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Chiral spintronics of helimagnets
Ustinov V.V., Yasyulevich |.A.

Institute of Metal Physics, Ural BrandRAS, 620108, Ekaterinburg, Russia

The features of spin and charge transport in conductive helimagnets (HM), which are
due to the action of an inhomogeneous exchange magnetic field on the spin of conduction
electrons, are theoretically studied [1]. Theemattion between the spin of moving particles
and an inhomogeneous external magnetic field has been first recorded in the famous Stern
Gerlach experiment when investigating the quantum nature of spin.

In the present paper, we have demonstrated that tysigal effectsi the electrical
magnetochiral effect (EMChE) and the kinetic magnetoelectric effect (KMEEan be
explained through the interaction of the spins of itinerant electrons in chiral HM with spatially
inhomogeneous effective magnetic fieldeatchange origin [2]. All parameters of the EMChE
and KMEE are presented in terms of both the characteristic frequencies of spin relaxation of
conduction electrons in a helimagnet and the frequencies of their Larmor precession in
external and internal exchge fields.

It has been shown that the effective frequency of conduction electron spin relaxation
in a HM contains three componenisthe rate of spidattice relaxation caused by sgonbit
scattering of conduction electrons by defects of the cryatate, ii) the rate of change in the
average spin of electrons due to their dadiff
of the average spin to a region with a different direction of spin density, and iii) the
contribution of the Larmor precessn of the spins of electrons
exchange field that assigns the precession axis altering its direction in Epageculiarities
of the EMChE and KMEE that substantially depend on the ratio of the distaa spin
relaxation rag¢s and the angular frequencies of electron precession are described.

The numerical estimates performed show that the mechanism of generating EMChE
provides the effect magnitude sufficient to be experimentally detected in metallic
helimagnets. The frequepncegions of spin relaxation and spin precession are determined to
observe a giant electrical magnetochiral effect (GEMChE) and resonant behavior of the chiral
magnetoresistance. We have call ed t he appr
r e s o na@hKR)OThe piysical nature of MChKR is elucidated. The latter arises due to
the coincidence of the Larmor precession frequency of an electron in the effective field and
the phase change frequency of the helicoidal exchange field acting on the electrog movi
al ong t he helicoidods axi s wi t h a speed eq
demonstrated how the experimental studies of the KMEE can be used to directly determine
the chirality of HM.

Suppose that the wave vectpof the magnetic helix of emonoaxial HM, the vector
of the external magnetic field andthe vector of the eledn current density are oriented
along the OZaxis, the direction of which is defined by the unit veator Apart from the

vectorsB andl, the unit vectordb =B/B andi =1/I should be introduce®uppose that the

local magnetizatiotM depends only on the@ordinate, and the G@xis rests on the screw
axis of symmetryWhen exposed to the magnetic fidbddirected along the axis of the
helicoid, a simple spiral can transform into a conical one.
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The direction of t he helicoidos transver
vectorh=h(z). To characterize the direction of th

introduce the unit vectohi that ®ts out the direction of the/ |ah(z) derivative vector
through the relationy/ gh(z) e&i. The direction of the Atwist
unambiguously determined by the veckor [h hi] called theHM chirality vector. Also, the

vector g =gk and the scalar characteristic of the hdfix; (k ('éz), should be entered. They

bear the name of the wave vector of the magnetic helix and the chirality of the HM,
respectively. A positive chirality valuK = +1 corresponds to a rigitanded helix, whereas a
negative chiralityK = -1 refers to a lethanded helix. The symmetry of conical magnetic
helix (CMH) is defined by two unit vectors: the chirality vectorand the vectob that
determines the direction of the axis of the magnetic cone. The common characteristic of CMH
is the tensor dyadic produktAb . Fig. 1 schematically shows four possible configurations of
thek andb vectors together with a symlimimage of the cone of the corresponding magnetic
spiral. Magnetiresistive properties of a helimagnet are completely determined by the value of

e=%e IO @ if that can take only two values= tand e= 4, depending on the

mutual direction of the vectoks b, andi. Fig. 2showsall the possible @gnetoresistive states
of HM.
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Fig.1. Schematic representation of possi Fig.2. A state diagram for a helimagnet
configurations of a conical magnetic hel the variablesB,, |,, qg,. Regions for
defined by thek and b vectorsand the o- 4 are shown in red, regions f
kAb tensor. The left and right patterr ,_- 5 gre green. The colored arron
reflect enantiomorphic states with symme ;ngicate the directions of the unit vectérs
of the group of right and left screw b, andi.

respectively.

The researclvassupported by RFBRproject No. 1902-00057).
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Transverse magnetic routing of light emission anghlasmon-to-exciton spin conversion in

semiconductormetal hybrid nanostructures

Akimov I.A.1?2

‘Experimentelle Physik 2, Technische Univer s
?|offe Institute, Russian Academy of Scient84021 St. Petersburg, Russia

Tailoring the optical and magnetic properties of semiconductor structures by bringing
them together with plasmonic and ferromagnetic materials can be used to establish new
functionalities in spintronic and photonic devicefieTtalk is focused on manifestation of
novel magnet@ptical phenomena in hybrid structures, which combine semiconductors
quantum wells (QW) with excellent optical properties and metalic (plasmonic) nanostructures
(gratings) with strong localization of ekeomagnetic field and tailored polarization
properties.

First, a new class of emission phenomena where directionality is established
perpendicular to the externally applied magnetic field for light sources located in the vicinity
of a surface is presentedere, we revealed transverse magnetic routing of light emission for
excitons in a dilutegnagnetic semiconductor QW [1]. When the distance between the
excitons and the surface is large, the transverse spin of the emitted light is caused by the far
field interference effect and the routing is weak. The strongest directionality is achieved for a
QW located several tens of nm apart from a msahiconductor interface. At such distance
the QW is coupled to surface plasmon polaritons, that carry large tre@spn (spin flux)
and are efficiently controlled by the magnetic field direction. In hybrid plasmonic
semiconductor structures the directionality can reach up to 60%, which means that the ratio of
light intensities for opposite emission angles is etudl

Second, we demonstrate optical orientation of electron spins by linearly polarized light
via plasmorto-exciton spin conversion in the same type of hybrid plasmonic structures [2].
The metallic grating is exploited for the generation of plasmonic 8pkes on ultimately
short timescales. Using a pumpobe Kerr rotation experiment with 30 fs optical pulses we
resolve in time the THz Larmor precession of photoexcited electron spins in external
magnetic field, which is applied 4plane of the QW striare along the SPP propagation
direction. It is demonstrated that the pump induced orientation of the photoexcited electron
spins is locked to the propagation direction of the optically excited SPPs in hybrid
nanostructure. Next, we show that using thepshtion of the incident light as an additional
degree of freedom, one can adjust not only the longitudinal, but also the transverse electron
spin components normal to the light propagation at will.

References

[1] F. Spitzer, A.N. Poddubny, I.AAkimov, et al., "Routing the emission of a near
surface light source by a magnetic field", Nature Phykic4043 (2018).

[2] I. A. Akimov, A. N. Poddubny, J. Vondran, et al., Plasntom@xciton spin
conversion in semiconductonetal hybrid nanostructureBhys. Rev. B03 085425 (2021).
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Tunable spinwave transport in magnonic microstructures

Sadovnikov A.\%, Beginin E.N!, Nikitov S.A

'Saratov State University, 410012, Saratov, Russian Federation
’Kotel dnikov Institute of Radioengineering
Federation

In recent years much research has been directed towards the use of spin waves for
signal pr@essing at microwave and subterahertz frequencies due to the possibility to carry the
information signal without the transmission of a charge current[1]. In the framework of the
2021 magnonics roadmap the straintronic is separated as the versatilectwatrdb the spin
wave propagation [2]. The stramediated spiwave channels can be used to route the
magnonic information signal. The magnon straintronics could provide to fabricating
magnonic platforms for energgfficient signal processing [3]. Recemeoretical and
experimental studies suggest that strain can be used to engineeredffiergyt complicated
2D and 3D piezoelectric heterostructures such as ferromagnetic/piezoeleetrandoi
multilayers[47]. The strairmediated control of spiwave popagation was demonstrated via
the experimental observations of the spisve coupling phenomena in different magnonic
structures based on the adjacent magnonic crystals and adjacent magnetic yttrium iron garnet
stripes in the form of magnonic spivave ouplers. The model describing the spiave
transport was proposed based on the-amiistent equations via the solution of the
micromagnetic task in couple with the finikéement simulation of the static strain/stress in
the ferromagnetic/piezoelectrgtructure. The obtained results open new perspectives for the
future-generation electronics using integrated magnonic networks both in -miemd
nanoscale [8].
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Fig.1. (a) BLS map of spiwvave propagation in magnonic crystal. (b) The distribution
of zcomponent of dynamic magnetization under the influence of induced stress on the surface
of YIG stripes. (c) Spikwave intensity in lateral YIG stripes.

Here we repd on strain mediated control of the spuave transport along the
magnonic crystal with PZT layer. Magnonic crystal consists of yttrium iron garnet (YIG)
Nnal |t gpeor wavegui de. We direveno andl t lasemdweced t h e
nonreciprocity of spi waves in the ferromagnetsemiconductor and ferromagnetic
piezoelectric structure. The numerical model based on micromagnetic simulation was
proposed. The multimode coupling regime was revealed by means of Brillouin light
scattering (BLS) spectroscopyndh microwave spectroscopy techniques. The proposed

8
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structure can be used for frequency selective-spive wave separation (demultiplexing)
with the energy efficient tunability of microwave characteristics.

This work was supported by the Russian Sciermen8ation (Project #209-10191).
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Exchange interaction under optical pumping and ultrahigh pressure in magnetic
insulators

Gavrichkov V.AL Polukeev S.t, Ovchinnikov S.Gt

1 Kirensky Institute of Physics, Federal Research Center KSC SB RAS,
660036, Krasnoyarsk, Russia

Magnetic order results from the interatomic exchange interaction of magnetic
moments of ions that usually are time grounds state. We discuss two situations when a
contribution of the ionic excited states to the exchange interaction is important [1], the effect
of resonant optical pumping of theddexcitations and the effect of spin crossover under static
high presure. In both cases ionic spin in the initial and final states are different. Thus, the
induced forbidden -dl excitations, for example, from the ground term offfégth S=5/2 into
the excited term with S=3/2 may be considered as a dynamic spin crosHwwarltrafast
magnetic dynamics under optical pumping have been studied by several groups, for example
[2]. Recently we have shown thite d_d transitions from tHf#\1 ground state to th&T> in
FeBQ; result in the exchange interaction sign inversion. WhileF&/d ions with S=5/2 have
the antiferromagnetic (AFM) interaction, the excited iorfTa state has the ferromagnetic
interaction with its high spin 5/2 neighbour, and this conclusion agreds thi
experimentally found origin of the ultrafast magnetic dynamid¢=iaC; [3].

Under static high pressure the exchange interaction sign changes was also predicted.
When the AFM high spin state in FeB@ansforms into the low spin S=1/2 state above the
spin crossover pressure, the exchange interaction becomes the ferromagnetic one [4].
Recently, ultrafast pumprobe spectroscopy under high pressure in the diamond anvil cell
conditions became available [5]. The timsolved ARPES study of the Mo lleasrevealed
the dynamical modulation of the electronic correlations, particularly the decrease of the
Hubbard U and Hund exchange coupling J resulting from the pump pulse [6]. It opens the
possibility to realize the dynamical spin crossover under high peessur

We are thankful to the RSF for a financial support under the pfd@ct812-00022 P.
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Light-matter interactions in metal-dielectric nanocavities with tunable permittivity:

fundamentals and applications

Ni col , Maccaferr.i

Department of Physics and Materials Science, University of Luxembourg, 1511 Luxembourg,
Luxembourg
2Department of Physics, Ume- University

Metakdielectric multilayers composed by rtmck films support a wide landscape of
subdiffraction optical modes, which can be excited via coupling with nanoscale diffraction
gratings [1] or by local excitations, for instance by using {g@gargy electron beams [2]. In
this framework, we experimentally demonstrate how -disped multilgered metal
dielectric nanostructures can couple to-ffald radiation and enable a full control of
absorption and scattering of light at visible and nieftared frequencies [3]. At the same
time, we show that these nanostructures can enable a resoe@metically induced
modulation of the light polarization by exciting either electric or magnetic optical modes [4].
Moreover, the exploitation of the metdielectric interfacanduced symmetry breaking has
been explored as possible route to achieve ardthnonlinear optical emission [5], largely
independent from the exciting polarization and angle of incidence, unlocking promising
applications of these structures as solvable nanostructures to generate visible light by using
nearinfrared (NIR) radiationThese multilayered metdlielectric nanoparticles exhibit also a
high (> 70%) absorption efficiency in the NIR region, and their ligHteat conversion is
demonstrated by a much larger temperature increase than that of metallic nanostructures with
the @ame geometry and volume. As pramfconcept, we introduce an approach for efficient
in vitro hyperthermia of living cells with negligible cytotoxicity [6]. This type of architectures
can also be used for a plenty of applications spanning from the det@ftideep sub
wavelength deformation [7] and ultragh-resolution imaging [8], to temperature sensing [9]
and tailored ultrafast athptical switching of light states with a relative modulation depth
exceeding 100% [10].

References

[1] N. Maccaferri et al., APL Photonics 5(7), 076109 (2020).
[2] T. Isoniemi et al., Adv. Opt. Mater. 8(13), 2000277 (2020).
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[6] Y. Zhao et al., arXiv:2005.13296 (2020).

[7] A. Carrara et al., Adv. Opt. Mater. 8(18), 2000609 (2020).
[8] V. Caligiuri et al., ACS Appl. Nano Mater. 3(12), 12218230 (2020).
[9] A. Gabbani et al., in preparatiq2021)

[10] J. Kuttruff et al., Comm. Phys. 3, 114 (2020).
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Resolving chickenor-egg causality dilemma for magnetestructural phase transition

in FeRh in high magnetic fields

A. V. Kimel
Radboud University, Institute for Molecules and Materials. Nijmegen, The Netherlands

The debates about the nature of the countertive heat induced ferromagnetism in FeRh
have been going on already for 60 years resembling a dispute about amagmcausality
dilemma[13]. While FeRh is antiferromagnetic at low temperatures, heatioye 370 K

turns the material into a ferromagnet with an expanded lattice. If it is a magnetic phase
transition, which drives the lattice, or structural phase transition, which causes the changes of
magnetic order, is a question, which is constantlyedhisver again. Here we resolve this
magnetisrror-lattice causality dilemma by accelerating the magnetic dynamics in high fields
up to 25 T while observing both structural and magnetic changes in time domain with the help
of optical and magnetoptical measrements, respectively [4]. We discover the regime of the
ultimately fast emergence of ferromagnetism in step with the structural changes showing that
magnetisrror-lattice causality dilemma is resolved by simultaneous evolution of the both
actors.

References
[1] C.Kittel, Model of exchangéversion magnetization. Physical Review, 120, 335(1960).
[2] P. Tu, A. J. Heeger, J. S. Kouvel, & J. B. Comly, Mechanism for the Gndtr Magnetic
Transition in the FeRh System J. Appl. Phys. 40, 1368 (1969).
[3] G. Ju et al. Ultrafast generation of ferromagnetic order via a-iladeced phase
transformation in FeRh thin films. Phys. Rev. Let. 93, 197403 (2004).
[4] I. A. Dolgikh, T. G. H. Blank, G. Li, K. H. Prabhakara, R. Medapalli, S. K. K. Patel, E. E.
Fullerton, E. I. Kunitsyna, O. V. Koplak, J. H. Mentink, A. K. Zvezdin, P. C. M. Christianen
& A. V. Kimel, Ultrafast Emergence of Ferromagnetism in Antiferromagnetic FeRh in High
Magnetic Fields (in preparation).
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Control of interlayer exchange interactionin multilayer magnetic nanostructures:

magnetoelectric and magnetocaloric effects

¢ .¢ .Fraerman

Institute for physics of microstructures R&RR 105, Nizhny Novgorod, 603950, Russia

The problem of reducing energy losses is universal and fully concerns the use of magnetic
materials. First, very large electric currents are required to control the magnetic state and
dynamic properties of memory cells and magnetic ra@suillators. Thiséads to heating of

the working elements and low efficiency. the entire device. One of the possible ways to solve
the problem is magnetization reversal under the influence of an electric field, i.e. use of the
magnetoelectric effect. There are different rapghes to implementing this feature. In
particular, it is possible to electrically control the interlayer exchange interaction in magnetic
tunnel contacts. Indeed, the energy of the exchange interaction of two ferromagnetic layers of
the tunnel contact cabe represented inthe form 0 4 3! ), where the interaction
constant) [ depends on the voltage applied to the magnetic contact. The report presents
the results of our recent experiments with tunneling contacts CoFe / MgO / CoFe, which
confirm the possibility of controlling the interlayer interaction under the action of an electric
field [1].

Another area of work in the field of energgaving magnetic materials is the problem of
creating a magnetic refrigerator, the operation of which is based on the magnetocaloric effect.
One of the problems of the "magnetic refrigerator" is the need to apply lagyeetic fields ~

1T. We have proposed a method for reducing these fields by using the spin valve effect in
multilayer structures containing magnetic layers with different Curie temperatures. Then, the
energy of the exchange interaction of two "strong"di@agnetic layers through a spacer of a
"weak" ferromagnet can be represented-as 0* 4 3l | where the interaction
constant] (T) depends on the temperature of the saripl€he report presents the results of

an experimental study of the magnetocaloric effect in multilayer structures CoFe / NiCu /
NiFe and Fe / Gd / Fe, confirming the possibility of significant cooling in relatively low fields
<0.1T [24].

This work was supgrted by the Russian Science Foundation#200271
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On the magnetoelectricity in micromagnetism:

the electricfield-induced nucleation of 180-, 94 -, and 4 - domain walls

PyatakovA.P., Rerf W, Sundaresam.

1) M.V. Lomonosov Moscow State University, 119991, Moscow, Russia
2) Materials Genome Institute Physics Department, Shanghai University, Shanghai, China
3) Jawabharlal Nehru Centre for Advanced Scientific Research, Bangalore, India

More than a decade ago I.E. Dzyaloshinskii in his seminal pfierproposed the
electric field nucleation of magnetic domain wall in single domain skae.topologcal
reasons the conventional X88gree domain wall cannot appear alone: the total angle of
magnetization rotation in this type of the structure should be zero. Another factor is energy
minimization so that the nucleation of magnetic topological defectidlozcur in the vicinity
of the electrode. For these arguments the electric-ifieldced magnetic inhomogeneity
should be either the bubble domain or the domain wall of special type, the zero degree one.

ﬂ " H,
e & /Lf

- E=0
= E=Ecrit

Energy

Ibarrier

Size

a)
Fig.1 The electricfield nucleation of domains and domain walls: a) the composite experimental/schematic
picture of 180-bubble domain generation by electric t[g] b) the electric fieledinduced nucleation of 90
domain by atomic force microscope cantilever [§] c) the conceptual scheme df-@omain nucleatio by

stripe electrodd4].

In this report we consider the experimental and theoretical works on electric field
nucleation of various types of domain boundaries and their improper ferroelectri6ity [1

The work is supported by joint RFBR grani8#%2-80028Brics_T.
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Magnon BEC aplication for quantum computing

Yu. M. Bunkov

M-Granat, Russian Quantum Center, 30, B. Bulvar, Skolkovo, 121205, Moscow, Russia

Our group AQuantum magnoni cs
computing. This platform is based on a quantum property of magnons to form a Bose
condensate at its high concentration. Magnons are quasiparticles in magnetically ordered
materials thatlescribe elementary excitations of the ground state. They possess spin equal to
1 and accordingly obey Bose statistics. In thermal equilibrium, the density of magnons is not

significant and their properties are well described in the linear approximbtwvever, the

S

devel

concentration of magnons can be enhanced up to a very high number by pumping them under
magnetic resonance conditions. The deviation of magnetization of Yttrium Iron Garnet (YIG)
up to a 8 leads to the formation of magnon BeSmstain condesation (MBEC) [1]. In the
experiments carried out, we use out of plane magnetized epitaxial YIG film. Under these
conditions, the magnons are repelled, the potential of which leads to the formation of the
energy gap, and the stability of magnon superctirkénder these conditions, the properties

of magnons are similar to their properties in the superfreight antiferromagHeti, where

mBEC and magnon superuidity were discovered for the first time [2]. The first results of our
experiments with mBEC in Y3 film are very promising [3, 4, 5].

Magnons

Magnon
excitation

Fl

ux qubit a

Domain boundary

Fig. 1. Sketch of qubit based on the superposition of magnon supercurrents. On the left, the
flow of excited magnons, which fills the YIG ring by mBEC. The domain wall fqympkase
jump, which generate supercurrents. The stateslJand J - J forms atwo quantum levels

of qubit.

We consider three possible options for to form a qubit based on mBEK. First of all it
is a qubit on the superposition of two circular magnon supercurrents (see Fig. 1). The
stabilized domain boundary should change the phisercents orp and, accordingly, form
two quantum states withlockwise and counterclockwise circulation. These states should
form two quantum states with a gap, similar to the case of a superconducting ring with
Josephson junctioThe second scheme iaded on the interaction of two mBECSs located in
two YIG samples, which are connected by electromagnetic or acoustic interaction. The third
scheme is based on composite magploton qubit consisting of two or more samples with
mMBEC placed in high qualityesonator. In this case, the interaction between mBECs can be

15
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controlled by changing the local magnetic field on each sample or selectively exciting
magnons in the each of samplénd finally, the qubit can be formed by two states in the
same sample undedouble frequency parametric pumping. In this case, the difference
between states is a phase that is shiftqal {see Fig. 2).Parametric pump can support both
states. The energy barrier between states determines by pump amplitude. Quantum
manipulations between states can be made by RFe pulses. Adiabatic approach can be made by
changing the amplitude of parametric pumping.

Qubit under par
2w,
«— —>

\' \
H
\!, O
>
n p 2p
Barrier determines by parametric pumping

Fig. 2. Two states with phase differenggesThe magnon density is stabilized by parametric

pumping. The magnitude of the barrg&termines by the pumping amplitude.

The methods of optical reading out of qubit states, its phase and amplitude is also

preview ands currently in development.

Financial support by the Russian Science Foundation within the grd20@397

A S pi nruids"uspeatefully acknowledged.
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Frontiers of ultrafast magneto-acoustics
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Here | review recent experimental and theoretical advances in ultrafast magneto
acoustics in magnetostrictive materials and nanostructures in thetogHtiz frequency
range [1,2]. Ultrafast magnesoustics investigates the coupling between elementary
exdtations of magnetic order with lattice vibrations. The first example discusses magneto
elastic excitations of ferromagnetic resonance (FMR) with euasiochromatic GHz
frequency surface acoustic waves [3,4]. The underlying theory is reduced to an atgment
equation of an externally driven parametric Fd&tillator: the model that captures all
essential experimental findings such as the resonant enhancement of FMR amplitude, the
linear parametric sumand difference frequency mixing and generation of tivaal
parametric frequencies. The second example discusses show how ~100 GHz frequency
exchange magnons in ferromagnetic thin films are excited by ultrashort pulses of longitudinal
acoustic phonons: the dominant role of the acoustic bandwidth in thissgricrevealed [5].
The outlook discusses some forwdmdking simulations of resonantly enhanced interactions
between acoustic and magnonic cavity modes in suspended ferromagnetic thin films and
magneteelastic coupling with TH4requency inertial magnen6], the new type of magnetic
excitations predicted recently.
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Bound states in continuum: Some intriguing results
Venu Gopal Achanta
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INDIA)

The growth of semiconductor technology has revolutionized the human life in many ways
with the development of electronic and oplectronic applications. For future,
nanophotonics is envisaged to play a crucial role whergiedctric metamaterials witho
metallic losses that effect the response of plasmonic structures are essential. froatlight
interaction, high quality factor (Q) structures are interesting. One of the semiconductor
physics ideas that is well pursued in the recent times is thedlstate in continuum (BIC) as

the BIC resonance is shown to offer very high Q (in principle, infinity). While BIC resonance
is an abstract concept with zero linewidth, gtBI€l resonances in the vicinity of the BIC
resonance could be of practical useCBksonance has interesting polarization properties.
Other interesting concept from semiconductors is, superlattices which show the concept of
Brillouin zone folding which can be used for engineering the band structure. In polar
dielectric thin films, Be®man modes are excited at the longitudinal optical phonon mode
useful in infrared nanophotonics.
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Fig. 1 (a) 2d square lattice with dimension of alternating dielectric discs in a row changed.
(b) RCWA calculated reflection coefficient showing circusgmmetry for quaiBIC region

and broken circular symmetry for leaky modes. (c) Numerical simulations showing the
Berreman and epsilon near zero modes.

In this talk | will show examples of how zone folding due to phase change results in
polarization indpendent BIC resonance in a square lattice (Fig.1(a)), interesting application
of BIC mode in orbital angular momentum state generation (Fig. 1(b)) and the possibility of
the evolution of leaky Berreman mode to BIC resonance in the presead#in metafilm

(Fig1(c)).

Acknowledgments : The results presented are 3 works done in partial collaboration with
Pravin Vaity, Abhinav Kala, H. M. Gupta, Vladimir Tuz, Y. S. Kivshar, S. Dutta Gupta and
G. Remesh.
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Abstract

Magnetaoptic effects (MOESs) are numissof phenomena in which an electromagentic
wave propagates through a gyrotropicgyromagnetic medium that has been altered by the
presence of a quasistatic magnetic field, where &t rightrotating elliptical polarizations
can propagate at different speeds, leading to a number of important physical phenomena.
MOEs break time aversal symmetry locally as well as Lorentz reciprocity, which is one
necessary condition to construct devices such as optical isadataral rotatos and optical
isomers. With the breakthrough of the pioal mechanism of MOE (e.g., spanbit coupling,
spintlattice coupling) and the extended new application (e.g., weak detection, laser induced
magnetization/demagnetization, spin qubit contrpdrticularly the recently developed time
resolved magnetoptical Kerr effect detection based on ulfest laser pumyprobing
technique and the magnedptical imaging technology, MOEs have been the efficient tools to
study the intrinsic mechanism and the related nlddy coupling of lighimatter (e.g.,
2D/nanogructure materials) interaction. These studies also result into the development of
novel optical technologies (e.gTHz emiter, highorder harmonics) and the discovery of
ultrasensitive 2D/nanostructure materials for the spintronics and the quantunulatzorip

Here, we will summarize the above progress in the MOEs and then discuss the key issues
in the development of hybrid materials in this field, or the surface and interface engineering of
multi-layered thin films for enhanced MOE and the related-egbit coupling mechanism.
Methods for the surface nanoengineering of thin films, such as teragslsisted nanoprinting
and UMALIGA process in our group will be discussed. The interface engineering by changing
the layer composition and thickness, andtldgtey sequences, such as using materials with
strong surface plasmon resonance and/or-egit coupling effect, will be discussed. It is
found that surface and interface Nagmgineering can increase the MOE significantly and
have the ability for the pogse regulation of IMOKE and L-MOKE. Figure 1 shows the
result to enhance the MOKE rotation by adjusting the thickness of the higlorbjiin
coupling Ta layer and the hole length of porous anodic alumina (AAO) templates. Our study
also reveals that inveed MOKESs are observed in nanoporous heterogeneous films, showing
pore size & spacing, layer composition (particularly for those with high-aih coupling
materials) and thickness dependence, which can be explained bybgpaoupling, surface
plasma resonance and strong Falitgru interference. In addition, induced wavelength or
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angle dependent Faitike resonance can be obtained with the sharp peak-MOKE,
leading to the possibility to design ultrasensitive detectors based on the measurement of
MOKE.
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Fig. 1 Control of the MOKE rotation of Tax™ /CoFeB/substrate thin films by the Ta layer
thickness for different substrates: (a) Al plate; (b) AAO template with pore diameter of 100
nm and depth of 300 nm; (c) AAO template with pdi@meter of 100 nm and depth of 1000
nm.

References

[1] G.A. Knyazev, P.O. Kapralov, N.A. Gusev,et al. ACS Photonics 5, -4959
(2018).

[2] Z. Chen, L.W. Wang, Sci. Adv. 5(6)eaau8000 (2019)

[ 3] R. Shnai der man, etdh, Natwa202@, 586372378. O. | |

[4] D. Huang, D. Lattery and X. Wang, ACS Applied Electronic Materials 3;110
(2021).

[5] P.V. Shilina, D.O. Ignatyeva, P. O. Kapralov, et al. Nanoscale 13,-5799
(2021).

[6] Song Y. (Ed.) Inorganic and Organic Thiiims, Chapter 5, 1112 (Wiley-VCH,
New York, 2021).

20



Il CEM62021

Plasmonic structures for neuroplasmonic applications
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Recently, a worldwide attempt for understanding the functions of brain and nervous
system has been made based on new biocompatible structures and.ddemee, various
aspects of neuroscience have been investigated through different techniques such as
neuroplasmonics to neural activity imaging and recordirig intro or in vivo classifications.

Due to the main physical phenomena as surface plasmon resonances (SPRs) in
Neuroplasmonics, it's offers advantages comprising rapidity, high sensitivity, biological
compatibility, labelfree and reatime detection by benefiting from theensing and thermal
characteristics.

Neuroplasmonic can be divided to four main configurations as prism coupler,
fluorescence microscopy and methods based on nanorods and plasmonic crystals. Each of
them has some benefits or disadvantageous for spediamdications. Now we talk about
these classifications and some applications of neuroplasmonic structures to detect and record
neural activity in the worm, in tissues or in the cells. In these media, we use integrated
plasmonieellipsometry platform to dmance signal to noise ratio and sensitivity without
labeling and stimulation artifacts.
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Section 1
Fundamental Physics of Functional
Materials

22



Il CEM62021

Orbital effects in solids: recent progress

StreltsovS.V1

linstitute of MetaPhysics, 620041, Ekaterinburg, Russia

The properties of transition metal compounds are largely determined by nontrivial
interplay of different degrees of freedom: charge, spin, lattice, but also orbital ones.
Especially rich and interesting effects octusystems with orbital degeneracy. They result in
the famous JahsTeller effect leading to a plethora of consequences, in static and in dynamic
properties, including nontrivial quantum effects. In the present talk we discuss the main
phenomena in the phics of such systems, paying central attention to the novel
manifestations of those. First we will shortly discuss the basic phenomena and their
description and then concentrate on several specific directions in this field. One of them is the
reduction ofeffective dimensionality in many systems with orbital degrees of freedom due to
directional character of orbitals, with concomitant appearance of some instabilities leading in
particular to the formation of dimers, trimers and similar clusters in a @iatEne properties
of such cluster systems, largely determined by their orbital structure, are discussed in detalil,
and many specific examples of those in different materials are presented. Another big field
which acquired special significance relativebcently is the role of relativistic spHorbit
interaction. The mutual influence of this interaction and the more traditionat-Tater
physics is treated in details in the second part of the review. In discussing all these questions
special attentioms paid to novel quantum effects in those.

We acknowledge support of Ru $63467. Sci enc
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NMR spectroscopy of helical magnetic systems
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In modern condensed matter physics, special attention is paid to the study of complex
magnetic structures and, in particular, systems with helimagnetism. The helicoidal magnetic
order can arise due to the competition of feand antiferromagnetic inter@ens in frustrated
systems or the Dzyaloshinskjoriya interaction. Helimagnetism, as a rule, is associated with
a violation of the central symmetry due to the nonequivalence of the directions in the crystal
relative to the propagation vector of the haeilic Many classes of helimagnets are
characterized by netmivial properties (spontaneous electric polarization, magnetoelectric
interaction, magnetoresistance), which also determines the possible use of helimagnets for the
development of new functional egials for spintronics and magnetic memory.

In this talk, application of NMR spectroscopy to study various properties of helical
magnetic systems is discussed. In the introduction, a brief overview of basic principles of
solid state NMR and main charadstics of helical spin structures is presented. In the main
part, our recent results on NMR study on FeP helimagnet [1] are discussed in detail. In
particular,we observed the spireorientation transition of the FeP helical spin structure in the
externalmagnetic field range of-Z T, which is accompanied by an effect of local field spatial
redistribution at the P sites. We established the phenomenological model, which implies phase
separation into fieldlependent volume fractions with random and oriemesgpponses. We
have shown that there are two pairs of magnetically inequivalent phosphorus positions
forming two planes of incommensurate helical local fields distribution with the angle of
47(2)U between them. We 38 epentraas bertradted dithind at a |
model of an isotropic helix of Fe magnetic moments in the kje.

In conclusion, application of'P NMR spectroscopy to study the binary helimagnet
FeP enabled us to obtain valuable novel information about the incommenslicate Sipin
structure and its evolution in external magnetic field, as well as to gain fine details'6f Fe
hyperfine interactions.

This work was suppo+472081d2. by RSCF grant -~ 2
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Dark type discrete magnetic breathers and their stability
in monoaxial chiral helimagnet
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The possibility of the existence of internal localized nonlinear excitations, namely,
discrete "dark type" breathers, is shown for a-dimeensional chiral spin chain with an easy
plane anisotropy in the staté fmrced ferromagnetism. A spin chain of finite lendths
described by the Hamiltonian:

O ¢ YY 0 Y O Y O Y Y h
where$, is the spin vector of the site. The first term corresponds to the exchange interaction
of spins along the axis with the interaction constadt> 0, the second to the singlen
anisotropy of the quantit > 0 of the "easy plane" type, the third term describes the Zeeman
interadion with an external magnetic fieldo directed along the axis chaiasThe last term
corresponds to the antisymmetric Dzyaloshindkiiriya exchange with the interaction vector
D directed along the axis of the chain. We modify the numerical algoritiygrested in Ref.

[1] to find the nonlinear solutions. Their analytical description in the continuum limit is
developed, and their stability is proved by using the linear Floquet theory [2]. It is shown that
"dark" breathers, in contrast to the previousipsidered "bright type" ones [3], which do not
resonate with linear spin waves, can exist at a small values of theplameymagnetic
anisotropy. This makes promising to detect experimentally these nonlinear excitations in real
prototypes of chiral helimangts.

The work is supported by the RFFI grant (projec0280213).
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Magnetic phase diagram of Heusler alloys based on studies in pulsed magnetic fields
up to 500 kOe and opticain situ studies up to 120 kOe

Kamantsev A.R Koshkidko Yu.S.Dilmiyeva E.T, Koledov V.V, Shavrov V.G.

Kotelnikov IRE RAS, 125009, Moscow, Russia

Heusler alloys from the MWnGa family with additives of the 4th element, in
particular Cu, have long attracted the attention of researchers [1] due to their improved
functional properties: a higher magnetocaloric effect (MCE), a reduced width of thermal
hysteresis, and lower temperawref the martensitic phase transition (PT). In the Heusler
alloy NisoMn1gsGasCuss, the magnetostructural PT of the 1st order is observed in the
temperature range of 30813 K. The surface of the sample of this alloy was investigated by
the optical metho in situ in the fields of Bitter magnet up to 120 kOe; the method is
described in detalil in [2].The sample was initially in the austenite phase (H = 0 kOe), while
magnetization of the sample leads to the nucleation of the martensite phase, and at H = 120
kOe, almost the entire surface of the sample is occupied by martensite twins (Fig. la).
Subsequent demagnetization of the sample reduces the volume fraction of martensite in the
alloy; however, martensite is predominantly observed on the metallograpliacesua
magnetically induced firsbrder phase transition ay = 312 K in magnetic fields up to 120
kOe is irreversible (Fig. 1a).

The maximal MCE value in this Heusler alloy obtained by the method described in [3]
wasq¥ = 20.5 K atTo = 309.2 K in pulsed fieltH = 500 kOe. Based on measurements of the
magnetization in fields up to 70 kOe and of the MCE at 500 kOe {hepklse diagram of
the alloy was constructed. The tricritical point was foundi.at 333.8 K andHc¢= 302 kOe

(Fig.1b), above which hysteresisee behavior is realized as the 2nd order PT.
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Fig. 1. (a) Formation of the martensite phase in the Heusler allayiidiz<Cw.2¢Ga under
the action of a magnetic field up to 120 kOe under adiabatic conditions at an
temper ad=81R2&. of U
(b) Magnetic phase fI diagram of the Heusler alloy Milng 74C w0 26Ga.

The work was carried out within the framework of the RFP eesid g f 8-856.2020.2.
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Electronic properties of the haltmetallic ferromagnet CoMnZ (Z= Al, Si, Ga, Ge)
Heusler compounds
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In half-metallic ferromagnets (HMFs) and spin gapless semiconductors (SGSs) based
on Heusler compounds, close to 100% gpofarization of charge carriers can be realized.
Consequently, these new materials are promising for use in spintronic devices [1]. At the
Fer mi l evel, HMF and SGS for el ecterrdeV)c st af
gap, while for the oppositem projection in the HMF there is no gap, and in SGS there is a
zero energy gap [2, 3].

States close to HMF and / or SGS are observed in théSC¢( = Ti, V, Cr, Mn, Fe,

Co, Ni) Heusler compounds (see, for example, [4]). Apparently, such statesacap@ar in

other Cebased Heusler compounds, in particular, in theM®@ system Z = Al, Si, Ga, Ge)

upon varying theZ-component, which should inevitably manifest itself in their electronic
transport and magnetic properties. Thus, the purpose of thiks isv@o study the structure,
magnetic and electrical properties of the system of compounddnZqZ = Al, Si, Ga, Ge),

to establish the regularities of their behavior and the possible relationship with the degree of
spin polarization of current carriers.

As a result of the studies carried out, it was found that with a change i the
component, the residual resistivity, the saturation magnetizatidns, change significantly,
and there is a correlation between them as well and thepefanzation coefficients known
from the literature. The normal and anomalous coefficients of the Hall effect, type and
mobility of charge carriers were found. Based on the results obtained, it was suggested that
the halfmetallic ferromagnet GMnSi compaind can be used as an injector for spin
polarized electrons in spintronic devices.

The work was carried out within the framework of the state assignment of Ministry of
Science and Higher Education of t he-Al®ussi an
11802@901042), with partial support from the RFBR project No.-ZB90065 and the
Government of the Russian Federation (Decree No. 211, contract No. 02.A03.21.0006).

References

[1] N.A. Viglin, V.V. Ustinov, S.O. Demokritov, A.O. Shorikov, N.G. Bebenin, V.M.
Tsvelikhovskaya, T.N. Pavlov, and E.I. Patrakov, Phys. Rev. B 96, 235303 (2017).

[2] M.I. Katsnelson, V.Y. Irkhin, L. Chioncel, A.l. Lichtenstein, and R.A. De Groot,
Rev. Mod. Phys. 80, 315 (2008).

[3] X.L. Wang, Phys. Rev. Lett. 100, 156404 (2008).

[4] Yu.A. Perevozchikova, A.A. Semiannikova, A.N. Domozhirova, P.B. Terentyev,
E.B. Marchenkova, E.l. Patrakov, M. Eisterer, P.S. Korenistov, and V.V. Marchenkov, Low
Temp. Phys. 45, 789 (2019).

27



| CEM62021

Looking inside a transition-metal cluster: Ba4ANbTM3012 (TM=Mn, Rh, Ir).

KomlevaE.V.%, Khomskii D.I?, Streltsov S.\A3
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Having difficulties when describing single transitioretal (TM) ions in a crystal, one
faces more serious problems with a structural cluster. Within such a cluster TM ions are
tightly connected with each other that may cause new complicated phenomentuande
the choice of a model used to interpret them.

Investigation of the recently synthesized series of isostructural compounds
BauNbTM3012 (TM=Mn, Rh, and Ir) with TM trimers in a faegharing geometry [1,2]
makes it possible to examine a tendenctht&omolecular orbitals (MO) formation in clusters
going from 3l to 5d TM ions.

Our ab initio calculations of electronic and magnetic properties demonstrate gradual
transition from the picture of localized electrons realized in3dr{Figure 1a) to the MO
picture for Rh4d and especially for #6d based compounds (Figure 1c and 1b) [3,4].
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This research was supported by the Russian Foundation for Basic Researches (Grant
No. RFBR20-32-90073).
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Iron Borate: Scientific Biography
M.B. Strugatsky

Iron borate single crystals are an extremely interesting object of numerous studies in
the field of magnetism and solid state physics. Its "science intensity” is due to a rare
combination of propertieb magnetic, elastic, optical, resonance. It is a parent magnet.

Iron borate is a synthetic crystal grown for the first time 60 years ago. The authors are
engaged in the synthesis and research of properties and effects in this material for a number of
years. The report provides an overview of the studiyasf borate and composite materials
based on it. We consider, in particular, synthesis, surface magnetism, magnetoacoustics,
magnetic resonance phenomena and much more. Moderteiglapplications of this unique
crystal are also discussed.
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Magnetic properties and combined hyperfine interactions in FeB@single crystals

near the Neel temperature

Lyubutin I.S%, Snegirev N.E, Chuev M.A?, Starchikov S.S$,
Lyubutina M.V1, Yagupov S.\2 and Strugatsky M.B.

1Shubnikov Institute of Crystallography of
FSRC ACrystallography and Photonicsodo RA
2ValievInstitute of Physics and Technology of RAS, 117218 Moscow, Russia
3V.I. Vernadsky Crimean Federal University, Simferopol, Russia

The possibility of using synchrotron radiation as ahight ensi ty and focus:
source has already been realized at synchrotron stations in ESRF (Faadc&Prine
(Japan) It was proposed to use iron borate single crystals EeBfich have optimal
parameters for diffraction of nuclear resonance radiation, as ideal monochromators at the final

stage of M ssbauer radiation tuning. Howeve
depend on the hyperfine interactions in this @lyswhile the required radiation parameters

ar e achieved n e(dnr~ 348K)e "7 'FeBO, single crystal

[1,2,3]. In this case, precise studies of the magne Mmmr\mmr - MN\F

electronic, and structural properties of aniron bor = | | .« . J— ‘f\r

single crystalnear theN ® epbint are of a great ———————

importance. "’V‘\ﬂ“f‘ﬂf" Wm N

In our study, theM® s sbauer FeBme ‘ “ ’ 300K

single crystalsvere investigated with high accurac
in the temperature range 4.2 400 K. The V e -\/——
propagation vector dheM® s sbauer Ige -
was directed along theaxis that is perpendicular t¢ ""\mn ‘ ._.\\r[____
the basic plane (001) of the crystal in the hexago | e S
setup.TheM® s s bspectearwere processed intt © - ,mﬂm s oS0 25 e 25 s
framework of combined magnetic and electric hyperfine interactions (Flg.Bddition, at
elevated temperatures, thieetmally excited states of magnetic moments were taken into
account [4]. We found that the magnetic moments of iron lie in the basal plane (001) of the
crystal, and theéhreefoldaxis c and the main axis of the electric field gradient EZp gre
orthogonato the direction of the magnetic momeniis.addition, the values of the isomer
shift, quadrupole constant, and magnetic hyperfine field were precisely examined in the
FeBQ single crystal in a wide temperature range of-43Z3 K. The results obtainecan be
very useful for tuning pure nuclear diffractionsgnchrotrorM® s s bexpernents.
Acknowledgment: This work was funded by RFBR, project numhér29-1201620-mk.
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Temperature- and field-induced magnetic transitions in the cobakcontaining borates

Kazak N.V1,Be | 0 s k & KrayazéV.YA\Z, Molokeev M.S!, Bezmaternykh L.N,
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Transition metal borates are of interest due to structural and electronic transitions, spin
state crossovers, charge orderiaggd puzzle magnetic structure2]. The cobalt compounds
occupy a special place due to cobalt exhibits several possible oxidationis@é¥d"),
Co**(d%, and C6*(d°) as well as the ability of Gbions to accommodate various spin stétes
low spin(S=0, LS), high spin$=2, HS), and intermediate sfiB-5]. Here we present results
of the comprehensive study of €ontaining borates adopting different structural types:
kotoite (MeB20e), pyroborate (MgB20s), warwickite (MeBQs), andludwigite (MesBOs).

All compounds under consideration were synthesized by the flux technique. The crystal
structure and the magnetic properties have been investigated -tay XMiffraction,
magnetization, and specific heat experiments. The-tagiperatureX-ray diffraction and
specific heat measurements on as®ds 4 g4mcon B _— _
. . ‘ Spin-orbital contribution ‘ Spin
single crystal revealed the sgitate >2T Tomor BCoawlD ool ] magnetism
transition of the C% ion. 5o .0, R

ECo, sSng5(L)

The substitution effect of CoY F &, 8 a4l ]
G&"*, G¢", and NB* on the crystal structure £ | T8 o 0 ax e
and magnetic behavior was studied. T & *°] T comunu Y]
enhacement of exchange interactions leadi 367 |/ " ' =
to the stabilization of the ferrimagnetic sta 3,1 » SSZ;,E';SS) 13.16 myco
to higher temperatures and the appearanct o 22 24 26 28 30

an antiferromagnetic transition were foun v
All compounds exhibit strong magneti Fig. 1. Magnetic moment of @mntaining borates
anisotropy with the b-axis as the eas) vsnumber of cobalt ions per formula unit. The
magnetization direction. The structural ar Symbol ) denotes the ludwigite.
magnetic affinity of borates is discussed.

This work has been financed by the Russian Foundation for Basic Research (project no.
20-02-00559).
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Structural stability and magnetic properties of FeNi-Al and Co-Ni-Sn Heusler alloys

Buchelnikov V.D?!, Sanosyan A.A, Sokolovskiy V.V, Miroshkina O.N*?, Gruner M.
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Ferromagnetic shape memory alloys are promising candidates for application as
actuators, sensors, magnetomechanical devices, harvesters, and magnetic cooling systems [1
3]. Such compounds can be classified as the-pegformance intelligent materials wildrge
deformation and fast response. The wide range of their potential applications is directly
related to unique properties demonstrated in response to external influ&jce [1

Fe-Ni-Al and CeNi-Sn alloys are an interesting class of materials, asateyuctile,
cheap, and easily synthesized. Moreover, while possessing a high Curie and martensitic
transformation temperature. In this work, we report on systerahtiaitio investigations of
the structural and magnetic properties obNteAl1x and CoNi1+xSnx Heusler alloys.

We calculated the ground state energy and magnetic properties of different crystal structures
and degree of order. For the most favorable structures, we evaluated magnetocrystalline
anisotropy and lattice free energy to assassequilibrium properties for the compositions
under study.

Ni excess
0 0.25 0.5 0.75
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Fig. 1. Saturation magnetization and total magnetic moment€@NiSn.x (x=0, 0.25,
0.5, 0.75, 1)n comparison with other Gand Febased Heusler systems [3].

This work was supported by Russian Science Foundationl WN2-20022 and
Russian Foundation for Basic Research No0:42040003 and the German Research
Foundation (DFG) TRR 270, B06. Part of calculations were performed on MagnitUDE
supercomputer (DFG ISIT 20876/209. and 20876/243 FUGG).
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In situ TEM study of phase transformations in nonstoichiometric Geisler alloy
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The report is dedicated to study of the metamagnetostructural transformation of the
martensitic type in the MhiMnslniz alloy with magnetic shape mwry and inverse
magnetocaloric effect. The characteristic temperatures of the beginning and end of the
forward and reverse martensitic transformation for bulk material were determined by
differential scanning calorimetry (DS®)s = 253 K, M = 164 K, A = 203 K, A =236 K
The characteristic features of the transformation and premartensitic states were studied by
transmission electron microscopy. The estimation of the material thickness at which the
martensitic transformation is blocked iarced out. The temperature dependence of the
magnetization in fields of 1, 2, and 3 T. The presence of an SME demonstrates an anomaly on
thei 8 curves in the temperature range of t
transformation. Curie temperatuwas determined by DSC and thermogravimetric analysis
(TGA) Tc=325 K.

The dependence of the temperature of the onset of metamagnetostructural
transformation of the martensitic type on the thickness of the sample in the form of a wedge
shaped foil is revéed. It was found that the martensite phase during the direct martensitic
transformation, in thin foil regions with a thickness of less than 150 nm, begins to appear at
Ms = 215 K (i.e., at temperatures lower than in the bulk material) after the firshgsool
heatingcooling cycle, after the second cycle Ms = 210 K and after the third Ms = 208. A
further decrease in temperature for each of the cycles leads to an increase in the proportion of
martensite; however, the transformation is blocked at about 60@aimthe edge of the
sample with a plate thickness of less than 50 nm, so the formation of a martensite structure is
not observed here even at the temperature of liquid nitrogen (fig. 1)

The presence of (111) superstructure reflections indicate sowlelfed L21 phase in
thissystemre=6, 17 . The presence of (111)-orcere¢per str
L2, phase in this system, fig. 2.
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a b c
Fig. 1. Brightfield images and diffraction patterns of the selected regions of
NissMnsilngz alloy at temperatures of 215 K (a), 208 K (b), 100 K (c).

a b
Fig. 2 Microstructure of the austenitic phase of the Ni46Mn41In13 alloybaght field

image; b- electron diffraction pttern, zone axis [11Q}1.

The results obtained demonstrate that the phase transformation insgheAinis
alloy occurs unevenly throughout the sample, as evidenced by the variety of the observed
structures (blaclandwhite contrast, tweed, lamellar structure). Below Ms, the cubic L21
phase transforms into modulated martensitic variants with retained aust&nftether
decrease in temperature leads to an increase in the proportion of the martensite phase;
however, it was found that the martensitic transformation is completely suppressed at a plate
thickness of less than 50 nm.

The temperatures of the forwaeshd reverse martensitic transformation depend not
only on the magnitude of the magnetic field, but also on the size and configuration of the
sample. A decrease in the plate thickness and magnetic fields lead to a decrease in the
temperature of direct martsitic transformation, expanding the region of existence of
ferromagnetic austenite.

Electron microscopic studies and preparation of foils for TEM were carried out at the
Interdisciplinary Resource Center for Nanotechnology, St. Petersburg State Univ@tsity
Petersburg.
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Material based on superconduct YBaCuO used on magnetic levitation
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Abstract. The achievements of recent years in the field of physics and technology of
magnetic functional magnetic materials, stimulate numerous pioneering applied research in
various fields from energy to medicine. Of particular importance is the use of such new
materials as superconductors, permanent magnets, and magnetocaloric materials to create a
promising ultrahigh-speed grourdbased vacuum magnetolevitation transport (VMLT),
which is expected to simultaneously dramatically increase the speed of movemesduared r
specific energy consumption [1]. The aim of the work is an experimental study of the process
of magnetic levitation of a cryostat with elements made of ceramics of admygierature
superconductor 3Ba-Cu-O on a model of a route made of lines ofrpenent magnets based
on NdFeB.

Cryostat with HTSP MLT layout

The principle of operation of the magndéwitation transport system is based on the
use of the phenomenon of magnetic levitation of fieghperature superconductors of the
second kind (Fig. 1.). A cryostat with a hitgmperature superconductor (HTSC) tbé
YBaCuO composition is cooled over a track assembled from permanent magnets (Fig. 2). The
HTSC transition temperature to the superconducting state is 93 K, which allows the cryostat
to be cooled with liquid nitrogen.

—

ﬁ

Fig. 1. The principle of magtie levitation Fig. 2. Section of the MLT route

Muakmis Asot

BTCN YBaCuO

10x40 mna

NdFeB NdFeB NdFeB 10x10nm

Marnuuwtonposog Fe 5x50
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Fig. 3. Measurement of levitation force and lateral stability

The results obtained (Fig. 3.) on the used installation allowed to achieve a maximum
load of 60 kg ofvertical and 15 kg of lateral load, which opens the possibility of moving to
the next level of scalability of the project: the length of the route is more than 10 meters, as
well as the load capacity of 2000 N at speeds up to 20 km/h. Of great imposténeeearch
for methods for the precise determination of drag forces and the separation of the
contributions of aerodynamic friction forces and specific losses in sulfur conductors of the
second kind. Of particular importance is the conduct of experinmntthe separation of
contributions from aerodynamic forces and other forces in a vacuum.

The research was carried out with the financial support of the RFBR, NTU "Sirius",
JSC "Russian Railways" and the Educational Fund "Talent and Successfrantbeork of
the scientific project No. 287-51005".
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Multicomponent alloys including high entropy and compositionally complex ones are
in the focus of intensive researches because of their extraordinary physical properties and
perspective for applications. Due to enous number of possible compositions in such
alloys, the methods for predicting their structure and properties are of great importance. One
of the main theoretical tools on this way is ab initio simulations which allows addressing both
atomic and electronistructure and calculating observable properties with experimental
accuracy. However, performing ab initio simulations of highiylticomponent alloys is an
extremely difficult task.

The promising way to solve this problem is the use of machine learkiby for
boosting computer simulations. The main idea is to fit properly the interatomic potential
energy surface of a particle system using ab initio reference data. A properly designed
machine learning interatomic potential (MLIP) can provide nearly @t iaccuracy with
orders of magnitude less computational cost. Since pioneering works at the end of the 2000s
[1,2], a number of approaches to fabricate MLIPs have been proposed so far and applied
successfully for studying condensed matter systems oéreift nature. However, the
application of these methods to study of multicomponent alloys has not yet been thoroughly
validated. A lot of issues arise on this way: 1) How to generate properly the training dataset of
ab initio configurations? 2) That is tibest ML model to describe multicomponent systems?

3) Is that possible to develop MLIP which describes adequately a system with many (say,
more than six) components? 4) Is it possible to extrapolate the domain of thermodynamic
parameters available for sitations far beyond the training dataset?

Here we address these issues for a number of metallic multicomponent alloys
including ternary AICu(Fe,Ni) alloys and higentropy TiZrHINbCoNiAl and
TiZrHfNbVCrMoMnFeCoNiAl alloys. Using a training datasets of ialiio configurations
corresponding to the liquid alloys, we develop MLIP (NNPs) as implemented in DeePMD
code. For AICu-(Fe,Ni) alloys, NNPs are trained on a few compositions covering a ternary
composition triangle with a 15 at. % grid, allows descgbboth atomic structure and
dynamics of the system in whole composition range and in a broad temperature range. The
developed NNPs provide good accuracy for structural and dynamical properties in
comparison to ab initio data. This is the first example dfPN for alloys with so many
components. The results obtained open up prospects for simulating structural and dynamical
properties of multicomponent alloys with MLIPs. Support of Russian Science Foundation
(#1812-00438) is acknowledged.
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For severaldecades, intensive theoretical studies have been carried out on the
magnetic, structural, electronic, and thermodynamic properties-8hFalloys. One of the
i mportant issues is Gdle ematghmaanded g ecdo ISOQnhe K &
contributions of entr opi &a thd phasd tfaresitioh pointaln ¢ h a
Ref . [ 1], an emphasis wasS,pvhile ov@aperso[?, 3]tthe e d o n
essenti al rol e Safwag diseusse Om the corrary, iinoRef. [4¢ an
attention was drawn t o Sk WNeverthelessddespite mamermus c o nt
theoretical studies of Heh alloys, the issue of prediction of the metamagnetic transition
temperature and the entropy contribatiestimations byab initio calculations taking into
account both the weknown generalized gradient approximation (GGA) and the Debye
model remains open. Since a number of factors prevent this. These factors include a large
difference in energy betweentderromagnetic (AFM) and ferromagnetic (FM) phases [3, 4],

a high Debye temperature for the FM phase compared to the AFM phase [5], and the presence
of soft phonon modes in the AFM phase [4, 5]. In this regard, the solution of this issue by the
example 6 Fe-Rh alloys seems to be interesting and relevant.

This work is devoted to the theoretical prediction of the metamagnetic transition
temperature within the framework of the density functional theory formalism, taking into
account the influence of exchangorrelation effects and the qudmrmonic Debye model.

The ab initio calculations were performed using the projector augmented wave method
implemented in the VASP software package [6]. To describe the excharrgéation effects,

the GGA and metgenealized gradient (met&GA) were selected within the framework of

the PurdueéBurke-Ernzerhof (PBE) functional [7] and the new generation SCAN functional

[8], which takes into account the gradient of the electron density and density of kinetic
energy. Geomet optimization of the crystal lattice of cubic symmetry No. 225 is performed

on a l16atomic supercell (R®hs) taking into account the FM and checkerboard AFM
ordering of Fe atoms. The calculation of free energies and lattice entropies of each phase was
performed using the Debye model, neglecting the electronic and magnetic contributions.
Debye temperatures for each phase are determined from the calculations of the elastic moduli.

Fig. 1 shows the dependences of the total energy on the lattice parafrieteRig
which obtained in the framework of electronic relaxation of the crystal structure within the
GGA-PBE and SCAN functionals. Analysis of the results obtained shows the following. Both
functionals predict AFM ordering as energetically favorable. HeneSCAN gives a lower
lattice constant for both types of magnetic ordering. It is noteworthy that taking into account
additional electron correlations in the SCAN functional gives a significantly smaller energy
di f f e E @ynabaut amporder of magnda) between the FM and AFM phases compared
to the generally accepted PBE functional.
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Fig. 1. Total energy difference as a function of the lattice parameteri®h kgth FM and
AFM order. The results are presented for (a) GEBE and (b) SCAN functiofa The
energies are plotted with respect to the AFM configuration.

Thus, in contrast to the GGA approximation, additional correlation effects within the
metaGGA approximation reduce sufficiently the energy difference between the FM and
AFM phases and gld to a slightly higher Debye temperature for the AFM phase compared to
the FM phase. Assuming the total energies and Debye temperatures obtained within SCAN,
the phase transition temperature is predicted about 300 K, which is close to the experimental
da a . Be s i d&8assat theatmandition pomt iseevaluated which comparable with data

reported in Ref. [5]. We believe that in the case oRRealloys, the Debye model, together
with calculations within the met&GA approximation, has an adequate predictive power

along with he approach of calculating phonon spectra [5].
This work is supported by Russian Science Foundation N@2-PD022.
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The formation and condensation of electhale pairs (excitons) in semimetals and
semiconductors was predicted more than half a century ago. The weak coupling theory of the
excitonic insulators has been developed analogoushet®ardeerCooperSchrieffer (BCS)
theory of superconductivity [1]. Later the ideas of excitonic condensation were discussed for
strongly correlated materials within the Hubbéyge models. Within the multiband Hubbard
type model the interrelation oféhexcitonic condensation and the high spin (HBw spin
(LS) crossover takes place [2].

The minimal model which contains the multiorbital physics and excitonic effects is the
two-band Hubbardype model both in the strong coupling and weak coupling regimes. In the
strong coupling limit we have suggested [3] the similar approach as the Holsbardo r i gi n a
one that starts with the exact diagonalization of the local part of the Hamiltonian and
construction the Hubbard-¥perators. Within such approach the effective Hamiltonian has
been obtained that was used to study the phase diagram and b8 EtSssover under
external pressure. A spin gap between the LS and the HS is an external parameter of our
model that may be varied by pressure. The rfedah phase diagram in the plane spin gap
temperature (or pressurdemperature) contains the HS ifarromagnetic and paramagnetic,
excitonic, and nonmagnetic LS phases. The excitonic phase appears in the spin crossover
region and coexists with the HS AFM phase.

Two cases can be distinguished. In the first (weakly correlated) case, we have a two
band seniconductor or a semimetal (depending on the model parameters), in which an exciton
condensate can form according to the BCS or Hgsstein condensation scenario. In the
second case (strongly correlated), when the energy of the Coulomb interactioctrohslés
larger than their kinetic energy and becomes comparable with the energy of the crystal field,
the spin crossover and the formation of localized magnetic excitons become possible. In this
study we showed using the tvband Hubbard&Kanamori modeltiat there is a condensation
of such excitons near the spin crossover, which, in turn, leads to the opening of a dielectric
gap in the electronic spectrum and the occurrence of the antiferromagnetic ordering. The
emergence of the magnetism induced by thmeleasation of excitons was found.

The authors thank the Russian Scientific Foundation for the financial support under
the grant 1812-00022.
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Spin states of an anisotropic nofHeisenberg ferrimagnet

O.A.KosmacheyA.V.Krivtsova Ya.Yu.MatyuninaYu.A.Fridman

V.1. Vernadsky Crimean Federal University, 295007, Simferopol, Russian Federation

Ferrimagnets are magnetic materials whose properties are in soménsemsediate
between ferromagnets and antiferromagnets. Like antiferromagnets, ferrimagnets contain
magnetic sublattices with antiparallel magnetizations. Ferrimagnets have always been
considered as important materials of magnetic electronics, but newstieg properties are
constantly being discovered in these materials. It is of interest to study the phase states of a
nonHeisenberg ferrimagnet [1], in which one of the sublattices contains magnetic ions with
spin 1 and the other with spin 1/2. In thibkattice with S = 1, we will take into account both
bilinear and biquadratic exchange interactions. Moreover, this sublattice is anisotropic (easy
plane anisotropy). The Hamiltonian of such a system is determined by the expression

M= S8R0 MES) K MHS S g5 Ba(m (s
. mm

-—aA(n -m)(sS,) a(Sﬁ)

where J; is the constant of the exchange interaction of the sublattice with spir,l/X -
constants of bilinear and biquadratic exchange interactions of the sublattice with bpin 1;
singleion agisotropy constant; A <0 is the constant of intersublattice interaction. The
consideration will be carried out for the cadéow temperaturesT < <, Ty - temperature
Neel).

Analysis of the free energy density shows thadat K, b, the ferromagnetic (FilV
order is realized in the system. If the material parameters are such,dt <K, then the

effect of quantum spin reduction takes place in the first sublattice, and the second sublattice
plays the role of an effective "magnetizing®elfi. Let us call this state the quadrupole
ferrimagnetic (QFiM). The magnetization vectors of the first and second sublattices are
anticollinear, so in this state it is possible to compensate for the magnetic moments of the
sublattices.

From the equality of the density of free energy in Filthd QFiMphases, we obtain
the surface of the phase transition between these phases

gy— 4(1 -x) % 2u —+4(g_ }é+ q Wherey—|Ay, X 31& 7/
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20 .- From the condition
T X <SZ> = <s Z> . and
2=00 taking into account

T :?; that <S Z> :%,We

obtain an equation that
determines the surface
of the compensation
\ of spins in the QFiM

\ phase

.‘\ y=2x -2 %
\

\ \ Thus, this equation
X \\ describes the surface
\ on which the total spin
\ \ of the sublattices is
' zero.
The results obtained
make it possible to
construct a phase diagram of the system under study (see Fig.). To determine the type of the
QFiM - FiM phase transition, we use the Landau thermodynamic theotyaskpransitions,
which shows that the QFiNiM phase transition is a firstrder phase transition.

Theresearclwas funded by RFBR andRepublicof Crimea, project number20-42-910003
(O.A.Kosmachev, O.A., E.A, Yaryginda.Yu.Matyunina
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Electronic and magnetic properties of novel iron oxides R©s and FesOs at high

pressures

ZhandunV.S., Draganyuk O.N.

Kirenskylinstitute of Physics, Federal Research Center KSC SB RAS, 660036 Krasnoyarsk,
Russia.

Iron oxides are attracting a lot of attention due to their complex structural properties
and fundamental aspects from the point of view of natural sciences and aldasttications
[1,2]. In the last decade, studies at high temperatures and high pressures have revealed the
existence of new binary iron oxides with unusual stoichiometry, suchs@s 3¢ and Fe&Os
[4]. The discovery of new classes of systems with gty complex electronic and
magnetic properties motivated the study of their physical properties and potential for
innovative applications [2]. While structural information and some properties of the new
oxides at atmospheric pressure are availableynmdton on their electronic and magnetic
properties under extreme presstemperature conditions is very limited. Knowledge of these
properties is important for both solid state physics and earth sciences.

We present here thab initio investigation of lhe electronic and magnetic properties
and the correlations between structural and electronic properties of novel iron oxides
polymorphs FgOs (Fig.1) and FeDs. The evolution of the electronic and magnetic structure
under pressure is analyzed with3GA+U and SCAN methodology. The stability of the
FesOs and FeOs compounds at different pressures are studied in terms of the enthalpy of
formation.

Fig. 1. Crystal structure of Jes.

Acknolegments. This research is funded by the Russian FoundataynBasic
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Structural, magnetic and electronic properties of FeGe-Al from first principles

Zagrebin M.A?, Matyunina M.V?, Sokolovskiy V.V?, Buchelnikov V.D!

IChelyabinsk State University, 454001, Chelyabinsk, Russia

An assessment of the effect of a small addition of Al atoms in binagaFalloys
[1,2] showed that the tetragonal magnetostriction of ternargdAl alloys decreases
insignificantly, which is explained by a simultaneous increase of both the magretoelas
constants and the tetragonal elastic moduli. These effects are due to changes in the electronic
structure. The binary alloy F8e as Fe&Ga are also magnetostrictive material, but there is no
data about Al atoms effect on the structural and magnetjgepties. The present research
aims to study replacing Ge atoms with Al atoms on the structural, magnetic, and electronic
properties.

Using the density functional theory implemented in VASP program package [3,4], the
two cubic structures A2 (group of syminelm-3m, #229) and D@(group of symmetrfFm-
3m, #225) were considered for foe(GewAly)x (x=9.375, 15.625, 21.87%=3.125, 6.25).
The exchangeorrelation effects were taken into account by the generalized gradient
approximation in the PerdeBurke-Ernzerhof form [5] for the supercell approach (32 atoms
in supercell). To create nestoichiometric compositions and sttual disorder in supercells,
special quasirandom structures were used created using the ATAT package (Alloy Theoretic
Automated Toolkit) [6].

At the first step, the geometry optimization of crystal structures was done by ionic
relaxation (see Figure 1lj.was found that the lattice constants have increased with increasing
both Ge and Al atom Content).
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Fig. 1. The calculated values of the lattice parameters for structures A2 ara2 of the
Feoox(GayAl)xalloys. The lattic@arameters for binary alloys are given from [7].

However, comparison ternary and binary&e alloys [7] have shown replacing Ge atoms
with Al atoms leads to a lower that the smaller atomic radius of Al could explain.
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Figure 2 shows the calculatedabtiensities of states for A2 and Jghases of F&e-
Al alloys. It was found that DOS profiles depend on both crystal structure and the number of

Al and Ge addition.
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Fig. 2. The calculated total density of states depending on composition for B2afad D@
(c,d) structures of FRox(GeayAl)xalloys

foundation of the Chelyabinsk State University.
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Light-Induced Ultrafast Quantum Relaxation Dynamics of Magnetically Ordered Spin

Crossover Systems under High Pressure

Orlov Yu.S 12 Nikolaev S.V*2 Ovchinnikov S.G:?

IKirensky Institute of Physics, Federal Research Center KSC SB RAS, Krasnoyarsk, 660036
Russia
%Siberian Federal University, Krasnoyarsk, 660041 Russia

Within the multielectron model of magnetic insulator with two different spin terms at
each cation and spin crossover under high pressure we have studied dynamics of a sudden
excited non equilibrium spin state. We obtain the different relaxation of theetnzagion,
high spin/low spin occupation numbers, and the r@tagen bond length for different values
of the external pressure. For each prestemgerature values stationary state agrees to the
mean field phase diagrams. We found the long living egiths of magnetization for the
high spin ground state at small pressure. Close to crossover pressure the smooth relaxation is
accompanied with a set of sharp strongly non linear oscillations of magnetization and HS/LS
occupation numbers that are accompdrby the FrandkCondon resonances.
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Polarization eigenmodes in uncorrelated disordered magnetic media

Niyazov R.Al2 Kozhaev M.A3, Belotelov V.I34

Department of Physics, Retersburg State University, 198504, St. Petersburg, Russia
2NRC ““Kurchatov Institute", Petersburg Nuclear Physics Institute, 188300, Gatchina, Russia
3V.I. Vernadsky Crimean Federal University, 295007, Simferopol, Russia
“Moscow State University, Leninskiye Gory 1, 119991, Moscow, Russia

The study of light propagation in scattering media is essential for many disciplines
ranging from chemistry and biology, including astronomy and physics [1]. Nowadays, the
propagation of ight in a disordered medium is actively studied both theoretically and
experimentally. Much attention is paid to the polarization of light, the possibility of its control
is being investigated. Since the magnetization of a medium significantly affects the
polarization, an urgent task is to describe the propagation of light in a magnetoactive medium
with the disorder.

Recently, the correlation matrix of the electric field has been calculated for
magnetoactive media with the disorder [2]. It was shown that antisymmetric light correlations
arise. It corresponds to the appearance of circular contributions to the paariaiatight.
However, the corrections coming from the magnetoactivity of the medium were taken into
account only from one diffusive mode of polarization propagation.

In this work, we study the effect of magnetoactivity on all polarization modes.
Theoreticdly, the propagation of light in a magnetoactive medium with the anisotropic
disorder from the first principles is studied. Within the framework of multiple scattering
theory, the energy density is calculated [3]. Its expansion by the polarizations eigsnmo
allowed to estimate the characteristic lengths and the diffusion coefficients of every mode
separately. Such decomposition will make it possible to obtain a clear physical picture of the
propagation of light in media with scatterers and go beyondithesidn approximation and
take into account the higher corrections for the distance between the light source and the
detector.

The work of R.N. was funded by RFBR, project numbe32%0077. The work of
M.K. and V.B. was funded by RFBR, project numb&/5P-80038.
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Aharonovi Bohm Interferometry Based on Helical Edge States
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The AharonovBohm (AB) interferometers made of quantum wires with single or few
ballistic quantum channels are very attractive as prime devices to probe coherent quantum
phenomena and because of possible applications as miniature and very sensitive sensors of a
magneic field. The ability to control interference by a magnetic field due to the AB effect [1]
provides additional potential for experimental and theoretical analysis [2]. Rather stringent
requirements limit the efficiency of practically used quantum elecrionmérferometers, for
example, very low temperature for interferometers based on superconducting SQUIDs or the
condition of very strong magnetic fields for interferometers based on the edge states of
Quantum Hall Effect systems.

A promising opportunity dr a technological breakthrough in this direction is
associated with the discovery of topological insulatbrghese materials, as in conventional
insulators, the Fermi level lies in the band gap, so that there is no bulk conductivity. At the
same time, conducting states exist on the surface of a topological insulator, and the
conduction through these states is not suppressed by disorder scattering due to topological
reasons [3]. Surface excitations exist due to strong-abih interaction and hav chiral
symmetry: the direction of the momentum is rigidly related to the spin projection. These are
the secalled helical edge states (HES), in which electrons with different spins propagate in
opposite directions.

In two-dimensional topological insulators, interference of electron waves propagating
at the edge state along the system's perimeter is possible. Thus, the transport through the edge
states of the topological insutatis, in fact, the transport through the interferometer (see Fig.

1). We focus on the case of relatively high temperature when temperature much larger than
the level spacing [4]. The tunneling conductance of the interferometer, G, is structureless in
ballistic case but reveals sharp antiresonances, as a function of dimensionle%s ifiuthe
presence of magnetic impurities. )
Although similar antiresonances are magnetic

. . L. _ _lmpurities
known to arise in the singlehannel 1~ ~ 3
rings made of conventional materials,
the helical AB inteferometer shows
essentially different behavior due to the
specific properties of the HES. Most
importantly, the effect is universal and
robust to details of the setup, in
particular, to relation betwean and0
and the position of the magnetic
impurity. Another difference concerns
the periodicity of the function'O%o,

Fig. 1. Helical AharondBohm inteferometer with
the magnetic impurities.
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which obeysO%. pf¢  "O%o, while for interferometers made of conventional materials,
this function is periodic with the period 1.

Another property of the helical interferometer aficdal significance for quantum
computations is the possibility to operate as a spin filter. Even for -anagnetic lead, the
incoming electron beam splits into two parts: rigidving electrons with spin up and left
moving electrons with spin down. Ifghtransmission over one of the system's shoulders is
blocked, say, by inserting the strong magnetic impurity into the upper shoulder, only the down
shoulder remains active, and the spin polarization of outgoing electrons can achieve 100%.
Remarkably, thismechanism is robust to dephasing and, therefore, works at high
temperatures.

The quantum contribution to polarization shows AB oscillations with the magnetic
flux piercing the area encompassed by HES and is therefore tunable by the external magnetic
field. A very sharp dependence of the conductance and the spin polarizatiérisovery
promising for applications for tunable spin filtering and in the area of extremely sensitive
detectors of magnetic fields.

Notably, the tunneling interferometer can beadk®d in terms of an ensemble of
flux-tunable qubits giving equal contributions to conductance and spin polarization. The
number of active qubits participating in the charge and spin transport is given by the ratio of
the temperature to the level spacif@ych an ensemble of qubits can effectively operate at
high temperatures and can be used for quantum calculations [5]. This opens a wide avenue for
high-temperature quantum computing.

Therefore, HES are candidates for efficient creation, controltrandfer of electron
polarization. It is very promising from the point of view of the application in quantum spin
sensitive interferometry, especially in the modern and rapidly developing field of spintronics
and the creation of quantum informatics deviags#g spin degrees of freedom as spin filters
and quantum qubits.

RFBR, project number 192-60077, funded the work of R.N. The Russian Science
Foundation funded the work of D.A. and V.K., Grant No12000147.
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Influence of duration of electropulse treatment on structure and martensitic

transformation of melt-spun TiNiCu alloys

Shelyakov A.\2, Sitnikov N.N*?, Zaletova I.Al?, Borodako K.Al, Vysotina E.A!2

INational Research Nuclear University MERMoscow Engineering Physics Institute),
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Thin ribbons of quashbinary TiNii TiCu alloyswith high copper content (more than
25 at.%), produced by melt spinning techniquare of great interest as shape memory
materials to create micnmechanical devices, in particular, microtweezers for gripping and
holding of micre and nanoscale objects for their further spatial manipulation and preparation
[1]. These alloys have an anptwous state after quenchiatja cooling rate of about 48/s.

Upon further crystallization by isothermal heat treatmt#rgy can form brittle TiCu phases

and therefore do not exhibit shape memory behavior. Recently it was shown thedtligh
electropuse treatment (EPT) fundamentally changed the microstructure of the alloys [2]. In
this work, we studied the influence of the EPT duration in the rnge1000 to 1 m®&n the
structure and martensitic transformation (MT) of TiNiCu alloy v@that.%copper content.

X-ray diffraction studies have shown that after the EPT with different duration the
samples are completely in the martensitic state at room temperature. When the ribbons are
heated to a temperature of 75 AliSgppeartaed oplye ak s
reflections of the B2 austenite phase are pr
EPT duration does not lead to a change in the phase composition of the ribbons, although the
intensity of the peaks of the B19 phase for slamtygstallization times is somewhat lower.

Investigation of the crossection of the ribbons in a scanning electron microscope
revealed a columnar crystal structure near the ribbon surfaces, while in the ribbon volume
there are single or grouped large gea(from 3 up to 12 microns). An increase in the EPT
duration leads to significant decreasing both the average grain size and the height of the
columnar crystals.

At the same time, results of differential scanning calorimetry (DSC) indicated that an
increse in the EPT duration causes a decrease in the MT temperatures, while the MT
enthalpy remains practically unchanged. In addition, the exposure time has a significant effect
on the shape of the DSC curves, which is manifested in the bifurcation of the qgidatat
release and absorption during MT with a decrease in the exposure time less than 500 ms.
Obviously, this is due to the bimodal structure of the alloys, which lead to superposition of
peaks from each structure and bifurcation of the common peak.

The study is supported by Russian Science Foundation (project N@-Q®327).
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Structural and thermal stability of B20-type monogermanides

synthesized under high pressure
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Transition metal monogermanides with a noncentrosymmd@6-type crystal
structure have long attracted the attention of researchers (see, e.g. [1]), since they represent a
promising basis for the design of new thermoelectrics and spintneriated materials. Here,
the dability and phase transformations imethighpressuresynthesized [2] B20 phases of
FeGe, MnGe, and RhGe are studied theoretically usibginitio density functional
calculations (using the VASP package [3]) and experimentally by means of differential
scanning calorimetry (DSC).

An evolutiorary search for the most energetically favorable polymorphic
modifications was carried out using the VASP package [3] and the USPEX genetic algorithm
[4]. Their stability regions on the pressit@mperature phase diagram were then determined
in the quasharmonic approximation It follows from our calculations that, for a given input
chemical composition, the existence of a structure stable at nonzero temperatures (and
pressures) can be efficiently established by a-tmperature evolutionary search, ifsthi
structure appears in the output sHstt of low-energy states. We also evaluated finite
temperature properties of B20 phases under study IJigThe obtained temperature
dependence of specific heat of MnGe is in good agreement with the availablienexpe!
data [2]. For the higipressure phase B®hGe such measurements are still absent.

The calculated ground state of honmagnetic MnGe is represented by a hypothetical
tetragonal structure unusual for this class of compounds. For FeGe and MnGe atiecnagn
state, our evolutionary search yields the same set of preferred phases. In case of FeGe, this
result is
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Fig. 1. Calculated specific heat of RhGe and MnGe.
consistent with the available information, while for MnGe, we find new equiatomic

polymorphsjn addition to the known metastable higtessure phase of B20 type [2].
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Our measured DSC thermograms were used to determine the temperatures of phase
transformations, which were compared with the known diagrams of equilibrium states. The
experiments wer carried out with heating in the temperature range from 310 to 1573 K and
subsequent cooling at a rate of 10 K/minray diffraction analysis (XRD) of both the initial
samples obtained at high pressures and samples after DSC measurements was carried out.

After DSC heating, the microstructure of the samples was also investigated. Fig. 2
shows optical micrographs of the FeGe sample. As is seen, the sample after heat treatment
consists of three structur al Cc 0 mp oah ghase s : he
FeGe, and eutectic colonies formed as a result of the joint growth of these two phases. The
microstructure of the initial sample before heat treatment shows that this structure is single
phase, despite the increased defectiveness of the metastable phaseCTtherhograms of

Fig. 2.Optical micrographs of the higbressuresynthesized FeGe sample after (a) :
before (b) DSC heating.

FeGe and MnGare gqualitatively similar, while B2RhGe differs from FeGe and MnGe both
in calculated structural hierarchy and in the shape of the DSC curvéddS@experiments
revealthat the studied metastalB20 phases are different in theiroperties from analogues
obtained by other methods, for example, by mechanical allowing [5]. Their betwvior
heating significantly depends on the preparation method and sample history.

This work was supported by the Rien Science Foundation under Grants RSF
N0.1812-00438 and N0.1-12-01050.
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Ferrites with a magnetoplumbite structure, such as barium hexaferrite;{Bajrand
strontium hexaferrite (Srkt€019), have been known since the 60s of the 20th century and
have been successfully used as a material for the manufacture of permanent magnets, devices
for recording and storing information. Good magnetic properties of ferrites, combined with
their low condutivity, make them a promising material for high frequency electronics
applications.

Interest in hexagonal ferrites with a magnetoplumbite structure is increasing every
year, which is confirmed by a large number of scientific works on this topic. Variatiohs
chemical composition of ferrite when some atoms are replaced by others in the crystal
structure leads to a change in the physical properties of the material. Thus, we can regulate
and customize the properties of the material for a specific task.

The presented work is devoted to the production of ferrite based on barium hexaferrite
in which barium atoms are partially replaced by strontium atdasxSrFei2019) and the
study of the effect of substitution on the change in magnetic properties. Saneiles
synthesized using standard sqblklase technology [1]. Iron oxide @#®), barium and
strontium carbonates (BaG(5rCQ) were used as the initial components for preparing the
charge. The initial components were mixed in a stoichiometric ratio amghdrfor 40
minutes in an agate mortar.

After grinding, the resulting powders were pressed into pellets using a metal mold
with a diameter of 20 mm. The pressing force was 3 torfs/Che resulting pellets were
sintered at a t e mp eursaThus,rwere mdparet 4nd 6tudidd 5Ganfplesr 5
with degrees of substitution x(Sr) =0, 0.2, 0.5, 0.7, 1.

According to the powder Xay diffraction, all the prepared samples formed single
phase with a magnetoplumbite structure. Elemental analysis data showed that the composition
of the obtained samples is consistent with the initially specified.

Magnetic propet i es wer e measured wusing a Quant |
vibration magnetometer in a magnetic field range of up to 3 T at room temperature.

It was found that the value of saturation magnetization does not depend on a degree of
substitution of barium bytsontium. Coercive force and residual magnetization behave in a
nonmonotonic way. The largest values of these parameters were found for the sample with
the composition BgSro sFer-O1o.
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Magnetocaloric properties in polycrystalline MnsSiz
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The interest of researchers in magnetics with phase transitions and with a
magnetocaloric effect in theyogenic temperature range is associated with the possibility of
their application in cryocoolers [1]. The singleystal MsSizs sample demonstrates a strong
inverse magnetocaloric effect upon the metamagnetic transition:at6b K [2]. We have
investigated the magnetic and magnetocaloric properties of a polycrystalliggiMample,
which is easier to manufacture. A polycrystalline sample of the nominal composits8sMn
was prepared by argearc melting with three remelts. The sample sealed in awaguartz
ampoule was annealed for 50 hours at a temperature of 1273 K, after which it was quenched
in water at room temperature. Measurements of the isofield magnetization of the sample
showed that a metamagnetic transition with temperature hysteresibsé&ved in the
temperature range from 5 K to 70 K. With an increase in the magnetic field from 1 T to 10 T,
the characteristic temperatures of this metamagnetic transition shift to low temperatures with
a coefficient of 4.9 K/T (Fig. 1 left). A sample tife MnsSiz alloy at a temperature of 50 K
demonstrates a sharp change in magnetization of about 20 emu/g in the range of the applied
magnetic field from 5.5 T to 6.5 T (Fig. 1 right). In this region, an inverse magnetocaloric
effect can be observed at ogenic temperatures.
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Fig. 1. Left graph: isofield magnetization of thesBisample versus temperature in magnetic
fields. The inset shows the view isofield magnetization at magnetic field 0.01 T. Right gra
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Non-trivial features of magnetocaloric alloys of the system M@oxNiixGex.os
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The detection of the lomemperature inverse magnetocaloric effect (IMCE) in alloys
of the MnCaNi1ixGeros system makes it possible to classify them as functional materials, in
which the IMCE is determined by the magnetostructural transition from orthorhombic
heli magnetic to hexagonal ferromagnetic HM(oO
mechanism ofealization of these transitions was carried out within the framework of the
phenomenological theory of interacting parameters of magnetic and structural orders on the
basis of the model of a displaced harmonic oscillator for the structural subsystetmeand t
Heisenberg model for the spin subsystem with additional allowance for the internal periodic
field orthogonal to the exchange field. Within this approach, it was found that the effect of an
external magnetic field on the helimagnetic phase can lea@vopsly unknown irreversible
(reversible) magnetostructural transitions H
This work was carried out with financial support from Bedarusian Republican Foundation
for Fundamental Researcind the Russian Foundation for Basic Research within the
framework of scientific projects No. T26804 and No. 28-00059, respectively.
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The critical currents of superconducting rhodium borides
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Ternary rhodium borides with the general chemical formula RBRRE - rare earth
metal atoms) differ in that their electyghysical properties are essentially determined by the
rare earth metal atoms. Depending on RE, ternary rhodium borides can be superconductors,
magnets, or simultaneously combine superconducting and magnetic psopertl. The
objects of research in this work were two rhodium borides: /BRH "classical"
superconductors; ~10 K) and HoRksRw.2B4i a magnetic superconductas.(~6 K). Both
compounds were practically singbdhase and mainly consisted of a LuBuphase. In the
case of HoRHsRWw B4 to stabilize the required phase (LuBy), rhodium was partially
replaced with ruthenium.

Critical currents () are one of the most important characteristics of superconductors.

J depends both on the critical temperatwe)(of the superconducting material and on the
presence of pinning centers, which are the places where the vortex filaments are fixed when
anelectric current flows [3]. Pinning centers can be formed on the basis of normal regions in
a type Il superconductor: point defects, grain boundaries, and inhomogeneities [3].

Not so long ago [4] , there was evidence that vortex filaments can be fixed in
"additional” normal regions, the appearance of which is associated with the magnetic
subsystem. From this point of view, it was important to study the field dependences of the
critical currents of triple rhodium borides at different temperatures on thapéxaof the
traditional superconductor YRB4 and the magnetic superconductor HeERw B4 and
analyze the influence of the magnetic subsystem on the nature of pinning in these compounds.

The critical current density of the samples was estimated inpihxmation of the
Bean model [5,6] for rigid superconductdype Il, based on the data obtained by measuring
the magnetic moment (M(B)). To make measurements, samples of the required geometric
shape were cut out of the melted ingots: cylinders witrameéier of 3 mm and a length of 4
mm. In the process of measuring M (B), two contributions to the magnetic moment are
recorded: one is associated with the superconducting system, the other is due to the magnetic
subsystem of the connection. Since the cbation to the loop width M (B) from the
superconducting signal is much greater than from the hysteresis associated with magnetism,
the critical currents can be calculated according to the Bean model for both a classical
superconductor (YRiB4) and a magre one (HORBsRW.2B4).

The dependences of the critical current density on the external magnetic field at
different temperatures (below. ) are shown in Fig. 1(a) and Fig.1 (b), respectively, for
YRh4B4 and HORB gRW 2Ba.
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Figure 1 Criticakcurrent density from the external magnetic field: a) superconductosB4Rh
b) superconductor HORBRW 2B4

From the analysis of the data in Fig. 1, it follows that the largest850 A/cn? (at
T~2K) is shown by the nonmagnetic superconductor BRIThis is due to the fact that the
Tc of YRhB. is higher than the critical temperature of HagRw 2Bs. Since YRBB4 and
HoRhs eRWw B4 are superconductors of the second kindighificantly depends on the value
of the pinning force, which is a strucally sensitive parameter. Note that in the case of the
superconductor HoORRRW 2B4 it is possible to form pinning centers on magnetic defects. In
our case, the magnetic defects (additional pinning centers) can be the magnetic ions
HoRhe sRW B4, localizzd in the lattice nodes. In order of magnitude, such microscopic
formations correspond to a coherence length sefl O i i n t he I i mi t
superconductor” [3].

The dependences of the reduced pinning forgd{kmax) on the value of the reduced
magnetic fieldi hp=H/Hmax) Showed that in the case of a nomagnetic superconductor
YRhsB4, the law of "similarity" holds, whereas in the case of a magnetic superconductor
HoRhs sRWw.-B4 at hy>0.2, there is a significantedtiation from the law of "similarity", which
may be due to the magnetic subsystem of the superconductor, which gives new pinning
centers on magnetic defects.
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The widefield Kerr microscopy has emerged to become a-eshblished, most
versatile and flexible laboratory technique for the investigation of magnetic domains. The
method is based on the magneftical Kerr effect [1,2]i.e., small alterations of the
polarization plane of linearly polarized light upon reflection from a-tnansparent magnetic
specimen, which are then detected and used for magnetic domain image formation.

FeRhalloys (with the Rh content from 47 to 53%) serve as the most convenient model
objects for studying the nature of magnetic phase transitions (PT) in materials showing giant
magnetocaloric effect (MCE) [3,4]. The microstructures of FeRh are consistedgottica
bccB2)Y'arfd par ama)phmses[Blc, fcc, o9 (

Images of the magnetic domain structure were obtained by using a Kerr microscope.
The branched polar magnetic domains of U’ p h
the obtained image intensity of the surface of sample as a function of the aamgpevas
allowed to see the start temperature of phase transition from the FM to the AFM state
T14322 K and the finish temperature of the inverse AFM transformationT, & 317K
without magnetic field. In magnetic field of 500 mT the start of phassitiam from the FM
to the AFM state forT1a318 K and the finish temperature of the inverse AFM
transformationT, & 313K.

This work was supported by funding under the joint program of the Ministry of
Science and Higher Education of the Russian Federatid the German Academic Exchange

Service DAAD dAMi khail Lomonosov/ I-2bmanuel Kan
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Intermetallic cluster superconductors §@1 and MaGaeSb are studied by NMR
and NQR spectroscop¥or MaeGas1 superconductivity state appears beldyw= 9.8 K and
for MosGaoSb superconductivity transition i$c = 6.6 K [1,2]. Both superconducting
compounds show differences from the BCS gap theory and enhanced ebéctnom
coupling.

NMR spectrum for th€°Ga and’'Ga nuclei central transitiofti  z ih WosGaus
was measured by sweeping of magnetic field at fixed frequenb9® MHz (Fig. 1). Knight
shift was measured f6fGa isotope in Gal position with low EFG in range of frequerfifles
to 76 MHz Results of NMR measurement indicate the critical magnetic field of suppressing
superconductivity in MgGas1 is €0Hc2(4.2 K) = 6.5 Tin good accordance with the specific
heat datd1]. Knight shift does not go to zero with decreasing temperature as an evidence of
the spinorbital scattering [3].

MoyGa,,: **"*Ga NMR at 4.2 K at 50 MHz Mo,y “Ga NMR at 4.2 K
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Fig. 1. MaGa field-sweep NMR spectrum at 50 MHz and 4.2 K. In$&a Knight
shift (left) and spirattice relaxation rate (right) as a function of magnetic field.
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9.7Ga NQR measurements MaeacSb were carried out and the spectrum consisting
of 4 pairs of galliumNQR lines corresponding to 4 nonequivalent Ga positions was observed.
The width of®Ga NQR line in Gal position for temperature range above and b&yengl.6
K shows sharp decrease around superconductive transition with rising temperature.
According to ®®Ga NQR spidattice relaxation measurements (Fig.2) at different
temperaturesl/T:T follows simple Korringa law in the normal staté:T = 0.38 s K.

Korringa ratio Y —— ™ p which indicates antiferromagnetic electron

correlations.
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Fig. 2. MaGaoSb spinlattice relaxation rate with various model fitting curves

With decreasing temperature beldwthe HebelSlichterpeak appears indicating full
gap swave type superconductivity. However, experimental-$gtice relaxation data below
Tc reveals systematic deviation from the BCS behavior.

Simulation of relaxation data taking into account antiferromagnetic corresafi
gives the value of two-/pe gaps ofl3and6 K. The weighted average di.6 Kis consistent
with the literature estimate ef12.05 K[2].
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The transition metal oxyborates with a ludwigsteucture are of interest due to their
compl ex magnetic behavior. The magnetic pro
neutron diffraction measurements showed that iron ludwigisB®eundergoes a cascade of
the magnetic transformatiof®M-AFM-Ferri at critical temperaturesyi=112 K and R2=70
K [1-3], as well as a charge orderingTat283 K accompanying by the dimerization. At the
same time, C#80Os demonstrates a single magnetimgigion to the ferrimagnetic state a{ T
= 43 K [4] without any structural and electronic transitions. The replacement of theo@®
with F€"* results in the magnetic behavior becomes similar to that of #B0seThe role of
the trivalent ioninthedd wi gi t e6s magnetic properties has
the synthesis and investigation of new magnetic materials, sudbogdini:sBOs [5],
Ca5Ti0.sBOs [6], and Ca.5SnsBOs[7].

The | udwigiteds cr ysdxgeén odahedmna artdurigamal B b u i
groups. The divalent metal ions prefer to occupy the M1, M2, and M3 crystallographic sites,
corresponding to the 2a, 2b, and 4g Wyckoff positions, respectively. Theskddeg
octahedra form the planes propagating althvege-axis, which are separated by borate groups
and M4 (4h) site filled by the trivalent ions. At the moment, it is clear that thed wi gi t e 0 <
magnetic properties are closely related to the crystal structure and mainly depend on the type
and concentratioof the metal ion (both magnetic and nonmagnetic) localized at the M4
metal site.

Here, we report a new compour@o.sGe.sBOs, in which the substitution of
Co**=1/2(Ca*+G€e") leads to the M4 site is filled by the divalent cobalt iofise single
crystals were obtained by the flux methddhe singlecrystal Xray diffraction has revealed
the orthorhombic crystal structure (sp. Bbanj. The unit cell parameters aa€9.3204(5 | ,
b=12. 1808870357 (2) V=3 4adn. d63vhedbpachyalence sums (BVS)
calculations confirmed the expected charge distribution at the metal sites.

DC magnetization measurements were carried out on a regular shape single crystal
(paralldepiped) along three crystallographic directions using the commercial MPMS
equipment. Firstly, we observed a strong magnetic anisotropy inherent to:B®s@ath an
easy magnetizatiob- axis. The presence of a large difference in the magnetic susceptibility
for the field applied along-, b-, andc-axes, which has been observed over the temperature
range, up to 300 K, suggests the large simheanisotropy of C& ions. Secondly, two
anomalies on the ZFC and FC magnetization curvesngt8B K and [2=34 K clearly
indicate the onset of the antiferromagnetic and ferrimagnetic/metamagnetic transitions,
respectively. The applied magnetic field has a drastic effect on the second trestsitiog
them towards higher temperatures (fig.1). At the range of T=83DB0K, an average magnetic

susceptibility ... Y obeys the modified Cur@/eiss law (insert to
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fig.1). A negative CuridVeiss temperature indicates the predominant antiferromagnetic
interactions, which is in accordance with the ferrimagnetic order. The obtained magnetic

momenteer per CG* ion is well agreed with those for other ludwigites. At T2=K, the M(H)

curve presents a hysteresis loop (Fig. 1b). As the temperature increases, the curve is

transformed, indicating a complex magnetization process for the several magblkitces.
The specific heat measurements performed in the range-808.K revealed two anomalies

associated with the magnetic transitions, confirming that the antiferromagnetic transition at
Tni IS a thermodynamic phase transition. Unexpectedly, the second anomaly is clearly

manifested when an external magnetic field igplieg, indicating the metamagnetic

origination of this transitionThe magnetic properties of the new compound are discussed in

comparison with other Goontaining ludwigites.
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Magnetic birefringence of acoustic vortices in Iron Borate

Prilepsky D.Yu, Strugatsky M.B.

V.1. Vernadskyrimean Federal University, 295007, Simferopol, Russia

In papers [13], the magnetic linear birefringence of a transversely polarized plane
acoustic wave, which is an acoustic analogue of the-kmeNvn optical CottorMouton
effect, was discovered and experimentally and theoretically investigated. The observed
birefringence of sound is caused by the interaction between the elastic and magnetic
subsystems of the crystal, described by the magnetoelastic coupling, which due to the
peculiarities of crystal and magnetic structure of iron borate is anomaly lartesicrystal
[4]. Acoustic waves induce magnetic oscillations, which, at frequencies much lower than the
AFMR frequency, follow acoustic ones in a queguilibrium manner. In the paper [5],
magnetic oscillations in iron borate, caused by longitudinahdcexcited by femtosecond
laser pulses, were investigated.

In the present work, we theoretically investigate the magnetic birefringence of a
transverse acoustic wave with a vortex structure propagating in iron borate. The fundamental
possibility of the existence of such a process is shown, expressions for the magnetic and
nonmagnetic acoustic modes are determined:

the boundaries of the area where the given solutions have a significant amplitude are
establ i shedm? @ ma(srtherradius of thervortex area with the maximum
amplitude). It is also shown that oscillations of the azimuthal angle of the magnetic moment
repeat the shape of the magnetic acoustic moded QuHtQ.
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Transformation of longitudinal sound in iron borate controlled by magnetic field
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The strong magnetoelastic coupling, which is feature of -pEse weak
antiferromagnets, such as FeBematite,etc., manifests itself in a significant mutual
influence of the elastic and magnetic subsystems of the crystal. This makes it possible to
control the parameters of elastic waves propagating through the crystals even with a small
external magnetic field, mich is attractive from the point of view of applications in
spintronics, acoustoptics, and acoustelectronics. Until now, such effects at hypersonic
frequencies (more than 3(MHz) in FeBQ have mainly been observed and studied for
transverse acoustic ades [1]. In [2] it was observed magnetic oscillations induced by
femtosecond laser pulses. It was found that laser pulses directly excite longitudinal sound,
which generates the observed magnetic oscillations through magnetoelastic coupling.

This paper presents the results of experimental and theoretical studies of the
discovered field dependences of the transmission coefficient of longitudinal hypersonic waves
in iron borate. The first results demonstrating the longitudinal sound and theetinagn
subsystem coupling are given in [3]. The experiments were carried out by the method of a
standard acoustic resonance interferometer in the continuous generation mode. FeBO
samples specially synthesized by us were of basal plates form with an eméa-al0 mnt
and a thickness about ~ 16t [ 4] . Operating frequeneies f
Perot acoustic resonance frequency). Experiments have shown that the curves of the field
dependence of the transmission coefficient of longitudinal ddwave an oscillating form.

The experimental results are modeled on the basis of the developed theory. It is shown that
the observed oscillations arise due to mixing of transverse acoustic modes with the
longitudinal sound. The mixing mechanism is due tmnetoelastic coupling and is realized
through the excitation of the magnetic subsystem.

The work was supported by the Russian Foundation for Fundamental Research
(project No 1929-12016).
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In recentyears, the synthesis of diamagnetically diluted trigonal -péeye weak
ferromagnets based on iron borate FeR€quired paramount importance. This is due to the
fact that such materials are in high demand for both fundamental science and practical
appliations. Indeed, on the one hand, such crystals allow one to study the nature of physical
properties of magnetically ordered crystals, =g, [1]. On the other hand, varying the
content of diamagnetic impurity leads to creating materials witkdgrermined properties.

This fact is quite important for modern higgch practical applications of single crystals
based on iron borate [2]. Meanwhil# is necessary to preserve the crystalline quality of
undiluted FeB®, andeven a small amount of impurity reduces structural perfection. Thus,
the search for such diamagnetic ions that would minimize this reduction is necessary.

The present work aims$o synthesize and obtain preliminary characteristics of
Fe.xMexBOs (Me = Al, Ga, Sc) single crystals

The synthesis was carried out in thesMe- FexOz - B2Os - PbO- PbFR: systems using
the flux growth technique [3, 4]. The latter one has shown to bentbst suitable for
obtaining crystals of high perfection [5].

The impurity content was determined byray fluorescence analysis. It was found
that the content of impurity in crystal&ysta, differ from those in the initial charg&narge
Moreover, the value ofcysta has a certain distribution for crystals obtained in the course of
one crystallization. As a result of a number of experimental crystallizations, the charge
compositions wer selected in such a way to obtain single crystals with the same impurity
content includingerysta= 0.06, see Tablg. For each compound, the individual crystallization
temperature mode was developed.

Table 1 XchargeaNdXcrystalfor FerxMexBOs sinde crystals

Fe]_-xAl xBOS Fe_l_-xG a(BO?, Fe_L-xSC)(BO3
Xcharge 0.05 0.05 0.20 0.05
Xerystal 0.0671 0.22 0.017 0.02 0.0571 0.07 0.0571 0.07

The synthesized kE&MeBO:s single crystals had the shape of green hexagonal plates
with dimensions up to 3 mm in the basal plane and 0.06.2 mm in thicknessas an
example, Fig.1. shows single crystaks  AlxBOs.

65



| CEM62021

66

i 1 am
/ i

Fig. 1.The synthesized EgAlxBOssingle crystals

X-ray diffraction analysis confirmed that the synthesized crystals have a trigonal
structure, similar to FeB£ The crystal lattice parameters determined fayofde odBOs3
single crystals are shown in Table 2. As one can see, thedABanmpurities less affect the
crystal lattice parameters than Sc ions.

Table 2. Crystal lattice parameterskah.odaMeo 0B O3 single crystals

FeBG [6] Fen.04Al0.08B0s3 Fen.04Gan.o8B0s Fe&.0450.080s3
a, i |4.62q1) 4.6245(1) 4.6246(1) 4.6397(3)
c, i | 14.4936) 14.4810(3) 14.4808(4) 14.5814(10)

The reported study was funded by RFBR, project numbe824®0054 (crystal
synthesis and Xay studies) and 129-12016 (modernization of the crystallization setting).
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Dipole-dipole contribution to magnetocrystalline anisotropy constants of irorgallium

borates
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1 Physics and Technology Institute, V.1. Vernadsky Crimean Federal University, 295007,
Simferopol Russia
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Iron-gallium mixed borates, k8a.xBOs, are isostructural to iron borate, FeBO
possessing rhombohedral caleigpe structure. Diamagnetically diluted xBex-xBOs single
crystals show easplane weak ferromagnetism in t@e34¢ x ¢1range [1].

The density of the energy of the magnetocrystalline anisotropy for these crystals can
be expressed as [2]:

E =1a,cosd +sind cog sind e sfhy cost, (1)
where a, =a +D’/E is the effectiveuniaxial anisotropy constant, D andE being
the uniaxial anisotropy, Dzyaloshinsiiloriya and exchange constants, respectivdignde

are the basal anisotropy constants ahande are the polar and azimuthal angles of the

antiferromagnetic vectde].
For FeGa.xBOs, a,dande include contributions only of dipoldipole and crystal

field interactions 2] . Mor eover, in the model of Apoi n-
occurs only for uniaxial anisotropy amobt for the basal one. In order to account for the
experimental resultsye haverecentlydeveloped a new approach to calculating the dipole
di pole interaction energy in trilaangahon magnet
negligible sizedipoles P]. For nondiluted iron borate, this approach has proved successful
in interpreting the basal anisotropy in this crystal [2].

The actual work aims at evaluating the dipdipole contributions to the anisotropy
constants ofliluted iron-gallium boratesThe Amp ® r i a nmodelwas wsed tto describe
an extended dipoleWe have developed a computer code modelling5&eBOs crystal
lattice and implementing the lattice sums including only-wooupied sites.

As the main result, the dependences owf the dipoledipole contributions to
a,d ande have been obtained for J&a-«BOs crystals at 0 K. With decreasing iron contents,

theabsolutevalues ofa, d ande have been shown to decrease following a parabolic law.

This work was partially supported by the RFBR and the Ministry of Education,
Science and Youth of the Republic of Crinf€aantno. 184229 1 000 8). ip _a o0
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Influence of arsenic substitution for phosphorus on the helimagnetic structure of FeP
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The scientific interest into FeP, FeAs, CrAs and MarB largely associated with
intrinsic complexity of are unusual magnetic structure, details and generation mechanisms of
which are still a matter of discussions. In our recent study, the magnetic structure of a
polycrystalline and single crystal FeP wasvastigated in detail by means of NMR
spectroscopy [1,2]. To study an influenoé homovalent substitution at nenagnetic
(phosphorus) site of the binary helimagnet FeP on its magnetic structure thepbegge
polycrystalline sample FeRAsx (x=0.33, 050) was synthesized.

Preliminary studies of the magnetic structure of o588 5 were carried out by
M ssbauer spectroscopy, Wwhi coBAsobtohesidhilarhwghl i ma g n
that in the parent FeP compound. [3] However, because bfghequadrupole splitting of the
M® ssbauer spectra, it is not possible to rev
of this sample. Therefore, the most suitable method for studying the magnetic structure of this
compound is NMR spectroscopy.

In this paper we present the fiedeep3'P NMR spectra measurements at several
fixed frequencies and zefeld NMR spectra at 4.2 K performed on the singlase
polycrystalline sample FeRAsx with 33% and 50% substitution of As for P. In contrast to
M° s s brasules,rwe observe dramatic symmetry reduction of magnetic structure in FeP
«Asx (x=0.33, 0.50), resulting in essential narrowiig NMR spectra. This narrowing points
to phosphorous local fields decreasing compared to parent FeP.
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Issues related to thermal radiation of solids were actively studied, in particular, in the
middle of the last century {2] and at present [4, 5 and references therein]. Typicabyrrial
radiation has common characteristics: radiation is usually incoherent, broadband, unpolarized,
and the radiation pattern is almost isotropic. It obeys a number of fundamental restrictions: the
spectral density of thermal radiation is limited by Pkdédaw of thermal radiation. Heat
radiators usually obey Kirchhoff's law, i.e. angular absorbance and emissivity should be equal
to each other. All of this imposes serious restrictions on the ability to control thermal
radiation. On the other hand, redgnhew materials have attracted considerable attention of
researchers: 2D materials and structures based on them, materials undergoing phase
transitions, materials in which the interaction of subsystems is observed (for example,
magneteoptical, magnetoanstic effects, etc.). All this forces us to revise past results and
apply them to new materials and structures.

We investigated the features of thermally stimulated radiation in an anisotropic
medium using for example a semiconductor placed in a magnetic field. The electrodynamic
characteristics of such a material can be described by an antisymmetric dieleabricviéms
the following componentdix = Gy = 17 ¥p¥(¥? - ¥1?); U= 17 wp2¥?% Qy=- Ux =1 ¥u P2
I [¥ (¥? - ¥1?)]. Herevp andyy are plasma and cyclotron frequency, accordingly. For a given
tensor, the magnetic field is directed al@eaxis. In such an environment, two types of waves
can propagate. Therefore, the emissivity will consist of three ternts BHx,1 + dx,2 + dx,12,
wheredy, is emissivity for waves ofth type,dy 12 is an interference term. As shown earlier
[3], the kst term does not play an essential role. For definiteness, we will choose vanadium
dioxide VO, in which a metakemiconductor phase transition occurs at temperatures close to
room temperature. For the semiconductor phase, the characteristic paraneessréofiows:
¥p ~ 10 rad/s,¥n ~ 1 H rad/s. The main issue in this work is to study the effect of an
external magnetic field on the emissivity of an anisotropic medium. Consider, for
definiteness, the radiation of the THz frequency range= 6 102 rad/s). The calculation
results are shown in Fig. 1.

It can be noted that the difference in the emissivity for different types of waves is
stronger in the direction along the magnetic field, across the magnetic field the emissivity of
one of thewaves does not depend on the magnitude of the field, while for the second wave it
increases slightly. The total emissivity for the two types of waves grows with increasing
magnetic field; however, at reasonable magnetic fields up to 1 T, this increasigmsficant.

The polarization composition of radiation in a magnetic field will differ significantly from the
polarization of radiation in the absence of a magnetic field. The results obtained awaken
interest in the further study of these effects in raylér nanostructures, when not only-far

field radiation, but also nedield interactions will play an important role.
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Fig.1. Emissivity of a semiconductor in a magnetic field.
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Isotopically modified single crystal silicon as functional mateal: effect of isotopic

composition on lattice constant

Sozontov E.A.
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The study of the effect of the isotopic composition on various properties of materials
such as the lattice dynamics and the electronic band structure of crystalline solids has
attracted increasing interest [1]. Practically all physical properties of lsyi#pend to some
degree on their isotopic composition, sometimes yielding new, even exotic features. The
thermal conductivity of isotopically enriched crystals, for example, can considerably exceed
the values for the corresponding natural materials. Bifying silicon to >99.9% o#8Si, the
phonon meatriree path increases, thereby significantly improving the thermal conductivity.
The thermal conductivity is enhanced by approximately 70% at liquid nitrogen temperature
and by a factor of 7.5 at 26.5 K. The maximum thermal conductivif§jSifat 26.5 K is2.5
times higher than that of diamond [2].

A precise determination of the lattice constant of isotopically controlled Si is relevant,
apart from basic interest, for its metrological and other applications. The influence of the
isotopic composition on thiattice constant [3] is due to the combined effect of zerint
motion of the atoms and the anharmonicity of the potential. Thus, this is purely a quantum
mechanical effect. Compared to the influence of the isotopic mass on the vibrational
properties otrystals, the effect is small. Theray standing wave (XSW) technique [4, 5, 6]
can be used to determine the lattice constant difference with very high accuracy. Following
our early work [7], we report here the application of the XSW method to the cadaigifly
enriched®’Si film on a Si single crystal with natural isotopic composition. Employing XSW
and photoemission we find the ~rlel8PhndB0 | att i
I -if@r Siat 300 and 30 K, respectively.
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The mechanical properties of crystals are formed by the motion of dislocations and
their interaction with other structural defect¥he dependence of mieanical properties of
functional materials on the dislocation density under gstasic deformation is adequately
described by the Taylor relationship where the yield stress of metals and alloys is proportional
to the square root of the dislocation densrhis relationship takes place in copper and steel
under high strain rate deformation. However, Taylor relationship can be violated in the case
of high strain rate deformation of aged binary alloys. High strain rate deformation has its own
distinctive fatureg1, 2]. Dislocations make ovdrarrier sliding under suatleformation The
dissipation mechanism under study consists in the transition of the kinetic energy of a
dislocation to the energy of its transverse vibrations in the slip plane. The force of dynamic
drag of a dislocation by structural defects depends not onlgedndoncentration, but also on
the spectrum of dislocation vibrations, primarily on the presence of a gap in it. Under high
strain rate deformation, the dislocation density can reach valué§“of 10°m2. In this
case, the main contrition to the formation of the gap is made by interdislocation interaction.
The theory of dynamic interaction of structural defects makes it possible to obtain an
analytical expression for the yield stress [3, 4]

K
t= +abgh
r+b?n, é

Here ¢ is the dimensionless misfit parameter of impurity atonmg, is the dimensionless

concentration of these atontsis the modulus of dislocation Burgers vector,is dislocation
density, m is a shear modulu is a coefficient depending on the concentration of Guinier

Preston zones. It is shown that dislocation density dependence becomes nonmonotonic and
can have a maximum. The position of the maximum is determined by the dislocation density,
at which the intatislocation interaction becomes dominant during the formation of a gap in
the vibrational spectrum.
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The ThCu compound is interesting due to the existence at low temperatures of a long
period antiferromagnetic structure, giant magnetostriction, and the presence of direct and
inverse magnetocaloric effects at low temperatures. In the presented woak, iaitio
calculation of the electronic structure and an estimation of the parameters of interatomic
exchange interactions were performed using the-feligtivistic SPRKKR package.

We found that the isotropic part of the-Tb 400
interatomic exchange interaction is relative 300 ]
weak (3.3 meV) and rapidly decreases w
increasing distance (Fig. 2). Fast oscillatic
of Jij indicates significant spatial anisotropy
The components of the isymmetric part of

the exchange interaction also rapic
decreases with interatomic distance. T
strong spatial anisotropy of the vector Dij,
which the various components differ by mc E Ry
than an order of magnitude, turned out to Fig. 1. Electronic structure of th
surprising. ferromagnetic TbCu The vertical line
indicates Fermi level.
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Fig.2. The isotropic exchange couplii Fig.3. Components of Dzyaloshinskiioriya
parametergj between Th atoms. interaction vector between Tbh atoms.
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Multifunctional materials are of interest for fundamental condensed matter physics and
decisive for the design of moderrchmologies. One of these materials isGa which has a
complex magnetic structure [1]. In this material, there is strong competition between the
ferromagnetic (FM) and antiferromagnetic (AFM) states as shown in Fig. 1 (a). Due to this,
several transitios between these states are observed when the temperature increases [2].
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In addition to the AFM phase, the alloy also exhibits an incommensurate esgsity
wave (ISDW) state [3]. The reason for the appearance may be in strong nesting in-the spin
polaized Fermi surface. Figs 1(b, c) show the Fermi surfaces for bottug@nd spirdown
electrons, which are the sets of parallel planes indicating strong nesting. Competitive
behaviour between FM and ISDW states leads to susceptibility to external agoturb
allowing magnetic transitions to be controlled by temperature, external field, or pressure.
Thus, FeGa; is a perspective material for new magnetic memory devices, such as
components of spin valves with tunneling magnetoresistance.

This study was saported by the Ministry of Science and Higher Education of the

Russian Federation within the framework of the Russian State Assignment under contract No.
07500299221-00.
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In this work, a quanturshemical analysis of the efficiency of using polyarylenes in
interface structures was carried out. Quantimamical calculations were carried out for
molecular systems, which are model sgsteof polymers of the polyarylene class. In total, 27
representatives of this class of compounds were considered. For all molecules, guantum
chemical calculations were carried out using the density functional theory method B3LYP / 6
31 + G (d) and theorefally estimated such energy parameters as the total energies of
molecules and their negative and positive ions in molecular and optimized ionic geometries;
energies of occupied and vacant molecular orbitals; the values of the vertical and adiabatic
electron affinity and ionization potential, as well as the dipole moment.

In this work, we propose an algorithm for processing the results of quantum chemical
calculations based on the analysis of the energy characteristics of the monomer unit of the
polymer, wheh makes it possible to reveal a certain relationship between the chemical
structure of an organic compound and the electronic properties of the metal / polymer
interface. The proposed algorithm made it possible to identify areas of maximum deviation of
erergy parameters and specific compounds that are of interest for the formation of hetero
structures.

This work was carried out with the support of the Mirror Laboratories project of the
National Research University Higher School of Economics and the B&take Pedagogical
Universityn.a. M. Akmulla.
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The influence of temperature on a lattice of cylindrical magnetic domains (CMD) and
on domain walls in magnetouniaxial film has been experimentally studied. The investigations
were carried out on the film of (TmB{FeGajO12 composition (K=437K, Tc=120K,
h=8.40m), wli Beeldempesature, il ¢he Magnetic compensation temperature,
hi film thickness (Fig.1).
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The topicality of this study is that investigations performedtican be used in
constructing devices for recording and storing information on the spins of domain walls
(DW). In these devices, simultaneous and/or parallel recording and storage of information on
domains and on spins is possible, which can significaetlyand the capabilities of such
devices.

The lattice of CMD is formed by a monopolar pulsed magnetic field perpendicular to
the film plane. Then the field is removed. The action of a pulsed magnet field creates vertical
Bloch lines (VBL) in domain wall. Pon a change in the temperature, a Hinster phase
transitions occur on the DW, which induces a phase transitions in the lattice of CMD. The
mechanisms of phase transitions in the domain wall upon heating and cooling of the film
differ significantly. Thenumber of VBLs in the domain wall decreases upon heating via
annihilation, and upon cooling, due to unwindifiggmperature stability interval of CMD
lattice depends on the structure of domain wWailie to decrease in the number of VBLs in the
domain boundry, the temperature stability interval of the CMD lattice increases. The CMD
lattice with a simple Bloch wall is the most stable and persists in a wide temperature interval.

It was shown experimentally the quantization of domain walls upon a change
temperature of film (Fig.2).

1 1
150 200 250 300 350 400 T.K T4 '|'2 TF
Tz Te T;
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Experimental studies andab initio calculations of Th2Ti2O7and (Ero.05Y 0.95)2Sn07

pyrochlore systems properties

Spiridonova A.\, Romanova |.\}, Nedopekin O.\/4

linstitute of Physics of Kazan (Volga Region) Federal University, 420111, Kazan, Russia

Magnetism and magnetic materials are pervasive in everyday life from electric motors
to hard disk data storage. From a fundamental perspective, magnetic materials and theoretical
models of magnetic systems have, since the original works of Ising and éftdted
physicists perhaps the best test bench to investigate the broad fundamental concepts, even at
time universal ones, underlying collective phenomena in nature [1].

Nowadays geometrically frustrated magnetic systems are intensively studied
theoreticély rather as experimentally [2]. Pyrochlores of typsBA0O7, where A =Er**, Dy®*,
T3, Ho*, Sn?*, Y3, Tm?* stands for a rarearth ion, show exotic magnetic behaviors such
as dipolar spin ice and spin liquid phases, a first order transition in the spin dynamics and
complex antiferromagnetic orders. The type of magnetic order depends on the balance
between anterromagnetic exchange, dipolar and crystal field energies.

The synthesis of rarearth pyrochlore§b,Ti>O7 and (Eb.05Y 0.952SnO7 was carried
according to standard optical floating zone method. Théhpgeat i Ng t emper at ur e
and the synthesis tgraratures were about 13004 0 0 A C..

Fig. 1. Growing of TbTi207 single crystal by the optical floating zone techniq

The samples were analysdy X-ray powder diffraction to confirm their phase
purities. All XRD measurements in this study were done using a Bruker D8 ADVANCE
di ffractometer, Cu K UMagnetid prapértieo were determined by 5 4 0 6
vibrating magnetometry using a Phgali Properties Measurement Syst@nby Quantum
Design in the magnetic fields up to 90 kOe and the temperature range of 5 K to 300 K. EPR
measurements were made using a laboratory EPR spectrometer.
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The pyrochlores of typA2B20y crystallize into a face centred cubic structure with the
Fdom space group (No. 227 in International Tables of Crystallography). Theoretical
investigations on pyrochlores are mainly based on model Hamiltonians, involving Heisenberg
exchange, dipotdipole nteractions and single ion anisotropy, which are parametrized by
using experimental data. The lack of modabninitio calculations on these materials prevents
microscopic understanding of these magnetic model Hamiltonians. A phonon spectrum is
most adequaly reproduced from modeiab initio calculations of periodic structures, which
allows the reproduction of all modes of a given structure.

The crystal structure and the phonon density and mode sjadctrétio calculations
have been carried out by usi®GAI PBE-sol functional by the density functional theory
method [3]. The calculations were performed within VASP and Phonon modules of MedeA
software. The IRactive, Ramara ct i ve and fsil entodo modes of si
The specific heat of Hi-07were calculated.

. y T
12
- L Model Schottky (User) 1 [ i
w11k Equation ANdE/X)"2 exgggjg/x)/(1+exp(dlz/ .f i
* L
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_ r A 14,34071 + 0,12376 Py 3
9 Reduced Chi-Sq 0,02575 .O . -
o 3 R-Square (COD 0,08758 ° /
IS 8 Adj. R-Square 0,98719 f J .
~ 7 | _
-
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1 ]

T (K)
Fig. 2. TBTi-O7 specific heat dependences at the different initial conditions

All performed calculations are in a good agreement with experimental data and
previous results [4]. The (Eg$sY 0.95)2SnO7 synthesis and measurements were carried for the
first time. Theab initio calculations are extended to describe the whole range céaste
ions as A and concentrated on anisotropic magnetostriction of given pyrochlores.
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Thermal transient mechanical loss in NiMn-Ga alloys

Kaminskii V.V., Kalganov D.A.

ITMO University, 197101, Saint Petersburg, Russia

Investigation of materials with thmagnetic shape memory effect in the-Nin-Ga
system is a challenging task from both a fundamental and an applied point of view. The
urgency of this works is due to the prospect of creating micromechanical devices that are
unique in their size and energyieiency. Operation of these devices is based on the effect of
magnetic domains reorientation under the influence of external fields.

Temperature dependence of internal friction curve ifMINiGa alloys reflects the
process of structural transformation®nfr the initial cubic phase through a number of
intermediate modulated phases to the austenitic one [1,2].

In this work, we studied samples of thesddMn2gsGap16 Single crystal at different
temperatures and heating rates and determined the thernsaémtamechanical loss from the
effective modulus (Fig.1) of elasticity using a composite piezoelectric oscillator [3].
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Formation of the equilibrium lattices of stripe domain structure in the ferrite-garnet

film

Siryuk Yu.A.}, Bezus A.VY, Kapshukov R.A, Kononenko V.\2

! Donetsk National University, 283001, Donetsk, Ukraine
2 Donetsk Institute for Physics and Engineering named after A.A. Galkin, 83114, Donetsk,
Ukraine

The influence of temperature on a lattice of cylindrical magnetic domains (CMD) and
on domain walls in magnetouniaxilm has been experimentally studied. The investigations
were carried out on the film of (TmB{FeGajO:2 composition (K=437K, Tc=120K,
h=8.40m), wli Beeldempesature, bl ¢he Magnetic compensation temperature,
p.d:10°m hi film thickness.

20 » The topcality of this study is that investigations
L — performed in it can be used in constructing devices for
12l transporting magnetically tagged microbiological
L I particles. These devices can be used for sorting chemical
particles according to their sizes at differemhperatures.
, , , - An equilibrium lattice of stripe domain structure
0 05Hc 1.0Hc 15Hc H,,.0e (D) js formed by a monopolar pulsed magnetic field
Fig.1. Dependences of lattice peripd perpendicular to the film plane in zero bias field. The
and domain widtrdon the strength ) <0 fraquency and duration are selected experimentally.
ofthe pulsed magnetic fid forming oy the pulsed field is meoved. It is found that the
the DS at T= 300K.
lattice period of a stripe DS depends on the pulsed field
strength (Fig.1). We have obtained a number of
equilibrium lattices of the stripe DS, which have been forms at T=300K by a pulsed magnetic

field of strength 0.5HHO H O 1, véhete
o ury.
o\ —————— |, e

s

Fig.2. Types of domain structures of the film at T= 300K: (a) stripe DS lattice formed by pulsed field
H=0.5H; (b) stripe DS lattice formed by field H=1:5(¢) wavy DS after the removal of the pulsed field.

Hc is the CMD collapse field. The lattice formed by a field of strength H= clt&s the
largest period and is unstable (Fig.2). After the removal of the field, this lattice is transformed
into an equilibrium wavy structure, i.e., a fieftluced firstorderphase transition occurs [1].
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Atomic-force microscopy: Application to investigation of surface morphology of Be14B

functional materials

Kaminskaya T.P, Pelevin .A2, Paukov M.A34 Tereshina I.S:?

! Faculty of Physics, M.\L.omonosov Moscow State University, 119991, Moscow, Russia
2 Catalysis Lab, National University of Science and Technology MISIS, 119991 Moscow,

Russia
3 Faculty of Mathematics and Physics, Charles University, Prague 12116, Czech Republic
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Husinecer e §5068,Czech Republic

Novel hard magnetic materials represent multicomponent allgiys /B-type, require
special treatments aimed to form proper microstructure which provides high magnetic
characteristicsuch as remanence and coercive force IfiMestigation of microstructure of
these alloys including volumetric and superficial features is separate complex scientific
problem [2,3]. Present work is aimed to define all particularities of surface morphology study
of RoFesB (R = Nd, Gd, Er and Y)llays using atomidorce microscopy technique.

The samples with corresponding compositions were obtained by means of rapid melt
guenching method with various drum rotation speed, thus-lhkped samples were formed.
The rapid quenched samples had tiitna grain structure with narsized grains (70 nm
average), so high resolution atonAfiizce microscopy is a suitable method of investigation of
such samples and their surface morphology.
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Fig. 1.Microstructure of ¥FewsB quenched with 20 mfseft) and 30 m/s (right) drum
rotation speed obtained using atoffacce microscopy.

The larger grains (structural elements observed on the surface by AFM are supposed
to be grains) were found for Nek1sB alloy, whereas fine grains in @€k4B are comhied
into agglomerations with average size of -BB® nm. EfFeisB rapid quenched alloy
possesses the finest grain structure witlB@5'm average size along with some amount of
their agglomerations up to 100 nm sizeF#4B demonstrated medium charactecs. It
should be noted that yttrium is a suitable 1moagnetic analog of the rasarth metals (REM)
convenient for various structural investigations which further might be extrapolated on
compounds with magnetic ions{R
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Fig. 2. Atomic-force microscopy microstructures of;fe4B (R = Nd, Gd, Er)
quenched with 20 m/s drum rotation speed.

Among the information gathered f&:Fe14sB alloys there are the topography of the
contact and free surface of ribbon samples, intergrain coupling, morphology of nanograins
and clusters in the neaurface layers, the size of particles and their distribution. A
comparative analysis of the resultstained has been carried otlihe influence of the REM
variety on the shape of the formed grains was found.

This work is performed with financial support of the grant of Russian Science
Foundation (RSFproject #21-79-10239.
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Thermal Behaviour of Hollandite-like Solid Solutions in the TiG:-K 20-MnO -Al 203
System

Saunina S.1, Tretyachenko E.V, Maksimova L.A?, Vikulova M.A2,
Zakharyevich D.A., Gorokhovsky A.\2, lagafarov Sh.Sh.

IChelyabinsk State University,shakir@csu@helyabinsk, Russia
2Yuri Gagarin State Technical University of Sargtikulovama@yandex.ru, Saratduissia

Currently, complex oxides based on titanium and alkali, alkadaréh, transition and
other metals with hollanditdike structures and the general chemical formula ARTd are
attracting interest due to their electrical and magnetic propertieM@bt methods for the
synthesis of such structures involve the replacement of strifotunéng titanium with one
modifying metal. [2,3].

In this study, using a unique solution technology, holladditesolid solutions were
obtained by modifying potassium polytitanate with compounds of two metaBnganese
and aluminum.The evolution of the phase mposition of potassium polytitanates (PPT)
modified with manganese and aluminum salts at different molar ratios of metals (Mn:Al =
1:1; 2:1; 3:1) has been studied byra§ diffraction and thermal analysis after heat treatments
at 300, 550, 600, 750, and®0 A C .

According to the Xray diffraction data, PPTMn/Al samples with a 1:1 and 3:1 ratio
at temperatures of 550, 30G:(pkase wihnadhollZnditke AC ¢ o
structure and Ti®@in the anatase modification. The amount of the anatases pleaseases
with an increase in the heat tr eaiOgphasdis t e mpe
detected in the samples. In the PPWMIn / Al sample with a 2:1 rat.i
phases KMnTOg and TiQ (anatase) are detected. Howevee #mount of anatase phase is
negligible. Af ter heat treat ment a-phas€ 50 an
Interlayer aluminum hinders the formation of the anatase phase by preventing the
convergence of the octahedral layers.

On the DSC curve (Fidl) for the PPT- Mn/Al (1:1) sample, 2 endothermic effects
are observed: 1 removal of physically sorbed water from the surface and from the interlayer
space at abreastion A(OH}Y AR, OQH a3106 ARQI

100

549,3°C  656,4°C 41,1
-10,57% ) e

~0,08%

80
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Fig.1. TG and DSCurves for PPIMn/Al (1:1)
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In addition, two exothermic effects are observed on the same DSC curve. The first
(Tmax= 549.3 AC) is probably associcatend. Thei t h p
second (hax= 656. 4 AC) , a c c cenmptlaensangle weiglt, isaassociatadc r e a ¢
with the formation of hollanditéike structure (with a change in stoichiometry) involving
manganese cations. Similar results were obtained for the- RRITAI (3:1) sample. For the
PPT - Mn/Al (2:1) sample, the DSC cwe contains only one exothermic effect with
Tmax= 596 AC, which is not accompanied by a ch
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41,1
-12,86%
95 | s
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@ 0,0
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Fig.2. TG and DSC curves for PBN/AI (2:1)

Thus, aluminum cations as an additional modifying additive contribute to a skednea
the initial temperature of the formation of the tunnel structure of hollandite with the
composition KMnT$Og. X-ray phase analysis did not show a clear connection between
exothermic effects and phase formation.
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Influence of multi -axial isothermal forging on the stability of martensitic transformation

in the Heusler alloy of the N#Mn-Ga system

Gaifullin R.Yu.ls 2 Musabirov I.I.2, Safarov I.M.2, Galeyev R.M

1Bashkir State University, 32 Zaki Validi St., 450076, Ufa, Russia
2Institute for Metals Superplasticity Problems, Russian Academy of Sciences, 39 Kislturin
450001, Ufa, Russia

In Heusler alloys in the range of room temperatures, a martensitic transformation
occurs, in the range of which such effects as the ferromagnetic shape memory effect and the
magnetocaloric effect are observed. Due to these effects, alloys are classfiiedtiasal
materials. A common disadvantage for monocrystalline and polycrystalline samples is
reduced mechanical properties. With multiple cycles of direct and reverse martensitic
transformation, the specimens are subject to destruction. To improve ehbkamical
properties of alloys, it is possible to use such methods of ther@ehanical treatment (TMT)
as severe plastic deformation by torsion, rolling, madial isothermal forging (MIF), etc.

The deformation of materials by torsion and rolling makg®ssible to obtain thin samples
(strips, disks) with required structure. In comparison with them, it is possible to obtain a
volumetric billet by forging, which is an advantage over other TMT methods. The authors are
intensively developing schemes anadas of thermanechanical treatment by methods of
multi-axial isothermal forging and forging followed by extrusion and their influence on the
functional properties of Heusler alloys of theMn-Ga system [$6]. The advantage of this
processing method idhé production of a bulk material with the required microstructure,
different levels of microstresses and texture. At the last stages of deformation processing, with
the sacalled broaching, the formation of a sharp crystallographic texture is possibdé, ig/hi

an important aspect for obtaining the maximum possible value of the functional effect. After
forging the alloy, a working element of the required shape and size can be cut from the
already obtained workpiece.

This work presents the results of a studthe effect of thermanechanical treatment
by the method of muHaxial isothermal forging of the Heusler alloy on the microstructure,
physical and mechanical properties.

The alloy was forged on a Schenck Trebel RMC 100 complex loading machine.
Staged psetting of the sample by 3®% was performed at a temperature of 973 K and a
strain rate of 0.2 mm / min. The total true

The study of the mechanical properties and stability of the martensitic transformation
of the alloy was caied out on a threpoint bending device of our own design. It makes it
possible to measure the dependence of the bending deformation of a specimen of a shape
memory alloy on temperature and mechanical stresses in the specimen.

Precision analysis of the efft of deformatiorheat treatment on the characteristic
temperatures of martensitic transformation carried out using differential scanning calorimetry
showed that as a result of deformatloeat treatment, there is a decrease in the characteristic
points d martensitic transformation in the region of low temperatures by 28 K. The
corresponding results are presented in Fig. 1.
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Fig. 1. Comparison of DSC curves of the Fig. 2. Dependenc&((, t) for an
alloy in the ascast state and after forging. alloy specimen in a forged state

The study of the dependence of the bending deformation of alloy specimens on
temperature and the number of thermal cycles performed for the forged state of the alloy
showed that the specimen demonstrates 3.1% reversible deformation at a stress of 860 MPa
( &), and during cyclic tests showed 4% of reversible deformation at stee550 MPa
having passed more than 4000 thermal cycles without destruction (Fig. 2.). For alloys of this
group, it should be noted that the applied stresses have practically no effect on the phase
temperatures. I n t his c alsiohis catculaged ds tha difierence ma t i
between the temperature of the end of the transformation from martensite to austenite Af and
the temperature of the end of the transformation from austenite to martensite Mf, was
approximately 50 K at low stresses {360 MPa) and increased to 90 K at a voltage 860
MPa.

Thus, forging makes it possible to increase the performance properties of the material
in comparison with the cast state of the alloy.
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Phase states and spectra of isotropic nemeisenberg magnet with s = 2.

O.A.Kosmache¥ Yu.A. Fridmart, B.A.lvanoV

ernadsky Crimean Federal University, Simferopol, Republic of Crimea, Russian Federation
2 National Research Technological University "MISiS", Moscow, Russian Federation

The phase states and spectra of elementary excitations of an isotropic magnet with S=2
are investigated taking into account all admissible spin invariants in the-fralghn
approximation and low temperatures.

The Hamiltonian describing such a model is:

.. - SRV 33 RN

H= 28 {m(83) (59 alsd & 55
n, ni
The system under consideration assumes the possibility of splitting into two

sublattices. It is known that at negative values of the exchange interaction constants, two
sublattice structures are realized: an anferromagnetic and orthogonally nematioplsask f
[1] and an anferromagnetic and antinematic phase for S=3/2 [2]. Naturally, in a magnet with
S=2, in addition to the anferromagnetic phase, a wide variety e$iviattice nematic phases
of different symmetry can exist.

The analysis of the freenergy density and the spectra of elementary excitations made
it possible to determine all the permissible phase states of the system, as well as to determine
the types of phase transitions between stable states. It should be noted that our results are in
good agreement with the results of works [3]. It is shown that an orthogonally nematic phase
is realized, in which the principal axes of the ellipsoid of quadrupole moments are orthogonal.
The second twaublattice nematic phase is realized only at a negatilue of the exchange
interaction F, and is characterized by corrugated ellipsoids rotated around the principal axis of
the quadrupol e moment tensor relative to eac

Phases characterized by higher multipole moments are investigaice the average
magnetization per site is zero, and the ellipsoid of the quadrupole moment tensor degenerates
into a sphere: tetrahedral and antitetrahedral phases.

In addition, as a result of an analysis of the free energy, it was found that two
siblattice structures with nonequivalent sublattices can be realized in a magnet with S=2.
These phases are characterized by a saturated value of the average spin of one of the
sublattices and an unsaturation of the average spin of the second sublattice.

The research was funded by RFBR and Republic of Crimea, project numér 20
910003 (O.A.Kosmachev)
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Phase states of spii Ising-like magnetic with strong singleion anisotropy

Yarygina E.A?, Klevets Ph.N, Fridman Yu.Al

v.1. Vernadsky Crimean Federal University, 295007, Simferopol, Russian Federation

We study the phase states and dynamics of sstiatattice Isingantiferromagnet with
easyplane singldon anisotropy in an external magnetic field perpendicular to the@asg
of the system. The model Hamiltonian has the following form:

O veE & YY va a Y'Y veg a YY

I Yoo Y 'O Y 'O Yh P
where0 and0 are the constants of-Bublattice exchange interaction of the ferromagnetic
type, that is, both constants are negativejs the constant of intesublattices exchange

interaction of the antiferromagnetic type, thatvis 11 T is the constant of #heasy
plane singleon anisotropy;Ois the external magnetic field.

It is shown that depending on the relationship between the material constant and the
external field, one of the four phase states can realize in the system:

1. Ferromagnetic phase;

2 ASupseol i do ma g n edlinear gntiearamagnadia phaseoim which each
sublattice has nerero magnetization, but they are tilted with respect to the OZ axis
on different angles;

3. Mixed phase in which one of the sublattices is characterized withctarverder
parameter, while another sublatticevith a quadrupole order parameter. At this, one
sublattice has nemero magnetization, while magnetic moment per site equals zero for
another sublattice;

4. Quadrupolar phase in which both sublattices has m&xgnetic moment per crystal
site.

As we were interested in the case of strong siugle anisotropy when the
Asupersolido magnetic phase is possible, we
which can also realize in the model considered.

All phase transitions between the phases, listed above, are of the first kind. The phase
diagram of the system for the case of strong stiagieanisotropy’( T 9 is shown in
Fig. 1 below.
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s
Fig.1. Phase Diagram of the system. Solid lines denofghidiee transitions fields, dash lines

I the fields of stability for the corresponding phases. FM denotes the ferromagnetic phase; SS
ithe Asuper sol i dathemaixgchpbasd, QPthp quadsupojar pheBe.

It should be noted that the SS phhseomes metastable when the constant of single
ion anisotropy is less that the value, defined above.
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Is it possible to control stress states in metals by conducting polymers.
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A fundamental feature of the stress states in metals is that they cause distortions of the
equilibrium crystal lattice. Distortions can be of different dimensions, fromdierensional
to threedimensional. Hence, the shape and length of the stress states can be different. From
the point of view of the band theory, it means that the Schrodeugetion in these areas will
have different solutions. Therefore, the position of the high occupied level of the electrons
will be different.

Currently, for obtaining useful electronic properties an interface approach to the
design of multilayer hybrid gictures is being actively developed. This approach is also very
productive for the metal / polymer interface. In this case, the polymer is considered as a
material with variable parameters due to variability of its chemical structure.

The report presentn alternative approach to this issue. In particular, the electronic
properties of metals change in the metal / polymer interface. This change is created by
deforming metals in various ways, from elastic to plastic deformation, including destruction
of sanples.

The electronic properties of the interface are very sensitive to minor changes in the
equilibrium structure of the metal under small influences. It is shown on a large number of
metal / polymer structures. It is established that elastic and plasfticnthtions lead to
different changes in the energy structure of the contact. In one case, the potential barrier at the
border increases. In the other case, it decreases. It depends on the reaction of the metal to the
deforming effect. In one case, theesffive work of the metal electron output decreases in the
other case, it increases.

There is a synchronous rearrangement of the electronic properties of the polymer due
to the large electrephonon interaction in the polymer material. It causes a chantjee of
charge carriers mobility and concentration of charge carriers. All this leads to a significant
change in the conductivity of the structure under study.

The report presents the samples of practical application in the field of control of stress
statesm the metal constructions.

These works were supported by the projec
Research University #fAHigh School of Economi
University named after him M.Akmulla.
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Theoretical prediction of the structure and electronic properties MAX phase (M=Fe,
Cr, Mn; A=Al, Si; X=C)

Tomilin F.N.}2 Kozak V.V2, Ivanova D.A2, Fedorova N.&, ShubinA.A.2,
OvchinnikovS.G!
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The MAX phases are a unique material with the properties of metals and ceramics.
Like ceramics, they have low density, high strength, good corrosion, andehiglerature
oxidation resistance; l&k metals, they are high electrical/thermal conductivities, relatively
soft, appreciable machinability, thermal shock resistance, and good damage and radiation
tolerance. They are highly promising candidates for various applications, such as structural
materials, corrosion protection, and nuclear fuel cladding coating materials These phases are
also called nantaminates because of their layered structures, which consist of hexagonal
carbide blocks [Mn+1X and planarhat omi ¢ s heet s wiigtap st al&i ag
along thez-axis in the sequence .../[Mn+3XA/[Mn+1X]/A/... The properties of MAX
phases include high electrical and thermal conductivity, heat resistance, damage resistance,
readily machinable, higmodulus, and low density [1]. The atomic and electronic structure of
Me2XC (Me = Fe, Cr, Mn; X=Al, Si) was found using the DFT level of the theory by the
CRYSTAL program [2]. Obviously, the obtained results depend on the functional used in the
calculatian, the choice of which can be carried out from a wide range of options. Among the
widely known and traditionally used functionals for the DFT method, such as GGA (PBE),
hybrid (PBEG13, B3LYP), metaGGA (MO6L, M06, M062X, MO6HF), and range separated
(CAM-B3LYP) DFT functional. The analysis of the change in the optimized geometry
parameters (CrFe)SiC in crystal cell and the atomic spins and chargesaofl Cr were
carried out depending on the used functional. According to calculations theI33BGLYP,
MO06, and CAMB3LYP functionals give a satisfactory result and are in good agreement with
the literature data [3, 4]. To simulate the possible magnetic properties, structures with
different spins were calculated. All MAX phases showed high spin on metas.afidran,
carbonterminated slab structures were obtained from these structures. Then various materials
were placed on these slabs, such as graplmeB8l, g-CsN4. These structures showed high
stability, which shows the prospect of using such heterostasciarvarious applications in
electronics.
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Section 2
Ferro- and Antiferromagnetic Spintronics
and Magnonics
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SpinZlorque Diodes: From Fundamental Research to Applications
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Among a rich variety of emerging spintronic devices, a-smique diode (STD) is among
the most interesting ones, from both fundamental and applied point of view. Thaicgen
effect occurs when microwave alternating electric current injected into magnetic tunneling
junction (MTJ) is rectified due to the simultaneous actions of tunneling magnetoresistance
and spintransfer torque. While the sensitivity of STDs observed in the firskswwyas rather
modest (about 1.4 mV/mW), after only a few years the researchers managed to increase it up
to 200 kV/W and to demonstrate the rectification at input power of nW level, which radically
exceeds the capabilities of the mainstream technolodychbttky diodes. This impressive
progress is based on a deep understanding of the complex STDs physics, and on the recent
advances in MTJ fabrication technology.

In this talk we analyze the experimental pathway toward increasing of the sensitivity and
extending the frequency range of STDs, as well as theoretical works aimed at explaining the
complex nonlinear dynamics. Finally we review the wide variety of possible STDs
applications.

This work was supported by Russian Science Foundation (grant 20®132)
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Spin injection switching on and switching off

Bebenin N.G.
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Spin injection from a ferromagnet to a semiconductor is investigated theoretically and
experimentally for manyears. The electric current and spin current are usually considered as
being independent of time. A real device is however switched on and off, so it necessary to
consider transients, that is, how magnetic moment injected from a ferromagnet propagates in
non-magnetic material. For definiteness, this imagnetic material is taken to be a
semiconductor.

The ferromagnet is supposed to be locaterk@tand hakspacez>0 is occupied by a
the semiconductor. Electrons move alanagxis from the ferromagnet ttvé semiconductor
and the drift velocityvz>0. The magnetizatioM of electron gas is assumed to be algiaxis
both in the ferromagnet and semiconductdbty>0. The equation for calculating the
magnetization of electrons zt0 can be written as

t— 0 — a— 0 . (D)
Here { is spin relaxation timei) Ot is the diffusion length, anti=VAJ is the drift
length. Wherf 0 jT 0 T the solution of (1) i® 0 A@Dar , because usually
Lp>>lq. We are interested in the dependenceéMigfon timet and coordinate inside the
semiconductor after switching on and off.

Let the magnetization current be switched on ta®. We suppose that the
magnetization current through the interface does not depend on time, which means

@€ & Lebus introduce variables =p, z /UL, and definél ( ¢ hy reldtjon
Mx = Mxo(€%-u (6., Thel@guition fon ( &fpllowd jrom (1); its solution can be written as
o-fit -Q Oi ‘Qf = QoI "if — , 2)

where Erfc(x) is the erroffunction. We see that because of spirfudion, the time
dependence of the electrons magnetization does not follow the simple exponential law but is
described by the complicated formula, which involves not only the spin relaxation time, but
also the magnetization diffusion length and the d#drom the interface.

Now let the magnetization current be switched off=@t The calculations are similar
to that for switching on. It is easy to show tliiat 0 O —ft in this case. Agairthe
decrease of electronic magnetization with time at a point inside semiconductor does not
follow the exponential law due to spin diffusion.

The research was carried out within the state assignment of Ministry of Science and
Hi gher Education of the Ru$é®$Dghhs1B202901@t i on
2), supported in part by RFBR (Grant No-A300038).
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Detection of subTHz frequency signals based on an antiferromagnet

SafinA.R.1?
IKotel 6ni kov I nstitute of Radioengineering al
’National Research University AMPEI 0, Mo

Antiferromagnetic (AFM) materials have natural resonance frequencies in the sub
THz or THz frequency range. Thus, it is tempting to use antiferromagnets (AFM) as active
layers in THzfrequency detectors. Recently [1], it has been shown theoretically that a
dielectric AFM having biaxial anisotropy, such as NiO, can be used for the resonance
quadratic rectification of a linearly polarized AC spin current of THz frequency, and could
have a sensitivity in the range of 1000 V/W.

Here we present boténalytical and numerical data illustrating the performance of a
possible electrically tunable resonance Tfkjuency receiver based on an AFM crystal
having the frequency of the antiferromagnetic resonance (AFMR) in thdrégizency range
[2]. The receier is based (see Fig.1) on a layered structure consisting of a layer of a uniaxial
AFM crystal and two layers of a heavy metal (HM). The conversion of the received AC signal
into an output DC signal is done using the inverse spin Hall effect in the (AFMiHayer.

An additional bias DC current in the bottom HM layer can be used for the tuning of the
AFMR frequency of the system, and for a partial regeneration of the system losses. The
AFMR frequency can be continuously tuned in a substantial frequeresyah{of about 0.5

THz) by varying the magnitude of the DC electric current. It is shown that the AC sensitivity
of the proposed AFM/HMbased detector is comparable to the sensitivity of the modern sub
millimeter-wave detectors based on the Schottky andrzdiodes, and that the received DC
signals are well above the level of the thermal noise for the AC signals having power of the
order of several microwatts.

")l T

e
| e, 4 l
casy axis
p /
¢ V. .

e

Input current j,\'l’ AFM
DC+AC —t
[=——1

a) b)
Fig. 1. (a) Schematic view of the FHjuency resonance detector based on the APMstrucure;

(b) resonance curve of the output rectified DC voltage;

We acknowledge the support from the grant of Russian Foundation for Basic Research
(Grant No. 1929-03015, 1829-27018, 1857-76001).
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Magnonic control of the superconducting spiral spin valve
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We propose a superconductisgintriplet valve, which consists of a superconductor
and an itinerant magnetic material, with the magnet showing an intrinsicatiorear order
characterized by a wave vector that may be aligned in a few equivalent preferred directions
under the contiloof a weak external magnetic field pulse.-&enting the spiral direction
allows one to controllably modify loagnge spirtriplet superconducting correlations,
leading to spirvalve switching behavior. We developed a control method of such a bilayer
superconducting spin valve (SSV) nperturbing superconductivity and suitable for energy
saving cryogenic electronics. This SSV consists of a superconducting layer and a
helimagnetic layer of B20 family compounds, namely Nb and spiral antiferromagnetic MnS
Thanks to unique properties of B20 family magrietsoncollinear (in general helicoidal)
magnetic order and cubic crystal lattice, there are few ground state magnetic configurations
with different directions of the magnetic spiral, divided by a potentarrier [1].
Superconductivity in such a bilayer is controlled by the spiral vector reorientation in the MnSi
layer, which leads to a change in the critical temperature of the Nb superconducting layer [2]
due to the proximity effect.

The switching is pyposed to be carried out by a several hundred ps in duration
magnetic field pulse of several kOe of magnitude. Such a pulse does not destroy the
superconducting state of the Nb layer by itself but leads to the excitation of magnons in the
MnSi layer, whichtriggers the process of reorientation of the magnetic spiral. Inverse
switching returns the spiral to the initial state, opening the valve and turning on the
superconducting state. The system can be switched there and back by a magnetic field of
oppositesigns along one direction in the layers plane, which allows easy control. Such SSV
may be used as an element of superconducting memory for ezf@ognt digital and
quantum electronics [3].

The numerical experiments were financially supported by thesi&udMinistry of
Education and Science, Megagrant project N-0%201931934, the visualization of spin
distributions was supported by the Mirror Laboratories collaboration project of the HSE
University.
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Peculiarities of magnetoelastic waves focusing in thick YI@Im

Bakhare\S.M.>? Borich M.A1?

M.N. Miheeunstitute of Metal Physics of Ural Branch of Russian Academy of Sciences,
620108, Ekaterinburg, Russia
2Ural Federal University named after the first President of Russia B.N.Yeltsin, 620002,
Ekaterinburg, Russia

The present work is devoted to studypetuliarities of the focusing of magnetoelastic
waves (MEW) near the magnetoelastic resonance in thiEles®12 (YIG) film. Due to the
fact that the spectrum of MEW depends on the direction of the wave wgdtoe groupV
and phase velocities are noncollinear. As a results, directions occur in the crystal along which
waves predominantly propagate. The group velocities are condensed along these directions,
the intensity of the wave increases, and the MEW focusing occufs [tLjs shown that
concave areas can appear on the surface of constant frequency in the regions of MEW
focusing. Caustic, i. e. the phenomenon of a sharp increase in wave flow intensity [3],
corresponds to the lines along which the transition from catyviexconcavity occurs.

The purpose of this work is to calculate the directions of focusing and caustics of
MEW. The approach for studying the properties of MEWSs is based on the research of surfaces
of constant frequency [1,2]. In this study, the MEWhaling wavelength are considered, and
the theory of magnephonon interaction in the framework of macroscopic approximation can
be applied therefore [4]. Total energy of the system consists of elastic, magnetic, and
magnetoelastic parts. The magnetic mdrthe energy contains magnetic dipole interaction
than can be expressed through the demagnetization factors. The MEW spectrum consists of
four eigenmodes, but one of thetom(T-mode) has the greatest spectrum anisotropy and is
most interesting for the sedr for caustics therefore. This mode passes through two points of
magnetoelastic resonance. The first of them relates to the interaction of longitudinal phonons
(L) with magnetic modenf), and the second one relates to the interaction of transverse
phonongT) with m-mode. It was found that two caustics occur in the range of magnetic fields
O powmw p Qe for waves with the frequentyj ¢“ p v& MHz. The caustic
directions are close to each other in gpgpace, but the directions of the correspondingigro
velocities are well separated. Caustics can be found in a wide range of diretfigns:

— “ for the first caustic, and 8- “j ¢ for the second one, and the directions of the
caustics are determined by the magnitude of the external magnletic fie

The research was carried out within the state assignment of FASO of Russia (theme
"Function" AAAA-A19-11901299009%).
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Investigation of the phase propagation of SMSW in a YIG film by he BLS method.
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The creation devices based on the principles of magnonics is of great interest for areas,
included the development storage and information signals processing [1]. Using Brillouin
spectroscopy of light scattering (BLS) technique, it is possible to detegrdpagation of a
spin wave (SW) the precession of magnetization under the action of a microwave signal. In
the classical BLS system we detected the intengityof SW [2]. By adding an optical phase
modulator to the BLS system, the phase of the gafrag SW can be resolved [3].

In this work, we study the propagation of SW with a phase resolution in a yttrium iron
garnet film [3] was fabricated by the laser scribing technique. Figure 1 shows a schematic
representation of a structure consisting of Yfitn with a thickness of vic = 10 em.

Saturation magnetization of YIG is Mo = 1750 G. YIG film formed on a gadolinium
gallium garnet (GGG) substrate with a thicknessse6t 500 em. A structure
external magnetic field b1830 Oe to excite a surface magnetostatic spin wave (SMSW).

Scheme of the structure with a superimposed map of the SW phase distribution ¢
frequency of 6.88 GHz, obtained in the BLS experiment.

In this work, the BLS method will be used to study the formation the phase front of a spin
wave in a YIG film.Using micromagnetic modeling, agreement with the experimental data
will be shown. The intensity and phase of the SW will be compared and the optimal
parameters for the propagation of SW in the YIG film are revealed.

This work was supported by the Russiaiurdation for Basic Research (project No- 20
37-90020, project N0.1:29-27026).
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Influence of the thin magnetic filmsanisotropy on detection of the magnetoelastic fields
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Microwave oscillations excitation under the effect of magnetostrictive transducers has
application to hydroacoustics, flaw detection, ultrasonic technology, and processintpgf ana
information in the microwave range [1, 2]. However, at present, the question of the reception
and registration of such waves has been poorly studied, primarily in the separation of the
microwave signal transmitted materials. The implementation of niagastic oscillations in
a magnetostrictive transducer in linear and nonlinear modes allows them to be used for
recording the transmitted signal.

The paper is dealing with coupled oscillations of magnetization and elastic
displacement in the normally magjized ferrite plate that possesses magnetoelastic properties
and crystallographic anisotropy. The coupled oscillations excited by the amphtdidated
alternating magnetic field when the parametric excitation of spin waves was blocked [3, 4].

Time evdution of magnetic and elastic oscillations caused by the amplitude
modulated alternating field was analyzed in case of [001] and [111] crystallographic
anisotropy type. Conditions of amplitude modulated signal detecting and various oscillations
modes areonsidered in the paper.

The paper describes dependences of magnetoelastic oscillations on polarization and
magnitudes of alternating magnetic fields, crystallographic anisotropy. The time dependences,
parametric portraits and frequency response of théeekmagnetic and elastic oscillations
were made.

This work has been supported by the grants the Russian Science Foundation (projeet No. 21
72-20048)
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Temperature tuning of orthoferrite -based spinHall oscillator
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Currently, spiatransfer nanooscillator6§STNO) based on multilayer structures are
being actively investigated. Previously, such struciifeand frequency tuning by
magnetostrictio2] have already been theoretically studied. In this work, the model of a
STNO with the possibility of frequenctuning by temperature changing is theoretically
investigated3]. The tuning of the oscillation frequency is possible due to the properties of the
active element of the oscillaterholmium orthoferrite HoFe® In HoFeQ, in temperature
interval 38K-52K several phase transitions are taking place. The physical structure of the
consideration THwmscillator is a twedayer nanostructure, in which the antiferromagnetic
(AFM) layer (HoFeQ) lies on the heavy metal layer (platinum). The oscillations are excited
by the DC electric current flowing through the Pt layer. To describe the oscillations of the
Neel vectorl =(M1- M2)/Ms (where M12 is AFM sublattice magnetizations, sMs the
magnetic saturation of the AFM sublattice), the "sigmadel" was used, whictook into
account the temperature dependence of the anisotropy of HolFgjdre 1 shows the
dependence of the oscillation frequency on the density of the input DC current for damped
oscillations regime and for saiicillations regime. This dependencemdastrates a
hysteretic behavior.

We acknowledge the support from the Russian Foundation for Basic Research (Grant
No. 1929-03015, 1857-76001, 1829-27018).
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Fig. 1. Output oscillation frequency vs DC current density for
orthoferrite-based spirHdl oscillator
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Spin-wave beams formation in 3D magnonic arrays
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Magnons, being the quanta of spuiave excitations, can be used as the signal carriers
at frequencies that are lying between a few GHz to hundreds of GHz [1]. Magnonic
networks(MN) comprised of coupled YIGpinwave stripes can be used to process
information and at the same time providing the technologically relevant integration to the
present CMOS architecture [2]. Recently, it was shown, that the three dimensional (3D)
meander shaped magnonic crystal [8h @rovide vertical spiwave transport by using the
vertical sections of magnonic waveguide. In the present work we use the dipolar stray fields
of magnonic stripes to perform the vertical and lateral-g@ive transport and transfer of the
signal betweethe magnonic stripes.

Figure 1 schematically shows the structure under consideration, consisting of 12
magnetic microwaveguides, which was fabricated from YIG film with thickness of d = 10

em. YI' G was epit axi sadbligiumggarcetvsubate.nTheadistaneel | i u m
bet ween the magnetic microwaveguides is a =
|l ong side of the waveguides was | = 4 mm, tI
excitation of spin wayv ethick wal & 0O c-&idermiceostrip o u t u
antennas located . on two central

T L

Fig. 1. Array of magnetic microwave guides

The features of the spimave propagation in 3D array of YIG films are revealed. The resuls
of numerical simulation (MM and FEM) are in good accordance with experimental BLS data.
The observed phenomena of tunable spave beam formation in 3D magnonicustture can
provide an indepth insight into the physics of lateral and vertical sp@ve transport in
array of micre and nanoscale structures.

Work is supported by RFBR (No. £8-03034) and Grant of the President of RF
(MK1870.2020.9)
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Spin pumping experiment in heterostructures La0.7Sr0.3MnO3/SrirO3 and
La0.7S5r0.3MnO3/Pt
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Spin pumping is based on the effect of a ferromagnetic resonance (FMR) in
ferromagnet/normal metal (FM/NM) bilayers driven by microwave radiation. Localized d
electrons precessing under FMR conditions transmit angular moment to s electrons of the NM
throuch sdexchange interaction. Then s electrons propagates into the bulk of NM due to
diffusion motion resulting in the pure spin current [1]. The spin current flows without electric
charge transfer that opens new possibilities in spintronic.

Our group activly study the magnetic properties and spin pumping effects in different
heterostructures. Among them, the most promising heterostructures are bilayers in which
manganite (La0.7Sr0.3MnQO3) is used as a ferromagnetic layer. The platinum (Pt) or iridate
(SrirO3) is usually used as a nonmagnetic metal layer.

This talk is dedicated to our studies of the spin pumping effects in manganite/iridate
and manganite/platinum bilayers. We will discuss the latest studies (3¢afidd references
therein) and present ouew results on temperature dependences of the pure spin current,
renormalization of the Gilbert damping constant anfhajor engendered by spin current
flow.
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RF-Circulator based on surface acoustic waves nereciprocity induced by

magnetoelastic interaction
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Surface acoustic wave (SAW) devices is the one of the most useful type of devices in
the current industry of telecommunications. These relatively small devices have good thermal
stability parameters and wide bandwidth from hundreds of megahertz to sgigatatrtz.
Classic design of SAW device consist of several main parts: interdigital transducer(IDT),
which excite the acoustic waves by electric current, piezoelectric substrate there waves, are
propagate and damping material, which covered piezoelectaceguide borders for
eliminate parasitic waves reflections. In depends of type the device piezoelectric waveguide
surface may contain different additional structures: grooves, reflectors, couplers etc.

Usually AW in piezoelectric crystals are reciprocal that means AW propagating in
opposite direction has similar properties. However,-remiprocity is strong mechanism
allows to create different special devices like vents, insulators, circulator etc. Different
methods to made AW nemeciprocal in crystals are exist [1,2]. One of the most reliable
methods for that is the magnetoelasticity, which allow to change SAW propsgritesdrage
part of piezoelectric waveguide magnetic thin film [3] or magnetic heteroscturcture [4].
Surface acoustic wave giant noetiprocity effect is actively studied -B]. The SAW
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Fig. 2. Scheme of SAW circulator with SAFM heterostructures located on waveg(ajles.
circulator scheme; 1,2,3j4ports numbers, respectivelyi Saired IDT; 6 piezoelectric
structure (waveguide); 7 SAFM heterostructure; Blaye of damped material; 9
ferromagnet layer in SAFM heterostructure;il§pacer.
circulator based on SAW phase n@tiprocity was theoretically proped in [7]. It was
shown that circulator based on the ring resonator is suitable for GHz SAW frequencies [8].
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We propose another design for GHz SAW circulator, schematically shown in Fig. 1.
Proposed design consist of piezoelectric single crystal substede from lithium niobate
(LINbO3) on Y-cut, which is the classic materials for SAW devices, paired IDTs turned on 90
degrees, trilayeredheterostructure with antiferromagnetic properties;cated synthetic
antiferromagnet (SAFM) and area of damping material to exclude parasitic reflections of
SAW.

A special feature of this structure is the paired IDT, which generates acoustic waves
with the same properties in two directions at once and the array of SAFM stripes located in
the middle of waveguides. The SAW generated by such IDT have the same propagation
velocity and properties due to thecdt 90degree symmetry of lithium niobate.

We haveshown that in this structure, it is possible for surface acoustic waves to be
nonreciprocal in a wide frequency band without the application of an external bias magnetic
field.

We acknowledge the support from the grant of Russian Foundation for Basarétes
(grant No. 1929-D3015, 1829-27018, 1857-76001)
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Spin wave control in magnon dielectric microcavities by ultrashort laser pulses
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The practical application of spin waves is rapidly developing as an alternative to existing
methods of transmittig digital information, as well as for use in quantum communication.
Spin waves in magnetic microcavities are at the heart of modern magnonics [1].

In this work, we study magnetostatic spin waves in
iron-garnet microdiscs of different diameters, exciteg *'*1
by a sequence of ultrashort laser pulses. Optic%ﬁ‘;:j o0 0a333%,,
excitation of spin waves occurred at a frequencgloi%r
compaable to the natural frequency of magnetizatiogr 0.04 D::m’"%om, m

precession, which provided a cumulative effect leadirfgoo2{e2® :
to quasistationary magnon oscillations in microdisks, **%s 30 3. 32"

1
i : Magnetic field (kO
which allows us to observe interference effects and agnetic field (kOe)

excite various magnon modes. The interferente g'g' 1. Dependence of the sp

backward volume magnetostatic spin waves in diskEVes amplitude on the appli

with a diameter 6ig LBWitha e RO C g fleld g four ndgfereg

owas
decrease in the diameter of the disks, modes of variogj%:ﬂzns 06} the pump and prol

types (BMVSW and MSSW) were excited due to the®
greater localization o&lectromagnetic energy in small diskswas demonstrated that the
amplitudes of some of the first magnetostatic modes with a frequency close to the pump beam
frequency are doubled in comparison with other moBgs 2) [2,3].
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Fig.1.Spati al di stribution of the B pB3.0lkOe
(@) (the lower field resonance peak), andHat 3.14 kOe (b) (the higher field resonar
peak), for tH=3.010e (¢ (the bwesfield rasonance peak), ard at
3.12 Oe (d) (the higher field resonance peak).
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Magnetotransport properties of spin valves based on chiral helimagnets Dy and Ho

Zavornitsyn R.S, Naumova L.1, Milyaev M.A., Makarova M.V,
Krinitsina T.P., Proglyado V.V, Maksimova I.K., UstinovV.V.

Institute of Metal Physics, Ur&dranch RAS, 620108, Ekaterinburg, Russia

New magnetic nanostructures of the "spin valve" type have been synthesized, the main
functional elements of which are made from natural metallic helimagnets Dy and Ho (see
Fig.1). The possibility of controlling magtotransport characteristics of chiral helimagnets
(HM) by the action of an external magnetic field, which causes the rotation of the magnetic
spiral of the chiral nanolayer due to the presence of an uncompensated magnetic moment, has
been experimentallghown.

Spin valves comprising a symic antiferromagnet and a CoFe/HM/CoFe structure in
the pinned layer, HM being Dy or Ho, were prepared by magnetron sputtering.

It is shown that the Dy layer is characterized by crystallites, the [0002] direction of
i =iy Which is perpendicular to the film ple.
~ M, =——— CoFe —  Variations of magnetotransport properties of the

] spin valve, which are due to the formation of
antiferromagnetic order in the dysprosium layer,
are observed. Peculiarities of noncollinear
magnetic order of the Dy layer were found to
depend on the dirdon of magnetic moments of
Fig.1. Schematic of a chiral spin  adjacent layers and magnetic field strength when
valve. The arrows show the passing through the N®el t
magnetic moments of a fragment of A holmium layer in the spin valves is
the helimagnet Dy (Ho) layer, an v erystalline with weak axial texture. The
antiferromagnetic FeMn layer, and i\ 04\ral coherence length along the hexagonal
ferromagnetic CoFe layers: pinned axis isapproximately 2/5 of the total thickness of
M, referentMg, and freeMr. the holmium layer. Field dependences of the spin

valves magnetoresistance were measured at

different temperatures. Correlation was revealed between magnetic state in holmium layer and
the shape of magnetoresigticurve. Deviation of magnetic moments of the reference layer
and the adjacent part of holmium from the applied magnetic field was investigated. The field
induced mobility of the magnetic helicoid in holmium layers was revealed.

The researclvassupported by RFBR (project No. -02-00057).

M; ——— NiFe/CoFe
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Spin-polarized conductance of point contactsvith

non-collinear magnetization of electrodes

Useinov N. Kh.

Institute ofPhysics, Kazan Federal University, 420004, Kazan, Russia

The work represents a theoretical generalization and modeling ofpslainzed
conductivity (conductance) in magnetic nanoscale heterostructures based on the extended
model of magnetic point conta¢PC) [1]. The theory describes diffuse, quaaillistic,
ballistic and quantum conduction modes and creates a convenient formalism for modeling and
researching spintronic devices. The PC model assumes that the middle layer between
ferromagnetic electrode(with noncollinear magnetization) can be replaced by different
materials: dielectric, ferroelectric, magnetic domain wall, semiconductor or compounds of
metals.

According to the theoretical model, the spiolarized conductivity of the PC, taking
into account the quantum boundary conditions, can be found from the general expression for
the spin component of the electric current [1]:

=G Y e v, () ()

J

T,.(V.Q) = fpin(d,)cos(IP( &, )@ .

wheres is the spin index( is the conductance quantuig,s is the minimum of the Fermi
wave vectors of the spin subbands of the electradissthe radius of the point contadt,is
applied voltage,Ji(ka) is the Bessel functiofThe Thais, hetérs @ N dgragsYare functions of
integrals depending on the transmission coefficiBa(~s, V, Q) of electrons, mean free
paths Is, Fermi wave vectorkes. In integral the upper limi is the angle determined by the
conservation law for the longitudinal components of the Fermi wave veei@dhe angle of
incidence of an electron on the interface between the media from the normal to the PC plane;
Q is the angle between the mutualeotations of the domains of the PC magnetic electrodes.
The functionsToais, hers @ N OgragsYare responsible for ballistic (tunneling), quballistic

and diffusion modes of conduction of PC and heterogeneity of chemical potentials on the
interfaces, see their exact expressions in Thie Ds (=5, V, Q) can be found by the transfer
matrix method as a function of the width the energy height)s of the barrier, and other
parameters of the PC, see [2].
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Dynamics of an exceptional point in aystem of two coupled magnetic waveguides

Temnaya 0.3, Kalyabin D.V!? Nikitov S.A123
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Magnonicsystems have attracted great attention over the last years because of their
applicability for creation of functional electronics elements, such as mode selectors and
directional couplers’. Two normal modes could exist in the spin wave (SW) spectrum of a
system consists of magnonic waveguides with strong coupling between them. In the case
when we have balanced gain andipss a point called fAexceptiona
spectrum where two normal modes transfers to eigenfrequencies of individisal 4m to
now, the most studied magnonic systems are multilayered structures which consists of
ferromagnetic layers separated by a thin nonmagnetic matdreatever, lateral structures
are more attractive.

In this work, we demonstrate dynamics of amceptional point induced by
wavenumber change in a system of coupled magnonic waveguides (Fig. 1). We show that one
can effectively change positions of exceptional points by varying the wavenumbers and
values of effective damping within waveguides.

We a&knowledge the support from the grant of Russian Foundation for Basic Research
(Grant No. 1929-03015, 1829-27018, 1857-76001).

H, k ‘Lhm —_ gA
z 0, s ot \x
h - \A3
/Y / 1 S -
S T
>
........... S ek
. dipolar E N ‘ kT N
A " coupling Y
w d w Gilbert damping (x107)

Fig. 1. The investigated magnorsigstem, where backward volume waves are excited (left);
exceptional point dependence on wave nuner, 1 r kd/ & B, rka=d30 € m,
rad/em (right).
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Elastic Dipole Mechanism of the Collapse of Fano Resonances
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One of the main directions in the modern physics of composite elastic media is the
search for acoustic analogs of resonant polariton effects charactefistie dynamics of
electromagnetic metamaterials. Great attention is recently paid to the study of the polariton
mechanism of the formation of the Fano resonance and the related dynamic effects (e.g., the
coll apse of Fano r es onsamacce sand sluperadiakce). Timesal e s |
studies contribute to the development of the modern physics of elastic metamaterials, and
intense studies on the hybridization of spintronics and straintronics are focused on the
possibilities of using magnetic heterostiwres (in particular, layered) as a new elemental
base for the fabrication of efficiently controlled metamaterials. In particular, the search for
magnetoacoustic analogs of the mentioned dynamic polariton effects is of significant interest.
For example, e possibility of the existence of the magnetoelastic variant of the Fano
resonance at an oblique incidence of a plane bulk elastic shear wave on a tangentially
magnetized ferromagnetic layer acoustically hard coupled to an unlimited isotropic elastic
nonmagnetic insulator (acoustic analog of the Voigt geometry) was theoretically considered in
recent works. However, in this works authors used a theoretical model that did not involve the
contribution of propagating magnetostatic and exchange spin waves todtfnetoelastic
dynamics of the magnetic layer.

In view of the above presentation, we study in this work the magnon contribution to
the elastodipole mechanism of the formation of the Fano resonance and the related dynamic
effects, including the collapsef the Fano resonance, the formation of bound states in the
continuum, and superradiance for the case of the tunneling of the plane bulk elastiavgéH
through acoustically continuous heterostructures involving superconducting, as well as
magnetic and numagnetic dielectric, layers.

It has been shown that the effect of the elastic dipole interaction on the transmission of
elastic shear phonons through magnetic insulatgrerconductor sandwich structures
involving ferromagnetic or antiferromagnetic layemlows the implementation of
magnetoacoustic analogs of polariton effects well known in the physics of semiconductor
heterostructures, including the formation and collapse of the acoustic Fano resonance, bound
states in the continuum of transverse phononsidar ko and ol i ght o mo
superradiance. These effects for asymmetric layered magnetic heterostructures can be non
reciprocal with respect to the inversion of the direction of the longitudinal wave vector (the
angle of incidence of the shgalane wave incident from outside). It is also noteworthy that
the linewidth of the outgoing SH magnetoelastic wave associated with radiative damping near
the mentioned bound states in the continuum within the consideredissipative model can
be arbitarily small according tthe FriedrichWintgen theory.
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Focusing and Caustic of Magnetoelastic Waves in Monocrystalline Gféeroox

M.A. Boricht?, S.M. BakhareV? S.P. Savchenko
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Spin waves propagating i n Ssystems wi t h
peculiarities that seem t o iboensperTshpeercet i asree f
magnetic or elastic modes in such systems, |
The direction of the group velocity of MEW n
the wave vector, and ™Mbeebveusi hg bhe MEWeor
MEW intensity increases sharply. This phenom
definitely be used in spintronic devices.

Galphenol alloys G&ewoxr e pr esent a c¢cl ass of material s
be observed, for the following reasons: hig
Ssubsystem, and strong magnetostriction eff ec
[ 1] . aThceon@entration x may be varied over a
produces the change in all/l paramet dats: xthe |
to 950atG/x=mB0, the exchange coupling constan
the el asthcasgciochsgpeamds a«n X nonmonotonically
i nteractigneocensthatrde b 0irg x:s<l®B .f20r axn>dl . 2 [ 2

The MEW spectrum in gal fenol demonstrat
guasil ongitudinal phonon mode (L) becomes cl
i nteract each other, and mL resonance occur
magnetic part, whil e m mode getrse aelliazsetdi cw hce
guasi magnetic mode) iandl Hsewbe( Thandastsd Tp|
Thus, we deal with three magneatTor!| Blse i i ¢ iesic
resonances, t he MEW acquiarve st hwa t hipadifffied emtt
wave vectors (in a certain solid angl e) ha:
vel oci ty, and the intensity of the wave f 1l o0\
not coincide widlhl ichardictectiisanmnc|[ @0 ¥]st [ 100]
the parameters of the system. I n this repor
magni tude of external field, (2) wave freque
showant tthhe caustic picture is significantly
the caustic directions can be effectively co

The research was carried out within the
"' Rumon' tA1AAMRAN 12DYIQ095
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Magnetoelastic Waves Anisotropy in Galfenol Crystal
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The report is devoted to the theoretical investigation of the propagational peculiarities
of magnetoelastic waves in a bulk galfenoli(f&a;) sample in the vicinity of magnetoelastic
resonance. The chosen material has several features; one of them is the strong dependence of
material properties on gallium concentration. E.g. increasing in Ga concentration from 13.2%
to 20% causes noticeable dification of such properties as density, saturation magnetization,
elastic and magnetoelastic moduli [1]; another feature is that galfenol alloys are materials with
strong elastic anisotropy and strong magnetoelastic interaction.

The magnetoelastic waves a cubic lattice have been theoretically studied for a long
time [2], but the investigations usually explored the waves propagating in principal directions
only ([100], [001], [101], [111]). In the present work, the external magnetic field is assumed
to be applied along the [001] crystal axis of a bulk galfenol sample, and the directions of the
wave vectors are chosen to be arbitrary. The typical wavelengths in experiments with
gal fenol are about 1 &m, and t he omegofogicala | froe
model of the dynamics of magnetic and elastic subsystems can be employed th&hefore.
spectrum of the magnetoelstic waves consists of four modes, and three magnetoelastic
resonances occur: miesonance, when the quasagnon frequency becoselose to quasi
elastic quasiongitudinal one, mTand mE-resonances, when quasagnon mode becomes
close to fast and slow quasansverse quagihonon modes, respectively. The waves
demonstrate highly anisotropic behavior in the vicinity of resorsanddey propagate
nonuniformly and focus along the specific directions. In the present report, it is shown that the
focusing directions do not coincide with the principal directions, and they can be effectively
controlled by the wave frequency and the nitagle of external magnetic field.

The results of presented research are as follows. The frequency regions of mL, mT
and mTt resonances are determined. For instance, if gallium concentration is equal to
x=13.2% and the value of external magnetic field iout 10 kOe, then the resonance
frequency region is about () GHz. If the wave frequency is located in this region, then
the resonance conditions are satisfied only for specific regions of the directions. Thus,
magnetoelastic resonances become "oriEnteamely, in some directions the magnetic and
elastic modes interact stronger than in others.

The research was carried out within the state assignment of FASO of Russia (theme
"Function" AAAA-A19-11901299009®), and by IMP UB RAS project Noz1-21.
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Study of mixing formulae application for description of the microwave properties of

periodic structures

BobrovskiiS.Yul, Petrov D.Al, Rozanov K.\t
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At the present time, metamaterials based on periodic structures are widely used in the
microwave technology. Such structures can be applied both as aabsdiding material and
as a part ofo-called frequencygelective surfaces [1]. Fibers, microwires, spirals, hooks, etc.
could be implemented as a unit element of a periodic structure. [2]. In the present work, a
metamaterial in a dielectric matrix with inclusions in the form of conductijpgres of small
thickness is studied. The aim of this work is to find a suitable mixing formula to describe the
microwave properties of the system.

Y 4
.

Fig.1. Appearance of a computational model with 10 layers of conductive inclusio

The problem is solved using the numerical simulation of the transmission and
reflection coefficients with periodic boundary conditions by the finite element method. The
computational model (Fig.1) is a semifinite layer of conductive inclusions of squarenfor
and small thickness, placed in a dielectric matrix, with the possibility of changing the distance
between the inclusions. Both single layer and multilayer structures with the number of layers
up to 10 are calculated. The distance between the layeseds dr changed simultaneously
with the distance between the elements in the plane.

To approximate the obtained dependences of the static susceptibility, the Odelevsky
formula [3] is used: ‘

— 15
p AM 0
where 6 is an ef fect i pigavelume coacentratitmioficontlugtiveo f t h
inclusions,pc is a percolation threshold amis a depolarization factor, also known as form
factor of the inclusions. It is easy to see, that wherl, Odelevsky formula transforms into
Maxwell Garnett formula.
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Fig. 2. The calculated dependence of the static susceptibility of the period

structue on the volume concenctration of inclusions, obtained by numerical simulat
The curve is an approximation by the Odelevsky formula

Figure 2 shows the <calculated Jlenpteendence
volume concentration of the systemth ten layers of conductive inclusions. It is shown, that
the microwave properties of the investigated periodic structure are correctly described by the
Odelevsky mixing formula. The effective depolarization coefficient of inclusions is calculated
and itis demonstrated that the value of the depolarization coefficient of a multilayer structure
IS close to a singlayer one. It is also shown, that the applicability of the selected mixing
formula does not depend on the number of layers in the systemsindgr

This study was financially supported by the Russian Science Foundation (RSF) under
project No. 2119-00138 (ttps://rscf.ru/en/project/219-00138).
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Thin superconducting film in proximity with a ferromagnetic insulator
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Combining superconducting (S) films with a strongly gpatarized ferromagnet (F)
gives opportunities for creation new superconductingtsmic devices based on generation
of spintriplet Cooper pairs because of the inverse proximity effect. Such a bilayer can be
described in terms of quasiclassical theory, which is based on calculation of prop@yator
known as Greefunction. TheGreen function is a 4x4 matrix in spgpace, whose normal
and anomalous components depends on the energy of the quasipamidla distance z from
the SF intefaceThe propagatoiQcan be found in the dirty limit as a solution of Udade
equations

YO R T Rt YhQ
here D is the electrons diffusion coefficierit, "Q is the energy variable with a small
imaginary term; - the third Pauli matrixy - the matrix order parameter.

The boundaryalue problem should bedded by the boundary conditions appropriate
for the case of strong spin polarization of the ferromagnet [1]. The boundary conditions
depend on spimixing angle, which determine the phase difference for electrons withuppin
and spirdown, reflected fronthe SF interface.

The singlet and the triplet components of the anomalous Green function were found
analytically from linear approximation of Usadel equations for such boundary conditions in
our works [23]. In this work, we numerically solved this bowry value problem, using
Riccati parametrization [4] of the propagator to satisfy the normalization con@tionp:

o T p TIT q
m 0 q poIT

where  off Ay & 7 Riccati parameters, 6 p [ HhO p ¢ i
normalization matrices. From the anomalous Green functions, we determined the order
parameter in a superconducting film using the-selfsistency equation:
y 7
Y & %’5 _ QIQH  Qah T o @& TCY
where"Qi singlet anoralous Green function) Tdensi ty of stateis at
BCS coupling constan¥, is the order parameter in the bulk S material.

The numerical calculation of the Green's functions coincides with the previously
obtained analytical solution ithe temperature range close to the critical temperaturé/é
studied the influence of a ferromagnetic insulator on the order parameter (Fig.1) as a function
of the spin mixing angle. The superconducting order parameter decreasgsre#ising spin
mixing angle near the-B interface. The density of states (DOS) is also investigated in the S/F

bilayer.
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Fig.1 The suppression of the order param¥tér in the vicinity of the SF interface.
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Polarization control of THz emission in spintronic multilayer structure [TbCo2/FeCo]x3

Ovcharenko S.\A, Khusyainov D.E, Gaponov M.S,, Klimov A.A. 1

IMIREA- Russian Technological University, 119454, Moscow, Russia
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In THz emitters based on the ferromagnet (FM) / nonmagnetic (NM) nanoscale
heterostructure, the generation of radiation is based on spintronic effects. Such emitters have
an ultrawide generation spectrum of THz radiation (up to 30 THz) and allow toatdahtr
parameters of THz radiation directly in the emitter [1,2].

In our work, a spintronic emitter based on the [TbCo2 / FeCo] x3 multilayer structure
was investigated by the method of thmesolved THz spectroscopy. This structure is
characterized by amasyaxis magnetic anisotropy induced during fabrication and, as a
consequence, by the presence of a-spimientation transition (SRT) [3]. The paper proposes
a method for controlling the polarization based on magnetic -ifieldced SRT with
magnetizatio along the hard axis [4]. The SRT provides magnetization rotation when
magnetic field is changed by its value only, giving rise to polarization rotation of the THz
pulse. This makes the multilayers with SRT very different from the magnetic / nonmagnetic
structures. In the latter, the polarization rotation can be achieved by rotation magnetic field
around them, that is much less technologically justified. Figure 1 shows the dependence of the
THz wave polarization rotation angle on the magnitude of the aonstagnetic field for its
fixed direction.
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Fig. 1. - The dependence of the polarization angle and the magnitude of the THz field at
different values of the magnetic field. Left scale: Magnetic field dependence of the THz
polarization angle obtained from the fits of angular diagrams by magnetizing the sample along
the hard axis. Right scale: total THz field dependence. Lines are guides for eye.
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It is important that the rotation of the polarization plane occurs withoutdbskse THz
radiation intensity. Figure 2 shows a scheme for generating THz radiation in a multilayer
structure. The most likely emission mechanism is photoinduced ISHE. An argument in favor
of this mechanism is the observation of ISHE in this structuteeasing direct injection of

spin current from a YIG film at ferromagnetic resonance [6].
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Fig.2. lllustration of the sample structure and directions of valuable vectors. H is magnetic
field strength, dis the spircurrent, 3 is the charge current.
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Investigation of secondorder magnetization precession modes in a twayer

ferromagnetic structure

Abramovski I.E%, Vlasov V.S, Pleshev D.A:? Kotov L.N2, Shcheglov V.E
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2SaintPetersburg state forest technical university named after S.M. Kirov, 194021, St
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In last decades there are many wooks computer modeling of nonlinear magnetic
dynamics in nanostructures. This interest is caused by creation of fundamentally new
computing technical devicdd]. The work devoted tadhe modeling of the second order
magnetization precession modes in a nolynalagnetized twdayer ferromagnetic structure
with cubic anisotropyL e tcansider perpendicular magnetized tlager film. The material
of the film similar to YIG. The alternating magnetic field lies in the plane of the film and has
circular polarizaton. The LandadLifshitz equation is used to describe the magnetic dynamics
of the film. The field of cubic anisotropy, the demagnetizing fields and the interaction field
were taken into accoufi]. The paper considers types of layer anisotr¢p§0], [110], [111]

[2]. LandauLifshitz equationwas solved numerically by the5torders Rung&utta method

in the Scilab.A specificequilibrium position precessiormodefor anisotropy typd111] has

been detected which was strongly dependent on the size aneéction of the field of
interlayer interaction. It was shown that in the absence of the second layer, the precession of
the position breaks into a leamplitude circular precession. When the field of interlayer
interaction becomes comparable to the anipgtriteld the precession portraits appear new
condensations (which are not so pronounced, but are noticeable), which, depending on the
value of interlayer interaction J, can coincide with tbadensations of anisotrop$tarting

with the value of ¥ 300 eg/cn?, the ring of the second order precession begins to expand
markedly. With the further growth of J, the influence of the anisotropy field decreases, the
thickening becomes less pronounced until the large ring is completely evenly filled with small
rings. Starting at the value of 3 800 erg/cr, the thickenings cease to be visible, and the
large ring looks evenly filled with small rings.

This work has been supported by the grants: Russian Science Foundation (projec7Xo. 21
20048); RFBR and KonfRepublic (project No. 2@2-110004).
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Section 3
Plasmonics and Nanophotonics
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Anomalous magneteoptical effects in high index contrast magnetaptical Mie

resonators
Lei Bi
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Chengdu, Sichuan, 610054 China

High index contrast dielectric Mie resonators featuring unique modal profiles, strong
light-matter interaction at the nanoscale has led talifevery of a variety of novel photonic
phenomena recently. In this work, we report the observation of anomalous rragtiedb
effects in Si/Ce:YIG/YIG/SIO2 high index contrast Mie resonators. Giapblarized
transverse magnetuptical Kerr effect (TMDKE) up to 6.5% and longitudinal magneto
optical Kerr effect (LMOKE) in transmission mode (LMOKE) of ~0. 1A wunder
incidence (g=3A) are obser ve dexiseent preordersnefnt al |
magnitude weaker in planar magneiatical thin films. These novel magnetptical effects
originated from the circular displacement current in high index contrast Mie resoaiors.
work indicates an uncharted territory of light polarization control based on the complex modal
profiles in altdielectric magnetaptical Mie resonators and metasurfaces, which opens the
door for versatile control of light propagation by magnetization for a variety of applications in
vectoral magnetic field sensing, biosensing,-nexiprocal photonic devices, magn@ptical
imaging and optomagnetic memaories.
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Magnetoplasmonic waveguides based on metal/opal composite

Kolmychek I.Al, Romashkina A.M, Mamonov E.A!, Novikov V.B1, Gusev N.S,
Sapozhnikov M.\23, Golubev V.G}, Murzina T.V!

L omonosov Moscow State university, Physics department, 119991 Moscow, Russia
2Institute for Physics of Microstructures, RAS, Nizhny Novgorod; TBSPRussia
3N.l. Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, 603950, Russia
4 )offe Institute, St. Petersburg, 194021, Russia

The field of plasmonics is being aatly developing as a lot of novel experimental
realizations of subwavelength periodic structures become possible when using modern
technological methods [1]. At the same time, well known systems such as opal films can serve
as well as a powerful platfornoif the fabrication of resonant plasmonic structures. It was
shown that when a metal layer covers an opaline structure, its optical properties is governed
by the diffraction of a light beam on both the periodically structured metal film and on the 3D
lattice of opal photonic crystal (PhC). If the metal is ferromagnetic, then the magnetooptical
response of the composite can reveal interesting features. In this work we demonstrate
resonant optical and magnetooptical response of thin high quality opal filraseddvy (i) a
thin ferromagnetic Co layer, and (ii) Co+Ag thin layer.

Opal films containing up to 15 layers of SiColloidal spheres of 27630 nm in
diameter were synthesized by liquid phase colloid epitaxy, so that the clpseked
hexagonal structure with the (111) pl ane

P

After war ds, a cobal't film with the effectivi

diameter was deposited by magnetron sputtering; in some cases a 10 nm thick Ag layer was
deposited above cobalt film. At such thicknesses, metal film is inhomogeneous in thickness,
has a pronounced profile with a periodic array of nanoholes.

Wavelengthangular spectra of the transmitted radiation reveal a number of
peculiarities associated with the surface plasqpalariton (SPP) excitations and/or opal
photonic band gap, their dispersion being dependent on the size of thes@i€res.
Furthermore, a stng enhancement of the magnefaical effects in attained close to the
resonant SPP excitation. We show that the presence of Ag layer increases the quality factor of
the SPP resonances, as well as of the magnpgical contrast in the Voigt geometry, whi
approaches the value of 1%. The obtained results are perspective for the development of the
new lithographyfree platform of transparent magnetoplasmonics.

Acknowledgements. Financial support from Russian Science Foundation (RSCF)
(19-72-20103) is ackowledged.
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Magneto-optics of alkdielectric nanostructures with guided modes

IgnatyevaD.0.2?3 Voronov A.A%3, Karki D2, Kozhaev M.Al2 Levy M2,
BelotelovV.l.1?3

Wernadsky Crimean State University, 295007, Simferopol, Russia
2 Russian Quantum Center, 121205, Moscow, Russia
3Lomonosov State University, 119992, Moscow, Russia

4Michigan Technological University, 49931, Houghton, USA

Magneteoptics of nanostructured materials significantly differ from that of the
smooth films and crystals. Excitation of various types of optical modes change the spin
photon interaction leading to the sifjioant enhancement of the known magrepdical
effects and appearance of the new effects that in the smooth films were absent. We consider
bismuthsubstituted irorgarnet films nanopatterned with 1D or 2D periodicity that can
support guided modes of TM arE types. Such modes reveal themselves as the narrow
resonances in the optical spectra witHaQtor higher than 100. We show that excitation of
such kind of modes is responsible for the new mechanisms of the magtietd interaction.

The dispersion fothe TM-type modes is sensitive to the transverse external magnetic
field applied to the structure. It causes the nonreciprocal shift of the guided mode resonance
position under the action of the external magnetic field appliedHipand i Hy directions.
Therefore, the transmittance and reflectance spectra are also changed resulting in the
modulation of the light intensity so called transverse magneiptical Kerr effect. As the
mechanism of this effect is different from that of a smootn,fill-dielectric nanostructure
exhibits simultaneous high transparency, low absorption and up to 2% TMOKE [1].

Although TEtype waves in smooth materials are not sensitive to the transverse
magnetic field, the 2D nanostructures can change the situati@omplex picture of the
excitation, dispersion and polarization characteristics of the guided modes excited in the 2D
periodic nanostructures gives rise to the transverse maghetonic intensity effect [2]. In
contrast to the TMOKE, it can be observexdibin p and s polarizations of the incident light
and reach about 0.5% for both of them.

Another important feature of the nanostructures with the guided modes is the
possibility of the subwavelength light localization inside the -gamet material. Théow
optical absorption makes the ntrermal excitation of the spin waves in such structures
efficient while the subwavelength light localization allows for the tunable excitation of the
perpendicular standing spin waves or high orders [3].

We acknowledg the financial support from Russian Ministry of Education and
Science (Megagrant Project 615-20191934).
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Three-periodic one-dimensional magnetic photonic crystals
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In this communication, we present the results of theoretical and numerical
investigation of optical and magnedptical properties of ondimensional (1D) three
periodic magnetic photonic crystals (MPCEhis research is a development of our previous
study of dielectric threperiodic photonic crystals {2]. For the constituting materials of the
structure we choose the magnetic yttrimon garnet ¥FesO12 (YIG) and bismuthdoped
YIG (Bi:YIG) and nonmagatic dielectric oxides Sigand TiG. The 1D thregeriodic MPCs
are formed by two alternating unit cells which are the finite fragments of photonic crystals
PC1 and PC2, respectively. Depending on the chosen combination of the constituting
materials, oneor both unit cells can contain magnetic layers. We focus on the case of
nonmagnetic PC1 and magnetic PC2 unit cells. We choose PC1 to be composethafiSiO
TiO2 layers of thicknessed: and dz, respectively, with the perio®:1=di1 + d> and the
structue formula (SiOx/TiO2)N. We assume PC2 to be of structydG/Bi:YIG)M with
thicknesses of YIG and Bi:YIG layers denot&oandds, respectively, which is characterized
by the sukperiod D> = ds + ds. The resulting 1D threperiodic MPChas the structure
[(SIOATIOYN(YIG/Bi:YIG) MK (see Fig. 1) and it is characterized by the syeeiod
D3=ND1+MD», whereN andM are sukperiod numbers and is a supeiperiod number.

X
>
[(STI/(YB)"]* Ho
PC1 PCZ reflected y 2 p B T
S — Si0O: light transmitted
. e II—W o\ X s M.
B—c -
—— incident
E _> BIY'G o - d3 d4 ‘ dI d2
ND, MD, D, |
[, D,

Fig. 1. Schematic of the 1D thrperiodic magnetic crystSiO/TiO2)V/(YIG/Bi:YIG) MK,

A plane electromagnetic wave of wavelengtis incident in the vacuum on the left
handsi de of t he Kki-pl&anhé sndes the iricidence angleWe considered the
case of polar magnetaptical configuration (see Fig. 1) when both YIG and Bi:YIG layers are
magnetized along theaxis, i.e. perpendicularly to the interfaces of the filmsWe restrict
our consideration of the incident electromagnetic waves within the wavelengtherande
5) em, where all the chosen materials are
magneteoptical properties. The layers thicknesses are chosen to satisfy the Bragg condition
ni(as) di = as/4 (heren; is the refractive index,is the number of the layeatas=1.55¢ m
for all the layers, as well as for different val@esandas. for the nonmagnetic and magnetic
layers, respectively.
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We calculated the transmittivity and reflectivity spectra of the electromagnetic waves
for the considered thrgeeriodic MPC usinghe method of the transfer matrixi @) [4]. We
examined the modifications of both IBnd TMmodes spectra within the firgthotonic
bandgap and its vicinity with the change of the-pabiod and supeperiod numberd, M,
andK, incidence angle and the layers thicknessds The bandgap spectra are polarization
dependent and exhibit a set of complex Hiitemd modes. The mber and positions of the
intracband modes are correlated with the-said supeperiod numbers and strongly depend
on the layers thicknesses (or on the choicespfndas2). The change off allows to govern
the positions of both bandgap edges and-ipérad modes, as well as to open or to close the
bandgaps. Modifyingli, one can reach a significant shift of the iftteand modes towards the
bandgap edges, as well it is possible to incréfasentraband modes number and to obtain
satellite bandgaps.

We showed a significant increase of the Faraday and Kerr rotations at the frequencies
of intraband modes with the increase of the magnetic pefibdshere the transmittivity
values are clost® unity. This fact demonstrates one of the advantages of multiperiodic MPCs
compared to singtperiodic photonic crystals, where the maximal polarization plane rotation
occurs at lower transmittivities. The change of the incidence angle also allowscko rea
Faraday rotatiof about some tens degrees.
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Graphene is a unique material to study fundamental limits of plasmonics. Apart from
the ultimate singldayer thickness, its carrier concentration can be tuned by chemical doping
or applying an electric field. In this manner the electrodynamiceptieés of graphene can be
varied from highly conductive to dielectric. Graphene supports strongly confined, propagating
surface plasmopolaritons (SPPs) in a broad spectral range from terahertz to midinfrared
frequencies. It also possesses a strong magmtical response and thus provides
complimentary architectures to conventional magmésmonics based on magneigatically
active metals or dielectricén this work we present main results of our long time complex
theoretical investigations of electtynamic properties of graphebased nanostructures.

Electrodynamic properties of the graphemagnetic semiconducfiographene
sandwichstructure have been investigated theoretically with taking into account the
dissipation processes [1hfluence of graphene layers on electromagnetic waves propagation
in graphenesemtinfinte magnetic semiconductor and graplienagnetic semiconductor
graphene sandwiestructure has been analyzed. Frequency and field dependences of the
reflectance, transrtance and absorbtance of electromagnetic waves by such structure have
been calculated. The size effects associated with the thickness of the structure have been
analyzed. The possibility of efficient control of electrodynamic properties of graphene
magneic semiconductargraphene sandwiestructure by an external magnetic field has been
shown. Change in speckpattern of linearly polarized light passed through grapivewvered
optical fiber placed in external magnetic field has been investigated, thiiltgssf
magnetic specklpattern rotation suppression and inverse spguittern rotation effect has
been shown [2]. Magnetic field switching of plasmmolaritons propagating into a planar
gyrotropic waveguide covered by two graphene layers at aydeapivavelength scale has
been predicted, it has been shown that applying an external magnetic field may lead to energy
redistribution between two waveguide surfaces [3]. Magnetic field induced by guiding
plasmonic modes in grapheneated nanowire via amverse Faraday effect has been
calculated [4]. Conditions of transverse electric plasmonic mode existence in grapkede
cylindrical waveguide has been obtained and analized [5]. Giant Faraday rotation -of high
order plasmonic modes in graphdresed naowires has been predicted. Upon the reversal of
the external magnetic field pointing along the nanowire axis someadnégn plasmonic
modes may be rotated by up@d O0OA on the |l ength sdnhdred of a
frequencies. Tuning the carrieoncentration in graphene by chemical doping or gate voltage
allows for controlling SP#roperties and notably the rotation angle of hogtler azimuthal
modes [6]. We investigated topological nanostructures covered with grapase@ meta
surfaces, whictconsist of a periodic pattern of subwavelength stripes of graphene winding
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around the (metatube or (metgtorus. We establish the relation between the topological and
plasmonic properties in these structures, as justified by simple theoretical expEesyir
results demonstrate how to use strong asymmetric and chiral plasmonic responses to tailor the
electrodynamic properties in topological msteuctures. Cavity resonances formed by
elliptical and hyperbolic plasmons in metiuctures are sensitite the oneway propagation
regime in a finite length (FabinPerotlike) metatube and display the giant mode splitting in

a (Mach Zehndeflike) metatorus. [7, 8]. Surface plasmguolaritons in gairfloss
metasurfaces have been investigated. A fundamgntedw concept of realization of
hyperbolic plasmonic metasurfaces by anisotropicidass competition is proposed, and the
possibility of highly directional propagation and amplification of surface plasmon polaritons
is predicted. A simple realistic cogfiration of such a metasurface represents the periodic
array of lossy metallic slabs embedded in the gain matrix. [9].

We believe that these results extend beyond the graphene plasmonics as they are
qualitatively valid for arbitrary nanostructures formeg hrtificial 2D metasurfaces
supporting the propagating SPP modes.

This work was supported by the Russian Foundation for Basic Research (grants No.
20-37-70038, 1907-00246, 2047-740004), the Russian Science Foundation (grant No. 20
19-00745). Numericalcalculations were performed with the support of the Ministry of
Science and Higher Education of the Russian Federation within the framework of the state
assignment project No. 0®99221-00.
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Linear and nonlinear surface plasmon polaritons
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Electromagnetic field of opticdlequency, falling on the interface between dielectric
and conductive (metallic) media, causes oscillations of both free and bound charges in the
media. As a result of charge oscillations secondary electromagnetic waveseangted.

They hybridize with polarization waves of bound and free charges and under the
corresponding boundary conditions these waves propagate along the interface [1]. These
evanescent waves are surface plasmon polaritons. They are attached to the interface and are
not radiated in th absence of inhomogeneities of the interface. Linear or nonlinear waves of
surface plasmon polaritons are formed depending on the power of the exciting
electromagnetic signal.

Metals have a negative real part of the permittivity at optical frequencies ane
lower than the plasma frequency in this metal [1]. Such photons create electron interband
transitions in the metal by the optical thermal effect, which leads to a nonlinearity of the metal
permittivity [2]. The thirdorder nonlinear dielectric sugméility for gold in the frequency
range from 350 im to 750nm has a complex frequency dependence. The real and imaginary
parts of the thirebrder nonlinear dielectric susceptibility change the sign from negative to
positive, and they tend to zero withcieasing of electromagnetic signal wavelength. When
electromagnetic field frequency is higher than the plasma frequency, the metal permittivity
becomes positive; with increasing frequency the permittivity tends to unity in the limit. At
optical frequenciethe dielectric media (such as fused silica) have a positive real part of the
susceptibility of both the first and third order, and they imaginary part is practically equal
zero. But the value of the thiatder nonlinear permittivity of fused silica isskeon 7 orders
of magnitude than the nonlinear susceptibility of gold in the visible range [2].

As a result of the nonlinear response of the dielectric and conducting media at a
sufficient intensity of the optical signal, nonlinear (cnoidal) plasipolarion waves and
solitary waves (solitons) appear at the interface [3]. The complex frequency dependence of
the nonlinear permittivity of metal leads to instability of the plasmon soliton at optical
frequencies in the visible range. But at telecommunicatignat wavelengths (more than
750nm), the nonlinear response of noble metals is equal zero, and in dielectrics such as fused
silica, the thirdorder nonlinear response maintains a soliton signal at the interface. The
envelope of the plasmepolariton pulseat the fused silicgold interface is shown in Fig. 1.

Here the thiredorder nonlinearity only of gold is taking into account. The variable tau is the
Arunning ti meo, and tau equal Zzer opolarimm r espo
pulse excitedby an ultrashort light pulse.
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The properties of nonlinear plasmpaolariton waves depel on the parameters of the
exciting electromagnetic signals, on the geometry and parameters of the media in which the
plasmonpolaritons are excited. The parameters of plaspwariton waves in plasmon
waveguides, which have composite structures as dtiielenetatdielectric or metal
dielectricmetal, are determined by the parameters of the waveguide and the power of
electromagnetic signal that excites plasrpofaritons [4].

The studying of linear and nonlinear processes during the propagation aadtioter
of the surface plasmepolaritons in waveguide structures of various configurations and the
design of plasmonic nanodevices operating at optical frequencies on their basis is one of the
most promising directions in the field of modern plasmonics.

The work is supported by the Russian Science Foundation grant N@&-2(8.54.
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Surface plasmon polaritons in a hybrid layered structure basedn graphene

and phase change material
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In this work, we theoretically investigate surface plasmon polaritons (SPPs) in a
hybrid layered structure based on graphenenaagrial with phase transitiqivO>).

Plasmongossess appealing properties for photonic technologies and promises a new
generation of highly miniaturized photonic devices [1]. Graphene is one of the materials, that
supports highly restricted propagating SPPs in a wide spectral range. Graphenegisea uni
plasmonic material f2]. Its optical properties can be controlled by external parameters such
as electrostatic bias, magnetic field or chemical doping. Thus, it is possible to vary the
electrodynamic properties of graphene can be varied from highjuctive to dielectric. In
recent years, the interaction of graphéased layered structures with the electromagnetic
field of has been actively studied.

Phase change materials are paving the way towards improved functionality of
metamaterials. Vanadium dioxide (YOwith the phase transition neayomtemperature
(340 K) is an appealing candidate as an active component in metamaterials because its phase
transition temperature (340 K) can be easily accessed. Alsegbhaity thin films are
available [5].

Our hybrid layered structure consists of three layers: a graphene, a graphene layer, a
dielectric layer of thicknessand vanadium dioxide V&Fig. 1).

graphene

kspP

d| y
A VOZ

Fig. 1. Ahybrid layeredstructure based on graphene ahdse change mater{®O>)

To find SPP in this structure, we solvée dispersion equation, which was @am
Maxwell's equations with applying of the boundary conditions at each of the interfaces. In the
calculations,it was assumed that \\Os in the conducting phase, the thickness of the

dielectric gapisd= 50 nm, and the diel ggct2rResultsofonst ar

calculation are shown on Fig 2.
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It can be noted that no significant localization of electromagnetic energy occurs at the
air/VO2 interface in the considered frequency range. The graphene layer maintains well
localized SPPs at frequencies near 70 THz. The combination of graphene amto/@he
structure leads to a significant increase in the localization of light near the grégjeme

This work was supported by the Russian Foundation for Basic Research (grants No.
20-37-70038, 1907-00246, 2647-740004), the Russian Science Foundation (grant No. 20
19-00745). Numerical calculations were performed with the support of the Mira$try
Science and Higher Education of the Russian Federation within the framework of the state
assignment project No. 0#99221-00.
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Excitation of surface plasmon polaritons in the vanadium dioxidesilicon dioxide-

hyperbolic metasurface structure.
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IChelyabinsk State University, 454001, Chelyabinsk, Russia
2Kotelnikov Institute of Radioengineeriagd Electronics of Russian Academy of Sciences,

125009, Moscow, Russia

In this paper, we studied the excitation of surface plasmon polaritons in the vanadium
dioxidessilicon dioxidehyperbolic metasurface structure. Since the influence of phase
transitins on the excitation pattern of surface plasmons is of particular interest, vanadium
dioxide was taken as one of the layers, since its phase transition from the dielectric state to the
metallic state occurs at temperatures close to room [1].

A lattice of gaphene strips was taken as a hyperbolic metasurface [2]. Such a surface
is capable of supporting the propagation of both TM angbdl&rized plasmons.

When taking into account the phase transition of vanadium dioxide, we took the
already known data on théehavior of vanadium dioxide and performed a linear
approximation, using the Drude theory [3], which allowed us to obtain a model that is quite
simple to describe. As can be seen from Figure 1 the phase transition is not instantaneous and
the behavior ofvanadium dioxide depending on the temperature can be divided into four

stages: 1) up to 337 K; 2) from 337 K to 346 K; 3) from 346 K to 352 K; 4) from 352 K.
14 T T T T T T
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=
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0,0

330 340 350 360
Temperature (K)

Fig. 1. The behavior of vanadium dioxide during the phase transition.
When studying theexcitation of surface plasmepolaritons, the method of total

internal reflection in the Otto geometry was used. When the angle of incidence is greater than
the angle of total internal reflection, using Maxwell's equations and the corresponding
boundary caditions, it is possible to calculate the reflection coefficient, by which it is
possible to judge how much of the energy of the incident radiation has gone into the
excitation of surface plasmons [4].
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By setting the parameters at which the surface plasramnexcited in the absence of a
layer of vanadium dioxide, we calculated the reflection coefficient of the system as a function

of frequency for different temperatures.

Reflecatnce
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Fig. 2. The reflection coefficient of the structure at different temperatures.
We lelieve that our research can help to study the behavior of surface plasmons in

systems with variable parameters, and also opens up new possibilities for controlling
electromagnetic radiation at the nanoscale.
This work was supported by the Russian Foundator Basic Research (grants No.
20-37-70038, 1907-00246, 2047-740004), the Russian Science Foundation (grant No. 20
19-00745). Numerical calculations were performed with the support of the Ministry of
Science and Higher Education of the Russian Fdadaratithin the framework of the state

assignment project No. 0®99221-00.
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MOD -madebismuth-substituted yttrium iron garnet and

oxidesfor 1D magnetophotonic crystals

Efremova S.L%? Salatov A.V:3 Kulikova D.P!? Kasyanov A.AL Bykov I.V.}4 Afanasiev
K.N.}# Tananaev P.N.Baryshev A.\A
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2Lomonosov Moscow State University, 119991, Moscow, Russia
3D. Mendeleev University of Chemical Technology of Ru$&&)47, Moscow, Russia
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Photonic crystals (PCdhe dielectric structures with spatial modulation of refractive
index are widely used in fundamental and applied resesirate the light propagation in it
can be modified by tuning the physical and
remarkable extensions are magnetophotonic crystals (MPCs) [1]. Studies on MPCs are
motivated by fundamental and practical intérés enhancing magnetaptical (MO)
responses of existing MO materials and possibilities of controlling the flow of light by
external magnetic fields [2].

The main aim of our work was to fabricate higality 1D MPC with the microcavity
structuré MO material was sandwiched between two Bragg mirrors (BM). The MO material
in our study was bismutbubstituted yttrium iron garnet (Bi:YIG) manufactured by metal
organic decomposition (MOD) method. For this fabrication approach thermal annatling
750AC in air is essential for garnet crystal/l
had granular structure with typical roughness RMSwn3 The XRD pattern of the fabricated
proves successful crystallization. Dielectric constants of thectabd Bi:YIG are in a good
agreement with referenced data from [3] and [4].

There is an unavoidable limitation since the first Bragg mirror is annealed
simultaneously with the Bi:YIG on it. Therefore, annealinguced modification of BM
affects the stretural and optical properties of the final resonator. This is why it is important to
note the main features of oxides happening upon their annealing for the fabrication-of high
quality MPC.

The BM samples under our study were multilayers (Z8D,)’, (HfO2/SiOz)® and
(Tax0s/Si0,)’ deposited on quartz substrates by electron beam sputtering. The surface of the
(TaOs/SiOz)” sample became grainy because ofCkecrystallization,(HfO2/Si0)® cracked
producing areas with dimensions on micron scagefor (ZrQ:/Si0z)’ samples, their surface
structure and transmissivity didndédt undergo

For all the fabricated BM, annealing of then7&0A Qvas accompanied by a spectral
shift of their stopband to the shorter wavelength rarfgjece the photonic stopband
wavelength/ o is proportional to refractive indicesand thicknessed of oxide layersp/ can
be interpreted as the change in the mentqreameters upon annealing. To confirm this and
to take it into account during MPC fabrication process, an analysis of modification of
thicknesses and dielectric constants of single lagds and SiQ was carried out.
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(a) Transmission spectraofBM anneal ed
fabricated MPC ((Zr@Si0)’/Bi:YIG/(ZrO./SiO;)"); the calculated spectrum is given by a
solid line. (b) Angle of Faraday rotation of the single Bi:YIG film (squares) and MPC;
measured and calcuéat dependencies for MPC are shown as circles and a solid line,
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respectively. Inset illustrates a hysteresis curve of Faraday rotation for MPC.

After summarizing of the obtained data, we ch@®./SiO; pair for BM and
fabricated 1D MPC with the following structuréZrO,/SiO,)"/Bi:YIG/(SiO2/ZrOy)". It is

mi r

worth noting that the second BM deposited on the crystallized Bi:YIG layer should have the

same optical properties as st annealed BM. Transmigsi spectra of the first and second
BM (ZrO,/Si0O;)” and the resulting MPC are shown in plot (a). Magugdtical spectra of

fabricated Bi:YIG film and the 1D MPC are demonstrated in plot (b). One can see that the

Faraday rotation increased by an order ofgni@de at a wavelength of the Falitgrot

resonance.
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Structural, optical and magnetcoptical properties of binary NiFeO«/Pt nanofilm for

hydrogen detection
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Magneteoptical materials are ahterest due to possibility for monitoring changes in
the polarization state and intensity via transformation in magnetic properties upon their
interaction with hydrogen [1]. In our recent work [2], we demonstrated that oxidized
permalloy (NiFeQ) nanofilms showed a significant growth of the Faraday rotation angle (and
the figure of merit, FOM) in the neanfrared range since they were compositions of various
magnetic oxides (see the figure). The nanofiims were covered by a thin Pt layer and the
NiFeOJ/Pt bilayer was tested as the magnefiical sensing element. It was found that the
magnitude of the Faraday rotation changed significantly in the presence. &nbther
finding was a transformation in the spectrum of the Faraday rotation of Nifeeofiimsdue
to the Pt layer.
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(a) Changes iFOM =—"Yfor the nanofilmsinitial permalloy nanofilm (curve 1)
and oxidized ones during annealing for one hour at the series of temperatures (curves
27 correspond to 300, B$&péctively.oPlormatiz2¢d5, 450
FOM for selected wavelengths versus the oxidation temperature.
Magnetoeoptical sensing elements and, in particular, NiFef@ promising materials
for the further development of optical and magretical hydrogen gas sensorThe
nonreciprocal magnetoptical effects make it possible to accumulate the polarization rotation
in the multipass regime. In perspective, this feature can provide much more high selectivity to
a target gas and more robust sensing platform.
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Magneto-Optical Response Enhancement by Surface Plasmdtolariton Resonance in
GGG/IGEF/Au Structure
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Magneteplasmonic structures based on dielectric magnetic films are of interest with
the possibility of their use as magnetically controlled light modulators and s¢hs@tsAn
increase in the efficiency of such devices is achieveceitilyancing the plasmonic and
magneteoptical (MO) properties of the main functional materials [3].

This report presents the results of experiments to study the influence of surface
plasmonpolariton resonance (SPPR) on the enhancement of the MO resp@ssgneto
pl asmonic structure. Thi s str uctgarneeepitar@aat cr e a
film (1 GEF) o0 n3GaO A@®E0) singte ctydtal suldstrat® dith a (111) surface
orientation. The IGEF surface was coated with a plasmomic(éa) film with a thickness of
38nm. The general structure of the sample can be represented by the formula
GGG(500e m) / | G&EmR) /1 Anm). 3 8

The IGEF was obtained by ligughase epitaxy and has the composition
(Bi,Lu)3(Fe,GagO1. IGEF has arii € apslyane 0 magneti c anisotropy
the plane along the hard magnetization axis (HMA)2 Oe, along the easy magnetization
axis (EMA)T 1.50e, and in the direction normal to the film plan&5000e. The specific
Faraday rotatiorwas 1d e g / € mr 64@nm. Rlasmonic Au coating was synthesized by
thermal deposition of gold (95.88) in vacuumP O61 10“ Pa).

The excitation of the SPPR was carried out using a prismatic input according to the
Kretschmanscheme. The structure was located on the hypotenuse face of an isosceles
triangular prism ffpisma 1 . 5 1 = &#@nm)ausing an immersion liquid for optical contact
(nmd@1 . 4 7 =@@nm)aThe IGEF is oriented so that the HMA is perpendicular to the
plane of the light incidence, and the EMA is parallel to the projection of the light wave vector
k onto the IGEF plane. In the IGEF plane along the HMA, a constant external magnetic field
wi t h s t25@erwgstatted @ remove the remanent magnetizafit@EF in the EMA
direction. The Faraday effect was measured when the IGEF was magnetized by an external
magnetic field, which was applied in the IGEF plane along the EMA ||

Fig. 1 show the angular dependences of the intensity of reflegietapzedbeams
Irp With wavelength 640 nm and 1550 nm. The exciting radiation was a linearly polarized
| aser &2enm)ywhiciBwas focused on the structure by a lens & m™).

As can see in fig. 1 the absorption of light wé 640nm occurs in a rather wide
angubr range (approximately 4565 deg), while the periodic oscillations of the intensity are
observed, which associated with the interference of rays reflected from the lower and upper
boundaries of the IGEF layer (excitation of waveguide modes). The pefidthese
oscillations can change with a change in the wavelength of light or thickness of the IGEF,
which can be seen in Fig. 1 by the example o
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Figure 2 shows the field dependence of the intensity of-fhagized component of
the reflected lightrs normalized to the intensity of thegmlarized component reflected at the
total internal reflection (TIR) anglérp(tir) (Wavelengtha=640nm, the angle of beam
incidence is indicated in the legend, external magnetic field is applied along the EMA). Fig. 2
shows that an increase in the external field leads to an increekgsumto 100e. At a field
strength of more than 10e, the GEF film is magnetized to saturation and the signal
takes on a constant value. It is clearly seen that the MO response at the angles of SPPR
excitation is 1@imes higher than that at the TIR angle, where is no plasmon resonance.

So, it has been showthat the magnitude of the MO response in the magneto
plasmonic structureGGG(500e m)/IGEF(11em)/Au(38nm) increases by an order of
magnitude upon the condition of excitation of SPPR. This effect is found in a wide range of
angles of the exciting radiatiancidence, which makes it possible to simplify the alignment
of the structure at the resonance angle and allows to use it in systems wibllimoated
beams of exciting light, for example, beams which are formed at the exit from an optical fiber.

The work was carried out with the financial support of the Russian Science
Foundation grant No. 192-20154.
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Excitation of different modes in magnetephotonic crystal with plasmonic subsystem
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Photonic and magnefghotonic crystals (MPC) are very perspective materials in
modern sectors of science and technology, such as photonics, optics, sensorics, spintronics,
magnonics, quantum technologies, etc. One of the ways to modified the properties of
magnetephotonic crystals is to integrate a plasmonic subsystem into (onto) the crystal [1].

The investigated magnefhotonic(plasmonic) crystal (Fig. 1,a inset) is consisting of
a Bragg mirror (4 pairs of Tig&SiO, layers), a magnetoptical layer of bimuth substituted
iron-garnet BioYosGdisFes2Alog012, a buffer SiQ layer with a gradient of thickness, and
plasmonic subsystem. Plasmonic subsystem is the layer @sselinbled gold nanopatrticles
(Fig. 1,b inset). Fig. 1,a,b is demonstrate the spect transmittance and the spectra of
Faraday rotation for MPC in different areas of thickness gradient eftif@er layer.
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Fig. 1. The magnetoptical properties of MPC with plasmonic subsystem in different a

of thickness gradient of Siuffer layer ai the transmittance spectra (inset photo of t
sample), i the spectra of Faraday rotation (inset Sihage of plasman subsystem).

As can see in Fig. 1,m photonic band gap the peak of plasmonic resonance is
presents and his position is determined by thickhessof SiO; buffer layer (the top curve is
conform tohsio2 = 100nm, the bottom curve is conform o> = 300nm). As can see in Fig.

1,b theplasmonic subsystem leads to enhancement of Faraday rotation on the wavelength of
plasmonic resonance.

The work was carried out with the financial support of the Russian Science
Foundation grant No. 192-20154.
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High sensitive THz detector based on monolayer of WSe2 with plasmonic amplification
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Study of interaction of THz radiation with graphdite® materialsbased on transition
metal dichalcogenides attracts a large number of scientific teams. This is primarily due to the
potential use of these materials in flexible optoelectronic devices in the visible and terahertz
rang¢l,2]. However, there is a problem associated with the small absorption of laser radiation
in the monolayer. One way to solve this problem is to use a plasmonic sficturehis
work we analyze the parameters of terahertz field detection by an antenna based on a
monolayer film of tungsten diselenide with a plasmonic structure. The detection of terahertz
radiation by the experimental antenna was investigated by-résued terahertz
spectroscopy. The monolayer tungsten diselenide substrate was obtained by chemical vapor
deposition. The electrodes and the plasmonic structure were deposited by electron beam

Laser Delay line
80 MHz, 100 fs \
525 nm I>
7
\
N
InGaAs
Lock-in
Amplifier
[
— /
—_ 7

Figure3. Scheme of experiment setup.

lithography.

Femtosecond laser with pulse duration of 100 fs,euépetition rate of 82 MHz,
1050 nm wavelength, and frequency doubler at the output was used as a source of
femtosecond laser radiation. Temporal waveform and spectrum of THz pulse were received,
the bandwidth of the studied antenna was estimated. Thactdastics of the manufactured
THz detectors (signdb-noise ratio, sensitivity) were obtained. The effect of plasmonic arrays
in the gap between the electrodes on detected THz signal was shown.

This work was supported by the Ministry of Education &wience of the Russian
Federation (state task No. FSBZ062020:0022) and. Russian science foundation N&/29
10165
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Broadband enhancement of TMOKE in nanostructured bismuthsubstituted iron-

garnet films with hybrid localized and lattice modes
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The transverse magnetptical Kerr effect reveals itself as the modulation of the
transmitted or reflected light intensity in magnetized materials. It is essential for probing of
the inplane magnetization component, however its magnitude is beldviot@he smooth
iron-garnet films. Recent studies showed that TMOKE can be enhanced by the guided mode
excitation [23], however the enhancement takes place in a very narrow wavelength and
angular range.

We propose a novel type of the tdonensional arraysf cylinders made of bismuth
substituted irorgarnet that support both localized (FaBarrotlike) and lattice (guidedike)
modes.In such a structure, TMOKE is enhanced in the a wide range and exceeds 2% for the
angles from 5 to 25 degrees (Fig.1). Hmgular width of the TMOKE resonance is 50 nm.
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The broadband enhancement of the TMOKE makes the proposed structures igterestin
for applications with ultrashort and tightfgcused laser pulses.
The research was supported by RSF (project N@.2210020).
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Reflection electron loss spectroscopy and electronic structure silicon dioxide
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Silicon dioxide (SiQ) is widely used in the formation of plasmonic photovoltaic
structures [43]. These structures have potential applications in biodiagnostics, sensing,
bioimaging, solar cells and other devices, the operation of which is based on the phenomenon
of localizedsurface plasmon resonance.

The SiQ layer of 93 nm thick was formed by thermal oxidation of Si(100) substrate.
The reflection electron energy loss spectra (REELS) were obtained in the integral form using
a SPECS spectrometer at incident electron enekgie$ 300, 600, 1200, 1900, and 3000 eV
in the electron energy loss range from 0 to 150 eV with a step of 0.1 eV. From the
experimental REELS with the software package QUASESS REELS [4] were calculated
inelastic electron scattering cross section spegtrigh are products of inelastic mean free
pathl and inelastic scattering cresectionK(Eo, T), wereT 1 energy loss.

To quantitatively estimate the contributions of different origins to the inelastic electron
scattering cross section spectra and talost determine their energies, we approximated the
spectra for Si@by the thregparametric Lorenttike Tougaard functions [5]:

0"Y
0o Y oY

10

B, C, D are fitting parameters. The method of the inelastic electron scattering cross section
spectra decomposition into the elementary peaks made it possible estimate the contributions
of individual loss processes to the resultant spectrum silicon dioxide.eShésr obtained

agree with the literature data on the electronic structure of silicon dioxide
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Sensitivity enhancement of twedimensional WSe-based photodetectors by ordered Ag

plasmonic nanostructures
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Two-dimensional (2D) semiconductors have recently been widely used as active
elements in optoelectronic devices due to their special photoelectric propdrtids\iever,
the efficiency of such devices is limited by the small absorption ofdiwensional
semiconductor films, which leads to a decrease in photosensitivity [2]. The most effective
way to increase absorption in 2D materials is to increase theieleld by excitation of
local plasmons []. However, most of the modern works demonstrate disordered plasmonic
structures, in which the distribution of elements has a random character. This leads to
broadening of the plasmon resonance spectra peakdeaneasing of their intensity [8,9]. In
this work we report a multiple increase in photosensitivity of photodetectors based-on two
dimensional semiconductor WSe2 due to ordered silver plasmonic structures.
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Effects of strain and structure defects ompolaritonic excitations dispersion in norideal

lattices of coupled microcavities containing quantum dots
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Designing and utilization of novel materials for manufacturing of the sources of
coherent irradiation isurrently a vast interdisciplinary area, which spans various theoretical
and fundamental aspects of laser physics, condensed matter physics, nanotechnology,
chemistry as well information science [1]. Physical realization of corresponding devices
requires he ability to manipulate the group velocity of propagation of electromagnetic pulses,
which is accomplished by the use of thecatled polaritonic crystals [2]. The latter represent
a particular type of photonic crystals featured by a strong couplingebetwguantum
excitations in a medium (excitons) and optical fields.

We considered 1D polaritonic crystal as a topologically ordered systeansy of
coupled microcavities containing quantum dots. It is of substantial interest to investigate
electromagneti excitations in a neideal onedimensional microcavity lattice subjected to a
uniform elastic stress described by the dielectric teridor

k, [10° m™]

Fig. 1. Dispersion of polaritonic excitations in a esublattice quantum
dot-containing chain of unevenly spged microcavities plotted

The presence of deformation and of structural defects may lead to an increase of the
effective mass of corresponding excitations and therefore to a decrease of their group
velocity. The results of numericehlculation performed on the basis of the constructed model
contribute to modeling of the new class of functional materigdeotonic crystalline system
constituted of couple microcavities.

References

[1] P. Lodahl, S. Mahmoodian and S. Stobbe, Rev. Nebtgs. 87, 347 (2015).

[2] V.V. Rumyantsev, S.A. Fedorov, K.V. Gumennyk, D.A. Gurov, A.V. Kavokin,
Superlattices and Microstructurd0, 642. (2018).

144


http://www.donfti.ru/main/en/
http://www.sciencedirect.com/science/journal/07496036

| CEM62021

Iron -garnet films on various subgrates for magnetoplasmonic structures
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Investigations of various materials and nanostructures with a significant magneto
optical (MO) response is relevant in order to create new devices and systems for transmission
and processing of informatidd]. The effects observed in such materials and nanostructures
(Faraday, Kerr and Cottedouton Effects) make it possible to control lightwave by constant
and alternating magnetic fields. Thiems of Bi-substituted iron garnet®i:IG) occupy a
special ptace among MO materialsThis work presents the results of investigations of
structural parameters and MO properties of Bi:IG films, which are subsequently used to form
onedimensional and twdimensionalmagnetoplasmonic structures

The films of various empositions with nanoscale thickness were synthedmed
vacuumsputtering and thermal annealing at airsustrates of monocrystalline gadolinium
gallium garnet (GGGyvith smooth or nanostructured surfaanedfused silica Structuring of
substrates forymthesis of samplesas carried out using the equipment of Common Research
Center ¢Physics aaddt eahosctogygytofemiecod t he

The authors acknowledge support by Russian Science Foundation (projeci72e. 19
20154) for research arystallization dynamics of Bi:lIG on GGG substrates with smooth and
structured surface and thilinistry of Science and Higher Education of the Russian
FederationMegagrant project N 0755-20191934) for optimization of magnetic parameters
of films.

Fig. 1. Atomic force microscopy images of surfaces of Bi:IG film with average grains siz
75.5nm and structured GGG substrate
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Composite(SiO2-Au) films for magnetophotonics

MikhailovaT.V., Lyashko S.D.Osmanov S.V.Karavainikov A.V,
KudryashovA.L., Nedviga A.S.and Shaposhnikov A.N.
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Structuring opens up the possibility of localizing and amplifying the electromagnetic
field of a light wave inside the magnetomponent®f 1D, 2D and 3D nanostructures (NS),
thereby creating resonance features in optical and magpgtal (MO) spectraThe use of
metal and composite metdielectric components allows the transformation of properties due
to excitation of propagating surface plasammaritons and localized plasmontsshould be
noted that the properties of NS based on compositesAwithanoparticlefiaving a size less
than 50nm arenot previously consideredt the moment, there are only theoretical works in
which it is shown that two types of localized states are possible in structures based on
composite (SIQAg) i Tamm states (Tammlasmonpolaritons, TPP) and resonant defect
moded1].

The investigationpresents the optical and structural properties of composite films
(SiO2-Au), model optical and MO spectra of NS with compo&8&,-Au) and magnetic iron
garnet layers The possibility of implementing configurations has been experimentally
demonstratedFigure 1 shows optical speatmandtopology of composite filmga and b,
respectively) and model spectra of Faraday Effect of a one of the configurations (c).

The authos acknowledge support by Russian Science Foundation (project-ii@- 19
20154).
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Fig. 1. Optical spectra (a) and topology (bjS¥©Q-Au) films annealed at different temperature
and simulated spectra of Faraday Effétof configuration
(TiIQ/ SiQ)*/ YIG / Bi:Yl@iith top layers of Au(SiQ-Au) composite with different fractions of
Au nanoparticles owithout top layer
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Garnet materials for nanophotonics: nanomechanical and Ramaanalysis
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Iron garnet films is one of perspective material for magp&iemonic applications. It
has highmagneteoptical activity and might be modified by different process parameters to
satisfy a particular requirement. It is important to understand how different process
parameters will impact on surface and structure qudfitycedistance curves obtaindxy
atomicforce microscopy tool might be used not only for topography imaging but also for
structure characterization by evaluating such parameters as local stiffness, adhesion. Raman
spectroscopy is a powerful method for structure investigalibis work presents results of
structural characterization of iron garnet films by fedigtance curves and Raman study.

The different compositions films deposited on various substrates (gadolinium gallium
garnet andused quartgwith nanoscale thickness wesgnthesizedby vacuumsputtering and
thermal annealing at aif-orcedistance curves obtained from each sample are used to
calculate topography, stiffness and adhesion maps. It is possible by anélyziogvard and
reverse steps length, sticking artler curves parameters. Raman spectra helps us understand
internal structure symmetry and its changing caused by different process parameters.

The authors from V.l. Vernadsky Crimean Federal University TVM, ANSh, VNB
acknowledge support by the Russian iliry of Education and Science (Megagrant project
N 07515-20191934) for the synthesis of film samples. The authors from Scientific and
Technological Centre of Unique Instrumentation of the RAS YuEV, SYuK, MFB, DVCh
acknowledge support by the Ministry &cience and Higher Education of the Russian
Federation under the State contract No. GB8930009 for the films measurements. This
work was performed using the equipment of the Shared Research Facilities of the STC Ul
RAS.
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Modulation of light by acoustically perturbed layered nanostructures
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Plasmon modes observed in the simplest structures such as digtesttaldielectric
or dielectricdielectricmetal are characterized by a large width, which leads to a low
efficiency of acoust@ptic interaction [1,2]. At the same time, waveguide modesige very
narrow resonances, but the structure turns out to be rather complicated to fabricate. The use of
photonic crystal layers makes it possible to find a compromisecreate a structure with
long-range plasmons. In this structure, it is possitieobtain plasmon modes with a
sufficiently high Q factor [3], providing a high level of the acousptical effect and at the
same time making the structure simple for carrying out experimental studies. Moreover, the
use of photonic crystal layers makepassible to select the position of the resonant mode for
a given wavelength.

piezotransducer
/ incedent light
780 nm
phase modulated 2
light™. %,
%
e v

\ ¥ substrate SiO

4;* <
metalic layer

surface plasmon-polariton
Fig. 1. Scheme of the experiment

The parameters of the photonic crystal were optimized for the realization of-a long
range plasmon. The fabricated photonic crystallaposited on a fused silica substrate by
magnetron sputtering and contains 14 layers of tantalum pentoxi@e Wah a thickness of
119 nm, alternating with layers of quartz $ifdth a thickness of 164 nm, and ending with an
additional layer of T#Ds with a thickness of 108 nm. A thin film of cobalt 11 nm was
deposited on a photonic crystal, on which gold was deposited 18 nm.

The experimentally measured angular reflection spectra for a number of wavelengths
confirm the excitation of the loagange plasmoipolariton mode in both samples and agree
we |l | with the results of numeri cal simul ati
and thus the resonancef@rtor was 400 at a wavelength of 780.1 mnmeasure the acoustic
characteristics of the fabrieat sample, an experiment was carried out (see Fig. 1), in which a
uniform rocking of the front of a highly collimated beam, close in parameters to a plane wave,
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was carried out. photodetector aperture. As a result of the experiment, the modulation of the
intensity of the light reflected from the photonic structure was recorded. The measured
characteristics of the modulation depth depending on the angle of incidence of light on the
structure are shown in Fig. 2. The red line corresponds to the reflectitiicieae of the
photonic crystal structure. The maximum modulation value was 0.07 in the linear mode and
0.06 in the quadratic mode. The equivalent ultrasound power required to observe modulation
at a frequency of 1 MHz was 0.6 W (the required power iseewith decreasing frequency).

Fig. 2. Dependence of modulation coefficient on the angle of incidence

An increase in the frequency of ultrasound will lead to inhomogeneous modulation of
the light field in space, which subsequently turns into diffoacti
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