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Berry phase and extraordinary Landau levels shift

A.A. Dobretsova,!»2 A.D. Chepelianskii,> Z.D. Kvon,"? S. Gueron,® N.N. Mikhailov,! and S.A. Dvoretsky'

! Rzhanov Institute of Semiconductor Physics, Novosibirsk 630090, Russia
?Nowvosibirsk State University, Novosibirsk 630090, Russia
JLPS, Universite Paris-Sud, CNRS, UMR 8502, F-91405 Orsay, France

CgHgTe / HgTe / CdHgTe quantum wells due to large Hg mass, resulting in strong relativistic effects and thus
to inverted spectrum of 3D HgTe, are rather different from other known quantum wells based on semiconductor
heterostructures. Thus HgTe quantum wells have different energy spectra and so different interesting properties
depending on a well width [1]. It is an ordinary insulator at width d < 6.3 nm; it has linear spectrum of so called
Dirac fermions at d & 6.3 nm; inverted spectrum being 2D topological insulator at d > 6.3 nm; semimetallic spectrum
with a small overlap between the conduction and vallence bands at d ~ 20 nm; finally at width d > 70 nm it is 3D
topological insulator [2].

The work is devoted to the experimental investigation of Shubnikov - de Haas oscillations (ShdHO) in wide (20 -
22 nm) HgTe quantum wells. Previously for these wells it was indirectly shown by study of roughness scattering that
electrons in a conduction band at large energy start to locate near well surfaces [3]. Together with calculated spin
polarization of the states these wells look similar to 3D topological insulator with quantum well instead 3D volume. The
present work was first directed to study more detailed obtained surface states. Experimentally we indeed obsereved
appearance of beatings in oscillations with applying external gate voltage. This can be well described in model of two
types of carriers (electrons on two well surfaces) which at nonzero gate voltage, due to screeneng the gate by the top
surface towards the bottom one, have different electron concentrations and thus different ShdHO frequencies.

Besides observing what was expected we found an interesting Landau levels (LLs) behavior with mangnetic field
increase. Landau levels degenerated at low magnetic field split at large magnetic field but instead separating also with
naighbor LLs they come closer to them and degenerate causing period doubling of Shubnikov - de Haas oscillation.
Such a behavior can be explained by mixing of the first conduction band states with total momentum 3/2 (due to
inverted band structure) with states of second band which has momentum 1/2. This mixing causes changing of Berry
phase and thus Landau levels energy.

[1] O.E. Raichev, PRB 85, 045310 (2012).

[2] A. Bernevig et al., Science 314, 1757 (2006); M.Konig et al., Science 318, 766 (2007); B.Buttner et al., Nat. Phys. 7, 418
(2011); Z.D.Kvon et al., JETP Letters 87, 588 (2008); C.Brune et al., PRL 106, 126803 (2011).

[3] A.A. Dobretsova et al., JETP Letters 104, 388 (2016); A.A. Dobretsova, et al., JETP Letters 101, 330 (2015)
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Charge and current orders in spin-fermion model with overlapping hot spots

P. Volkov!

! Ruhr- Universitit Bochum, Germany

Experiments carried over the last years on the underdoped cuprates suggest the presence of a variety of symmetry-
breaking phenomena in the pseudogap phase. Charge-density waves, breaking of C4 rotational symmetry as well as
time-reversal symmetry breaking have all been observed in several cuprate families. In this regard, theoretical models
where multiple non-superconducting orders emerge are of particular interest. We consider the spin-fermion model
in the regime where adjacent hot spots on the Fermi surface overlap and merge due to the finite antiferromagnetic
correlation length. Focusing on the particle-hole instabilities we obtain a rich phase diagram with the chemical
potential and the Fermi surface curvature in the antinodal regions being the control parameters. We find evidence
for d-wave Pomeranchuk instability, d-form factor charge density wave as well as commensurate and incommensurate
staggered bond current phases. The latter are found to be promoted by the curvature. Considering the appropriate
parameter range for the hole-doped cuprates, we discuss the possible relation of these results to the pseudogap phase.



P3

Density of States of Dirac Fermions in HgTe Quantum Well

M.L. Savchenko,™? D.A. Kozlov,»'2 J. Ziegler,> Z.D. Kvon,'2 N.N. Mikhailov,2 and D. Weiss®

! Novosibirsk State University, Novosibirsk 630090, Russia
2Rzhanov Institute of Semiconductor Physics, Novosibirsk 630090, Russia
3 Experimental and Applied Physics, University of Regensburg, D-93040 Regensburg, Germany

Since the discovery of the massless Dirac electrons in graphene systems with linear dispersion of carriers have been
under intensive study. HgTe quantum wells with thickness of about 6.3 — 6.6 nm are the examples of such systems
that have gapless single-valley 2D Dirac fermions and high quality with mobility more than 10° cm?/Vs [1].

There have been done many experiments on HgTe structures that show the absence of any energy gap in the
spectrum of Dirac fermions and demonstrate a number of features indicating both the linearity of the spectrum of
Dirac electrons in a wide energy range and a strong effect of heavy holes valleys, which are 10 — 20 meV below
the Dirac point. However, the density of states, which is the most important characteristic directly related to the
energy spectrum of the system, has not yet been systematically studied. In this work, we present the Fermi energy
dependences of the density of states of the system of Dirac fermions obtained by means of capacitance measurements
and analyze factors affecting the density of states at the Dirac point.

It is found that the density of states of Dirac electrons is a linear function of the Fermi energy at Er > 30 meV
with the corresponding velocity v = 8.2 - 105 m/s. At lower energies this dependence deviates from the linear law,
indicating a strong effect of disorder, which is associated with fluctuations of a built-in charge, on the density of
states of the studied system near the Dirac point. At negative energies, a sharp increase in the density of states is
observed, which is associated with the tail of the density of states of valleys of heavy holes. The described behavior is
in agreement with the proposed model, which includes both the features of the real spectrum of Dirac fermions and
the effect of the fluctuation potential.

[1] B. Buttner, C. X. Liu, G. Tkachov, E. G. Novik, C. Brune, H. Buhmann, E. M. Hankiewicz, P. Recher, B. Trauzettel, S.
C. Zhang, and L. W. Molenkamp, Nat. Phys. 7, 418 (2011).
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Dimensional crossover as the origin of reentrant resistive behavior in superconducting
films

S. V. Postolova,’ A. Yu. Mironov,? V. M. Vinokur,® and T. I. Baturina!>2

1A, V. Rzhanov Institute of Semiconductor Physics SB RAS,

18 Lavrentjev Avenue, Nowosibirsk, 630090 Russia
?Novosibirsk State University, 2 Pirogov Street, Novosibirsk, 630090 Russia
3 Materials Science Division, Argonne National Laboratory,

9700 S. Cass Avenue, Argonne, Illinois 60637, USA

A reentrant temperature dependence of the normal state resistance often referred to as the N-shaped temperature
dependence, is omnipresent in disordered superconductors — ranging from high-temperature cuprates to ultrathin
superconducting films — that experience superconductor-to-insulator transition. We investigate strongly disordered
superconducting TiN films and demonstrate universality of the reentrant behavior. We offer a quantitative description
of the N-shaped resistance. We show that upon cooling down the resistance first decreases linearly with temperature
and then passes through the minimum that marks the 3D - 2D crossover in the system. We show that the shift
from the downturn to upturn of the resistance occurs once the thermal coherence length Ly matches the thickness
of the film d. In the 2D temperature range the resistance first grows with decreasing temperature due to quantum
contributions and eventually drops to zero as the system falls into a superconducting state. Our findings demonstrate
the prime importance of disorder in dimensional crossover effects [1].

The experimental work was supported by RSCF(Grant No.14 - 22 - 00143).

[1] S.V. Postolova, A.Yu.Mironov, M.R. Baklanov, V.M. Vinokur, and T.I. Baturina, Scientific Reports 7, 1718 (2017)
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Dipolar quantum phase transition in the Dicke model with infinitely coordinated
frustrating interaction

Seidov S. S,! S. I. Mukhin,! and N.V. Gnezdilov?

I Theoretical Physics and Quantum Technologies Department, NUST ”MISIS”, Moscow, Russia
? Instituut-Lorentz, Universiteit Leiden, P.O. Box 9506, 2300 RA Leiden, The Netherlands

We consider a system of Josephson junctions coupled to a single mode electromagnetic resonant cavity. In a CPB
approximation this system can be described by a Dicke Hamiltonian with frustrating term:

N N N
1 ) e
H:§(p2+w2q2)7E‘]Zo'f7ngUf+E Za‘iaj. (1)
i=1 i=1 ij=1
To obtain its eigenvalues and eigenstates we calculate and diagonalize the Hamiltonian matrix in basis of Hamiltonian

N N
1 g?
H0:§(p2 +w2q2)_gp;gf+? Z 00 (2)

ig=1

which are eigenstates of the harmonic oscillator displaced by f]”% in phase space. Numerical calculations for case
three Josephson junctions were performed. As a result, were obtained Hamiltonians energy spectrum, spin projections
time-dependence and dependence of squares of spin projections on the coupling constant. For the thermodynamic
limit, when the number of junctions is infinite, the problem could be solved analytically. It is shown, that in this case

the phase transition is present and system switches to a superradiant state.
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Disorder-tuned superconductor-insulator transition in thin NbTiN films

M. V. Burdastykh,™2 S. V. Postolova,’? T.I. Baturina,’»? T. Proslier,>* V.M. Vinokur,*? and A.Yu. Mironov!>2

1A. V. Rzhanov Institute of Semiconductor Physics SB RAS,
18 Lavrentjev Avenue, Nowvosibirsk 630090, Russia
?Novosibirsk State University, Pirogova str. 2, Novosibirsk 630090, Russia
IInstitut de recherches sur les lois fundamentales de lunivers,
Commissariat de lenergie atomique et aux energies renouvelables-Saclay, Gif-sur-Yvette 91191, France
4 Materials Science Division, Argonne National Laboratory, Argonme, IL 60439, USA
° Computation Institute, University of Chicago, Chicago, IL 60637, USA

The superconductor-insulator transition (SIT) has been the subject of numerous studies for several decades [1-3].
Nevertheless, the SIT nature still remains elusive and the experimental data can be explained by the various models.
Thus, the question about SIT specific mechanism is open.

We investigated the superconductor-insulator transition in NbTiN films with thicknesses d < 18 nm. The films were
grown by atomic layer deposition onto Si/SiOs substrates. The samples for transport measurements were patterned
into Hall bridges. The low frequency (f = 3Hz) resistance measurements were carried out by using standard four-
probe technique.

The experimental results indicate a direct superconductor-insulator transition in disordered thin NbTiN films. The
critical temperature of the superconducting transition 7, is suppressed due to increasing the resistance per square in
the normal state, that is in agreement with a fermionic approach for the demise of superconductivity in the 2D limit.
At the same time, the insulating ground state of the system was observed. Furthermore, the Berezinskii-Kosterlitz-
Thouless transition temperature is completely suppressed at nonzero T.. These features are typical for a bosonic
suppression superconductivity scenario. It was demonstrated that the resistance temperature dependencies of the
insulating films follow the Arrhenius activation behavior.

[1] A.F. Hebard, M. A. Paalanen, Phys. Rev. Lett., 65, 7 (1990).
[2] A.M. Goldman, N. Markovi’, Physics Today, 51, 11, 39 (1998).
[3] V.F. Gantmakher, V. T. Dolgopolov, Physics-Uspekhi, 53, 1 (2010).
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Edge states and spin-valley edge photocurrent in transition metal dichalcogenide
monolayers

V.V. Enaldiev'

! Kotel'nikov Institute of Radio-engineering and Electronics of the Russian
Academy of Sciences, 11-7 Mokhovaya St, Moscow, 125009 Russia

We develop an analytical theory for edge states in monolayers of transition metal dichalcogenides based on a
general boundary condition for a two-band kp-Hamiltonian in case of uncoupled valleys. Taking into account edge
spin-orbit interaction we reveal that edge states, in general, have linear dispersion that is determined by three real
phenomenological parameters in the boundary condition. In absence of the spin-orbit interaction, edge states are
described by a single real parameter whose sign determines whether their spectra intersect the gap or not. In the
former case we show that illumination by circularly polarised light results in spin and valley polarised photocurrent
along the edge. Flow direction, spin and valley polarisation of the edge photocurrent are determined by the direction
of circular polarisation of the illuminated light [1].

[1] V.V. Enaldiev, arXiv:1711.00649.
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Electronic properties and the persistent current of one-dimensional mesoscopic rings
with inhomogeneitiest

E.S. Azarova! and G.M Maksimova'
! Department of Theoretical Physics, Lobachevsky State University of Nizhny Novgorod

Since the discovery of the Aaronov-Bohm effect and its first observation, ring structures continue to attract the
attention of the scientific community. This is due not only to the fact that they exhibit many new physical phenomena
associated with quantum interference effects, but also with the possibilities of using them in various optoelectronic
devices. The ring graphene nanostructures were widely studied both theoretically and experimentally [1, 2].

In this paper, we consider the electronic properties of gapped graphene and silicene quantum rings in the presence
of a magnetic field. The one-dimensional model used allows to obtain most of the results in an analytical form. It is
shown, in particular, that the presence of a transverse electric field leads to the appearance of two groups of levels for
the silicene ring, periodically dependent on the magnetic flux, but characterized by different spin-valley indices. The
persistent current as a function of the magnetic flux in such a ring exhibits an abrupt behavior for a nonzero , which
is associated with the spin-valley symmetry breaking. The joint effect of the gap parameter and local perturbation
(inhomogeneity) on the energy levels structure of the ring is considered. The conditions for crossing the levels are found
depending on the magnitude of the perturbation (analogue of extra Dirac points (see, for example, [3])). A dispersion
equation is also obtained for finding the energy spectrum of an inhomogeneous ring with an arbitrary number of local
defects periodically distributed along it (i.e., forming a superlattice). Such a superlattice can be formed, for example,
by adsorbed atoms or impurities [4], or a local potential can be created using control electrodes [5].

This work is supported by the RFBR (Grant no. 16 — 32 — 00712-mol_a), the Russian Ministry of Education and
Science (Task No 3.2637.2017/4.6). E.S.A. acknowledges support by the “BASIS” Foundation.

[1] P. Recher, B. Trauzettel, A. Rycerz, et al., Phys. Rev. B, V. 76, 235404 (2007).

[2] S. Russo, J.B. Oostinga, D. Wehenkel, et al., Phys. Rev. B, V. 77, 085413 (2008).

[3] G.M. Maksimova, E.S. Azarova, A.V. Telezhnikoc, and V.A. Burdov, Phys. Rev. B, V. 86, 205422 (2012).
[4] D.M. Eigler, and E.K. Schweizer, Nature, V. 344, P. 524 (1990).

[5] B. Ozyilmaz, P. Jarillo-Herrero, D. Efetov, and Ph. Kim, Appl. Phys. Lett., V. 91, 192107 (2007).
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Fluctuation superconductivity: from the dirty to the clean case

Nikolay Stepanov 23 and Mikhail Skvortsov? 3

! National Research University Higher School of Economics, Moscow
?Skolkovo Institute of Science and Technology, Moscow
?Landau Institute for Theoretical Physics, Chernogolovka

We study the effect of superconducting fluctuations on the conductivity of metal films at arbitrary temperatures
and impurity scattering rates. Using the standard diagrammatic technique in the Keldysh representation, we obtain
the general expression for fluctuation conductivity applicable both for dirty and clean superconductors. We observe
that the usual classification in terms of the Aslamazov-Larkin, Maki-Thompson and density-of-states diagrams is
to some extent artificial since these contributions produce similar terms, which partially cancel each other. In the
diffusive limit, the results are compared with known predictions of early approaches [1],[2]. In the clean case [3],
we demonstrate that the correction does not contain a divergent term (7'7)? attributed previously to the DOS-type
contribution. The crossover between the diffusive and ballistic regimes is also studied.

[1] L. G. Aslamazov and A. I. Larkin, Fiz. Tverd. Tela 10, 1104 (1968).
[2] K. S. Tikhonov, G. Schwiete, and A. M. Finkel’stein, Phys. Rev. B 85, 174527 (2012).
[3] V. V. Dorin, A. Klemm, A. A. Varlamov, A. I. Buzdin and D. V. Livanov Phys. Rev. B 48, 12951 (1993).
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Helical edge transport in the presence of a magnetic impurity: influence of a local
anisotropy

Vladislav Kurilovich,'' 23 Pavel Kurilovich," 2?2 Igor Burmistrov,> %% and Moshe Goldstein®

! Moscow Institute of Physics and Technology, 141700 Moscow, Russia
?Skolkovo Institute of Science and Technology, 143026 Moscow, Russia
?L. D. Landau Institute for Theoretical Physics RAS, 119334 Moscow, Russia
4Institut fuer Theorie der kondensierten Materie,
Karlsruhe Institute of Technology, 76128 Karlsruhe, Germany
°Institut fuer Nanotechnologie, Karlsruhe Institute of Technology, 76021 Karlsruhe, Germany
®Raymond and Beverly Sackler School of Physics and Astronomy, Tel Aviv University, Tel Aviv 6997801, Israel

We study transport along the helical edge of a two-dimensional topological insulator in the presence of a Kondo
magnetic impurity. We take into account the local magnetic anisotropy, which is inherently present in the structure
for the impurities with spin S > 1/2. By analyzing the transport both at low and high energies, we show that the
anisotropy has a profound influence on the differential conductance along the edge in the wide region of voltage and
temperature, which is significantly larger than the typical sclae of anisotropy. Importantly, the results differ for the
impurities with integer and half-integer spin.
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Intrinsic Magnetic Moments in the Topological Insulators

Sakhin V.,! Kukovitskii E.,! Garifyanov N.,! Khasanov R.,2 Talanov Yu.,! and Teitelbaum G.!

!Kazan E. K. Zavoisky Physical-Technical Institute of RAS, Kazan, Russia
2Paul Scherrer Institute, 5232 Villigen, PSI, Switzerland

The presence of magnetic moments in topological insulators (TI) in the case of their ordering via indirect RKKY
coupling may give rise to the time-reversal symmetry (TRS) breaking and to appearance of different topological states
corresponding to new quantum materials. One of the most promising ways to develop long rang magnetism in TI is
the doping with magnetic ions. However, quite recently [1] it was found that local moments may emerge from the
intrinsic nonmagnetic defects of anti-site type (e.g. Bi on the Te site for 3-dimensional TI BiyTes) . The corresponding
local magnetic moments value is about 0.6 4B and originates from the p-orbital of the guest Bi atom.

We report the results of the comprehensive investigations of the intrinsic magnetism of TT on the example of popular
bismuthates family. The main part of our investigations of the intrinsic magnetic moments in TI was carried out using
the isostructural version of Bi telluride compound Bij ggSng.g2Sbo.9 TesS, which is known to be one of the best 3D
topological insulators [2]. The resistivity measured using the standard four-probe method revealed the typical for the
TI behavior with the activated character down to T~100 K followed by the decrease below T'<100 K which may be
considered as the manifestation of the surface conductivity. The magnetization measurements were carried out using
the SQUID magnetometer. Our SQUID data reveal the distinction in behavior of the field cooled magnetization and
the zero field cooled one due to correlations of magnetic moments.

Using the calculated value for the magnetic moments typical for anti-site defect makes it possible to estimate the
relative fraction of these defects as ~ 0.1-0.3%. The SQUID data obtained are in agreement with our electron spin
resonance results which indicate that at temperatures below 80-90 K the underlying magnetic state may be considered
as an array of small of easy plane ferromagnets with the magnetizations randomly oriented in the hexagonal (easy)
plane. Therefore in the absence of external field the TRS is not violated. Nevertheless it is worth noting that there
exist possibilities to generate intrinsic ferromagnetism without introducing any magnetic dopants.

The whole set of our experimental data gives evidence in favor of the possibility of intrinsic magnetism of the
topological insulators.

[1] Xiao, G. et al., Unexpected Room-Temperature Ferromagnetism in NanostructuredBizTes, Angew. Chem. Int. Ed. 53, 729
(2014), DOI: 10.1002/anie.201309416

[2] Kushwaha, S. K. et al., Sn-doped Bi;.1Sbo.9 Te2S bulk crystal topological insulator with excellent properties. Nat. Commun.
7, 11456 (2016), DOI: 10.1038/ncomms11456
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Inverse proximity effect in Majorana nanowires

A. A. Kopasov,! 1. M. Khaymovich,""2 and A. S. Mel’nikov!:?

! Institute for Physics of Microstructures, Russian Academy of Sciences, 603950 Nizhny Novgorod, GSP-105, Russia
®Maz Planck Institute for the Physics of Complex Systems, D-01187 Dresden, Germany
3 Lobachevsky State University of Nizhny Novgorod, 23 Gagarina, 603950 Nizhny Novgorod, Russia

We apply the tunneling Hamiltonian approach to study the superconducting proximity effect in semiconducting
nanowires fully covered by a thin superconducting shell. In the framework of the microscopic Gor’kov theory we
calculate the superconducting critical temperature of the shell as a function of the chemical potential, Zeeman field,
and the energy of spin-orbit coupling. We show that, depending of the values of the quasiparticle relaxation rates,
the superconductivity in the shell can be fully suppressed near the van Hove singularities in the electronic density of
states in the wire.
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Josephson coupling across a long single-crystalline Cu nanowire

0.V. Skryabina,'? S.V. Egorov,! A.S. Goncharova,® A.A. Klimenko,® S.N. Kozlov,"* V.V. Ryazanov,1:25 S.V.
Bakurskiy,%2® M.Yu. Kupriyanov,2 7% A.A. Golubov,>8 K.S. Napolskii,*? and V.S. Stolyarov® 147
! Institute of Solid State Physics RAS, 142432 Chernogolovka, Russia
“Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Russia
I Department of Materials Science, MSU, 119991 Moscow, Russia
4 Fundamental physical and chemical engineering dep., MSU, 119991 Moscow, Russia
® National University of Science and Technology MISIS, 4 Leninsky prosp., 119049 Moscow, Russia
bSkobeltsyn Institute of Nuclear Physics, MSU, 119991 Moscow, Russia
7Solid State Physics Department, KFU, 420008 Kazan, Russia
8 Faculty of Science and Technology and MESA+ Institute of Nanotechnology, 7500 AE Enschede, The Netherlands
Y Department of Chemistry, MSU, 119991 Moscow, Russia

We report on a fabrication method and the electron-transport measurements for submicron Josephson junctions
formed by Cu nanowires coupling superconducting planar Nb electrodes for 2-probe and 4-probe measurements.
Copper nanowires were prepared by metal electrodeposition inside the cylindrical channels of porous template alu-
minum oxide. Transmission electron microscopy image and selected area electron diffraction pattern image reveal
that copper nanowires have single crystal structure. By taking advantage of Nb as a superconducting electrode and
a singlecrystalline Cu nanowire as a barrier, we demonstrate measurable Josephson supercurrent up to relatively
high temperature of 3.5 K. The resistivity of Copper nanowires pc, =~ 1 pf) cm is comparable to the values of p
experimentally achieved earlier for Cu nanowire systems at the liquid helium temperature [1]. The measurements of
1. as a function of magnetic field show that the Josephson supercurrent can be detectable up to a field of 800 Oe. The
observed monotonic decrease in I, with magnetic field and temperature is quantitatively explained on the framework
of the quasiclassial theory of superconductivity. As a model for the junctions investigated using 2-probe geometry,
we consider an SINIS type structure where I is the interface barrier between the Nb electrode and the Cu nanowire
described by the parameter v5 = Rp/pén-

[1] A. Bid, A. Bora, A. K. Raychaudhuri, Phys. Rev. B 74, 3, 035426 (2006).
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Laser pulse probe of the chirality of Cooper pairs

V. L. Vadimov®? and A. S. Mel’'nikov! 2

! Institute for Physics of Microstructures, Russian Academy of Sciences, 603950 Nizhny Novgorod, GSP-105, Russia
2 University of Nizhny Novgorod, 23 Gagarin Avenue, 603950 Nizhny Novgorod, Russia

The internal chirality of Cooper pairs is shown to modify strongly the response of a superconductor to the local
heating by a laser beam. The suppression of the chiral order parameter inside the hot spot appears to induce the
supercurrents flowing around the spot region. The chirality affects also the sequential stage of thermal quench devel-
oping according to the Kibble-Zurek scenario: besides the generation of vortex—antivortex pairs the quench facilitates
the formation of superconducting domains with different chirality. These fingerprints of the chiral superconducting
state can be probed by any experimental techniques sensitive to the local magnetic field. The supercurrents encircling
the hot spot originate from the inhomogeneity of the state with the broken time reversal symmetry and their detec-
tion would provide a convenient alternative to the search of the spontaneous edge currents sensitive to the boundary
properties. Thus, the suggested setup can help to resolve the long-standing problem of unambiguous detection of type
of pairing in SroRuQy4 considered as a good candidate for chiral superconductivity.
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Modeling of networks and globules of charged domain walls observed in pump and
pulse induced states.

Petr Karpov! and Serguei Brazovskii?

! National University of Science and Technology “MISiS”, Moscow, Russia
CNRS UMR 8626 LPTMS, University of Paris-Sud, University of Paris-Saclay, Orsay, France

Experiments on optical and STM injection of carriers in layered tantalum disulfide 17'—TaSs revealed the formation
of nanoscale patterns with networks and globules of domain walls [1-3]. This is thought to be responsible for the
metallization transition of the Mott insulator and for stabilization of a “hidden” state [3]. In response, here we
present studies of the classical charged lattice gas model emulating the superlattice of polarons ubiquitous to the
material of choice [4]. The injection pulse was simulated by introducing a small random concentration of voids which
subsequent evolution was followed by means of Monte Carlo cooling. Below the detected phase transition, the voids
gradually coalesce into domain walls forming locally connected globules and then the global network leading to a
mosaic fragmentation into domains with different degenerate ground states. The obtained patterns closely resemble
the experimental STM visualizations. The surprising aggregation of charged voids is understood by fractionalization
of their charges across the walls’ lines.

] Ya. A. Gerasimenko, I. Vaskivskyi, and D. Mihailovic, arXiv:1704.08149 (2017).
] D. Cho et al, Nat. Commun. 7, 10453 (2016).

] L. Ma et al, Nat. Commun. 7, 10956 (2016).

] P. Karpov and S. Brazovskii, arXiv:1709.01912 (2017).
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Multiferroicity of CuCrO; tested by ESR

Gotovko S.K.1'2 and Svistov L.E.!

!P. L. Kapitza Institute for Physical Problems RAS, 119334 Moscow, Russia
?Moscow Institute of Physics and Technology, 117808 Moscow, Russia

CuCrO2 is an example of quasi-two-dimensional antiferromagnet (S = 3/2) with triangular lattice structure. The
neutron scattering experiments below Ty ~ 24 K detected a three dimensional coplanar magnetic order with in-
commensurate wave vector ¢;. = (0.329, 0.329, 0) that slightly differs from the wave vector of a commensurate 120°
-structure. Spins form the spin planes, which are further described by normal vector n. According to ESR and
NMR investigations the orientation of the spin plane of magnetic structure is defined by strong easy axis anisotropy
perpendicular to trigonal plane (along z-axis) and weak anisotropy perpendicular to one side of the triangle (along
y-axis). The magnetic ordering is accompanied by the appearance of an electric polarization P (Ref. [1]). The electric
polarization is perpendicular to spin plane and is defined by its orientation in space. According to Ref. [2], the
main magnetic and multiferroic properties of antiferromagnetic CuCrOy have explanation in frame of Dzyaloshinski-
Landau theory of magnetic phase transitions. Following [2], the potential energy of CuCrO; dependent on the spin
plane orientation in both external magnetic field H and electric field E in respect to crystallographic axes can be
written as:

U = &nQ + &n Xi— X1

St 2 - 5 (nH)? - P(n,E, +n,E,) (1)
The first two terms describe the anisotropy energy. One hard axis for the normal vector n is parallel to the z-axis
and the second axis is parallel to y-axis (81, B2 > 0,81 >> B2). The next term describes the anisotropy of magnetic
susceptibility. The last two terms describe the interaction of spontaneous electric polarization P with applied electric
field E.
In the studied case when applied H was directed along y-axis and applied E was directed along x-axis, the low-
frequency branch of spin plane oscillations can be described as:

2
w2 E (2)
v XL XL

As it can be seen from (2), applied E leads to the shift of ESR-spectra.

We report the results of ESR experiments on single crystals of CuCrOs at the applied electric field. Because of
it smallness, the shift of ESR absorption lines was observed with use of modulation technique. The alternating low
frequency electric field E,; was applied to the sample together with magnetic field. The response on the frequency
of applied electric field E,; is proportional to derivative of absorption line. The theoretical expectation satisfactory
agrees with experimental response.

[1] K. Kimura, H. Nakamura, S. Kimura, M. Hagiwara, and T. Kimura, Phys. Rev. Lett. 103, 107201 (2009).
[2] V.I. Marchenko JETP 119, 1084 (2014).
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A new generation of niobium-nitride single photon detectors with an internal detection efficiency equal to one is
used to determine very accurately the absorbed power. By measuring the electron temperature from the resistive
transition of the superconductor, we determine the heat conductance to the substrate, which is a direct measure of
the electron-phonon thermal conductance (Gepp,) and the thermal conductance between phonons and substrate (Gy).
‘We measure the temperature behaviours of G, and Gy over a temperature range of 5 to 7 Kelvin. This result allows
a more accurate modelling of the response of single photon detectors.



P18

Simulating quantum dynamical phenomena using classical oscillators

O. V. Ivakhnenko,' S. N. Shevchenko,?3* and Franco Nori%®
'V. N. Karazin Kharkov National University, Kharkov 61022, Ukraine
°B. Verkin Institute for Low Temperature Physics and Engineering, Kharkov, Ukraine
3V. N. Karazin Kharkov National University, Kharkov, Ukraine
4“CEMS, RIKEN, Saitama, Japan
° Physics Department, University of Michigan, Ann Arbor, MI, USA

Classical oscillators are ubiquitous in nature. With some modifications, they provide analogues of systems from
other fields of physics. An important example here is a basic system of quantum mechanics and quantum technologies,
a two-level system, or qubit. A qubit is described by its tuned energy levels. Being driven, such system experiences
resonant transitions, which is important for both system characterization and control. However, in a number of
works in different contexts, it was argued that diverse classical systems can behave like qubits. Such systems include
mechanical, opto-mechanical, electrical, and optical realizations.

A quantum system can be driven by either sinusoidal, rectangular or noisy signals. In the literature, these regimes
are referred to as Landau-Zener-Stiickelberg-Majorana interferometry [1-4], latching modulation [5], and motional
averaging [6], respectively. We demonstrate that these pronounced and useful effects are also inherent in the dynamics
of classical two-state systems. We discuss how such classical systems are realized using mechanical, electrical, or optical
resonators.

[1] W. D. Oliver, Y. Yu, J. C.Lee, K. K. Berggren, L. S. Levitov, T. P. Orlando, Mach-Zehnder interferometry in a strongly
driven superconducting qubit. Science 310, 1653 (2005).
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(2013).

[6] M. P. Silveri, K. S. Kumar, J. Tuorila, J. Li, A. Vepsalainen, E. V. Thuneberg, and G. S. Paraoanu, Stuckelberg interference
in a superconducting qubit under periodic latching modulation, New J. Phys. 17, 043058 (2015).
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In solid-state systems Majorana bound states (MBSs) are implemented as quasiparticle excitations which are char-
acterized by exponentially small or zero energy and delocalized. The last circumstance makes them attractive for
topological quantum computations since an MBS-based qubit is persistent against local perturbation [1]. Semiconduct-
ing wires with strong spin-orbit coupling on superconducting substrates [2, 3] seem to be one of the most perspective
for this purpose since the experimental proofs of the presence of MBSs in these systems have been already proposed
[4, 5]. Today different features related to the MBSs are being actively studied, such as fractional Josephson effect,
electronic teleportation, Andreev reflection and the MBS spin polarization. In the last case an important stimulating
factor is the prospect to detect MBSs in the spin-polarized tunnel spectroscopy and microscopy experiments. A
number of devices using the properties of MBS and the transition between topologically trivial and nontrivial phases
have been suggested, for example, memory cells, switches, current rectifiers, Cooper pair splitters [6].

We present the study of transport properties of a superconducting wire with strong Rashba spin-orbit coupling for
different orientations of an external magnetic field. Using the nonequilibrium Greens functions in the tight-binding
approach the crucial impact of the relative alignment of lead magnetization and the Majorana bound state (MBS)
spin polarization on the low-bias conductance and shot noise is presented. Depending on this factor the transport
regime can effectively vary from symmetric to extremely asymmetric. In the last situation the current-symmetry
breaking, the suppression of the MBS- assisted conductance and specific Fano factor behavior lead to current-switch
effect. The persistence of these features under the presence of diagonal disorder and phenomenologically modeled
g-factor anisotropy is demonstrated [7].
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Authors of this work fabricated hybrid planar Josephson junctions (Al-Cu/Fe-Al) and investigated the electron
transport in the structures in the presence (and not) of spin-polarized electrons injector. As well as control current,
variable parameters were temperature and the thickness of Cu layer . As a result, one can observe strong suppression
of induced superconductivity and oscillating dependence of critical current on spin-injecting current.



