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The anomalous Josephson structures with coupled superconducting and magnetic character­
istics allows the manipulation of magnetic properties by Josephson current [1]. Injunctions 
with a strong spin-orbit coupling ( r.p0 Josephson junction), we demonstrate the appearance 
of negative differential resistance on the IV characteristic, resulting in an additional locking 
step of magnetic precession [2]. We show that it is possible to control not only the frequency 
but also the amplitude of the magnetic precession in the locking region. In addition to this, 
for junction with electromagnetic coupling as in nanomagnet coupled to Josephson junc­
tions [3,4], an irregular easy axis reorientation occurs due to several precessional motions 
that are related to chaotic behavior and orbits with different periodicity in the ferromagnetic 
resonance region [5]. This opens unique perspectives for the control and manipulation of 
magnetic moment in hybrid superconducting systems and spintronics devices. 

The study is support by ASRT (Egypt) andJINR (Russia) collaboration research Projects. Nu­
merical simulations were funded by Project No. 22-71-10022 of the Russian Science Foun­
dation. 
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Manipulation of the magnetic properties of the 'PO junction is attracting much attention 
today. We demonstrate the possibility of controlling the magnetic precession by super­
conducting current in the region of ferromagnetic resonance in a shunted 'Po junction. In 
particular, an increase in the intensity of magnetic precession is observed in the region of 
parallel resonance . This effect is increasing with increasing parameters of the 'Po transition, 
such as the spin-orbit interaction, the ratio of the Josephson energy to the magnetic energy, 
and the magnitude of the Gilbert damping. 
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Single-photon detectors based onJosephsonjunctions 
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Photon counters are required in many applications, like astrophysics experiments, quantum 
optics, atomic physics, and quantum information processing. One of the major challenges in 
this area is to produce devices capable to detect single photons of longer and longer wave­
lengths, which are required, for example, in the detailed study of the Cosmic Microwave 
Background (CMB) radiation and in the detection of dark matter particles. Extending the 
range of wavelengths for detectable photons into the microwaves spectrum is currently un­
der investigation. Eventually the most promising technologies that may be employed to 
achieve this objective are based on superconducting devices. There are two main types of 
such detectors: the cold electron bolometer and the Josephson junction (JJ) detector. 

We present a quantum mechanical description of the JJ detector for two types of configura­
tions, taking into consideration also the antenna [1, 2, 3]. The model is based on the macro­
scopic quantum tunneling formalism (MQT). We derive the Hamiltonian operators for each 
configuration and write the Schrodinger equations. In both cases, the system is equivalent 
to a quantum particle moving in a two-dimensional potential landscape with an infinite 
number of local minima. Initially, the system is prepared with the particle in a metastable 
state in one of these minima, and the detection of the photon is represented as the excitation 
of this particle over the potential barrier, out of the initial local minimum [ 1]. 

Estimations based on this model show that for typical values of the JJ and antenna parame­
ters, such devices may detect photons at least up to 1 cm wavelengths. 

REFERENCES 
[1] D. V. Anghel, K. Kulikov, Y. M. Galperin, and L. S. Kuzmin, Electromagnetic radiation 
detectors based on Josephson junctions: Effective Hamiltonian, Phys. Rev. B 101, 024511 
(2020). 
[2] A. M. Sokolov and F. K. Wilhelm, Superconducting Detector That Counts Microwave 
Photons Up to Two, Phys. Rev. Applied 14, 064063 (2020). 
[3] D.S. Golubev, E. V. Il'ichev, and L. S. Kuzmin, Single-Photon Detection with a Josephson 
Junction Coupled to a Resonator, Phys. Rev. Applied 16, 014025 (2021). 
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We study the stable configurations of a Neel-type skyrmion and a Pearl vortex interacting 
via stray fields in thin superconductor-ferromagnetic heterostructures. Considering that 
skyrmions stabilized by Dzyaloshinskii-Moriya interaction (DMI) are smaller than the Pearl 
length, we distinguish two scenarios: the skyrmion is attracted to (1) or repelled from (2) 
the center of the vortex. Introducing a novel three-parameter ansatz for the non-central­
symmetric skyrmion texture, we determine the conditions for each scenario. Moreover, 
we predict that for the specific material parameters of the heterostructure, both attraction 
and repulsion can be realized depending on the initial position: the free energy can have 
two minima, at a = 0 and a = a0 -=/=- 0, as a function of the distance a between the 
centers of skyrmion and vortex. The analytical results are verified by the micromagnetic 
simulations. 

The work is funded by the Russian Science Foundation under the Grant No. 21-42-04410. 
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Rapid development of micro- and nanofabrication methods have provoked interest and en­
abled experimental studies of electronic properties of a vast class of (sub)micrometer size 
solid state systems. Mesoscopic scale hybrid structures, containing superconducting ele­
ments, have become interesting objects for basic research studies and various applications, 
ranging from medical and astrophysical sensors to quantum computing. One of the most 
important aspects of physics, governing the behavior of such systems, is the finite con­
centration of non-equilibrium quasiparticles, present in a superconductor even well below 
the temperature of superconducting transition. Those non-equilibrium excitations might 
limit the performance of a variety of superconducting devices, like superconducting qubits, 
single-electron turnstiles and microrefrigerators. On the contrary, in some applications, 
like detectors of electromagnetic radiation, the non-equilibrium state is essential for their 
operation. It is therefore of vital importance to study the mechanisms of non-equilibrium 
quasiparticle relaxation in superconductors of mesoscopic dimensions, where the whole 
structure can be considered as an 'interface'. At early stages of research the problem was 
mostly studied in relatively massive systems and at high temperatures close to the criti­
cal temperature of a superconductor [1]. Lately various phenomena have been studied in 
hybrid superconductor-based nanostructures enabling spatial resolution of the relaxation 
process [2-8]. Here we report our recent experiments indicating presence of coherent non­
equilibrium transport in a NIS solid state 'double slit' interferometer-type structures. 

REFERENCES: 
[ 1] See for a comprehensive review, Nonequlibrium Superconductivity, Phonons, and Kapitza 
Boundaries, edited by K. E. Gray (Plenum Press, New York, 1981). 
[2] R. Yagi, Superlattices Microstruct. 34, 263 (2003); R. Yagi, et. al., J. Phys. Soc. Jpn. 78, 
054704 (2009). . 
[3] D. Beckmann, H.B. Weber, and H. v. Lohneysen, Phys. Rev. Lett. 93, 197003 (2004). 
[ 4] S. Russo, M. Kroug, T. M. Klapwijk, and A. F. Morpurgo, Phys. Rev. Lett. 95, · 027002 
(2005). 
[5] P. Cadden Zimansky and V. Chandrasekhar, Phys. Rev. Lett. 97, 237003 (2006). 
[6] K. Yu. Arutyunov, H.-P. Auraneva, and A. S. Vasenko, Phys. Rev. B 83, 104509 (2011). 
[7] T. E. Golikova, et. al., Phys. Rev. B 89, 104507 (2014). 
[8] K Yu Arutyunov et. al. J. Phys.: Cond. Matt. 30, 343001 (2018). 
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Superconducting hybrid structures with normal metal, magnetic, and tunneling layers are 
being actively studied for the needs of superconducting electronics. Such structures are 
widely used as spin-valves, 1r-shifters, phase batteries, and non-volatile memory and logic 
elements [l]. In this case, the properties of the device mainly depend on the thickness and 
material parameters of the ferromagnetic layer, which brings the phase shift of the order 
parameter. 

However, the properties of such structures also depend on the thickness of the supercon­
ducting layers. When the thickness of the intermediate superconducting layers decreases 
to a value on the order of the coherence length, the behavior of the structures often changes 
qualitatively [2]. 

A significant number of devices can be designed on this effect. On the one hand, changing 
the boundary conditions near the ferromagnetic layer and phase restoration in s-layer can 
cause a shift in the 0-1r transition [3]. On the other hand, in some cases, a thin supercon­
ducting layer can act as a charge imbalance accumulator and change the performance of the 
Josephson junctions [ 4]. Thin superconducting layers make it possible to control the criti­
cal current in tunneling Josephson junctions, both due to the transition between O and pi 
states [5], and due to the formation of superconducting phase domains [6]. Thus, the use of 
thin superconducting layers in hybrid structures opens up wide possibilities for modifying 
existing devices and creating fundamentally new operational principles. 

The work was supported by the Russian Science Foundation grant 22-79-10018 
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namic properties of asymmetric double Josephson junction stack with quasiparticle imbal­
ance, Nanotechnology 30, 324004 (2019). 
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[6] S. V. Bakurskiy, N. V. Klenov, I. I. Soloviev, M. Y. Kupriyanov, and A. A. Golubov, Su­
perconducting phase domains for memory applications, Appl. Phys. Lett. 108, 042602 
{2016). 
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The magnetization reversal phenomena in the superconducting quantum interference de­
vice (SQ-UID) with the single c/>o junction is investigated. Dynamics of the considered sys­
tem is described in the framework of Landau-Lifshitz-Gilbert equation for magnetization 
of the ferromagnetic layer and resistively shunted junction model for phase difference of 
c/>o Josephson junction. Parallel MPI version of the program was developed to determine 
the magnetization reversal intervals. We have demonstrated the periodicity of magnetiza­
tion reversal in intervals of given parameters under the action of an external magnetic field 
pulse. The effect of parameters on the realization of magnetization reversal is clarified. It 
is shown that the magnetization reversal has a periodic behavior on the amplitude of pulse 
and SQUID inductance. We expect the obtained results can be used in different applications 
of modern superconducting electronics and spintronics. 
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Since the early works on superconductivity, it has been discovered that for thin films the 
critical temperature of transition Tc to supeconducting state can be considerably different 
from its value for corresponding bulk material [1]. Remarkably, as the film thickness di­
minishes, Tc becomes lower in some (e.g., niobium) and higher in other materials (e.g., alu­
minum). Despite a fairly large body of experimental data on the subject and abundance of 
theoretical models, to date there is no consensus in the scientific community regarding the 
nature of this phenomenon. Here we present theoretical and experimental study of high­
quality aluminum films on various substrates. Irrespectively of the substrate material and 
the method of film formation, all aluminum samples demonstrate the same tendency: the 
thinner the film, the higher is the critical temperature. We claim that the observation is the 
manifestation of the quantum size effect [2]. 

Using the Green's function method within the BCS model, we calculate the dependence of 
the critical temperature of the superconducting transition on the thickness of the film. The 
study shows that the critical temperature increases with decreasing thickness of the Al film, 
which is confirmed by a set of experimental data [2]. 

We have obtained the dependencies of the critical temperature on the thickness of the film 
for clean samples and compared them with experimental data for aluminum films produced 
by molecular - beam epitaxy on sapphire substrates. The high quality of the aluminum films 
and their thickness, which exceeds the permissible limits for ultra-thin objects, allowed for 
the exclusion of the influence of disordered crystallites, surfaces, and substrates. It was 
assumed that the sample did not contain impurities, so the scattering of electrons on impu­
rities and defects of the crystal structure was not initially considered, but the inclusion of 
scattering was also one of the goals of this study. 

The work was supported by the Basic Research Program of the National Research Univer­
sity Higher School of Economics. 
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The ability to control the dispersion law of spin waves is one of the most important require­
ments for the engineering of magnonic devices. We show that thin-film hybrid structures 
consisting of a ferromagnetic (F) or antiferromagnetic (AF) insulator and a superconduc­
tor (S) or normal metal (N) have broad prospects in this field. Structures with topological 
superconductors are also touched upon. Due to the presence of a surface exchange interac­
tion between the magnetic insulator and the metal, an effective exchange field is induced 
in the latter, which repeats the profile of the magnetization of the magnet, including the 
magnon. This leads to the appearance of spin polarization of the quasiparticles in the super­
conductor and the generation of triplet Cooper pairs in it. Moreover, the spin polarization of 
quasiparticles is not co-directed with the local exchange field (the effect of dynamic delay), 
and therefore creates a rotational moment that acts on the magnetization of the magnet. 
In addition, a magnon with a nonzero wave vector creates around itself a cloud of triplet 
Cooper pairs of electrons with equal spins, which dress it, increasing its effective mass and 
screening its spin. 

In structures with a ferromagnet and an antiferromagnet, due to the difference in their 
characteristic frequencies (GHz for ferromagnets and THz for antiferromagnets), the pro­
cesses described above play a different role and the effect of a superconductor on a magnet 
looks _different. In a typical ferromagnet, spin-triplet pairs exert the main influence. They 
dress the magnon, increase its mass, and screen the spin. The resulting composite particle 
was called magnon-Cooparon [1]. For structures with an antiferromagnetic insulator, the 
renormalization of the magnon spectrum involves both the polarization of quasiparticles 
and spin-triplet pairs. Unlike a ferromagnet, the spectrum of magnons in an antiferromag­
net contains two modes, which for an easy-axis antiferromagnet are degenerate in energy 
at zero applied magnetic field. Interaction with a superconductor leads to the removal of 
this degeneracy [2]. One of the interesting practical results of our work is the proposal of 
a method for direct measurement of the exchange field induced by a magnet in a supercon­
ductor ( or a normal metal, which is considered as the limiting case of a superconductor at 
high temperature). 

The support by RSF project No. 22-42-04408 is acknowledged. 
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9 



Superconducting and Magnetic Hybrid Structures / Book of Abstracts 

Proximity effects in superconductor/antiferromagnet 
heterostructures 

Authors: Irina Bobkova1; Grigory Bobkov1
; Alexander Bobkov1

; Akashdeep Kamra2
; Lina Johnsen 

Kamra3 ; Simran Chourasia2; Valeria Gordeeva1; Alexander Golubov4 

1 Moscow Institute of Physics and Technology, Dolgoprudny, Russia 

2 IFIMAC and Universidad Autonoma de Madrid, Spain 

3 Center for Q,uantum Spintronics, Trondheim, Norway 

4 University of Twente, The Netherlands 

Corresponding Author: Irina Bobkova, bobkova.iv@mipt.ru 

The aim of this talk is to review the current state of the young subfield of superconduct­
ing spintronics - antiferromagnetic superconducting spintronics. The talk is based on the 
results obtained in the last two years in the Laboratory of Spin Phenomena in Superconduct­
ing Nanostructures and Devices, MIPT in collaboration with foreign colleagues and several 
results of other groups. It is planned to discuss the structure and properties of Neel triplet 
correlations induced by the proximity effect in superconductor/antiferromagnet (S/AF) het­
erostructures [l], mechanisms of superconductivity suppression in S/AF bilayers [2], the 
dependence of the critical temperature of SI AF bilayers on the width of the AF layer and 
the relation of these theoretical findings to the existing exp~riments [3]. The proximity ef­
fect at S/AF interfaces with canted antiferromagnets is also considered [4]. A unique effect 
of anisotropic enhancement of proximity-induced triplet correlations by spin-orbit coupling 
and its perspectives for superconducting spintronics are discussed. The recently predicted 
effects of spin-orbit coupling in Josephson structures via antiferromagnets, such as anoma­
lous phase shift of the ground state and giant anisotropy of the critical current, are also 
touched upon [5,6]. 

The support by RSF project No.22-22-00522 is acknowledged. 
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Appl. Phys. Lett. 103, 152602 (2013). 
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In this work we study theoretically two different manifestations of the sign-flipping Neel 
triplet correlations, which are induced in superconductor/antiferromagnet (S/ AF) heterostruc­
tures by proximity effect [1]. The first one is the oscillating dependence of the supercon­
ducting critical temperature of SI AF bilayers on the length of the AF region. It occurs d{Je to 
the oscillating character of the Neel triplet pair wave function, which in its turn originates 
from the Umklapp scattering processes at the SI AF interface. This prediction could give a 
possible explanation for available experimental data [2]. 

The second issue is the interplay of the Neel triplets with Rashba spin-orbit coupling (SOC) 
in thin-film S!AF structures. A unique effect of anisotropic enhancement of proximity­
induced triplet correlations by the SOC is predicted. It manifests itself in the anisotropy 
of the superconducting critical temperature with respect to orientation of the Neel vector 
relative to the SI AF interface, which is opposite to the analogous effect in superconduc­
tor/ferromagnet structures. The sign of the anisotropy is controlled by the chemical poten­
tial of the superconductor and, therefore, can be adjusted in (quasi)2D structures. 

The work was supported by RSF project N2 22-22-00522 
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The multifractal superconducting state originates from the interplay of Anderson localiza­
tion and interaction effects. In this talk I overview the recent theory of the superconduc­
tivity enhancement by multifractality and extend it to describe the spectral properties of 
superconductors on the scales of the order of the superconducting gap. Specifically, using 
the approach based on renormalization group within the nonlinear sigma model, we develop 
the theory of a multifractal superconducting state in thin films. We derive a modified Usadel 
equation that incorporates the interplay of disorder and interactions at energy scales larger 
than the spectral gap and study the effect of such an interplay on the low-energy physics. 
We determine the spectral gap at zero temperature which occurs to be proportional to the 
multifracally enhanced superconducting transition temperature. We reveal strong meso­
scopic fluctuations of the local density of states in the superconducting state. We consider 
the case of superconducting state in the presence of spin-orbit interaction as well as near 
the Ising ferromagnetic quantum critical point. The talk is based on the publications [1-
3]. 
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The spread of the Cooper pairs into the ferromagnet in proximity-coupled superconductor -
ferromagnet (SF) structures is shown to cause a strong inverse electrodynamic phenomenon, 
namely, the long-range transfer of the magnetic field from the ferromagnet to the supercon­
ductor. Contrary to the previously investigated inverse proximity effect resulting from the 
spin polarization of superconducting surface layer, it exists a very generic orbital mech­
anism of the magnetic moment transfer from a ferromagnet to a superconductor, which 
is unavoidable in S/F hybrids. It is related with the fact that the common superconducting 
wave function in Sand F (near the interface) does not permit to exclude the vector-potential 
of the magnetization by gauge transformation. From the experimental point of view, this 
phenomenon reminds the Aharonov-Bohm effect since the current inside the attached su­
perconductor is induced by the ferromagnetic layer, which cannot create the magnetic field 
in the outside in the absence of such superconducting environment. At the same time, the 
true physical key point is that the wave function penetrating the ferromagnet is responsible 
for this effect. Let us stress that the characteristic length of the proposed inverse electro­
dynamic effect is of the order of the London penetration depth. The manifestation of this 
effect in S/F multilayers may lead to the generation of the relatively strong magnetic field 
in S layers and could explain the puzzling experimental data on the neutron scattering in 
Nb/Gd and other S/F superlattices. 
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We study the thermodynamic properties of zero-dimensional Ginzburg-Landau fields. As is 
well known, the size of the critical region becomes larger as the dimensions of the system 
decrease below the coherence length. It is shown that all the superconducting effects in 
the zero-dimensional _(OD) limit arise only from the existence of fluctuation-induced super­
conductivity. The electronic structure of OD superconductors goes through several phases 
with qualitatively different properties. By virtue of their size, OD superconductors are super­
paramagnetic under the influence of an external magnetic field, but exhibit (no remanent) 
magnetization when the field is removed. In zero magnetic field, the behavior of the system 
leads to the common Ginzburg-Landau conclusions about the ferromagnetic phase transi­
tion, with critical temperature Teo = 0, in accordance with the Mermin-Wagner theorem. 
The use of OD superconductors in an applied magnetic field in the framework of techno­
logical applications is a novel and highly interdisciplinary field offering great potential in 
therapeutic and diagnostic testing, but also in the development and the design of Joseph­
son junctions by grain junctions (onYBa2Cu3O7 compound for instance). Another aspect 
that is bound to contribute to the importance of this work is the emerging area of super­
conducting nano-electronics, such as nano-superconducting quantum interference device 
(nano-SQUIDs). 
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In this work, we study the magnetization dynamics of qubit states in a hybrid Josephson 
junction (JJ) where the external magnetic field is applied perpendicular to the plane self­
resonant superconductor. In this regard and using the dynamics Matrix approach (DMA), 
the approximated quantum two-level systems are examined in detail when the dynam­
ics of the magnetic moment is governed by the Landau-Lifshitz equation. A JJ couples 
the supercurrent flowing between two weakly linked superconductors to the adiabatic en­
ergy, anisotropy coefficient and phase difference between them via a current phase rela­
tion; Landau-Zener-Stiickelberg (LZS) interferometry is established following the standard 
protocol of Landau-Zener transition (LZT) in the magnetization reversal of the spin qubit. 
Therefore, we ascribe our observations to the high transparency of our junctions allowing 
solvable LZT via the DMA using to calculate the tunneling probability of population trans­
fer carrying 4rc periodic current, which will be useful for estimating the efficiency of the 
protocol. Thus, the prediction of consecutive LZT modulations (strong or weak transition of 
current) and the conservation accuracy ofLZS quantum interference patterns are identified 
with higher intrinsic quantum corrections considering the autoresonance with and without 
damping. 

This work reports the application of the concepts and techniques of interferometric devices 
to sensing for the purpose of performing magnetic resonance experiments in a novel regime, 
where quantum fluctuations of the microwave field have a major impact on the sensitivity 
of interferometry and on spin dynamics. 
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We study the density of states (DoS) 11; ( E) in a normal-metallic (N) film contacted by a bulk 
superconductor (S). We assume that the system is diffusive and the SN interface is transpar­
ent. In the limit of thin N layer (compared to the coherence length), we analytically find 
three different types of the DoS peculiarity at energy equal to the bulk superconducting or­
der parameter .6.0( i) In the absence of the inverse proximity effect, the peculiarity has the 
check-mark form with 11;(.6.o(i))=O as long as the thickness of the N layer is smaller than 
a critical value. (ii) When the inverse proximity effect comes into play, the check-mark is 
immediately elevated so that 11;(.6.0 ( i) )>O. (iii) Upon further increasing of the inverse prox­
imity effect, 11; ( E) gradually evolves to the vertical peculiarity (with an infinite-derivative 
inflection point at E=.6.o(i)). This crossover is controlled by a materials-matching parame­
ter which depends on the relative degree of disorder in the S and N materials. 
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Using the Landau and Pekar method, we studied the magnetic, electromagnetic field, Cou­
lomb impurity and electron-phonon coupling effects on the properties of the optical absorp­
tion coefficient in Rubidium Chloride (RbCl) quartic quantum dot. Firstly, the calculation of 
the ground and first excited state energy has been done. Secondly we have calculated one 
of the indispensable physical quantities in the analysis of the optical properties related to 
the transition of energy states inside the structure: the absorption coefficient, the magnetic 
properties. The results shown that, the electric and magnetic field, the confinement length 
and impurity considerably change the optical absorption coefficient. The ratio of the con­
tribution of one phonon oscillation strength to the contribution of the zero phonon is very 
considerable for smaller size structure, increase by the electric field but decrement by the 
magnetic field and impurity. We have demonstrated that the RbCl quartic quantum dot with 
smaller size and in the presence of the electric field grows of the optical absorption coeffi­
cient but in the presence of magnetic field and impurity diminishes of the optical absorption 
coefficient. This work highlights the importance of studying the absorption properties and 
magnetic properties of materials before their use in the manufacture of devices. 

Keywords: 
Electromagnetic field; Optical absorption; Polaron; RbCl quartic quantum dot; Coulomb 
impurity. 
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We study superconducting transport properties of planar submicron-size S-N/F-S Joseph­
son structures in the resistive state with the perpendicular ferromagnetic electrode in the 
applied magnetic field and with the injection current through the weak link. The splitted 
superconducting gap peculiarity was observed in the differential resistance characteristics. 
The splitting increases with the further increase of the injection current. This effect can be 
caused by the spin injection into the weak link from the F -electrode and a change of the 
magnetic state of the F layer. The latter is confirmed by the differential resistance measure­
ments in the external magnetic field. We have demonstrated that the splitted peculiarity is 
converted to a single peak at a coercive applied field corresponding to zero magnetization 
of the F-layer. 
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Superconducting states with broken time-reversal symmetry may arise in structures with 
nontrivial topological properties and are currently of high interest from fundamental and 
applied points of view. We will discuss theoretical basis for the description of interfaces 
between unconventional superconductors (S) and normal metals (N). We will present the 
results for electronic and spin transport in multiterminal SIN hybrid structures [1-3]. Tech­
nically, the derivation of boundary condition for the Nambu-Keldysh quasiclassical Green's 
functions at the S-N interfaces will be outlined. Of particular interest is application to su­
perconductors with mixed s + p-wave superconducting pairing symmetry, including the 
cases of chiral and helical p-wave state in two dimensions, as well as the so-called Balian­
Werthamer state in three dimensions. The local density of states, charge and spin conduc­
tance will be discussed. The cases will be identified when the proximity induced pairing 
in N has odd-frequency spin-triplet s-wave symmetry. This state is characterized by the 
existence of a robust zero energy Andreev bound state. 

Within the developed approach, three- and four-terminal SIN structures are investigated 
where the superconducting potential is a mixture between s-wave and p-wave potentials. 
The ways are proposed to determine whether S has a mixed pair potential and to distinguish 
between chiral and helical p-wave superconductivity. In this case a difference in conduc­
tance for electrons with opposite spins arises if both an s-wave and a p-wave components 
are present, even in the absence of a magnetic field. It is shown that a setup containing 
two SN junctions provides a clear difference in spin conductance between the s + chiral 
p-wave and s + helical p-wave symmetries. Further, we propose new approach to distin­
guish p-wave from s-wave symmetry by measuring conductance a four terminal junction 
consisting of S and N terminals. The N-terminals are used to manipulate the energy dis­
tribution functions of electrons in the junction in order to control the charge transport. It 
is shown that the differential conductance of junctions containing p-wave and s-wave su­
perconductors is distinctly different, thus providing experimental test to detect potential 
p-wave superconductivity. 

Acknowledgement. The work is partially supported by grant 23-72-30004 from Russian 
Science Foundation. 
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Currently, theJosephsonjunction (JJ) is widely used as the main element of superconducting 
logic systems. Magnetic flux quanta, called Josephson vortices (JVs), can penetrate into suf­
ficiently long junctions, which can be used to transmit and store information. In this work, 
we investigate a system consisting of a long Josephson junction integrated in the coplanar 
resonator. This allowed us to measure the states of the JJ with a microwave current of small 
amplitude, without making changes to the junction itself. We were able to detect the en­
trance and exit ofJVs and detect the hysteresis effect associated with the surface barrier for 
vortices. Our numerical simulation of the long JJ confirmed the existence of hysteresis in 
the same magnetic fields as in the experiment. We experimentally demonstrated switching 
between a state without vortices and with a single vortex in the junction. Based on this 
effect we propose the concept of cryogenic memory. (RSF 23-72-30004). 
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Here two different models of superconducting spin valve designs were investigated. The 
first model of Fl/F2/S structures, where the Heusler alloy Co2Cr1-xFexAly prepared at dif­
ferent substrate temperatures was used as both ferromagnetic layers. For this type of sam­
ples, it was possible to observe a huge triplet contribution to the effect of the superconduct­
ing spin valve l:lTJrip of more than 1 K. The second model of Fl/S/F2 structures, where addi­
tional insulating layers are introduced at the boundaries of the ferromagnet/superconductor 
and superconductor/ferromagnet sections. For this type of samples, it was possible to ob­
serve the full effect of a superconducting spin valve with a value of ClTc ~ 0.2 K. 

The reported study was funded by Russian Science Foundation according to the research 
project No. 21-72-10178. 

21 



Superconducting and Magnetic Hybrid Structures / Book of Abstracts 

Collective excitations in superconducting systems at 
the magnetic surf ace of 3D TI 

Authors: Alexander Golubov1; Andrey Vasenko2
; Irina Bobkova3; Tairzhan Karabassov3 

1 Faculty of Science and Technology, University ofTwente, The Netherlands 

2 HSE University and Kapitza Institute RAS, Russia 

3 Moscow Institute of Physics and Technology, Dolgoprudny, 141700 Russia 

Corresponding Author: Tairzhan Karabassov, iminovichtair@gmail.com 

Recently, helical state became an active area of research in the field of superconductivity. 
Such an interest is driven by the possibility of using the helical state for the superconduct­
ing diode effect realization [1]. In the present research we study the superconducting state 
caused by the helical state, which emerges in the system due to the presence of the magnon. 
For this purpose, we consider the effective model of topological insulator surface with an 
s-wave superconductivity and induced magnetization. Such systems can be experimentally 
designed in the forms of hybrid structures or synthesized as materials with intrinsic prop­
erties [2]. Employing the Keldysh formalism for the quasiclassical Green's functions in the 
diffusive limit we obtain fully self-consistent solution of the problem in the presence of the 
weak magnon. We demonstrate that in the system under consideration the magnon has a 
direct impact on the pair potential, i.e. it couples to the pair potential in the first order. This 
leads to the appearance of the collective excitations at the certain parameters of the spin 
wave. Furthermore, we reveal the effect of the helical state on the collective excitations and 
other properties of the system. 

The financial support from the Russian Science Foundation via the RSF project No.22-42-
04408 is acknowledged. 
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Recently non-chiral spin structures on the surface of the van der Waals (vdW) magnets have 
been observed down to monolayers. We provide a Hamiltonian to analyze the electronic 
properties of these materials. The Hamiltonian takes into account the arbitrary background 
spin structure and the large atomic spin S of the materials. The large spin-S treatment is 
necessary as magnetic atoms of the vdW magnets can have spin S > 1/2. In this work the 
Hamiltonian is solved for the spin spirals with azimuthal and polar degrees of freedom -
this spin structure was recently observed in Fe3GeTe2• We methodically analyze the Hamil­
tonian for both integer and half-integer spins in the honeycomb lattice. It shows emerging 
topological Hall effect, irrespective of the spin. The Chern number, hence the topological 
phase, depends on the spin S, and interestingly only on the azimuthal angle of the spin vec­
tor. These results will be useful for the design of the topological electronics devices based 
on vdW magnets. 

We use the spin structure: 

Here, ifi and ch are the spin wave vectors, ri is the position vector. S = 1/2, 1, 3/2, ... 
is the highest spin state of the background atoms. The three terms in spin configuration 
represent the three components of the spin vectors, Bx, Sy, and Bz. If this spin configuration 
is mapped to a Bloch sphere, then if1 rand ihr represent the polar angle and the azimuthal 
angles respectively. Using the above spin configuration we analyze the topological Hall 
effects for integer and half-integer spins. 
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Chiral one-dimensional transport of quasiparticles along the boundary of a gapped two­
dimensional electron system (2DES) is a fundamental aspect of the quantum Hall effect. 
A combination of phase-coherent ballistic propagation over large distances together with 
a controllable backscattering by gate-defined constrictions result in a plethora of quasi­
particle interference phenomena in quantum Hall edge channels. Matching these unique 
capabilities with a superconducting proximity effect may greatly advance the research in 
semiconductor- superconductor hybrids. 

In this work, I propose a quantum Hall Bogoliubov interferometer, that is a modification of 
a Fabry-Perot type interferometer with a superconducting terminal inside. This geometry 
enables a fine tuning of the local and non-local normal and Andreev scattering amplitudes 
by means of the Aharonov-Bohm (AB) phase and constrictions defining the interferometer 
loop. The proposed interferometer represents a versatile three-terminal NSN device that 
enables full control over the non-local charge and heat quasiparticle transport, including a 
resonant enhancement of an arbitrarily small Andreev reflection probability up to 1. 
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Strong spin-orbit interaction in iridium oxides attracts much interest for applications as 
barrier material in superconducting heterostructures. Iridium has a large atom number and 
in iridates the energy of the spin-orbit interaction (SOI) is so large as 0.5 eV [1]. Sr2lrO4 
(SI04) could be described as insulator with a band gap of 100 meV, and as well as variable 
range hopping conductor with a localization radius a ~ 0.l - 0.3 nm [3]. IfSIO4 layer placed 
between superconductors the strong enhancement of triplet superconducting current due 
to the SOI has been predicted [ 4]. 

In our study two models of charge carrier transport were used for SIO4 films. The first one 
is the thermal activation, when the temperature dependence of the film resistivity obeys the 
formula 

p(T) = po exp ( ~:) , 

where !::i.E is the band gap, Po is an experimental constant, and k is the Boltzmann's constant. 
The approximation of the resistivity versus temperature dependencies of SIO4 films gives 
!::i.E values of 200 - 230 meV [5]. Another model is a three-dimensional variable-range 
hopping conduction (VRH), when the temperature dependency of the resistivity may be 
written as 

p(T) = Po exp [ (7;) 114

] , 

where To is VRH temperature. By the VRH approximation temperatures To ~5 - l0x 107 K 
were estimated for the films studied [5, 6]. It is not clear what model: thermal activation or 
VRH is more suitable for dependencies of the SIO4 films. Similar results were obtained else­
where: temperature dependencies of SIO4 films were approximated by thermal activation 
for films with a 100 nm and large thickness and by VRH for thinner ones [3]. 

Three layer heterostructures which consists of YBaCuO /SIO4/ Au-Nb were investigated. 
For the layer SIO4 the barrier heights were estimated from differential conductivity versus 
voltage dependencies as of 100 - 250 meV [7]. Critical current density Jc and normal sur­
face resistivity RNS dependencies on barrier thickness t were obtained for supeconducting 
heterostructures YBaCuO /SIO4/ Au-Nb. From exponential fits of the dependences local­
ization radii of charge carriers a in the SIO4 layer were calculated as 1 - 2 nm. From the 
formula 

E = h2 /(81r2ma2), 

where E is the barrier height, m is electron mass, h is the Plank constant, we calculated the 
barrier height in the SIO4 layer. Barrier heights of 10 - 40 meV were obtained. 

In conclusion electrical current transport was investigated both in Sr2IrO4 thin films and 
in heterostructures with SIO4 barrier layers. The films of SIO4 are an insulating nature. 
The band gap in SIO4 varied in wide range of 10 - 200 meV which is dependent on de­
position condition of thin films or depends on nature of interface with superconducting 
electrodes. 
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Advances in micro- and nano-technologies have led to the widespread use of spintronic 
magnetoresistive (MR) sensors for both recording and non-recording applications. Such ul­
tramodern magnetoresistive sensors have high sensitivity of the detected ultra-weak fields, 
which meet the requirements of intelligent sensor applications in the fields of the Internet, 
mobile devices, space technology, aeronautics, magnetic flux leakage, domotics, environ­

ment, healthcare and medicine. Moreover, their adaptability and miniaturization, simple in­
tegration and cost-effectiveness make these sensors uniquely competitive in terms of spread 
applications and production. 

In this work, ensembles of superparamagnetic particles (SPM) imbedded in an insulator or 
semiconductor are considered. At a sufficiently high concentration of SPMs these metama­
terials show superferromagnetic properties and can be used as MR sensors. We consider 
the electric current between the SPM particles and show that the resulting tunneling MR 
increases as the size of the SPM decreases. 

27 



Superconducting and Magnetic Hybrid Structures / Book of Abstracts 

Disorder-induced trapping and antitrapping of vortices 
in type-II superconductors 

Authors: Alexander Kopasov1; Alexander Mel'nikov 2
; Ilya Tsar'kov 3 

1 Institute for Physics of Microstructures, Russian Academy of Sciences, Nizhny Novgorod, Russia 

2 Moscow Institute of Physics and Technology, Dolgoprudny, Russia 

3 Lobachevsky State University of Nizhny Novgorod, 603950 Nizhny Novgorod, Russia 

Corresponding Author: Alexander Kopasov, kopasov@ipmras.ru 

We study the features of the superconductivity nucleation and vortex configurations in 
superconductors with modulated disorder. Using the Ginzburg-Landau-type theory with 
spatially varying diffusion coefficient, we uncover and explain the switching between the 
vortex-defect attraction to the repulsion upon the increase in the external magnetic field. 
It is shown that for rather weak applied magnetic fields, a superconducting nucleus local­
ized near the region with the suppressed diffusion coefficient possesses a nonzero vorticity 
whereas the increase in the magnetic field can lead to a transition into the state with zero 
winding number. We demonstrate the manifestations of this switching phenomenon in su­
perconductors with a large number of defects by performing numerical simulations of the 
vortex structures in superconductors with periodic spatial profiles of the diffusion coeffi­
cient. The obtained results clarify the physics of the vortex arrangement in several classes of 
the superconducting materials including one-dimensional superlattices and nanopatterned 
superconductors with regular arrays of the defects characterized by the increased concen­
tration of nonmagnetic impurities. Based on analytical estimates within the framework of 
the Ginzburg-Landau theory, we show that the predicted switching in the pinning mecha­
nism can manifest itself in the change of the slope of the critical current as a function of the 
external magnetic field. 

The work involving the analysis of the phase diagrams in superconductors with modulated 
disorder was supported by the Russian Science Foundation (Grant No. 21-12-00409). The 
work involving the analysis of the magnetic field behavior of the critical current was sup­
ported by the State Contract of Ministry of Science and Higher Education of Russian Fed­
eration Grant No. 075-03-2022-106 (Project No. FSMG-2023-0011) of Moscow Institute of 
Physics and Technology 
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In this work we study the influence of the microwave radiation magnetic component on elec­
tric current and magnetization dynamics of <po Josephson junction. Previous studies show 
that the effect of radiation on SFS junctions leads to a number of interesting phenomena 
that can be used in future electronic devices. To describe the coupled dynamics of ferro­
magnet magnetic moment and electrical current in the presence of external radiation we 
used the Landau-Lifshitz-Gilbert equation and the Resistively Capacitance Shunted Junc­
tion model. Derived system of nonlinear equations is investigated numerically. It is shown 
that the magnetic component of external radiation leads to the appearance of integer and 
half-integer current steps in IV characteristics, splitting of magnetization resonance peaks, 
and new frequencies in the magnetization dynamics spectrum. There is also a dip in the 
resonance magnetization curve, the area of which coincides with the current step in the 
IV characteristics. Magnetic moment precession mechanism and IV characteristics are in­
vestigated at different parameters of <po junction and microwave radiation. The analytical 
solution of the linearized equations of magnetization dynamics under the influence of the 
radiation magnetic component and superconducting current is also presented. This solution 
gives the relations of the frequencies determining the positions of the resonant peaks of the 
magnetization dynamics spectrum. 
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Superconductor/ferromagnet (S/F) heterostructures are promising candidates for the cre­
ation of superconducting spintronics. Although supercurrents through F were reported 
many times, it is difficult to judge about their nature (singlet or triplet). First, even spin­
singlet current can flow over long ranges in clean or weak ferromagnets [1]. The singlet 
current is reduced in strong F, which should be materials of choice for a critical test. Second, 
the supercurrent strongly depends on a usually unknown domain structure in F, flux quan­
tization in S, both influenced by size and geometry [2]. This uncertainty can be obviated in 
nanoscale devices with mono- (or few) domain Flayers and with the flux-quantization field 
larger than the coercive field. Finally, the long-range triplet current should appear only in 
the noncollinear magnetic state. Therefore, unambiguous identification of the pairing order 
is only possible if the micromagnetic state of the actual device is known. It is not sufficient 
to analyze similar large-area heterostructures because their magnetic properties (coercive 
fields, domain structure, shape anisotropy) would be different from a nanodevice. To prove 
(disprove) the triplet nature of supercurrent, it is necessary to demonstrate its correlation 
(anticorrelation) with the noncollinear state. In the end, it is all about having an in situ 
control over the micromagnetic state of the studied nanodevice. 

This presentation gives an overview of our recent works [1-4], in which we aim to de­
velop in-situ characterization methods for analysis of S/F/S Josephson junctions, SF1NF2S 
pseudo spin-valves, and S/F multilayers, containing strong undiluted Ferromagnets Ni and 
Co. Along with standard transport characterization techniques, such as magnetoresistance 
and Hall effect, we also demonstrate novel techniques such as absolute Josephson fluxome­
try and the first-order-reversal-curves (FORC) analysis. This allows unambiguous identifica­
tion of micromagnetic states in S/F nano-devices and demonstrate presence of both singlet 
and triplet long-range supercurrents through strong ferromagnets. 
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We demonstrated resonance effects in a system of nanomagnet coupled to the Josephson 
junction under the influence of external periodic drive. We show that the applied periodic 
drive brings to the appearance of additional resonance peaks, which positions determine 
by the driving frequency. The heights of the resonance peaks depend on the driving am­
plitude as a Bessel function. We develop a thorough analytical description that allows to 
classify all possible resonances arising in the system. The obtained result provide a method 
for controlling the resonance properties of the system. It has been demonstrated that by 
changing the amplitude of periodic drive it is possible to suppress the main ferromagnetic 
resonance and at the same time excite a new one with required amplitude and frequency. 
We consider that the obtained results open a wide field of research and applications related 
to the resonance properties of hybrid structures. Such a realization might play a crucial role 
in quantum information processing and spintronics. 
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We consider a junction between a bulk superconductor and a thin ferromagnetic layer on its 
surface (SF junction) with nonuniform magnetization. In the absence of the superconductor, 
the most energetically favorable state of the ferromagnet is uniform. On the other hand, 
Cooper pairs from the superconductor can more efficiently diffuse into the ferromagnet if its 
magnetization changes in space rapidly enough [l, 2]. We demonstrate that the competition 
between these two effects leads to the second order phase transition between uniformly 
magnetized and helical states of the ferromagnet. 

We assume the junction is in the dirty limit (6.T « 1) and the ferromagnetic layer is suf­
ficiently thin (d « JD/ { 6., h} ). In addition, we also assume a tunnel boundary between 
the superconductor and the ferromagnet. These assumptions allow us to describe the hybrid 
system in the framework of the 2D Usadel equation. 

We have minimized the free energy of the system allowing for an arbitrary nonuniform 
magnetic state and constructed a Landau functional expanding the free energy in powers 
of magnetization gradients. This calculation establishes conditions for the phase transition 
between uniform and helical magnetic states. In particular, we have observed a quite unex­
pected "resonance" phenomenon: when the exchange energy of the ferromagnet equals the 
proximity-induced superconducting order parameter, transition to the helical state occurs 
irrespective of the value of ferromagnetic stiffness. 
In addition to describing the phase transition, our method also allows exploring a general 
case of arbitrary system parameters. In particular, we can determine the magnitude of the 
helical state wave vector far from the phase transition. This will be the subject of our future 
studies. 

The work was supported by the Russian Science Foundation (Grant No. 21-42-04410). 
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Majorana edge zero modes appear in a topological Josephson junction between two su­
perconducting contacts on top of a 3D topological insulator. We consider a setup where 
Majorana bound states are point-like structures bound to Josephson vortices in an exter­
nal magnetic field perpendicular to the surface. Their position can be controlled, and they 
can be used for topological quantum operations, using hybridization of nearby modes. We 
analyze hybridization and find that it vanishes at vanishing chemical potential due to sym­
metries of the problem. This ensures extra protection of the Majorana zero modes and 
provides methods to control the inter-mode tunnel coupling for quantum-information ap­
plications. 
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In this work, we study the effect of non-magnetic disorder on topological superconductors 
that preserve and break the time-reversal symmetry. By modeling two different types of 
random disorder we show that, in direct contradiction to naive expectations, non-magnetic 
disorder has a detrimental effect on the topological phase by quickly closing the bulk gap. 
In sharp contrast, the situation is essentially opposite for the trivial superconducting phases 
and they remain stable against non-magnetic disorder. At the end, we provide a comprehen­
sive explanation for this observation based on the appearance of impurity-induced subgap 
states in the topological phase and its absence in the trivial phase. 
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Fault-tolerant quantum computing and quantum internet require quantum memory as an es­
sential building block of a future quantum information processing platform. Superconduct­
ing circuits quantum electrodynamics (cQED) is among the leading realizations of interme­
diate-scale quantum computers. Meanwhile there is a strong motivation to break the wall of 
nearest-neighbor qubit coupling using enhanced cQED architecture with integrated quan­
tum memory. Moreover, it would allow to extend limited coherence time of the supercon­
ducting qubits, implement complex quantum algorithms and hardware-efficient quantum 
error correction. Compared with traditional superconducting qubits, high quality factor 
resonators have a superior potential for quantum state storage due to their impressive life­
time efficient thermalization, no extra fridge control lines and ability to couple multiple 
qubits. 

Our quantum storage device consists of one common resonator that interacts with eight 
internal superconducting resonators and coupling waveguide. We adopt a small difference 
in /'J. of 0.5 MHz for two groups of resonators to select two frequency modes for storage 
and separate them in time domain. We present normalized time-domain data at the outputs 
of both memories for a input pulse with large average photon number. The first memory 
cell irradiates 75±8% of the input power in the first echo after 277 ns, while the second 
memory cell outputs 52±5.7% of input power in its first echo after 310 ns. Next we perform 
experiments on a storage of microwave pulses at a single photon level in the first quantum 
memory cell. We gradually decrease the intensity of the signal pulse and observe a reduction 
in the efficiency from 75±8% to 60±6.4% in single photon regime. 

We confirm a noiseless character of our quantum storage by performing coherent state 
quantum process tomography on our memory with a single microwave mode. From the 
reconstructed process tensor, the single photon power efficiency is estjmated to be 60 ± 3% 
that is consistent with heterodyne measurements at low intensity. 

In conclusion, we experimentally demonstrate microwave quantum storage for two spec­
tral modes of microwave radiation in on-chip system of eight coplanar superconducting 
resonators. Single mode storage shows a power efficiency of up to 60±3% at single photon 
energy and more than 75±8% at higher intensity. The noiseless character of the storage is 
confirmed by coherent state quantum process tomography. 
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We study the influence of the spin-triplet interlayer electron on the induced superconductiv­
ity in two-dimensional electron gas (2DEG) proximity coupled to a conventional supercon­
ductor. Using the mean-field approximation for the interlayer interaction, we demonstrate 
that the spin-triplet interlayer pairing results in the appearance of the odd-frequency com­
ponent of the pairing correlations in 2DEG and gives rise to an additional spin splitting for 
quasiparticles. It is shown that the manifestations of this phenomenon include the multi­
peak structure in the density of states of 2DEG, the suppression of the Meissner response 
of the induced superconducting correlations in the low-temperature regime or even the ap­
pearance of an additional paramagnetic contribution from 2DEG to the screening properties 
of the hybrid structure. 
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The most commonly used physical realization of superconducting qubits for quantum cir­
cuits is a transmon. There are a number of superconducting quantum circuits applications, 
where Josephson junction critical current reproducibility over a chip is crucial. Here, we re­
port on a robust chip scale Al/ Al Ox/ Al junctions fabrication method due to comprehensive 
study of shadow evaporation and oxidation steps. we investigate e-beam evaporation of 
bottom Al electrodes with deposition rate in the range of 0.2-1.5 nm/s, electrode thickness 
from 15 to 45 nm (the lower limit was determined by the film continuity condition at room 
temperature), and deposition angle from 0° to 60°. Results show an extremum that corre­
sponds to minimum RMS surface roughness and line edge roughness (LER) of the bottom 
electrode. This dependence is typical for a wide range of deposition angles (from 0° to 60°). 
Deposition rate plays an important role in controlling adatoms surface diffusion and relo­
cation. Rapid arrival of new particles (adatoms and cluster) could bury and interfere with 
particles diffusing on the substrate surface or thin film surface. That is, the surface rough­
ness and line edge roughness of the film increases with increasing deposition rate. One can 
use the combination of small deposition angle and thickness to fabricate high quality (RMS 
- 1 nm, LER < 1.3 nm) bottom JJ electrode. The influence of oxidation method, pressure and 
time on critical current reproducibility is determined. We experimentally demonstrated the 
influence of the oxidation method on the critical current reproducibility. Up to 14 % bet­
ter critical current reproducibility across the chip was observed with the static oxidation 
method at low oxidation pressures (less than 0.1 mbar). It can be explained by oxygen leak­
ing into the chamber during the oxidation process at very low pressures. Transition to 
dynamic oxidation allowed reducing the critical current reproducibility over a chip for the 
range of oxygen pressures from 0.001 to 0.1 mbar. With the proposed method we demon­
strate Al/AlOx/Al junction fabrication with the critical current variation (crl<Ic>) less than 
3.9 % (from 150 x 200 to 150 x 600 nm2 area) and 7.7 % (for 100 x 100 nm2 area) over 
20 x 20 mm2 chip. The proposed approach and optimization criteria can be utilized for a 
robust wafer-scale superconducting qubit circuits fabrication. 
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Parametric amplifiers have become key components in quantum information processing 
due to their near quantum-limited noise performance. Those devices are used as the first 
stage of the low-noise amplification schemes defining primarily the overall system noise 
and signal-to-noise ratio. Broadband Josephson parametric amplifiers are the only tools 
to perform single-photon power measurements of microwave and optical signals, quantum 
metrology, and dark matter search. In quantum computing, it has been used for high-fidelity 
single-shot readout of superconducting qubits, real-time quantum feedback control, and 
generating squeezed quantum states. 

In this work, we present a quantum-limited 3-wave mixing impedance-matched JPA con­
sisting of a SNAIL array with an on-chip two-section microstrip impedance transformer. 
It operates in reflection mode when the input signal reflects off, generating the amplified 
output signal with a gain of more than 17 dB and idler tone. To improve the dynamic range 
of our degenerate parametric amplifier we use the SNAILs, which provide the flexibility 
in optimizing a 3-wave-mixing amplification process, while simultaneously minimizing a 
4-wave-mixing Kerr nonlinearity suspected to cause amplifier saturation. The substitution 
of a SNAIL array for each of the junctions in the JPA SQUID increases the saturation power 
of the amplifier (scales as lc2/Q3, where le is the critical current oflarge Josephson junction 
in a SNAIL loop and Q is the coupled Q-factor) while keeping the total inductance of the 
device roughly the same. 

The IMPA fabrication includes a two-step process: (I) SNAIL and impedance transformer 
pattering with double-angle evaporation and lift-off, and (II) wafer backside metallization. 
We demonstrated an average gain of 15 dB with a bandwidth over 600 MHz at the central res­
onance frequency of 6.4 GHz, which corresponds to the design frequency. We demonstrate 
increasing the gain and bandwidth with SNAIL assymetry increasing. The noise tempera­
ture was estimated to be close to the standard quantum limit with the saturation power in 
the range of [-97, -100] dBm. 
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Superconducting electronics is widely used in many areas, from the implementation of quan­
tum computers, to the creation of terahertz detectors. Further miniaturization of the ele­
ment base of superconducting logic is faced with the need to take into account the features 
of the electronic team in hybrid structures. Thus, the spin-orbit interaction that occurs in 
heavy metals or in 2D structures can significantly affect the dynamics of superconducting 
devices. And ferromagnetic systems with non-collinear magnetization have prospects for 
the implementation of memory elements. In this work, we studied the S-N(SO)-F structure, 
which is a series-connected S-superconductor, a thin film of N-normal metal with spin-orbit 
(CO) interaction, and an F-ferromagnet with an arbitrary direction of magnetization. To 
analyze the system, the Usadel equations were used, on the basis of which the numerical 
calculation tools were used to find the value of the order parameter at the free boundary of 
the S-layer. The study analyzed the dynamics of Green's functions: the S-layer pumps a fer­
romagnet with singlet superconductivity; in the F layer, Cooper singlet pairs are depaired 
into triplet pairs under the influence of the exchange energy h; further, penetrating into the 
N-layer, the triplet functions mix with each other and begin to decay, which leads to an in­
crease in the singlet function and, ultimately, an increase in the order parameter. Thus, CO 
interaction can prevent the destruction of superconductivity by a ferromagnet. Moreover, 
the maximum effect is achieved at those magnetization rotation angles co-directional with 
the direction of the spin-orbit interaction vector. By varying various parameters, such as 
the lengths of the layers, the value of the exchange energy, and the temperature of the sys­
tem, it was possible to detect a significant restoration of superconductivity upon a change 
in the orientation of the magnetization of a ferromagnet, which may be promising for the 
implementation of a spin valve. Also in the work, a comparison was made with the imple­
mentation of a spin valve based on the S-F' -F system with two non-collinear ferromagnets. 
It was shown that such a system, upon magnetization reversal, can give a much greater ef­
fect of superconductivity recovery, but from a technical point of view, it is more complicated 
to manufacture and control. 
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We consider helical crystal (HC): superlattice based on tunnel-coupled edge states arising in 
an array of ordered antidots (AD) in a two-dimensional topological insulator (motivated by 
experimental work [l]). Individual AD has been previously studied [2]. The band structure 
of the HC is calculated for a lD array placed in a magnetic field. It is shown that for integer 
and half-integer values of the magnetic flux through the AD, the band gaps of the HC are 
closed. With a small deviation of the magnetic flux from these values, massive Dirac cones 
appear, the energy distance between which can be controlled by a purely electrical way 
(gate electrodes). 

Also, we study the electron-electron interaction in such system. It leads to the multicritical 
behavior. There is completely unstable multicritical fixed point separating three phases: 
"independent rings", "independent arms", and "spin-flip chiral channels". 

Most prominent that in the presence of defects in the HC. For example, near the wall be­
tween the ring regions with large and small radii, a pair of localized states (a topologi­
cally protected qubit) arises with energies lying in the middle of the band gaps of massive 
Dirac cones [3]. The splitting between energy levels of a qubit can be controlled both by a 
magnetic field and purely electrically. The possibility of purely electrical high-temperature 
control of the qubits opens a wide avenue for application in the area of quantum comput­
ing. 

The work was supported by the Russian Science Foundation (Grant No. 20-12-00147). 
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The contact of superconducting (S) and ferromagnetic (F) materials leads to various inter­
esting interactions called proximity effects. Heterostructures of thin alternating S and F 
layers are the best platform for such studies. The influence of magnetism on superconduc­
tivity is manifested in the phase change of the superconducting wave function ("rr-phase 
superconductivity") and spin-triplet Cooper pairing. The effect of superconductivity on the 
magnetic state is less studied. Structures with niobium and rare-earth metals (RE) can be 
promising systems for such researches. The advantage of such systems is the high trans­
parency of the interface, which simplifies penetration of superconducting correlations in 
F system. REs also have weak ferromagnetism, which equalize energies of both interac­
tions and facilitates the effect of proximity. In this work, holmium and dysprosium, which 
have a helimagnetic noncollinear structure, were used as REs. We demonstrated changes in 
their magnetic ordering under the influence of superconductivity using polarized neutron 
reflectometry. 
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CBepxnpoBo.z:i;mn;n:ii: TOK B Me3a cTpyKTypax c npocJIOHKOH H3 npn.z:i;aTa cTpOHD;HH 

- MaTepHaJia, o6Jiap;aro:m;ero CHJibHbIM CilHH-op6HTaJibHbIM B3aHMO)J;eHCTBHeM** 

A.M. IleTp)l(11:K1, K.H. KoHcTaHTMmrn1, f.A. OBC.IIHHMKoB1, A.B. IIIa,ri;pMH 1•2, 
IO.B. KMCJIIfHCKJfM1 
1 HP3 MM. B.A. KoTeJibHMKOBa PAH, r. MoCKBa, Poccm1, 
2 M<I>TH, r. ,Uonronpy,ri;HbIM, Poccmr. 

Ilpe,ri;cTaBJieHbl pe3yJibTaTbl 3KCnepMMeHTaJibHOro IfCCJie,ri;oBaHJfH ,D;)l(03ecpcoHOBCKifX Me3a­
CTPYKTYP c 6apbepHoii: npocnoii:Koii: M3 MpM,ri;aTa cTpoH~IfH Sr2lrO4 c T0JIII.\MHaMM 5 If 7 HM. 
ToHKonneHOtIHbie Me3a-cTpyKTYPbI NbAu/Sr2IrO4/YBa2Cu3O7_ M0)l(H0 npe,ri;cTaBMTb KaK 
S 1-I-S2, r,ri;e S l ,S2 - cnepxnpono,ri;HMKM NbAu If YBa2Cu3 07 _, npocnoii:Ka I - aHTMcpeppoMar­
HlfTHbIM M30JIHTop Sr2IrO4, o6na,ri;aIOII.\IfM cMJibHbIM cnMH-op6MTaJibHbIM B3aMMo,ri;eii:cTBM­
eM C 3HeprMeii: nopH,ri;Ka 0.5 3B. B J];0KJia,ri;e 6y,ri;yT npe,ri;cTaBJieHbl CBe,ri;eHifH no TeXH0JIOrlflf 
pocTa 3nMTaKCJ1aJibHbIX reTepocTpyKTYP Sr2lrO4/YBa2Cu3O7_ If no MeTOJ];MKe M3r0T0BJie­
HMH rM6pM,D;HbIX nnaHapHbIX Me3a-cTpyKTYP Ha 11x ocHoBe. Ilo M3MepeHMHM BAX Ha 
noCTOHHH0M TOKe 6blJIO o6Hapy)l(eHO B03HlfKHOBeHife nMKa np0BOJ];JfM0CTJf (zero bias con­
ductance peak), o6'bHCHHIOII.\eecH B03HlfKH0BeHMeM Hlf3K0-3HepreTMtieCKMX ypoBHeii: Ha 
rpaHM~e pa3,ri;ena Sr2IrO4/YBa2Cu3O7_. Ilo,ri; B03,ri;eii:cTBMeM CBq 06nyt1eHMH B MM ,ri;Mana-
30He o6Hapy)l(IfBaJIIfCb, nOMifMO OCH0BHbIX, ,ri;po6Hble cTyneHif IIIanMpo, CBJfl];eTeJibCTBYI0-
11.\Ife 06 OTKJI0HeHiflf TOK-cpa30BOM 3aBJfCJfM0CTJf OT ClfHYCOifl];aJibHOM If 06 o6pa30BaHJflf 
BTOpoii: rapM0HifKif, tIT0 HeJib3H o6'bHCHifTb d-BOJIHOBOM ClfMMeTpMeii: J];JIH c-opMeHTMpo­
BaHH0ro YBa2Cu3O7_ cnepxnpono,ri;HMKa. B 3KcnepMMeHTe Ha6nro,ri;aeTCH acMMMeTpMH B 
BeJIIftIJfHax KpMTJftieCK0ro T0Ka, aMnJIMTy,ri; cTyneHeii: IIIanMpO, a TaK)l(e MarHifT0noJieBbIX 
pe30HaHCHbIX CTyneHeii: <I>MCKe. 
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In recent years, transport properties of superconductive junctions have been an important 
topic. One of the proximity effects detected in such structures, is the Andreev reflection 
(AR), which we study. In this work, we consider long diffusive superconductor-normal 
metal-superconductor junctions with low transparency interfaces, at sufficiently low tem­
peratures, ETh « T « D.. In our computation, we take into account proximity effects 
alongside with inelastic scattering processes in a normal region, which leads to thermaliza­
tion in the weak link. Our calculations reveal that current-voltage characteristic of such a 
junction has peculiarities at specific values of the voltage bias, corresponding to AR. Further­
more, we find that weak exchange field in normal region produces linear splitting of these 
peculiarities. We assume that such splitting is a direct consequence of the thermalization in 
the normal region, therefore we propose a modification of the Blonder-Tinkham-Klapwijk 
semiconductor scheme of calculating voltages, corresponding to AR. 
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In 1962, B.Josephson predicted the effect of nondissipative current flow through a weak 
bond between two superconductors in the absence of voltage. This phenomenon is still the 
basis for many theoretical and experimental studies. Recently, Josephson junctions with a 
large number of ( M > 2) terminals based on normal metals, semiconductors, and super­
conductors have attracted great interest. 

In our talk we consider M-terminal Josephson junction and discuss universality of An­
dreev bound state (ABS) spectra. Is it possible to calculate ABS if one knows transmission 
probabilities? This question is actual since according to Landauer formula the last quanti­
ties can be reconstructed from the conductance measurements of the system in the normal 
state. We demonstrate that under some conditions the answer to this question is positive 
and spectra of ABS posess universality. It means that junctions with different reflection and 
transmition phases may have the same spectra. 
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The thermal evolution oflocal quantum uncertainty (LQU) is studied in two superconduct­
ing qubits. The Hamiltonian parameters such as Josephson and mutual coupling energies 
can cause LQU to increase for specific values. However, the temperature has a destructive 
effect on LQU. The results can be compared with experimental works. 
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In this work we theoretically studied the influence of magnetization orientation and dynam­
ical precession in a ferromagnetic insulating material (FI) on the superconducting conden­
sate properties of the adjacent superconducting layer (S), i.e. the inverse proximity effect 
(IPE). The static IPE exhibits in the induced magnetization in the superconductor and in its 
electron density of states, the dynamical IPE also produces a spin current via spin pumping 
through the FI/S interface. 

The goal of the present work is the description of the dynamics of the spin of the supercon­
ducting condensate inside a superconducting film, which is in contact with a ferromagnetic 
insulating layer under the conditions of the ferromagnetic resonance (FMR). It is calculated 
the spin current and the induced magnetization not only at the interface of the S/FI hy­
brid structure, but also inside the superconducting film. The space distributions and the 
frequency dependence of these values are presented. The induced magnetization weakly de­
pends on the FMR precession frequency, in contrast with the spin current. It is also shown 
that the increasing of the magnetization precession frequency can drastically change the 
spin polarization distribution of the quasiparticles [ 1]. 

The static magnetization and the spin resolved density of states in a superconductor induced 
due to the IPE is also studied in bilayers containing a superconductor and a ferromagnetic 
insulator or a strongly spin-polarized ferromagnetic metal. The study is performed within a 
quasiclassical Green function framework, wherein Usadel equations are solved with bound­
ary conditions appropriate for strongly spin-polarized ferromagnetic materials. A compar­
ison with recent experimental data is presented. The singlet to triplet conversion of the 
superconducting correlations because of the proximity effect with a ferromagnet is ana­
lyzed. The interesting and unexpected results are the non-monotonous behavior of these 
values inside the superconducting film and an optimal IPE at a small spin-mixing parameter 
[2,3]. 

These results may deepen our knowledge of effects appearing in superconducting spintron­
ics devices and open new perspectives of spin currents and spin density transfer in such 
devices. 

The calculations of IPE at magnetic dynamics were financially supported by the Russian 
Ministry of Education and Science, Megagrant project N 075-15-2022-1108, calculations of 
the static IPE were supported by the Basic Research Program of the HSE University, "Mirror 
labs"_ program. 
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B pa6oTe IIOCTpoeHO aHaJU1TJ1"CieCKOe OIIMCaHMe o6paTHOro 3<p<peKTa <l>apap;eH (reHepau;MM 

He 3aBMCHtu;ero OT BpeMeHM MarHMTHOro MOMeHTa rrop; p;eMCTBMeM U:MPKYJIHpHO IIOJIHpI13O­

BaHHOM 3JieKTpoMarHMTHOM BOJIHbI) B Me3OCKOIIJ1"CieCKJ1X CBepxrrpoBO,!l;HI..u;J1X 06pa3u;ax C 
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aTe. 
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We demonstrated resonance effects in a system of nanomagnet coupled to the Josephson 
junction under the influence of external periodic drive. We show that the applied periodic 
drive brings to the appearance of additional resonance peaks, which positions determine 
by the driving frequency. The heights of the resonance peaks depend on the driving am­
plitude as a Bessel function. We develop a thorough analytical description that allows to 
classify all possible resonances arising in the system. The obtained result provide a method 
for controlling the resonance properties of the system. It has been demonstrated that by 
changing the amplitude of periodic drive it is possible to suppress the main ferromagnetic 
resonance and at the same time excite a new one with required amplitude and frequency. 
We consider that the obtained results open a wide field of research and applications related 
to the resonance properties of hybrid structures. Such a realization might play a crucial role 
in quantum information processing and spintronics. 
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Our recent investigations are related to superconducting spintronics in superconducting fer­
romagnet/ superconductor (SF) structures. Fundamentally new structures and approaches 
for applications in superconducting electronics and spintronics are proposed. Among them 
Josephson SFS structures 1r-periodic current-phase relation [l], S-N/F-S devices with spin 
diffusion and spin injection [2], memory elements on the basis of SFS contacts [3]. We have 
repeated also well-known experiment by J.J.A. Baselmans et al [ 4] using the spin-polarized 
injection to Josephson barrier of SNS junction [5] (see Fig. l). We have observed two clearly 
distinct transitions: both from conventional (0-) to 1r-state (with inversion of superconduct­
ing phase difference) and back 1r - 0 transition. 1We suppose that the "Baselmans effect" 
mechanism related to energy electron redistribution is significantly complemented by in­
fluence of "induced magnetism" due to spin-diffusion [2]. 

Figure 1: S-N/F-S structure with spin-injection. 
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Next-generation computer applications demand a significant improvement in digital data 
processing with low energy consumption. One of the main obstacles to this goal is the trade­
off between shortening the switching time and energy efficiency. We show that the mag­
netic switching of a nanomagnet driven by a circularly polarized cosine chirp microwave 
pulse demonstrates fast reversal with low field amplitude due to the coupling to the Joseph­
son junction [1]. In this system, the magnetic state is stable against changes in pulse pa­
rameters. Also, we discuss controlling the magnetic state over the damping regime via 
the Josephson-to-magnetic energy ratio, which helps reduce the non-reversing magnetic 
response without further increase of the microwave field. Finally, we discuss the ability 
to reverse the magnetic state of the nanomagnet by Josephson currents in the form of a 
cosine chirp pulse. We believe that our results provide new perspectives on the reversal 
phenomenon in superconducting spintronic systems that might help realize fast memory 
devices. 

The study is support by ASRT (Egypt) andJINR (Russia) collaboration research Projects. Nu­
merical simulations were funded by Project No. 22-71-10022 of the Russian Science Foun­
dation. 
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The present work is devoted to theoretical analysis of experimental data on the magnetiza­
tion of tin superconductors with inverted opal structure. Two samples under considerations, 
named Snl 90 and Sn300, were synthesized by filling with tin the porous in the SiO2 opal 
matrices constructed from the spheres with diameter of 194 nm and 310 nm consequently. 
The obtained tin-based inverted opals are consisting from octahedral and tetrahedral par­
ticles connected by cylinders. The experimentally obtained magnetization reversal curves 
for the samples demonstrate some intriguing features. First, despite of the sample Sn300 
is the type-I superconductor with critical field closed to thermodynamic one for bulk tin 
(He~ 305 Oe), its magnetization reverse curve demonstrate irreversible behavior (hystere­
sis) in small fields (IHI « H c). Second, the magnetization hysteresis loop for the Sn190 
sample is similar to one for type-II superconductor and its upper critical field (He2) is much 
lager then He. Additionally, it is observed a local minimum at small fields on the reversal 
branche of hysteresis loop. To explain these features we suppose that the mechanisms of 
magnetic flux pinning in the samples under consideration depend on the sizes of the tin 
nanoparticles. The tin nanoparticles in Sn300 behave like a classical type-I superconductor. 
The hysteretic behavior at low magnetic fields is governed by Josephson junction network 
formed at the tin framework around the SiO2 spheres. The magnetic behavior of Snl 90 we 
supposed more complicated. The included tetrahedral tin particles with behave like type-II 
superconductors, and the included tin octahedra remain type-I superconductors. Thus, in 
Sn190, type-I and type-II superconductivities coexist, which leads to a nontrivial pinning 
of the magnetic flux. The transition of the flux pinning mechanisms is observed with the 
magnetic field increasing. At low fields the magnetic flux is trapped by ensemble of super­
conducting contours. At high fields the magnetic flux pinning works due to the surface 
barrier in the small tetrahedra tin particles. Based on such propositions we have performed 
the simulation of magnetic behavior of our samples. The calculation results we obtained 
are in the good agreement with experimental data. 
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We theoretically study the proximity effect between non-conventional superconductors and 
ferromagnetic materials with and without an applied magnetic field and then provides a de­
scription of the properties of one-, two- and three-dimensional superconductor-ferromagnet 
heterostructures. Taking into account the intrinsic nature of structures composing the sys­
tem, a particular attention is paid to the striking non-monotonic dependence of the critical 
temperature of multilayers and bilayers on the ferromagnetic layer thickness as well as to 
the conditions under which "Josephson junctions" are realized. Using the phenomenolog­
ical Ginzburg-Landau theory (GLT) and the Eilenberger equation in the clean limit or the 
GLT and the Usadel equation in the dirty limit, it is demonstrated that the Josephson junc­
tion with such a ferromagnet as a weak link has a non-sinusoidal current-phase relation. 
The resulting coupled equations taking into account the geometry, the strongly fluctuating 
and correlated nature of low-dimensional system, are rather cumbersome for the 1D case 
but strongly simplified in the 2D or 3D case. 

52 



Superconducting and Magnetic Hybrid Structures I Book of Abstracts 

Neurobiological aspects in superconducting RSFQ-logic 
circuits 

Authors: Andrey Schegolev1
; Nikolay Klenov2

; Georgy Gubochkin2
; Igor Soloviev1

•
3 

1 D. V. Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 119991 Moscow, Russia 

2 Faculty of Physics, Moscow State University, Russia 

3 National University of Science and Technology MISIS, 4 Leninsky prosp., 119049 Moscow, Russia 

Corresponding Author: Andrey Schegolev, tanuior@gmail.com 

Bio-inspired superconducting neuron, whose architecture is chosen so that its nature of 
functioning (generating SFQ spikes) resembles the work of a biological neuron, was investi­
gated in different regimes or modes of functioning and each of these modes was given both 
a physical explanation and a biological analogy. The constructed areas of neuron parame­
ters allowed us to identify the operating region in which, when the neuron's bias current 
changes, it is possible to switch between different modes of neuron operation. Further­
more, models of the axon (Josephson transmission line) and synapse (RLC-filter with ad­
ditional Josephson junction) have been proposed. The synapse model developed allows 
us to demonstrate the effect of synaptic plasticity. Also, the work of a bundle of neu­
ron+axon+synapse+axon+neuron was demonstrated. 
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We considers the topological fermion condensation quantum phase transition (FCQPT) that 
leads to flat bands and allows the elucidation of the special behavior of heavy-fermion 
(HF) metals that is not exhibited by common metals described within the framework of 
the Landau Fermi liquid (LFL) theory. We bring together theoretical consideration within 
the framework of the fermion condensation theory based on the FCQPT with experimental 
data collected on HF metals. We show that very different HF metals demonstrate univer­
sal behavior induced by the FCQPT and demonstrate that Fermi systems near the FCQPT 
are controlled by the Fermi quasiparticles with the effective mass M strongly depending on 
temperature T, magnetic field B, pressure P, etc. Within the framework of our analysis, the 
experimental data regarding the thermodynamic, transport and relaxation properties of HF 
metal are naturally described. Based on the theory, we explain a number of experimental 
data and show that the considered HF metals exhibit peculiar properties such as: (1) the 
universal T/B scaling behavior; (2) the linear dependence of the resistivity on T, r(T) ~ AlT 
(with Al being a temperature-independent coefficient), and the negative magnetoresistance; 
(3) asymmetrical dependence of the tunneling differential conductivity (resistivity) on the 
bias voltage; (4) in the case of a flat band, the superconducting critical temperature Tc~ g, 
with g being the coupling constant, while the M becomes finite; (5) we show that the so 
called Planckian limit exhibited by HF metals with r(T) ~ T is defined by the presence of 
flat bands; (6) based on both, experimental facts and our theoretical consideration, we show 
that Fermi systems with flat bands should be tuned with the superconducting state. Experi­
mental measurements on magic-angle twisted bilayer graphene of the Fermi velocity VF as 
a function of the temperature Tc of superconduction phase transition have revealed VF ex: 

Tc ex: 1/Ns(O), where Ns(O) is the density of states at the Fermi level. All our observations 
are in accordance with experimental facts. 
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We investigate semiconductor nanowires coated with an epitaxial superconducting shell, 
which are usually of interest in the context of the study of exotic states at the interface of a 
semiconductor and a superconductor [1-2]. In such problems, the state of the superconduc­
tor is not taken into account, and it is assumed that it is in an equilibrium state. In this paper, 
various manifestations of nonequilibrium superconductivity in transport measurements 
were found for several cases of contact between a macroscopic reservoir and a mesoscopic 
superconductor: superconductor-semiconductor, superconductor-normal metal, supercon­
ductor-superconductor. 

We study InAs nanowires with a diameter of 170 nm with an epitaxial cylindrical Al shell 
with a thickness of 70 nm. We focus on two device layouts: Al contact pads were deposited 
on top of the nanowire (Type-I) and contact pads from normal metal were deposited on 
the nanowire, from the ends of which aluminum was previously etched away (Type-II). The 
differential resistance in magnetic field directed parallel to the nanowire at a temperature 
of 0.5 K demonstrates oscillations of the maximum position due to the Little-Parks effect 
[3]. Type-I has two operation modes: S-S-S in small fields and N-S-N in fields oflarge 10 
mT, where Al contact pads have switched from superconducting to normal state. S-S-S 
behaves like an equilibrium superconductor, so in the zero field we find the value of the 
critical current of the Al shell equal to 0.35 mA. When switching to N-S-N, there is a sharp 
change in the volt-ampere characteristic. The nanowire acquires a finite resistance due to 
the NS-boundary; the superconducting shell cannot withstand a current half the critical 
one, and a critical voltage appears equal V ~ 6..(B)/e. Numerical simulation of the order 
parameter versus the field using the Uzadel equation [4] coincides with the experiment, 
which makes it possible to explain the suppression of superconductivity as a nonequilibrium 
effect [5]. 

Comparison with the Type-II nanowire, where the Al shell was etched away to form an 
island 500 nm long, shows the qualitative effect of highly resistive semiconductor segments 
on superconductivity. In the zero field, superconductivity suppression occurs at a current of 
0.3 mkA and a voltage of2 mV. Note that for both layouts, current at which superconductiv­
ity is suppressed differs by orders of magnitude, and that superconductivity in the island is 
preserved at voltages much larger than the aluminum gap (!::..Al = 0.18 mV). We explain this 
effect by the fact that since the density of the above-gap states and the conductivity of the 
semiconductor segments are orders of magnitude less than in the island segment, nonequi­
librium quasiparticles spend much more time in the island than the electron-phonon time, 
experiencing almost complete relaxation of energy. The measurement of shot noise in the 
absence of superconductivity in the 200 mT field gives the value of the Fano factor 0.2, 
which is less than the classical diffusion case 1/3 [ 6-7] and confirms the presence of strong 
electron-phonon relaxation in the island. The model calculation of the thermal balance is 
in acceptable agreement with the experiment. 
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Thus, we show that in studies of semiconductor nanowires with a superconductor, careful 
consideration of the effects of nonequilibrium superconductivity and energy relaxation on 
phonons is necessary. 

We thank the group of G. Koblmiiller from the W. Schottky University of Munich (Germany) 
for providing samples of InAs/ Al nanowires. The work was supported by the grant of the 
Russian National Fund 22-12-00342. 
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I will present our recent results related to the study ofSFSJosephsonjunctions with a shift in 
current-phase relation proportional to the magnetic moment of ferromagnetic layer. Such 
anomalous Josephson junctions (AJJ) combine the superconductivity and magnetism, and 
open up promising applications in superconducting spintronics [l]. Problems concerning 
a reversal of the magnetic moment by a superconducting current pulse, manifestation of 
Kapitsa pendulum features, the nonlinear properties and rich variety of periodic and chaotic 
behavior in the dynamics of the magnetic moment will discussed [2-4]. I will demonstrate a 
series of novel effects appearing in AJJ under external electromagnetic radiation [5,6]. 
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Superconducting qubits is one of the most promising platforms for the implementation of 
quantum computing for today. The main problem on the way to constructing an efficient 
computational scheme is the limited fidelity of two-qubit gates. The architectural solution, 
which consists in the use of coupling elements between qubits [1], which allows to control 
the coupling strength of the qubits and even completely turn off the interaction, helps to 
solve some circuit scaling problems, such as frequency crowding, spurious couplings be­
tween qubits, and provides extremely fast two-qubit gates. 

In this paper we present a two-qubit scheme on floating transmons with a tunable coupler. 
The qubit parameters are chosen in such a way as to minimize coherent leakage to non­
computational energy levels while performing fast CZ and iSWAP gates. The developed 
scheme makes it possible to perform fast (~25 ns) two-qubit operations with an error ofless 
than 1 % even with rectangular control pulses, which significantly simplifies the calibration 
process. 

The designed chip is fabricated on silicon substrates with aluminumJosephsonjunctions us­
ing bandage technology and superconducting air-bridge. As a result of experimental cryo­
genic measurements at temperatures below 20 mK, high coherence times (Tl > 100 µs, T2e > 

100 µs) were demonstrated, High-fidelity single-qubit operations (F ~ 99.9%) and two-qubit 
fSim iSWAP-like gates (F ~ 99%) were implemented. These results are achieved through op­
timization of the qubit geometry and improved calibration techniques. The results of purity 
benchmarking [2] of single and two-qubits gates with low error are also presented, show­
ing that the fidelity is mostly limited by coherent errors and could be further improved by 
additional calibrating procedures. 
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Q!lantizing magnetic flux in superconducting circuits enables fast and energy efficient dig­
ital superconducting circuits. However, it is a long-standing problem that the representa­
tion of information in magnetic flux severely limits the functional density. Here, we intro­
duce the concept of fluxless and inductorless superconducting digital circuits. We present a 
methodology for designing different logic cells consisting of conventional and rr Josephson 
junctions. 
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The presented work consists of two parts. The first describes a planar Josephson junction 
based on niobium and aluminum. The chosen process made it possible to achieve hysteresis­
free behavior of such contacts. In combination with relatively large characteristic voltages 
Ve= IcRn and small dimensions, such a contact can be used as part of RSFQ logic. Experi­
mental results and theoretical description will be presented. In the second part, a Josephson 
junction fabricated on a Yttrium Iron Garnet substrate, which is a magnetic insulator, will 
be described. The results of experimental measurements and possible mechanisms of the 
influence of the substrate on the Josephson junction will be analyzed. 
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60 



Superconducting and Magnetic Hybrid Structures / Book of Abstracts 

32 

Josephson vortex as a logical state of low dissipative 
devices 

Authors: Vasily Stolyarov1; Dmitrii Kalashnikov 1; Igor Soloviev 2
'3 ; Vsevolod Ruzhitskiy 4; Mikhail 

Kupriyanov 2
; Igor Golovchanskiy 1 

1 Moscow Institute of Physics and Technology, Dolgoprudny, Russia 

2 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Russia 

3 National University of Science and Technology MISIS, 4 Leninsky prosp., 119049 Moscow, Russia 

4 Dukhov Research Institute of Automatics (VNIIA), Russia 

Corresponding Author: Vasily Stolyarov, stolyarov.vs@phystech.edu 

Made of a thin non-superconducting metal (N) sandwiched by two superconductors (S), SNS 
Josephson junctions enable novel quantum functionalities by mixing up the intrinsic elec­
tronic properties of N with the superconducting correlations induced from S by proximity. 
Electronic properties of these devices are governed by Andreev quasiparticles which are 
absent in conventional SIS junctions whose insulating barrier (I) between the two S elec­
trodes owns no electronic states. Here we focus on the Josephson vortex (JV) motion inside 
Nb-Cu-Nb proximity junctions subject to electric currents and magnetic fields. The results 
of local (magnetic force microscopy) and global (transport) experiments provided simulta­
neously are compared with our numerical model, revealing the existence of several distinct 
dynamic regimes of the JV motion. One of them, identified as a fast hysteretic entry/escape 
below the critical value of Josephson current, is analyzed and suggested for low-dissipative 
logic and memory elements. (RSF 23-72-30004) 
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Magnetic skyrmions are topologically protected particle-like configurations of local mag­
netization, appearing particularly in non-centrosymmetric magnets with Dzyaloshinskii­
Moriya interaction (DMI). It was observed that skyrmions are usually arranged into regular 
lattices both in bulk compounds and thin films, such lattices also called skyrmion crystals 
(SkX). Dynamics of SkX are complex and cannot be described in terms of displacements of 
skyrmion's centers only. There are a lot of inner modes associated with, e.g., elliptical de­
formation, clockwise rotation, counterclockwise rotation and breathing mode of skyrmions 
etc. 

Using stereographic projection approach, we develop a theory for calculation of dynami­
cal susceptibility tensor of SkX, formed in thin ferromagnetic films with DMI and in the 
external magnetic field [1]. Staying whenever possible within analytical framework, we 
employ the model anzats for static SkX configuration and discuss small fluctuations around 
it. The obtained formulas are numerically analyzed in the important case of uniform sus­
ceptibility, accessible in magnetic resonance (MR) experiments. We show that, in addition 
to three characteristic MR frequencies discussed earlier both theoretically and experimen­
tally, one should also expect several resonances of smaller amplitude at somewhat higher 
frequencies. 
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Normally in superconductors, as in conductors, in the state with zero current I the momen­
tum of superconducting electrons liq = 0. Here we demonstrate theoretically and present 
experimental evidences that in superconducting/normal metal (SN) hybrid strip placed in 
the in-plane magnetic field Bin the finite momentum state (liq=/=- 0) is realized when I= 0. 
This state is characterized by current-momentum dependence I(q) =/=- -1(-q), nonrecip­
rocal kinetic inductance Lk ( I) =/=- Lk ( -I) and different values of depairing currents IfeP 
flowing along the. SN strip in opposite directions. Found properties have orbital nature 
and are originated from gradient of density of superconducting electrons "v n across the 
thickness of SN strip and field induced Meissner currents. We argue that this type of finite 
momentum state should be rather general phenomena in superconducting structures with 
artificial or intrinsic inhomogeneities. 
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It is well known that the proximity effect in thin-film hybrid superconductor/ferromagnetic 
insulator structures provides the suppression of the superconductivity [1] and Zeeman split­
ting of the density of states in the superconductors [2]. In this poster we investigate the 
influence of ferromagnetic magnons on this effect. The density of states in the superconduc­
tor (DOS) and the quasiparticle spectra are calculated in the framework of Gor'kov Green's 
function approach. It is obtained that the interaction of superconducting electrons with 
magnons can result in a decrease of the Zeeman splitting of the DOS coherence peaks. It 
also inverts the ratio between the internal and external coherence peaks and smears the 
external peaks. The temperature dependence of the observed DOS characteristic features is 
investigated. It is demonstrated that quasiparticle spectra are also strongly modified by the 
electron-magnon interaction revealing characteristic kinks. The sensitivity of the results to 
the choice of materials and relevance to experiments are discussed. 

The support by RSF project No. 22-42-04408 is acknowledged. 
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There exist several nanostructures that are treated as convenient tools for producing memory 
devices and for using them in spin-based quantum computing. These, for instance, are magnetic 
nanomolecules, magnetic nanoclusters, magnetic graphene, polarized nanomaterials, quantum 
dots, and trapped dipolar and spinor atoms. The necessary requirement for such devices is the 
possibility of fast regulation of the spin direction. Methods for realizing fast spin reversal 
in these materials are described, based on the use of feedback field of a resonance electric 
circuit. 
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The emergence of digital quantum computers, which can efficiently perform quantum sim­
ulations that are otherwise intractable on classical computers, provides a promising path 
forward for testing and analyzing the remarkable, and often counter-intuitive, behavior of 
quantum materials. 

In the beginning of the talk, recent developments in the field of quantum computing of com­
plex electronic properties is briefly reviewed with the emphasis on the superconductivity 
(SC) and effects of strong electron correlations. As the first example, a simple quantum al­
gorithm belonging to the class of Variational Qyantum Eigensolvers (VQE) is discussed and 
applied for the mean-field description of SC order parameters with different spatial symme­
tries. Various VQE algorithms can in principle be implemented with the use of currently 
available quantum computers, referred to as noisy intermediate-scale quantum (NISQ) com­
puters. Next, to study eigenstates and eigenvalues of a more general quadratic fermionic 
Hamiltonian with SC pairing interaction the famous Qyantum Phase Estimation (QPE) al­
gorithm can be applied, which, however requires a large-scale fault-tolerant quantum com­
puter. Some further perspectives along this way will be discussed. 
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Nowadays, the study of proximity effects at the interface between two media is in focus 
of research [1-5]. In particular, hybrid heterostructures, comprising superconducting (S) 
and ferromagnetic (F) layers are currently attracting great attention due to a diverse set 
of proximity effects. Manifestations of the influence of ferromagnetism on the supercon­
ducting properties of S/F heterostructures include phase changes of the superconducting 
wave function ("re-phase superconductivity") and spin-triplet Cooper pairing. Converse 
proximity effects in which superconductivity influences ferromagnetism have received less 
attention. These magnetic proximity effects (MPEs) are expected in systems where the F 
and S transition temperatures, Tp and Tc, are comparable, including for instance cuprate 
high-Tc superconductors and ferromagnetic manganates. Promising systems for study of 
MPEs are S/F heterostructures comprised of niobium and rare-earth (RE) materials. First of 
all high transparency of S/F interface is reported for such RE/Nb systems as Gd/Nb which 
simplifies penetration of superconducting correlations in F system [3,4]. Second, the REs 
are characterized by weak ferromagnetism, which equalize energies of both interactions 
and make MPEs easier. Last, but not least many REs such as Dy and Ho are known rare­
earth ferromagnets with helimagnetic non-collinear structure, allowing for the generation 
oflong-range triplet superconductivity. Taking into account all these considerations, RE/Nb 
structures are potentially interesting in the search of magnetic proximity effects. 

REFERENCES: 
[1] V.D. Zhaketov et al. JETP 156, 310 (2019) 
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Nowadays, the main research activity in the field of nanotechnology is aimed at the creation, 
study and application of new materials and new structures. In the course of investigating 
the physics properties of these objects, it becomes necessary to numerically solve complex 
systems of nonlinear differential equations, which requires significant time and computa­
tional resources. 

To date, algorithms and frameworks for modeling processes in various structures are ac­
tively developed. However, the functionality of existing packages does not allow one to 
fully implement the desired computation scheme. 

To numerically solve the tasks of modeling hybrid nanostructures, it was decided to develop 
an information and computing system that provides a convenient set of tools for both de­
velopers and research groups. The use of the Python language simplified the process of 
writing a program to solve the tasks, while the use of specialized libraries made it possi­
ble to speed up computations. All stages of the research and the computations in the form 
of a Jupyter notebook are freely available on the resources of the HybriLIT heterogeneous 
platform using the Jupyter Book toolkit and are available to research groups via the link 
http:/ /studhub. j inr. ru: 8080/books/. In addition, they will be used for laboratory 
and research work by students and graduate students. 
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In our work we propose a theoretical model of a ferroelectric metal where spontaneous elec­
tric polarization coexists with the conducting electrons. In our model we adopt a scenario 
when conducting electrons interact with two soft transverse optical phonons, generalize it 
to the case when there' is a spontaneous ferroelectric polarization in the system, and show 
that a linear coupling to the phonons emerges as a result. We find that this coupling results 
in anisotropic electric transport which has a transverse to the current voltage drop. Impor­
tantly, the obtained transverse component of the resistivity has a distinct linear dependence 
on temperature. Moreover, we show that the coupling enhances the superconducting tran­
sition temperature of the ferroelectric metal. We argue that our results help to explain 
recent experiments on ferroelectric strontium titanate as well as provide new experimental 
signatures to look for. 

69 



Superconducting and Magnetic Hybrid Structures / Book of Abstracts 

CnoHTaHHl>Ie TOKH H reHepa~HH BHXpeH B rH6pH)];Hl>IX 
CTPYKTypax CBepxnpoBO)];HHK/ cpeppoMarHeTHK C Heop;­
Hopop;Hl>IM o6MeHHl>IM IlOJieM H acpcpeKTOM Pam61>1 

Author: A.rreKceii: CaMOXBaJIOB1 

1 J1Hcmumym ifiu3UKU MUKpocmpyKmyp PAH 

Corresponding Author: A.rreKceii: CaMOXBaJIOB, samokh@ipmras.ru 

Cy1..qecTBeHHOe BJIJUIHI1e Ha MarHMTHbie I1 TpaHcrropTHhie CBOMCTBa CI1CTeM CBepxrrpoBo.n;­

HI1K(C) I cpeppoMarHeTMK(<I>) OKa3hIBaIOT CIII1H-op6t1TaJihHhie (CO) 3cpcpeKThI, Kor.n;a MM­

rryJihC 3JieKTpoHa p OKa3bIBaeTCH CBH3aHHhIM co CIIMHOM a. Mccne.n;oBaHMe rro.n;o6HhIX 

rt16pt1,n;HhIX CI1CTeM rrpe.n;cTaBJIHeT I1HTepec KaK C TOqKM 3peHI1H cpyH,n;aMeHTaJihHOM HayKM 

(rrOMCK MafropaHOBCKMX cpepMI10HOB I1 TOIIOJIOrMqecKOM cBepxrrpOBO)];I1MOCTI1), TaK I1 I13-

3a IIOTeHQI1aJihHOM rrpt1MeHI1MOCTI1 B I1HTepecax CBepxrrpoBO)];HI1KOBOM CIII1HTpOHI1KI1. 

,[(nH IImpoKoro KJiacca CBepxrrpoBo,n;H1..qt1x cTpyKTYP c rrnaHapHofr reoMeTpt1efr CO 3cpcpeK­

ThI B03HI1KaIOT I13-3a B3aI1MO)];eMCTBI1H Pam6hr V R[n X p] ·8, B03HI1Karo1..qero Ha MHTepcpefr­

cax TaKMX CTPYKTYP [1]. 3.n;ech n- 3TO e.n;t1HI1qHhIM BeKTop B)];OJih HarrpaBJieHMH, B KOTopoM 

HapymeHa CI1MMeTpI1H OTHOCMTeJihHO rrpocTpaHCTBeHHOM I1HBepct1I1, a - BeKTOP MaTpI1Q 

Ilaynt1, a VR - xapaKTepHaH CKopocTh Pam6hr, orrpe.n;enHro1..qaH KOHCTaHTY CO-cBH3I1 etR = 
TivR, XoTH co B3aI1MO)];eMCTBI1e B coqeTaHI1I1 C o6MeHHhIM IIOJieM h (I1JII1 3cpcpeKTOM 

3eeMaHa) .n;enaeT COCTOHHMe C I1MIIYJibCOM, HarrpaBJieHHhIM no [ a X n], 6onee 3HepreTMqec­

KI1 BhirO)];HhIM, B O)];HOpo,n;HhIX CMCTeMax 3TO He rrpI1BO)];I1T K reHepaQI1I1 CIIOHTaHHOro 

CBepxTOKa. 

B .n;oKna.n;e paccMoTpeHhI rrpt1Mephr TOHKOIIJieHoqHhIX C<I> cTpyKTYP c 3cpcpeKTOM 6Jit130CTI1 

I1 co B3aI1MO)];eMCTBI1eM Pam6hr Ha MHTepcpefrce, B KOTOpbIX o6MeHHOe IIOJie cpopMt1pyeT 

B CBepxrrpoBo,n;Ht1Ke Heo,n;Hopo,n;Hyro MarHMTHYIO TeKcTypy [2]. O6pa3oBaHMe B CBepxrrpo­

BO)];HMKe CIII1paJibHOM cpa30BOM Mo,n;yJIHQI1I1 TOJihKO B orpaHMqeHHOM o6naCTI1 corrpOBO)K­

.n;aeTCH B03HI1KHOBeHMeM CIIOHTaHHOro CBepxToKa, aMIIJIMTy.n;a I1 pacrrpe.n;eJieHMe KOTopo­

ro 3aBI1CHT KaK OT CI1Jlhl co B3aI1MO,D;eMCTBI1H, TaK I1 OT CTpyKTYPhI I1 BeJII1qI1HhI o6MeHHOrO 

( 3eeMaHOBCKOro) IIOJIH. l13yqeHbI ycJIOBI1H cpopMt1poBaHI1H B TaKMX CTPYKTypax BI1XpeBhIX 

COCTOHHMM, I1H,n;yQt1poBaHHhIX CIIOHTaHHbIM TOKOM, I1 BJII1HHI1e MarHI1TOKI1paJibHhIX 3cp­

cpeKTOB Ha )];JK03ecpcOHOBCKI1M TpaHCIIOpT B IIJiaHapHbIX rt16pt1,n;HhIX CI1CTeMaX co CJia6hIMI1 

CBH3HMI1. 

Pa6oTa BhIIIOJIHeHa rrpt1 cpt1HaHcoBo:i1 rro.n;.n;epJKKe PH<I> B paMKax rrpoeKTa N2 20-12-00053. 
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