex materials with nontrivial properties are typically
multi-parametric, making the direct computation of their phase diagrams computationally
expensive. This problem becomes particularly critical when solving the inverse problem: de-
termining the model parameters that best reproduce an experimentally observed effect or a
phase diagram. An example of such a multi-parameter system is the pseudospin model for
high-temperature superconducting cuprates, proposed in [1, 2]. The Hamiltonian includes
local and non-local density-density correlations, the Heisenberg exchange interaction, three
types of correlated single-particle transport, two-particle transport and the chemical poten-
tial. For this model, we derived equations for the critical temperatures of various ordered
phases within the mean-field approximation [3] and constructed temperature-density phase
diagrams. For numerical modeling, we use the heat bath Monte Carlo algorithm [4], which
allows for a more accurate treatment of temperature fluctuations and to identify existence of
phase separation.

Each parameter of the model Hamiltonian influences the resulting phase diagrams in a
complex and highly sensitive manner. This complexity makes the inverse problem of precisely
tuning parameters to reproduce experimental results an extremely resource-intensive task.
In this regard, it is feasible to explore the possibility of applying machine learning to reduce
the required number of phase diagram calculations.

We present the adaptation of U-Net architecture [5] for regression tasks. This model was
trained on a large dataset of mean-field approximation phase diagrams and subsequently
validated on data generated using a heat bath Monte Carlo algorithm. We demonstrate that
the model accurately predicts all considered Hamiltonian parameters, and regions of lower
prediction accuracy correspond to regions of parametric insensitivity in the phase diagrams.
This allows for the identification of physically significant patterns and the assessment of
parameter importance for the system.

The study was supported by a grant from the Russian Science Foundation, project 24-21-
20147.

1. Moskvin A. S., Phys. Rev. B 84, 075116 (2011).

2. Moskvin A., Panov Y., J. Magn. Magn. Mat. 550, 169004 (2022).

3. Moskvin A., Panov Y., Cond. Mat. 6, 24 (2021).

4. Miyatake Y., Yamamoto M., Kim J., Toyonaga M., Nagai O., J. Phys. C: Sol. St. Phys. 19, 2539 (1986).

5. Ronneberger O., Fischer P., Brox T., International Conference on Medicalimage computing and computer-assisted
intervention 492, 234 (2015).

101


daria.iasinskaia@urfu.ru

f ‘i g) XLI INTERNATIONAL ff/ éﬁ/
WINTER SCHOOL 14 (14
LM IN THEORETICAL PHYSICS w v

FEBRUARY 1-6, 2026

ELECTRONIC STRUCTURE AND OPTICAL ABSORPTION SPECTRA
OF Auy; GOLD FULLERENE

Y. Muporos* [.B. lOmakos

MapwuiicKunii rocyaapcTBeHHbIN yH1BepcuTeT, Mowwkap-0na, Poccus
*E-mail: daniilyumakov@mail.ru

MeTannuueckue KnacTtepbl U tynnepeHbl NPUBIEKAOT BHUMA-
Hue (M3NKOB, XMMWUKOB, MaTepuanoBefoB CBOMMW HeOObIYHbIMM
5 3NEKTPOHHLIMK N ONTUYECKMMM CBOWCTBAMMU, KOTOPbIE MOXHO MUC-
Nosib30BaTh B NPAKTUYECKUX LLeNsiX. 3HAUNTENbHbI MHTEPEC Bbl3Ba-
v uccneposanus [1, 2], B KOTOpbIX 6bIAM paccMoTpeHbl huranko-
6 XMMUYECKME CBOMCTBA 30/10TbIX HAHOKACTEPOB, OCOBEHHO MOSIbIX
CTPYKTYP, BEMOHCTPUPYIOLWMX YHUKANbHYIO KaTannTUUYeCcKyo akTUB-
HocTb. Llenbto HacTosiwen paboThl SBASIETCA TeopeTnyeckoe nuccne-
[LOBaHMe MKOCa3LpasibHOr0 apoMaTUUYECKOro 30/10TOro diynnepeHa
13 72 aTOMOB KaK CWUJIbHOKOPPENMPOBaHHON d — 3N1EKTPOHHON CK-
cTeMbl B paMKax Mogenu Xabbapgaa [3]. laMunsToHnaH Xabbapga B
cnyyae 30510TOro thynnepeHa Aus, UMeeT BUL:

72 72 72
04 r ~ A A
H=e) fp+B Y afaps+al,a,+U> hphy,
0.f=1 o.f#f f=1

roe aff,,afo — hepMu-onepaTopbl POXAEHUA U YHUUTOXEHMA d-
3NEKTPOHOB Ha y3/1e ¢ npoekuuen cnuHa o(0=1,]), Ny = a;gafo -

onepaTtop uucna d- 3NeKTPoHOB, € — cobcTBeHHasa aHeprus d-
3NeKTpoHa, U — 3Heprus KylOHOBCKOro OTTaNKMBaHuUs OBYyX d-
-6+ 3M1IEKTPOHOB C NPOTMBOMONOXHO OPUEHTUPOBAHHBLIMU MPOEKLUUSIMU
CMWHOB Ha ogHoM opbuTanu atoMa 30510Ta, B — MHTerpan nepeHoca
d-3neKTpoHa Mexay CoCegHUMM y3raMu.
57 MonyyeHbl ypaBHEHMS OBUXKEHUSA O ONepaTopoB, XapaKTepu-
3YIOLINX OCHOBHbIE CBOMCTBA CUCTEMbI d- 3NEKTPOHOB, 3TN YpaBHe-
HUS peLleHbl B NpUBAMMKEHUN cTaTUYecknx nykTyauun [4], nony-
UeHbl BblpaxkeHns ons ypbe-06pa3oB aHTUKOMMYTATOPHbIX (YHK-
umn NpuHa, npoBeaeH aHanun3 gyHkuuni MNpuHa. Ona npumepa npuse-
OEH 3HEepPreTUUYeCcKnin CNeKTP, KOTOPbIA NpencTaBneH Ha puc. 1 ong
aToMma B LLeHTPe rekcaroHa, OH COCTOUT M3 AByX xabbapaoBCKMX Nog30H, cocTosawmx n3s 20
YPOBHEWN 3HEpPrnn. B 0CHOBHOM COCTOSIHMK, Koraa Ha 72 y3sna dynnepeHa npuxogarca 72
d-3NeKTPOHa, HMUXKHSS MOA30HA NOSIHOCTBIO 3aMO/THEH], a BEPXHAS — nycTa. Kaxgasa noaso-
Ha MMeeT WKpuHY 8,614 3B, Mexxay HUMU y3Kasa aHepreTnyeckas wWwenb wupuHon 0,236 3B,
thynnepeH Auy, BeaéT cebs Kak y3KolLeneBoi nosiynpoBogHuK. NMpoBeaeHo cpaBHEHMe no-
JTYYEHHbIX Pe3yNibTaToB, C pe3yfbTatamMum paHee onybnrMkoBaHHbIX paboT, Hanpumep, B pabo-
Te [5] dhynnepeH Aus, 6bin UccnegoBaH MeToAOM Teopun yHKLMOHANA NI0THOCTY C (hyHK-
unoHanom BP86, 30Ha 3anpeléHHbIX 3Heprui okasanace pasHon 0,72 3B, npuBeneHo 06b-
SICHEHWE PasNnumns pesynbTaToB MO BblUMCIIEHUIO SHEPreTUYECcKon LWenu. NMokasaHo, Kak
MOXHO MCMONb30BaTb NoyYeHHble B paboTe pe3ynbTaTbl A8 NPaKTUYECKUX Lenen B dn-
3UKe, XUMUN, MeauLnHe.

1. Manzoor D., Dar M.S., Sci. Eng. Appl. 2, 156 (2017).

2. Haruta M., Kobayashi T., Sano H. et al., Chem. Lett. 10, 405 (1987).

3. J. Hubbard, Proc. R. Soc. A 276, 1365, 238 (1963).

4. MupoHos I. N., DMM 104, 610 (2008).
5. Antti J., Karttunen, Mikko L., et. al., Chem. Comm. 4, 466 (2008).

102


daniilyumakov@mail.ru

g) XLI INTERNATIONAL ff/ éﬁ/
WINTER SCHOOL 14 (14
LM IN THEORETICAL PHYSICS w v

FEBRUARY 1-6, 2026

SUPERCONDUCTING PHOTOCURRENTS INDUCED
BY STRUCTURED ELECTROMAGNETIC RADIATION

0.5. 3yes™, M.B. KosaneHko?, A.C. MenbHukos?

1MocKOBCKMIN PU3NKO-TEXHUYECKMI MHCTUTYT (HALMOHAbHbIN NCCef0BaTEeNbCKUN YHUBEPCUTET),
DonronpyaHbiit, Poccna 2UHCTUTYT dhnankm MUKpocTpykTyp PAH, HkHuin Hosoropoa, Poccua
*E-mail: zuev.ob@phystech.edu

CoBpeMeHHble 1uccnenoBaHns B 061acTy CTPYKTYPUPOBAHHbBIX CBETOBbIX MYYKOB, TaKUX
Kak ny4ku Jlareppa-rfaycca n beccens, 3HauMTeNbHO pacNMPUIY BO3MOXHOCTU U3YyYeHUS
B3aMMOLENCTBMUSA CBETA C BELLECTBOM. 3TN NMYYKM XapaKTEPU3YTCA NPOCTPAHCTBEHHO 13-
MEeHSIEeMbIMU NapameTpaMu, BKItoYas NoNspmusaLmio, MTHTEHCMBHOCTb U (hasy, YTo OTKpbIBaeT
HOBblE NEPCNEKTUBbI A8 U3YYEHUS CBETOBbIX ABIEHUI B C/TIOXHbIX 3/IEKTPOMArHMTHbIX MO-
nax [1]. HenuHenHble ahdekTbl B3anMoOencTeunsi CBeTa C BELLEeCTBOM, BKtoYasa oTorasb-
BaHM4Yeckue aheKTbl, NPeLCcTaBNaOT 0cobbii MHTepec. OHM Haxo[sAT NPaKTUYEeCKoe Npu-
MeHeHWe B CO34aHMM YCTPOMCTB A5 ONTUYECKOM CBA3K 1 06paboTkM AaHHbIX bnarogaps
MCcnosib3oBaHMo opbuTanbHOro yrnoBoro MoMeHTa ceeta. KBagpaTtuyHasa 3neKTpoMarHmT-
Haa peakuuUs MaTepuasnoB, BO3HMKAOLWAS NPU B3aUMOLENCTBUM C TaKMMU MyYKaMu, Npu-
BOAUT K MOSIBJIEHMIO YETHbIX FAPMOHMK, BK/IOYAa HysfeByt0 U BTOpyH. [lBa KOUYEBbIX SB-
NeHVs, NPoABNAOLWNXCA B 3TOM KOHTeKcTe, 3To AC Hall achdhekT 1 photon drag [2]. AC Hall
ah(heKT xapaKTepmn3yeTca reHepaumen NonepeyHoro Toka B CBEPXNPOBOAHUKAX Nof BO3-
LLeNCTBMEM NEPEMEHHOIO 3/IEKTPOMArHNUTHOrO Nons. 3TOT 3h(eKT NPUBOAMUT K NOSBAEHUIO
TOKOB BTOPOW rapMoHMKK. Photon drag cBsi3aH ¢ nepegayen nmnynbca QOTOHOB CBEPXMNPO-
BOASALLLEMY KOHLEHCATY, YTO Bbl3bIBAET reHepaLmnto NOCTOAHHOro Toka. Oba sBNeHns 3aBUCAT
OT MHTEHCMBHOCTM NaatoLen BOHbI M aCUMMEPUM 3NEeKTPOH-AbIPOYHOro cnekTpa. Ceepx-
NPOBOAHMKM ABMSKOTCS YHUKaNbHON NnaThopmMon Ana nsyydeHns atux acddekTos, bnarogaps
TAKOMY CBOMCTBY, Kak besguccmnaTuBHble TOKW. [1ns BblYMCNeHMS 3TUX (DOTOUHAYLIMPOBAH-
HbIX TOKOB MCMNONb3yeTcsa hopManin3m HecTaLMoHapHoN Teopun MH36ypra-Nangay (TDGL),
KOTOpPbI MO3BONSET M3y4aTb ANHAMUKY B3aMMOLENCTBUSA CBEPXNPOBOAHMKOB C BHELLUHUMMU
3N1EKTPOMarHUTHbLIMU NONSMU.

, 2m \?
—I (hoy — 2iep) A = —aT.eA+ b \A|2A + aTcﬁg (—IV + chA) A,
0

roe T = (¢ + iy). MHMMas 4acTb KOHCTaHTbI pefiakcaLun MPonopLyoHabHa acCUMeTpuK
3/TEKTPOH-AbIPOYHOr0 CreKTpa.

B HacToswen pabote (onybnnkoBaHHoM B [3]) Mbl paspaboTtanu heHOMeHOoNorMyecKkyto
TEOPMIO, ONUCHIBAIOLLLYIO0 B3aMMOLENCTBME CBEPXMNPOBOASALLErO KOHAeHcaTa ¢ becceneBCckum
MYyYKOM 3aKPYyYEHHOrO CBETA, XapaKTePM3YHLLMMCSA HEHYNEBbIM OpbnTanbHbIM MOMEHTOM
nmnynsca m. icxons U3 HecTaumMoHapHow Teopun MHsbypra-JlaHgay ¢ KOMMJIEKCHON KOH-
CTAHTOW penakcauun, Mbl PaCCUNTbIBAEM NMPOCTPAHCTBEHHbIE NPOGMAN CTaLMOHapHbIX (dc)
thoTOMHAYLMPOBaHHbBIX TOKOB M MarHUTHbIX NOJIEN, @ TaKXKe OTKJIMK Ha BTOPOMN rapMoHMKe.
lNMokasaHo, YTo POTOMHAYLMPOBAHHbIE TOKU U MarHUTHbIE NOMS ONPELENstoTCa KaK nons-
pusalmein CBeTa, Tak U ero opbuTanbHbIM MOMEHTOM MMMYAbCa UMNynbca M. POTOUHAYLN-
pOBaHHbIM (dc) TOK MMeeT BKNaabl pasfnMyHoM Npupoabl: obpaTtHbi addekT Papapes, ath-
thekT nornoweHmns hotoHa (photon drag), noHAepoMoTOpHasa cuna, 3T1 BKNaabl PasfnyHyo
YETHOCTb NO OpPbUTANBHOMY YrNOBOMY MOMeEHTY m. Bknap, 3a cuét obpatHoro achhekta Pa-
pafes ABnseTcs YETHbIM Mo M. AHANM3UPYS rEOMETPUM CBEPXMPOBOAALLENO NOJYNPOCTPaH-
CTBa W TOHKOM MNEHKN, Mbl 06CygaeM BO3MOXKHbIE 3KCNEPUMEHTLI, NO3BONIAIOLLINE N3Me-
PSTb CBEPXNPOBOASALLME (DOTOTOKM 1 CBA3AHHbIE C HUMW MarHMUTHbIE NONS.

PaboTa BbinosiHeHa npu noddepxke rpaHtTa PH® N2 25-12-00042.

1. A.A. Gunyaga, M.V. Durney, and S.A. Tarasenko, Phys. Rev. B 108, 115402, (2023).
2. S.V. Mironov, A.S. Mel'nikov, and A.L. Buzdin, Phys. Rev. Lett. 132, 096001, (2024).
3. 0.B. Zuev, M.V. Kovalenko, and A.S. Mel’nikov, Phys. Rev. B 112, 144503, (2025).
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