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Monday, September 15

Welcoming Address

Dear Colleagues, Guests, and Participants,
On behalf of the Program and Organizing Committees, it is my great pleasure to welcome you to the First

International Conference on Advanced Functional Materials for Digital and Quantum Electronics
2025, held at the Moscow Institute of Physics and Technology.

We are delighted to host this gathering of brilliant minds from across the globe, bringing together lead-
ing scientists, researchers, and students to discuss the latest breakthroughs and future directions in quantum
materials, superconductivity, spintronics, topological phenomena, and novel device architectures. The interdis-
ciplinary nature of this conference re�ects the collaborative spirit essential for tackling the complex challenges
at the forefront of modern technology.

This Book of Abstracts showcases the diverse and high-quality research that will be presented over the
coming days. It is a testament to the vibrant activity and signi�cant progress being made in our �eld. We are
con�dent that the exchange of ideas and discussions that will take place here will foster new collaborations and
inspire innovative research pathways.

We extend our sincere gratitude to all authors for their valuable contributions, to the members of the
Program Committee for their diligent work in reviewing the submissions, and to the Organizing Committee for
their tremendous e�orts in preparing this event. Special thanks are due to the Ministry of Science and Higher
Education of the Russian Federation for their support through the Megagrant program.

We wish you all a productive, stimulating, and enjoyable conference here in Moscow.

Sincerely,

Prof. Vasily Stolyarov
Director, Center for Advanced Mesoscience and Nanotechnology

Moscow Institute of Physics and Technology (MIPT)
Chairman of the Program and Organizing Committees
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Section: Superconductivity

1 A Quantum Plasmonic approach for the topological insulators

Mauro M. Doria 1� , Edinardo I. Rodrigues2

1 Physics Institute, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil
2 Federal Institute for Education, Science and Technology, Bahia, Brazil
*e-mail:

Abstract

Several common features are emerging in Condensed Matter Physics bringing new paradigms to the
�eld. They are the Dirac linear spectrum, the Rashba term, the pseudo gap, the presence of narrow
and wide bands, the spin-momentum locking, the magnetic monopole behavior of carriers and the
topological nature of excitations. Here we propose that the origin of these features is found on some
common properties shared by the topological insulators and the type II superconductors. They can
be tracked back to Abrikosov's 1957 seminal work when the magnetic properties of superconducting
alloys were determined from topological excitations, the so-called vortices. Alexey Abrikosov and
later Evgeniy Bogomolny have shown that the fundamental structure behind vortices is a set of
linear equations and here we sustain that the inclusion of the electronic spin into these equations
provides the simplest framework to describe the topological insulators. The �rst of such Abrikosov-
Bogomolny equations is a zero helicity condition which is essentially the spin-momentum locking
condition [1,2,3] and gives the simplest explanation for the existence of the Dirac linear spectrum.
The second one implies a plasmonic nature for the topological insulator state, a consequence of
the evanescence of the magnetic �eld away from the layer. Here we show that the stacking of
several topological insulating layers generates a semi-metal spectrum with the onset of a pseudo gap
and of several conducting bands associated to di�erent masses. This scenario of coexisting narrow
and wide bands may provide a route to obtain a high critical superconducting temperature which
makes us conjecture a deep connection between the topological insulators and the high temperature
superconductors.

Keywords: SN-N-NS Josephson bridge, proximity e�ect, non-equilibrium processes, quasiparticle conversion
length

References:

1. Mauro M. Doria and Andrea Perali, Weyl states and Fermi arcs in parabolic bands, Europhys. Lett. 119
(2017) 21001.

2. M. M. Doria, The linear Dirac spectrum and the Weyl states in the Drude-Sommerfeld topological model,
The European Physical Journal B 92, 64 (2019)

3. Edinardo I.B. Rodrigues and Mauro M. Doria, The local magnetic �eld of spin-momentum locked states
and fractional e�ects, Physics Letters A 448 (2022) 128289.
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2 Quasiparticle Conversion in SN-N-NS Josephson Junctions

S. V. Bakurskiy1;2;3 , O. V. Skryabina2;1 , V. I. Ruzhickiy 3;1;2 , A. A. Elistratova 3;2 , K. B. Polevoy3;2 , A. G.
Shishkin2;3 , N. V. Klenov 4;3 , I. I. Soloviev1;2;3 , M. Yu. Kupriyanov 1;2 , A. A. Golubov 2, V. S. Stolyarov2;3;5

1 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow 119991, Russia
2 Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Russia
3 All-Russian Research Institute of Automatics (VNIIA), 127030, Moscow, Russia
4 Faculty of Physics, Lomonosov Moscow State University, Moscow 119992, Russia
5 Beijing Institute of Technology, Beijing, China

Abstract

The miniaturization of superconducting electronics demands precise control over quasiparticle dy-
namics at the nanoscale. Understanding and controlling quasiparticle dynamics is essential for
advancing superconducting electronics, particularly as device dimensions approach the nanoscale.
Here we present direct experimental evidence for the quasiparticle-to-supercurrent conversion in
planar SN-N-NS Josephson nanobridges with submicron electrodes. By employing a versatile mea-
surement platform, we demonstrate that the injection geometry�through either superconducting or
normal-metal leads�dramatically alters the critical current and resistance of the junction. Using a
tunable measurement setup that allows current injection through either superconducting or normal-
metal leads, we uncover marked changes in critical current and resistance depending on the injection
geometry�e�ects that become signi�cant when electrode widths fall below the characteristic con-
version length of �400 nm. These observations are quantitatively explained by a phenomenological
model that accounts for nonequilibrium transport and incomplete quasiparticle conversion in nar-
row electrodes. These results point to the emergence of non-equilibrium transport governed by an
intrinsic conversion length. We develop and apply a method for extracting this length from standard
transport measurements, o�ering a practical diagnostic for nanoscale superconducting circuits. Our
�ndings enable optimized design of compact Josephson junctions and support the integration of
proximity-based weak links into scalable superconducting logic and sensing architectures.

Keywords: SN-N-NS Josephson bridge, proximity e�ect, non-equilibrium processes, quasiparticle conversion
length

Acknowledgments: The work was supported by the Russian Science Foundation (project no. 25-19-00057;
https://rscf.ru/project/25-19-00057/).

References:

1. V. Ruzhickiy, S. Bakurskiy, M. Kupriyanov, N. Klenov, I. Soloviev, V. Stolyarov, and A. Golubov. Con-
tribution of processes in sn electrodes to the transport properties of sn-n-ns josephson junctions. Nano-
materials, 13:1873, 2023.

2. O. V. Skryabina, S. V. Bakurskiy, V. I. Ruzhickiy, A. Shishkin, N. V. Klenov, I. I. Soloviev, M. Yu
Kupriyanov, and V. S. Stolyarov. Anomalous in�uence of electrode width on the critical current of nb/au
josephson junctions. Superconductor Science and Technology, 37(12):125018, 2024.
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3 Crucial role of electrode dimensions in Josephson SNS bridges

S. V. Bakurskiy 1� , O. V. Skryabina2, V. I. Ruzhickiy 1, A. Shishkin2, N. V. Klenov 1, I. I. Soloviev1, M. Yu
Kupriyanov 1, and V. S. Stolyarov2

1 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow 119991, Russian Federation
2 Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Russia
*e-mail: r4zz@mail.ru

Abstract

We studied electronic transport in Josephson bridges of variable thickness Superconductor-Normal
Metal-Superconductor (SNS) theoretically and experimentally. We found a signi�cant in�uence
of the electrode size on the critical current, current-phase ratio, and critical temperature of the
Josephson junction. The microscopic description of the Josephson SNS bridge was modi�ed in
the framework of the Usadel equations, taking into account inhomogeneous supercurrent spatial
distribution in the electrode and phase drop at the boundary between the normal metal region
and the superconducting electrode. We have shown that these factors lead to an increase in the
characteristic length of the current �ow between the superconducting electrode and the normal
metal layer.

Keywords: Josephson junction, proximity e�ect, superconductor electronics

Acknowledgments: The work was supported by the Russian Science Foundation (project no. 25-19-00057;
https://rscf.ru/project/25-19-00057/).

References:

1. V. Ruzhickiy, S. Bakurskiy, M. Kupriyanov, N. Klenov, I. Soloviev, V. Stolyarov, and A. Golubov. Con-
tribution of processes in sn electrodes to the transport properties of sn-n-ns josephson junctions. Nano-
materials, 13:1873, 2023.

2. O. V. Skryabina, S. V. Bakurskiy, V. I. Ruzhickiy, A. Shishkin, N. V. Klenov, I. I. Soloviev, M. Yu
Kupriyanov, and V. S. Stolyarov. Anomalous in�uence of electrode width on the critical current of nb/au
josephson junctions. Superconductor Science and Technology, 37(12):125018, 2024.
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4 Fibrous Ceramic Superconductors and Their Production Using the Solution
Blow Spinning Structuring Technique

R. Zadorosny 1� , E. Duran1, M. Brambilla 1, A. Pulgar1, R. Izquierdo1, Maycon Motta 2

1 Universidade Estadual Paulista, São Paulo, Brasil
2 Universidade Federal de São Carlos, São Paulo, Brasil
*e-mail: rafael.zadorosny@unesp.br

Abstract

Since their discovery, ceramic high-temperature superconductors (HTS) have been extensively stud-
ied to understand their mechanisms and improve applications. Their use is limited by high produc-
tion costs, AC losses, inhomogeneous trapped �eld distribution, and fragility. Some of these issues
can be mitigated by scalable, low-cost methods that yield materials with high and uniform critical
current density (J c). Additionally, highly porous superconductors produced by solution blow spin-
ning (SBS) [1�3] enhance cooling e�ciency thanks to their larger speci�c surface area. With the aim
of improving the mechanical properties of ceramic �bers and enhancing their handling characteris-
tics, we investigated the incorporation of silver into the YBa2Cu3O7 (YBCO) matrix using a more
sustainable chemical route. In this approach, the precursor solution was prepared via a one-pot-like
synthesis, where yttrium, barium, copper, and silver acetates were dissolved in propionic acid (12
wt%), ammonium hydroxide (26.5 wt%), and methanol (61.5 wt%). Polyvinylpyrrolidone (PVP, Mw
' 1,300,000 g/mol) was also added in a weight ratio of 4:1 (acetates:PVP) to stabilize and reduce the
solution. The resulting solution was processed via SBS to produce �brous polymer composite mats.
These mats underwent sequential heat treatments: solvent evaporation at approximately 150� C for
3 hours; polymer degradation at 600� C for 3 hours; and �nally, crystallization and grain growth at
temperatures ranging from 895� C to 950� C for 1 hour. Further details can be found in Refs. [1�4].
We demonstrate that ceramic �bers can be obtained with average diameters as low as 160 nm, and
that the addition of silver can reduce the crystallization temperature by about 30� C. Preliminary
XRD and magnetic measurements con�rm the superconducting nature of the �bers and indicate
promising properties for further investigation.

Keywords: nano�bers, solution blow spinning, YBCO

Figure 1: From left to right: the solution blow spinning system; the as-collected �brous mats; and SEM images
processed to determine the �ber diameter distribution.

References:

1. M. Rotta et al., Ceramics International 42, 16230 (2016).

2. A. L. Pessoa et al., Ceramics International 46, 24097 (2020).

3. A. M. Ca�er et al., Supercond. Sci. Technol. 34, 025009 (2021).

4. E. A. S. Duran et al., to be published elsewhere.
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5 Localization in Materials with Several Conducting Bands to Enhance Super-
conductivity

A. Vagov 1� , V. Neverov1;2;3 , A. Lukyanov 1;3 , A. Krasavin1;2;3 , M. Croitoru 1, A. Shanenko1

1 HSE University, Moscow, Russia
2 National Research University MIPT, Dolgoprudny, Russia
3 National Research Nuclear University MEPhI, Moscow, Russia
*e-mail: Av.vagov@hse.ru

Abstract

Strong disorder exerts two opposing e�ects on a superconducting material [1]. On one hand, it leads
to localization of electrons and Cooper pairs, resulting in spatial fragmentation of the condensate
state. It enhances the local density of single-particle states, increasing the binding energy of Cooper
pairs and the critical temperature at which the condensate state appears. On the other hand, it
destroys the long-range coherence, suppressing superconductivity and reducing the corresponding
critical temperature. This work demonstrates that if such a disordered superconductor is coupled
to a clean or weakly disordered conducting material, the long-range coherence is restored via the
proximity e�ect. As a result, the coexistence of the two subsystems combines the advantages of the
high critical temperature of the disordered superconductor and the global supercurrent of the clean
one. This synergy e�ect is robust and can occur in superconducting multi-band and heterostructures,
whether they are disordered or have arti�cial superstructures.

Figure 1: (a) Temperature dependence of the sample-averaged gap function for the strong band (red) and the
weak band, showing results for the cases when strong band is disordered (�lled circles) and in its clean limit
(empty circles). Low temperature T(0)

c;2 is the critical temperature of the second band in the absence of inter-
band coupling. (b)�(c) Color density plot with the spatial distribution of the band gap function. (d) Pro�le of
the gap function for strong band (red) and weak band (blue), calculated along the dashed lines shown in panels
(b) and (c). (e) Histograms of the absolute value of the gap function for the strong band (red) and the weak
band (blue).

References:

1. A. Vagov et al., Comm. Physics 5, 177 (2022).

2. V. Neverov et al., Comm. Physics 8, 310 (2025).
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6 Spatially Resolved Dynamics of the Amplitude Schmid-Higgs Mode
in Disordered Superconductors

I. S. Burmistrov

L.D. Landau Institute for Theoretical Physics, Chernogolovka, Russia
*e mail: burmi@itp.ac.ru

Abstract

We investigate the spatially resolved dynamics of the collective amplitude Schmid-Higgs (SH) mode
in disordered s-wave superconductors and fermionic super�uids. By analyzing the analytic structure
of the zero-temperature SH susceptibility in the complex frequency plane, we �nd that, when the
coherence length greatly exceeds the mean free path, (i) the SH response at �xed wave vectors
exhibits late-time oscillations decaying as 1=t2 with frequency 2�, where � is the superconducting
gap; (ii) subdi�usive oscillations with a dynamical exponent z = 4 emerge at late times and large
distances; and (iii) spatial oscillations at a �xed frequency decay exponentially, with a period that
diverges as the frequency approaches 2� from above. When the coherence length is comparable
to the mean free path, additional exponentially decaying oscillations at �xed wave vectors appear
with a frequency above 2�. Furthermore, we show that the SH mode induces an extra peak in the
third-harmonic generation current at �nite wave vectors. The frequency of this peak is shifted from
the conventional resonance at �, thereby providing an unambiguous signature of order parameter
amplitude dynamics. The results are published in [1].

Keywords: dirty superconductors, Higgs mode, nonlinear response

References:

1. P. A. Nosov, E. S. Andriyakhina, I. S. Burmistrov, Spatially-resolved dynamics of the amplitude Schmid-
Higgs mode in disordered superconductors, Phys. Rev. Lett. 135, 056001 (2025).
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7 Resistive States due to the Interplay of Flux Flow and Vortex Dynamics in
Arti�cially Defected Granular Superconductors within the Ginzburg-Landau
Theory
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Abstract

In granular superconductors, grain boundaries act as Josephson junctions, a�ecting the global crit-
ical current density. Although granular superconductivity is widely studied, the impact of engi-
neered mesoscopic grains with tailored pinning centers on vortex matter remains underexplored. In
this work, we simulate a semi-in�nite superconducting tape using the generalized time-dependent
Ginzburg-Landau (GTDGL) framework. The system consists of intra- and inter-grain regions, where
the grain boundaries present a lower Tc than the superconducting matrix. Moreover, the intra-grain
regions are arti�cially defected with 1 (S01), 4 (S04), or 0 (S00) defects. Our results show that
although the intra-grain defects are not e�ective at trapping vortices, they signi�cantly in�uence
the local supercurrent distribution, delay vortex motion, and can guide vortex trajectories. Two
distinct �ux �ow regimes were observed: one con�ned to the weak link region and, at certain cur-
rents, a shared �ux �ow regime. Additionally, at lower �elds, the interaction between vortices and
defects in S04 promotes the coalescence of intra-grain vortices with those in the inter-grain region.
These insights may help guide the design and application of granular superconductors in sensors and
emerging quantum technologies.

Keywords: granular superconductors, vortex dynamics, �ux �ow, Ginzburg-Landau theory

Figure 1: (a) time-voltage curve for I tr = 0:30750IGL at H = 0:1H c2, (b) Zoomed-in view, and (c) colormap of
j j.
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8 Proximity E�ect Engineering in Al-Based SNS Junctions with Intrinsic Super-
conductivity
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Abstract

This work investigates planar Nb-Al-Nb Josephson junctions with submicron dimensions, where the
intrinsic superconductivity of aluminum signi�cantly enhances device performance. We demonstrate
that the aluminum interlayer substantially increases the critical current (I c � 50 �A) and character-
istic voltage (Vc � 1 mV) at T = 4 K, while preserving non-hysteretic current-voltage characteristics
crucial for digital applications. Our theoretical framework, based on self-consistent solutions of
the Usadel equations, shows that this performance improvement results from the synergistic com-
bination of proximity-induced superconductivity and intrinsic pairing in aluminum, optimized at
speci�c boundary resistance values. Structural characterization reveals epitaxial Nb/Al interfaces
with minimal interdi�usion, ensuring reproducible fabrication of compact junctions. The devel-
oped Nb-Al-Nb bridges represent promising components for high-density superconducting electronic
circuits operating at cryogenic temperatures.

Figure 1: SEM image of one of studied junctions. Al layer painted as green, Nb layer painted as blue.

Keywords: Josephson junctions, proximity e�ect, superconducting electronics, Usadel equations
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9 A Novel Route to Nickelate Superconductors through the Synthesis of La 3Ni 2O7

Nano�bers via Solution Blow Spinning
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Abstract

The quest for high-critical-temperature superconductors has identi�ed nickelates as a promising fron-
tier due to their structural and electronic similarities with cuprates [1]. Among them, La 3Ni2O7,
which exhibits superconductivity at 80 K under pressure, stands out as a key candidate for ex-
ploring superconducting mechanisms in nickel-based systems. However, a major challenge for their
application lies in achieving samples with a high superconducting volume fraction [2]. This study
tackles this limitation through a distinctive two-fold strategy: (i) the development of a novel one-pot
synthesis protocol and (ii) the implementation of an innovative �ber-formation technique. The syn-
thesis begins with the dissolution of nickel and lanthanum acetates in a mixture of propionic acid,
ammonium hydroxide, and methanol, stabilized and reduced using polyvinylpyrrolidone (PVP), to
produce a highly homogeneous precursor solution with precise stoichiometric control. This solution
is subsequently processed into polymeric mats composed of nano�bers using the Solution Blow Spin-
ning (SBS) technique. The central hypothesis is that the high surface-area-to-volume ratio of the
�bers promotes enhanced reaction kinetics, leading to improved phase formation and, consequently,
a higher superconducting volume fraction in the �nal material.

Acknowledgements: We thank the FAPESP grant 2024/21097-7, CAPES - Finance Code 001.
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10 Crossover between Types I and II in Di�usive Superconductors: Perturbative
Study
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Abstract

A common feature of both single- and multiband superconductors is the presence of a crossover
between conventional type I and type II superconductivity through an intertype (IT) domain in
the magnetic response phase diagram. In di�usive single-band superconductors, this domain is
extremely narrow due to scattering by nonmagnetic impurities. Recent work [1] has shown that
in multiband superconductors the IT domain can signi�cantly expand when the band di�usion
coe�cients di�er substantially. In our research we demonstrate that this expansion is a general
feature of di�usive multiband superconductors and is accompanied by a qualitative change in vortex-
vortex interaction. This interaction shifts from the combination of short-range attraction and long-
range repulsion, typical of di�usive single-band IT superconductors, to the inverse con�guration of
short-range repulsion and long-range attraction (see Fig.1). Strikingly, this latter behavior resembles
the vortex interaction in clean IT superconductors. Consequently, a corresponding rearrangement
of vortex con�gurations is expected � from the mixtures of Abrikosov and giant vortices, expected
in di�usive single-band IT superconductors, to vortex chains and clusters, which are characteristic
of vortex matter in clean IT superconducting materials [2].

Figure 1: The IT domain for a di�usive two-band system with the microscopic parameters of MgB2. (a) and
(c) The upper and lower boundaries of the IT domain for the ratio of the band di�usivities � = 0:5 and � = 20,
correspondingly. (b) and (d) The vortex-vortex potential �(r) for the three points marked in panel (a) and (c)
by the circle, triangle, and square, respectively.
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11 Systematic Analysis of Silver Interaction in YBa 2Cu 3O7�� Ceramic Nanowires
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Abstract

The incorporation of silver (Ag) into YBCO ceramics is widely studied due to its improvements
in mechanical and superconducting properties. However, most research focuses on bulk materials
using solid-state reaction techniques, with few approaches focusing on thin �lms, nanowires, and
chemical routes. This study employs both experimental and theoretical approaches to investigate
Ag interaction in YBCO ceramic nanowires. Experimentally, nanowires were synthesized via a one-
pot chemical route and processed by solution blow spinning (SBS) using a wing-shaped collector
to reduce average �ber diameters by about 50 nm and align them. Characterizations by XRD,
Raman spectroscopy, and XPS revealed that high Ag concentration alters vibrational modes and
causes asymmetry, while bond energy remained constant. Theoretically, preliminary results suggest
that van der Waals corrections in the YBCO DFT model should be considered to improve the
accuracy of lattice parameters. Our �ndings contribute to understanding the e�ects of Ag on ceramic
structure, including composite formation, Ag localization at grain boundaries, and/or substitution
of structural sites by Ag, with potential applications in superconducting nanowire single-photon
detectors (SNSPDs).
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13 Realization of fractional-layer transition metal dichalcogenides
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Abstract

Layered van der Waals transition metal dichalcogenides (TMDCs), generally composed of three
atomic X-M-X planes in each layer (M = transition metal, X = chalcogen), provide versatile plat-
forms for exploring diverse quantum phenomena. In each MX2 layer, the M-X bonds are predomi-
nantly covalent in nature and, as a result, the cleavage of TMDC crystals normally occurs between
the layers. Here we report the controllable realization of fractional-layer WTe2 via an in-situ scanning
tunneling microscopy (STM) tip manipulation technique. By applying STM tip pulses, hundreds
of the topmost Te atoms are removed to form a nanoscale monolayer Te pit in the 1T0-WTe2,
thus realizing a 2/3-layer WTe2 �lm. Such a con�guration undergoes a spontaneous atomic recon-
struction, yielding a unidirectional charge density redistribution with the wavevector and geometry
quite distinct from that of pristine 1T 0-WTe2. Our results expand the conventional understanding
of the TMDCs and are expected to stimulate further research on the structure and properties of
fractional-layer TMDCs [1].

Figure 1: Structural schematics of 2/3-layer WTe2.

Keywords: Fractional-layer, transition metal dichalcogenide, scanning tunneling microscopy
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14 Thin �lms at terahertz frequencies: physics and applications
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Abstract

It is widely accepted that thin �lms prepared from various materials (insulators, semiconductors,
conductors, superconductors), as well as various types of structures based on them, form the basis
for modern and future applications in microelectronics and other areas of the national economy
(e.g., [1]). A key role in the development of new micro- and nano-electronic equipment belongs
to experimental studies of the characteristics of �lms and structures. They are determined by the
fundamental properties of the materials used, and also depend on synthesis methods and deposition
procedures of thin functional layers, which provide additional opportunities for controlling these
characteristics. Among the most e�cient tools in this regard, it is necessary to highlight optical (in
the broad sense) spectroscopy, which ensures the determination of the most important fundamental
and macroscopic electrodynamic properties of �lms and �lm structures in a contactless (in most
cases) manner. In addition, optical spectroscopy allows the determination of relevant characteristics
of the objects at sub-terahertz and terahertz frequencies, which are promising in the development
of modern and advanced telecommunication systems (e.g., [2]). This presentation will review the
latest results of our terahertz spectroscopic investigations into the fundamental physical properties
of ferroelectric and superconducting (conventional and high-temperature) thin �lms, the materials
that are considered to be among the most promising for designing electronic devices with exceptional
characteristics. We will also present a few examples showing how spectroscopic data can be used
e�ciently to enhance the performance of devices operating at terahertz frequencies.

Keywords: thin �lms, terahertz spectroscopy
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15 Graphene Based Room-Temperature Terahertz Detector with Integrated Bow-
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Abstract
In electromagnetic spectrum, terahertz (THz) wave is between light and microwave. Its photon en-
ergy is much lower than normal infrared light and its frequency is higher than microwave. Therefore,
it is hard to implement techniques of these two spectral ranges into THz spectrum, especially tech-
niques in generation, modulation and detection. This has hindered the exploitation of THz spectrum
although recent studies have shown its promising potentials in industries such as semiconductors,
biotechnology, communications, imaging and so on. We have designed a bow-tie antenna and in-
tegrated it into a graphene photodetector. In this device geometry, the absorption enhancement
region overlaps with photocarrier separation regions in graphene, which therefore greatly increases
photocurrent generation. In addition to the antenna, we also design the channel. Firstly, we use
BN-encapsulated graphene which has shown low residual doping (residual doping concentration of
1:3 � 10 11 cm�2 ) and high mobility (� up to 20000 cm 2V �1 s�1 at room temperature) in the device.
The high-quality graphene as channel guarantees a large Seebeck-coe�cient di�erence at the pn junc-
tion and fast photoresponse. The corresponding noise equivalent power (NEP) is calculated as about
1 nW�Hz�1=2 if Johnson-Nyquist noise is assumed as the dominating noise. Moreover, the operat-
ing frequency is measured as larger than 5 kHz, which, together with the enhanced photoresponse,
indicates that our design is a promising candidate for THz detection.

Figure 1: Schematic diagram of an antenna integrated graphene THz detector.
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16 Impurity-induced Inverse Faraday E�ect
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Abstract

We provide a quantum-mechanical description of the photoinduced dc current states and magnetic
�elds around nonmagnetic point impurities in a two-dimensional (2D) electron gas irradiated by a
circularly polarized electromagnetic wave (see Fig). Based on the solution of the corresponding time
dependent Schrödinger equation within the second-order perturbation theory in the electromagnetic
wave amplitude, we �nd that the resulting dc magnetic �eld component perpendicular to the plane
of the 2D system is distributed like in a set of random magnetic �uxes bound to the positions of
impurities. As a result, the spatially averaged dc magnetic �eld does not vanish far from the sample
edges and, thus, our scenario of the inverse Faraday e�ect in disordered systems di�ers strongly from
the standard one based on the relaxation time approximation within the hydrodynamic or kinetic
equation approaches, which would give only the photoinduced currents �owing along the sample
edges. The internal dc magnetic �eld can give rise to the photoinduced Hall e�ect and Faraday
rotation for a probing electromagnetic signal.

Figure 1: Schematic picture illustrating the suggested mechanism of the inverse Faraday e�ect. We show
the lines of the dc currents �owing around each impurity center and magnetic �eld generated by a circularly
polarized light incident on the two-dimensional electron gas (2DEG).
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Abstract

Within the framework of the Ginzburg-Landau model, it has been shown that in a composite system
consisting of type I and type II superconductors with a large coherence length di�erence �I >> � II ,
Abrikosov vortices may appear in the type I superconductor as superconductivity is restored upon
decreasing the magnetic �eld. The vortices enter the type I superconductor through its boundary
with the vacuum and reach the boundary with the type II superconductor, which is in the Meissner
state. We have found conditions under which the chain of vortices can exist at the I/II interface
even at zero magnetic �eld.

Keywords: type I superconductor, Abrikosov vortices
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Abstract

Quasi-two-dimensional materials are a promising platform for spintronics and quantum computing.
Graphene and topological insulators (TIs) are of particular interest due to their unique interplay
of electronic structure, magnetism, and the Rashba e�ect. The combination of strong spin-orbit
coupling (SOC) and magnetism can induce non-trivial topological phases and complex spin textures,
enabling control over electronic and spin properties. In TIs, SOC plays a decisive role in band
inversion, which gives rise to bulk topological order and topological surface states (TSS). At the
same time, Rashba states may emerge on the surface, as observed in Mn1�x Ax Bi2Te4 (A = Ge,
Sn, Pb), where magnetic and non-magnetic TI properties are combined. Our results show that
hybridization of Te-pz and Bi-pz orbitals with those of the substituting element leads to distinct
topological phases and possible topological phase transitions. Ab initio calculations and ARPES
con�rm the presence of Rashba-like surface states (RSS), which evolve systematically with increasing
A concentration. RSS shift towards the Fermi level, enhancing their interaction with TSS, and at
higher concentrations penetrate deeper into the crystal with a strong orbital contribution from the
dopant [1]. These �ndings establish Mn1�x Ax Bi2Te4 as a universal platform for studying RSS-
TSS interaction and controlled topological transitions. Unlike TIs, free-standing graphene is non-
magnetic and exhibits weak SOC. However, interaction with heavy and magnetic substrates can
strongly modify its properties, providing conditions for spin current generation and quantum Hall
e�ects. In the Gr/Au/Co(0001) heterostructure, the substrate induces strong SOC and ferrimagnetic
ordering in graphene, accompanied by A/B sublattice asymmetry and the opening of a 30-40 meV
gap at the K-point, con�rmed by STM/STS and DFT calculations [2]. Moreover, ARPES and
spin-ARPES reveal spin-polarized states with conical dispersion near the �-point, localized around
triangular dislocations from Au-Co lattice mismatch. These states exhibit magnetic dichroism and
remain stable under graphene coverage and gold clusters, underlining the technological relevance of
this system. Therefore, Gr/Au/Co(0001) represents a promising platform for realizing the quantum
anomalous Hall e�ect and for spintronic applications.
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