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FOREWORD

It is our pleasure to invite all scientists, academicians, young researchers, business delegates
and students from all over the world to attend the International Conference on Condensed
Matter physics will be held in Munich, Germany during May 23-25, 2022.
CMPMEET2022 Conference provides a platform of international standards where you can
discuss and share persuasive key advances in Condensed Matter physics. In addition to
Presentations, Workshops, and Discussions, the conference also offers a unique venue for
renewing professional relationships, networking and for remaining up-to-date variations in our
challenging and expanding discipline.
CMPMEET202 not only increased the number of opportunities for you to network with
colleagues from across the world but also introduced more focused sessions that will feature
cutting edge presentations, special panel discussions, and livelier interaction with industry
leaders and experts. We’re looking forward to an excellent meeting with scientists from different
countries around the world and sharing new and exciting results in Condensed Matter physics.
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Silicene and its Heirs
Guy LE LAY

PIIM - CNRS, Campus de St Jerome, F-13013 Marseille, Aix-Marseille University, France
E-mail:guy.lelay@univ-amu.fr,

Abstract

The creation of silicene, the first artificial two-dimensional (2D) crystal, synthesized in 2012
has constituted a paradigmatic shift, with respect to obtaining graphene, MoS2 or black
phophorous, simply by peeling off natural lamellar 3D crystals. Since then, a number of mono
elemental analogues, dubbed the Xenes, the heirs of silicene, have emerged, from borophene
based on B atoms in column III to tellurene based on Te atoms in column VI.
Among these, the 2D formsof Si, Ge, and Sn, have attracted huge interest, especially because
they possess size able spin-orbit couplings, allowing for the quantum spin Hall Effect, possibly
even above room temperature; down column IV, plumbene was realized in 2019.
2D topological insulators (quantum spin Hall insulators) may lead to break through applications
from Field-Effect Transistors to spintronics and quantum computation. Group IV Xenes are
also considered for improved lithium/sodium batteries, solar cells, and for hydrogen storage,
while major applications are also envisaged in nano biology, nanomedicine and for the ranostics
of cancer cells.
In my talk, I will describe the birth of silicene, the striking properties of group IV Xenes, as
well as their outstanding multi faceted outcomes.
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Metamaterial Perfect Absorbers with Broad and
Tailoredband
Y. P. Lee,*,**,***, H. Y. Zheng,**,***, J. S. Hwang,***
and L. Y. Chen*
*Fudan Univ., Shanghai, China,
**Hanyang Univ., Seoul, Korea
***Alpha-ADT Co., Ltd., Hwaseong, Korea

Abstract

Perfect absorbers electromagnetic (EM) wave, including microwave, by using metamaterials
(MMs) have been studies extensively these days for the potential or immediate applications.
We are investigating advanced meta-structures and MMs for EM-wave absorption, MM
technology for EM-wave absorption over 99% and multi/ultrawide/tailored-band absorption,
and MMs for EM-wave absorption independent of incident angle and polarization.
We also proposed a new EM MM with a tailored bandwidth. The absorption turned out to
be insensitive to the polarization of incident EM wave, and to be greatly high even at a large
incident angle such as 45 degrees. The perfect absorber itself was also flexible, which is good
for the practical applications. It is expected that the design concept provides a new candidate
for some fields where the absorption bandwidth is required specifically, and this suggested
perfect MM absorber can be applied in many practical fields, additionally because of the low
cost and superior performance.
Flexible and ultrathin wide-band MM absorbers were also suggested and demonstrated in
the MHz/GHz-frequency range. By using resonators of different sizes and conductive fibers
on metallic-pattern layer, the total thickness of MM absorber was reduced. The experimental
absorption band over 97% was 0.87-6.11GHz. This innovation is expected to contribute to the
flexible microwave/electronic devices in the near future, and offers a different approach to
realize the potential wearable meta-devices by using these ultrathin broadband MM absorbers.
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Topologically Stabilized Spin Configurations for AllSpin-Based Systems using Polarized Neutron Scattering
Dr.habil. Amitesh Paul

Senior Research Scientist
Guangdong-Technion Israel Institute of Technology (GTIIT)
China

Abstract

I will discuss some general aspects of structural and magnetic correlations that can be accessed
by various neutron and x-ray scattering techniques at low angle. Eventually, I will introduce the
case of topologically stabilized spin configurations like helices in the form of planar domain
walls with magnetic functionalities in transition metal/rare-earth and rare-earth/rare-earth
systems. Recently, using magnetization and susceptibility as a function of temperature along
with thermo-remanent magnetization measurements we have confirmed superspin-glass type
of behavior within a rare-earth/rare-earth system of Dy/Tb. Interestingly, detailed analysis of
the polarized neutron reflectometry profiles have established evidences of superimposed helical
magnetic configurations within both materials of Dy and Tb associated with spin-frustrated
interfaces. Realization of such spin configurations opens up the opportunity for scientific and
technological applications in increasing the energy density for all-spin-based systems.

Biography

Amitesh Paul, Senior Research Scientist of Material Science and Engineering, GuangdongTechnion Israel Institute of Technology (GTIIT), grew up in India and received his Bachelor’s
and Master’s degree from the University of Calcutta in 1991 and PhD degree from University
of Indore in 2002. Since 2001, he spent his early scientific years in Germany at the FZ-Jülich
and at the HZB-Berlin before obtaining his Habilitation certificate working at the TUMGarching in 2017. He is also scientific advisor at the MTA CER-Budapest. The Paul group at
the GTIIT is focused on addressing the fundamental aspects of interface magnetism in layers
and nanostructures.

Page- 8

albedo
...let's reflect knowledge

CMPMEET2022

INTERNATIONAL MEET ON CONDENSED MATTER PHYSICS

MAY 23-25, 2022 | MUNICH, GERMANY

Phase Polymorphism and Catalytic Activity of 2D
Materials
Hong Seok Kang1

Department of Nano & Advanced Materials, Jeonju University, Chonju, Korea
*hsk@jj.ac.kr

Abstract

First, first-principles calculation indicates that TeSe2 is the most stable among various Te1xSex compounds. Different from the case of bulk Te, its bulk can equally adopt three different
crystal structures as well as their chiral images. Electronic band structure calculation shows
that all three phases are semiconductors, where hidden spin texture or chiral spin texture is
observed. In the few-layer, on the one hand, one of them is significantly more stable than
the others due to the difference in the electronegativity of two kinds of atoms. In addition,
each of them exhibits interesting physical property such as large electric polarization or
phase transition under hole/electron doping. Second, two non-Janus configurations of MXY
(M = Mo, W; X = S/Se; Y = Se/Te) monolayers are shown to be considerably more stable
than Janus configuration, displaying interesting physical properties such as giant in-plane
electric polarization, giant spin splitting (160− 480 meV) at the valence band maximum,
and multiferroicity. Finally, our DFT calculations in collaboration with an experimental
group show that the best performance of Mo1−xM'xSe2 (M' = Nb, V) alloy nanosheets  for
electrochemical hydrogen evolution reaction is observed at a specific x value with specific
crystal phase depending upon the alloy material involved, where the underlying chemical
structure of the alloy is determined by Gibbs free energy including configurational entropy.

Keywords

Hidden Spin TextureNon-Janus Configurations, Giant Spin Splitting, Hydrogen Evolution
Reaction

Biography

Professor Hong Seok Kang obtained his BSc (Chemistry) from Seoul National University, and
his PhD (Physical Chemistry) from KAIST, South Korea. As a professor in Jeonju University
in Korea, he has been extensively involved in research for designing and understanding
electronic, optical, and chemical properties of various low dimensional nanomaterials using
first-principles calculation. In collaboration with sophiscated experimental groups, his interest
has been recently extended to the applications of those materials in secondary battery and
photocatalytic/electrocatayltic CO2/H2O reduction. For his research, he was awarded three
major prizes: (1) Ipjae Physical Chemistry Prize from the Division of Physical Chemistry,
Korean Chemical Society (2009), Breakthrough Research Award for honoring Jeonju University
(2017), and Excellent Research Award supported by Ministry of Education of Government of Korea
(2018). As the corresponding author, he has published many SCI papers in renowned SCI journals
such as ACS Nano, Journal of American Chemical Society, and Journal of Materials Chemistry
A/C, etc. Specifically, his purely theoretical papers were selected as cover articles in Journal
of Physical Chemistry C. (2019), Journal of Materials Chemistry C (2018), and Journal of
Materials Chemistry A (2017). For more details on his publications, readers are recommended
to refer to his homepage at https://www.jj.ac.kr/hskang/ .
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Asymmetry in Size of Ions and Orientational Ordering
of Water Molecules in Electric Double Layer
Aleš Iglič 1*, Ekaterina Gongadze1, Veronika Kralj-Iglič2

Laboratory of Physics, Faculty of Electrical Engineering, University of Ljubljana,
Slovenia
2
Laboratory of Clinical Biophysics, Faculty of Health Studies, University of Ljubljana,
Slovenia
* presenting author: ales.iglic@fe.uni-lj.si
1

Abstract

Electric double layer is described within a mean-field lattice statistics approach by taking into
account the asymmetry in the size of ions and the orientational ordering of water molecules.
Analytical expressions for the space dependence of ions and water molecules and relative
permittivity are derived. It is shown that due to orientational ordering of the water dipoles
near the charged surface the relative permittivity is locally strongly decreased. Asymmetric
camel-like shape of the voltage dependence of the differential capacitance is also predicted
within the model. Bikerman-Wicke-Eigen model of electric double layer is derived as a limit
case of the presented more general model of electric double layer.
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Searching for Ferroelectric Properties in Hybrid
Halides
Adam Sieradzki

Departament of Experimental Physics, Wrocław University of Science and Technology,
Poland

Abstract

Ferroelectric semiconductors are materials with spontaneous polarization and visible light
absorption that show promise in the design of functional photo ferroelectrics such as optical
switches and ferroelectric photovoltaics. Emerging halide perovskites with remarkable
semiconductor properties also have the potential to be ferroelectric, but the direct evidence of
ferroelectricity in hybrid halide perovskites is not easy to prove.
Here we would like to discuss the efforts to reveal the desired ferroelectric properties in twodimensional halide structures with an embedded methyl hydrazinecation. Through extensive
optoelectronic characterization, experimental factors can be found confirming ferroelectricity.
There will be a discussion on the difficulties in determining the ferroelectric order in conductive
semiconductor structures.

Biography

Adam Sieradzki is a profesor at Wrocław University of Science and Technology (Poland). He
received his Ph.D. in Physical Science in 2006. He was a postdoctoral researcher in CNRS
in Strasbourg (France) in 2007-2008. Since 2020, he is the deputy dean at the Faculty of
Fundamental Problems of Technology. Sieradzki’s research interests include ferroic materials
characterization and understanding the mechanism of the phase transitions.
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The Structural Difference between Glasses and Melts
Revealed by the Set Theory
Michael I. Ojovan*

Department of Materials, Imperial College London, South Kensington Campus, Exhibition
Road, London SW7 2AZ, United Kingdom
*E-mail: m.ojovan@imperial.ac.uk

Abstract

Thermal fluctuations in amorphous materials break some of chemical bonds which are
elementary excitations termed configurons. Configurons at low temperatures are point-like
excitations whereas on higher levels of excitation (temperatures) they form clusters which
grow with the increasing level of excitation. We have applied the set theory to characterize the
configuron phase as a function of excitation level. The set theory is a branch of mathematical
logic that studies abstract sets as collections of objects. It can be used to characterize the
configuron phase formed in amorphous materials. The Hausdorff–Besicovitch dimension is
defined as the limit: D = lim(ε→0)[logN(ε)/log(1/ε)] where N(ε) is the number of boxes of side
length ε required to cover the set. It is concluded that the set has the Hausdorff–Besicovitch
dimension D when N(ε) grows proportionally to (1/ε)D as ε tends to zero. The dimensionality
of the set of configurons (of the configuron phase) in amorphous materials changes at the
Tg from 0 (typical for gases) to D = 2.55 ± 0.05 (fractal typical for liquids) [https://www.
mdpi.com/1996-1944/14/18/5235]. The stepwise change is due to the formation of clusterlike configuron phase above the Tg. The set theory thus unambiguously reveals the structural
difference between glasses and melts. Moreover, it was revealed [https://doi.org/10.1021/acs.
jpcb.0c00214] that a kink in the first sharp diffraction minimum of scattered X-ray or neutrons
occurs at the glass transition temperature Tg which can be attributed namely to these structural
changes. Notable that the structural difference between glasses and melts is practically
undistinguishable using classical approaches for example X-rays or neutron diffraction
techniques. Amorphous materials are characterized by disordered structures however bonding
systems of glasses and melts have different Hausdorff-Besicovitch dimensions.

Keywords

Glasses; Melts; Structure; Dimensionality; Set theory.

Biography

Michael I. Ojovan is known for the connectivity-percolation theory of glass transition,
Sheffield model of viscosity of glasses and melts, theoretical bases of condensed Rydberg
matter, metallic and glass-composite materials for nuclear waste immobilisation, and selfsinking capsules to investigate Earth’ deep interior. He has been Professor of Imperial College
London, and Chief Editor of journal “Science and Technology of Nuclear Installations”.
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Theory and Experiments on Membranous
Nanostructures
Veronika Kralj-Iglic and Ales Iglic
University of Ljubljana, Faculty of Health Sciences, Ljubljana, Slovenia
University of Ljubljana, Faculty of Electrical Engineering, Ljubljana, Slovenia
veronika.kralj-iglic@fe.uni-lj.si

Abstract

Physicochemical properties of biological membranes are key in many vital processes taking
place in cells and their communities. While it has long been acknowledged that the membrane
encloses the micrometer-sized cell interior and provides mechanisms for their selective
permeability, the existence and function of membranous nanostructures has only recently
became a subject of increasing interest. Agreement between theoretically predicted selfassembled structures and the observed phenomena in phospholipid bilayers, cell protrusions
and extracellular vesicles indicate that stability and morphology of membranous nanostructures
are subjected to the physical laws. The fluid crystal mosaic model of phospholipid-based
membrane is constructed by using a single-constituent energy subjected to the local membrane
curvature tensor and methods of statistical physics and the equilibrium state of the system
is sought by minimization of the membrane free energy. Anisotropy in intrinsic curvatures
of the constituents is considered, implying in-plane orientational ordering which stabilizes
tubules and thin necks and dictates also the distribution of the constituents. Direct (by electron
microscopy) and indirect observations on membranous nanostructures indicate different types
of nanoparticles involved in inter-cellular communication. Of these, the so-called colloidal
nanoparticles constitute a type that is identified by membrane properties as the key underlying
mechanism. We will present the experimental evidences on different types of membranous
nanostructures and interpret the colloidal nanoparticles by the liquid crystal mosaic model.
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Resolving the Structural and Electronic Properties of
Graphene/Ge(110)
Luca Persichetti1,2,*, M. Galbiati3, L. Di Gaspare2, I. Pis4, F.
Bondino4, V.-P. Veigang-Radulescu5, S. Hofmann5, P. Gori6, O. Pulci1,
M. Bianchi7, J. Tersoff8, P. Hofmann7, M. De Seta2, L. Camilli1
1.Department of Physics, Università di Roma “Tor Vergata”, 00133 Rome, Italy
2. Department of Sciences, Roma Tre University, 00146 Rome, Italy
3. Department of Physics, Technical University of Denmark, 2800 Kgs. Lyngby, Denmark
4.IOM-CNR Laboratorio TASC Trieste I-34149, Italy
5.Department of Engineering, University of Cambridge, Cambridge CB3 0FA, United
Kingdom
6. Department of Engineering, Roma Tre University, 00146 Rome, Italy
7. Department of Physics and Astronomy, Aarhus University, 8000 Aarhus, Denmark
8. IBM Research Division, T.J. Watson Research Center, Yorktown Heights, 10598, USA
7. Center for Nanotechnology Innovation @NEST, IIT, Pisa 56127, Italy
*Corresponding Author E-mail: luca.persichetti@uniroma2.it

Abstract

Investigating the interfacial properties between graphene and traditional semiconductors is
crucial to develop novel electronics [1]. In this framework, the Graphene/Ge(110) has received
a great deal of attention over the last couple of years [2–7]like metal-atom contaminations
of graphene, transfer issues, etc. Here we present the growth of graphene on n-doped
semiconducting Ge(110. These studies focus on the structure of Graphene/Ge(110) interface
and notably on the possible reconstructions of Ge surface as shown by scanning tunnelling
microscopy (STM). However, no insights into the electronic properties of this interesting
system are today available. Here, we investigate the evolution of the system´s interface upon
annealing in vacuum at different temperatures. We use low-temperature STM to probe the
surface structure with atomic precision. At each stage, images at different applied biases
are collected and interestingly, graphene becomes transparent at high biases.When growing
graphene by chemical vapour deposition, hydrogen that is used during growth passivates the Ge
surface, stabilizing the (1x1) phase (i.e., unreconstructed surface) [4]. Annealing the sample at
350°C leads to desorption of hydrogen and STM and low energy electron diffraction (LEED)
reveal that the surface of Ge(110) reconstructs into a (6x2) phase, never observed for bare Ge
[4, 5]. Upon further annealing above 700°C, STM shows that the Ge surface modifies back into
the (1x1) phase. At this point, due to the lack of hydrogen, the (1x1) is stabilized by graphene
forming chemical bonds with Ge atoms underneath [6]. Indeed, the Ge surface remains in
the (1x1) phase even if further annealing at temperature above 350°C is performed. To gain
insights into the electronic properties, we perform angle resolved photoemission spectroscopy
(ARPES) after each thermal annealing step. The ARPES data show how graphene´s doping
changes upon thermal annealing, signature of a different interaction with the Ge substrate.
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Data obtained by ARPES are correlated to Raman, x-Ray Photoelectron Spectroscopy and
Near Edge x-ray Absorption Fine Structure Spectroscopy. This investigation revealed a subtle
interplay between the microscopic changes occurring at the graphene/Germanium interface
and graphene’s defect density, a knowledge which is valuable for advancing graphene growth,
controlled 2D-3D heterogeneous materials interfacing and integrated fabrication technology
on semiconductors.
[1] J. Leeet al., Science, 344(2014).
[2] G.P. Campbellet al, Phys. Rev. Mater., 2(2018).
[3] J. Teschet al, Nanoscale, 10(2018).
[4] D. Zhou, et al J. Phys. Chem. C., 122(2018).
[5] H.W. Kim,et al J. Phys. Chem. Lett., 9(2018).
[6] B. Kiraly,et al Appl. Phys. Lett., 113(2018).
[7] L. Persichetti,et alAppl. Surf. Science 499(2020).

Keywords

graphene; Raman; STM; CVD.

Biography

Have a Master in Material Science and Technology and a PhD in Physics obtained from the
University of Roma “Tor Vergata” in November 2012. Since my PhD, my research activity
has been focused on the investigation of surface systems/phenomena in ultra-high vacuum
conditions using microscopy and spectroscopy techniques, in particular scanning probe
microscopies and x-ray absorption and photoelectron spectroscopies.
In 2013, I was awarded a highly competitive postdoctoral fellowship funded by the Swiss
Federal Institute of Technology ETH-Zurich and the Marie Curie Actions to explore singleatom systems for applications in computation and data-storage with the aim to demonstrate the
use of individual magnetic atoms on surfaces as qubits. My research activity on single-atom
magnets has continued since then and has been carried out in collaboration with international
partners at ETH and the École Polytechnique Fédérale de Lausanne (EPFL), through the
competitive access to different synchrotron radiation facilities across Europe and by exploiting
spin polarized scanning tunneling microscopy (STM).
My research interests also include:
•
growth of SiGe heterostructures by molecular beam epitaxy and chemical vapor
deposition;
•
THz spectroscopy of intersubband transitions in Group IV Quantum Wells
•
Growth and characterization of 2D materials
•
Nanoscopic investigation by atomic force microscopy of organic thin films and
biosystems
I have been back in Italy since 2018, first at the Department of Sciences at Roma Tre University
as non-tenured assistant professor and now at the Department of Physics of “Tor Vergata”
University as tenure-track assistant professor.
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Developments in Understanding of Molecular
Nanomagnets with various Metallic Cores and
Topologies
G. Kamieniarz1,*, M. Antkowiak1, W. Florek1, S. Weissman2, L.
Kronik2, A. Bieńko3, B. Brzostowski4
Faculty of Physics, A. Mickiewicz University, Poland; 2Weizmann Institute of Science,
Israel;3Faculty of Chemistry, University of Wroclaw, Poland; 4Faculty of Physics and
Astronomy, University of Wrocław, Poland

1

*Corresponding Author E-mail: gjk@amu.edu.pl

Abstract

We present some developments in the understanding of a class of heterometallic molecular
nanomagnets(MNMs) with ring, centered ring, and dimer topologies. MNMs have been studied
extensively,both experimentally and theoretically, due to basicscientific interest in magnetism
of nanosized objects and in exploring unique nanoscalemagnetic quantum effects.They have
also been explored for potential applications in quantum informationtechnologies.
We demonstrate [1,2] that an anisotropic Heisenberg model describes quantitatively the magnetic
properties of a family of the doped Cr8 molecular rings,as revealed by a variety of experimental
techniques, including INS and EPR estimates of magnetic couplings. Interestingly, the nearest
neighbor coupling parameters between the localized spins in Cr8, Cr7Ni, Cr7, and Cr8Zn
complexes are all transferable across members. We explain why the centered non frustrated
ring Ni6Cr, synthesized as a good candidate for a single-molecule magnet (SMM)[2], does
not exhibit slow magnetic relaxation. Notwithstanding the foregoing, we reveal a number of
riveting features of its geometrically frustrated counterpart. Unexpectedly, the shape of the
temperature dependence of the susceptibility product χT with characteristic minimum and
maximum is thena manifestation of the spin frustration phenomenon, occurring for wholly
antiferromagnetic intramolecular couplings. Thus it isnot only a signature of competition
between the ferro- and antiferro-magnetic interaction, as considered before. Moreover, for the
isotropic model, the sequence of the ground states determined by the total spin S is obtained, in
agreement with the fundamental Lieb-Mattis theorem [2]. This finding provides a confirmation
of its validity and usefulness in analysis of quantum spin systems.
Despite the progress in phenomenological modelling of physical properties, explanation of
magnetic couplings on the microscopic level remains challenging. A step forward has been
gained forthe homometallic Cr8 ring, considered a testbed for revealing quantum effects, and
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itsheterometallic negatively charged Cr7Ni−and Cr7Zn−counterparts [3]. We showconclusively
that DFT calculations, usingmodified PBE-based conventional or optimally tuned rangeseparatedhybrid (PBE0 or OT-RSH, respectively) functionals, provide aquantitatively reliable
tool for extracting magnetic exchangecoupling parameters in all rings.The key ingredients of
the approach are:the broken symmetry (BS)paradigm; geometrical optimization;themitigation
of self-interaction errors in the hybrid functionals,thereby overcoming a major limitation of
the “parent” PBEfunctional; the use of the unprojected BSapproach, rather than the simplified
weak-bondingBS approach.
A new family of 3d-4f coordination polymers with dimetallic core units [NiIILnIII], where Ln
= Eu (1), Gd (2), Tb (3), Dy (4), Ho (5), is synthesized in search for new SMMs containing
highly anisotropic lanthanides [4]. The magnetic properties of these materials are explained
quantitatively by a generalized Heisenberg-type model hypothesized previously within first
principles calculations. For2-5, intra-unit ferromagnetic 3d-4f interactions, favourable for a
large spin ground state, are determined. Despitean easy-plane anisotropy, a slow field-induced
relaxation of magnetizationis observed in 4below 6 K, andcharacterized by a substantial energy
barrier of Ueff/kB = 26.2 K. This phenomenon is consistent with the relaxation in systems
with a Kramers ground state doublet and hyper-fine interactions.
[1] M. Antkowiak, G. Kamieniarz, et al., J. Magn. Magn. Mater., 479, 166–169 (2019)
[2] M. Antkowiak, B. Brzostowski, et al., J. Magn. Magn. Mater., 544,168701 (2022)
[3] Shira Weissman
Shira Weissman
Department of Materials and Interfaces, Weizmann Institute of Science, Rehovoth 76100,
Israel
S. Weissman,
Michał Antkowiak
Michał Antkowiak
Faculty of Physics, A. Mickiewicz University, 61-614 Poznań, Poland
,M.Antkowiak, et al.,
Bartosz Brzostowski
Bartosz Brzostowski
Institute of Physics, University of Zielona Góra, 65-516 Zielona Góra, Poland
et al., etJ. Chem. Theory Comput., 15, 9 (2019)
[4] M.Antkowiak,M.Majee,et al., Leeor KronikJ. Phys. Chem. C 125, 11182−11196 (2021)

Keywords

Molecular nanomagnets; Phenomenological and DFT simulations; Spin frustration; Quantum
effects.
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Fully-Plastic All-Optical Neuromorphic Hardware for
Pattern Recognition and Episodic Memory Based on
Solitonic Waveguides
Alessandro Bile1,*, Hamed Tari1, Eugenio Fazio1

Department of Basic and Applied Science for Engineering, Sapienza University of Rome, via
A. Scarpa 16, Rome, Italy
*Corresponding Author E-mail: alessandro.bile@uniroma1.it

Abstract

Neuromorphic models [1,2] are proving capable of performing complex machine learning
tasks, overcoming the structural limitations imposed by software systems [3] and electronic
neuromorphic models [4]. Spatial solitons have attracted strong interest for the capacity
of interacting with each other and generating logical behaviors(especially as addressable
waveguides) with very low propagation losses [5-6]. These waveguides fully exploit the
plasticity of a nonlinear refractive index to create intelligent systems capable of learning
information autonomously or in a supervised manner [7].Recently a photon solitonic neuron
model [8] has been developed that is able to receive information, process it and store it. The
work we present creates a soliton neural network (SNN) through the interfacing of the solitonic
neurons [9]. The networks consist of a succession of X-shaped junctions which, recognizing the
information propagated within the guides, switch by identifying specific preferential trajectories
which constitute bit-by-bit memories. The network can memorize and subsequently use the
acquired information to recognize further unknown information. The peculiar characteristic of
the SNN is its ability to learn in a plastic way, similarly to what happens in the biological tissue.
In the nervous system, neurons exchange signals and recognize incoming patterns thanks to
the creation, consolidation and destruction of synaptic bridges. Similarly, solitonic neurons
can save the information they receive by self-modifying their structures through variations
in the refractive index. We propose a neuromorphic model based on a solitonic-waveguide
X-junctions interfacing, as shown in fig. 1, obtained by interfacing two input soliton neurons
(fig 1a), whose channels give rise to three layers: an input layer, a hidden layer and an output
layer as reported in fig 1b.

Figure 1. (a) Solitonic Neural Network (SNN) out of scale simulation with 2 input neurons
and (b) schematic of the network structure
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Fig 2. re-proposes network training on four different configurations. Each configuration is
characterized by only one channel active while the others are off. Training consists in injecting
for several cycles the signal which progressively modifies the refractive index map. Then, by
inserting signals into all the input channels, the network show a high output response only
in correspondence of the trained channel. Therefore, Networks of soliton interconnections
connected together by simple X-junctions behave as AI self-organizing maps, learn complex
information, store it and recognize unknown information by comparison.

Figure 2. Training, Learning, Memorization processes of the Solitonic Neural Network
(SNN) for the recognition of a 4-pixel image.
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Biominerals in the Human Brain
Martin Kopáni1*, Roman Boča2, Marcel Miglierini3
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Abstract

Iron is essential element used for fundamental cell functions, and as catalyst for chemical
reactions. We used scanning and transmission electron microscopy (SEM, TEM), electron
diffraction, superconducting quantum interference device (SQUID), Mössbauer spectroscopy
(MS) for investigation of postmortem brain tissues samples from human globus pallidus. TEM
revealed solid particles with the size of 1 µm to 6 µm which were identified as stable hematite
and magnetite. The SQUID shows diamagnetic, paramagnetic and ferromagnetic signal in
the samples. MS shows a number of iron oxide minerals (ferritin, magnetite, hematite) in
all samples. It is suggested that hematite and other iron oxides are formed by aggregation
of ferritin iron cores. Our findings show that conditions favor hematite formation over other
iron oxides. Inorganic chemical elements and organic compounds such as polysaccharides or
proteins can play important role in hematite particles formation. The presence of crystalline,
well defined solid structure support a biologically controlled mineralization pathway. From
the size of particles it can be suggested that iron accumulation and crystal formation can be the
result of long-term interaction between iron and polysaccharides of glycoconjugates.
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iron, brain, magnetite, hematite
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Ternary Hybrid of Conjugated Polymers for Enhancing their
Individual Optoelectronic Properties
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Abstract

The enhancement of optoelectronic properties of the individual poly (9,9’-di-n-octylfluorenyl-2,7-diyl)
(PFO),poly [2-methoxy-5- (2-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV), and poly[2-methoxy-5(3,7-dimethyl-octyloxy)-1,4-phenylenevinylene]–End capped with Dimethyl phenyl (MDMO-PPV–DMP)
was achieved by blending them as ternary hybrid with optimal ratio. The solution blending method was used
to prepare all samples prior to depositing them onto glass substrates by spin coating technique. The optical
and optoelectronic properties of all samples were investigated in terms of absorbance, emission spectra, CIE
coordinates, and current- voltage (I-V) characterizations. Emission peaks at the whole range of visible spectrum
can be achieved from the ternary blend of the three conjugated polymers, producing white emission as proved
from the emission spectrum and CIE coordinates of the blend. Moreover, by comparing the performance of all
fabricated organic light emitting diodes (OLEDs) devices, the ternary blend based-OLED exhibited the best
enhancement in terms of current and turn-on voltage.

Keywords
Conjugated polymer; Optical and optoelectronic properties; OLED.
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• Investigation of energy transfer in donor/acceptor systems
• OLEDs fabrication and characterization
• Investigation of photophysical& optoelectronic properties of thin films
• laser emission.
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Oxygen-Containing Yttrium Hydride and Deuteride
Thin Films: Synthesis and Characterisation
M. Zubkins*, I. Aulika, J. Gabrusenoks, E. Strods, V. Vibornijs, G.
Chikvaidze, L. Bikse, A. Sarakovskis, H. Arslan, J. Purans
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*Corresponding Author E-mail: martins.zubkins@cfi.lu.lv

Abstract

Neither the structure of photochromic oxygen-containing yttrium hydride (YHO) nor the
responsible mechanism of photochromism is fully understood. The synthesis of YHO films is
based on the oxidation of deposited yttrium hydride in ambient conditions. The actual state of
the films during the deposition process, which is influenced by the deposition pressure and the
oxidation caused by the residual gases, is not completely known.
We report on the YHxOy and the isotopically exchanged YDxOy thin films deposited by
reactive pulsed-DC magnetron sputtering. Since the visible light transmittance is closely related
to the phase and chemical composition of the films, in situ transmittance measurements during
and after deposition are performed to investigate the oxidation in more detail. Spectroscopic
ellipsometry is used to determine the optical constants of YHxOy throughout the film thickness.
In order to obtain metallic YH2-x films with a low oxygen content, a low sputtering pressure
(<1 Pa) is required, otherwise the films are already partially transparent during the deposition.
The oxidation is faster when higher deposition pressures are used. This is due to the more
porous growth of the microstructure at higher pressures that is observed at the surface and
cross-section images of the films. The films exhibit a refractive index gradient perpendicular to
the substrate surface, which is related to the porosity and variation of the chemical composition
[1].
Vibrational spectroscopy techniques (Raman and FTIR) were exploited to study the structure
of YHxOy in more detail. Several measurement techniques/geometries and samples/structures
were used. The detected vibration bands are relatively wide due to the disordered structure
and small crystallite size of approximately 10 nm determined from XRD data. This is the
result of low temperature deposition by reactive sputtering, which can be considered as a nonequilibrium process. Both experiment and theory were used to interpret the spectra. Isotopically
exchanged films were synthesised to identify hydrogen related vibrations. Based on the
theoretically stable YHxOy structures [2] and our XRD data, YHxOy was modelled using the
crystallographic structure belonging to different space groups. Linear combination of atomic
orbitals (LCAO) method within the framework of the hybrid density functional approach was
used. LCAO calculations, including analyses of phonon frequencies and vibration intensities,
were performed using algorithms as implemented in CRYSTAL17 code.
[1] Oxidation dynamics and optical properties of oxygen-containing yttrium hydride thin films,
Vacuum, 2022, article in review.
[2] Cryst. Growth Des. 2019, 19, 2574−2582.
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Friction in Thin Film Lubrication with Textured and
Rough Surfaces
Denis Mazuyer1,*

Laboratoire de Tribologie et Dynamique des Systèmes, Ecole Centrale de Lyon, 36 Avenue
Guy de Collongue, Ecully, France
*denis.mazuyer@ec-lyon.fr

1

Abstract

Contact geometry, surface roughness and surface texturing are well-known to affect
pressure and film thickness distribution as well as friction dissipation in contacts under
ElastoHydroDynamic (EHL) and mixed lubrication regimes. In order to fully understand the
mechanisms of film forming and friction reduction in such contacts, we developed an insitu twin approach combining experimental and numerical simulations. This talk presents
an overview of the influence of multiscale roughness and textured surfaces, from nanoscale
ripples, micrometric cavities or random distribution due to surface machining. Simultaneous
film thickness and pressure profile distribution and friction are measured under controlled
contact kinematics. This twin approach allowed us to discuss the mechanisms in both regimes
as well as during the mixed/EHL transition by exploring the existence of micro-EHL, the local
formation of dimple and the occurrence of contact asperity.
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The Chameleon Behaviour of Fe(Se,Te)
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Abstract

A wide analysis of Fe(Se,Te) superconducting properties will be presented. Indeed, Fe(Se,Te)
is one of the most promising iron-based superconductors from the point-of-view of applications
and the feasibility of its used in coated-conductors has already been proved. Despite these
perspectives, still a little is known about its fundamental properties. By means of electrical
transport measurements, we investigate the dependence on temperature and on the applied
field direction of the irreversibility and upper critical field, as well as of the critical current
density and flux pinning energy. The results show that Fe(Se,Te) grown on CaF2 can be
considered as a chameleon superconductor, sharing common features both with 3D and 2D
high-temperature superconductor (HTS), despite the low anisotropic pinning. These findings
will be then correlated with the results of a deep investigation of samples microstructure at
nanoscale carried out through Transmission Electron Microscopy. The emerging scenario is
that of a material challenging the HTS in the field of application, being at the same time a case
study to enlighten the interplay between superconducting and structural properties.
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Superconductivity; Iron-Based Superconductors; Critical fields; Pinning Properties.
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Recent Progress of Iron-based Superconductors: 1111
and 1144
Shiv J. Singh

Institute of High-Pressure Physics (IHPP), Polish Academy of Sciences, Sokolowska 29/37,
Warsaw, Poland

Abstract

Superconducting materials have great potential for many practical applications, such as highfield magnet technology, loss-less electric power transmission, maglev train transportation,
nuclear magnetic resonance (NMR) systems, nuclear fusion reactors, and so on [1-2]. The
discovery of a novel iron-based superconductor (FBS) in 2008 sparked huge interest in this
field, and numerous research activities are currently going on with various kinds of FBS.FBS
became the second high-Tc-superconducting family after cuprate superconductors and has
more than 100 compounds that can be categorized into 5-6 families [2-4]. The 1111 (REFeAsO,
RE = Rare earth) and 1144 (AEAFe4As4, AE = Ca, Eu; A = K, Rb) families are the two most
important families of FBS, which offer the high Tc of 58 K and 36 K with doping and without
doping, respectively. Furthermore, the growth of these families is not an easy process, and a
lot of research efforts have been reported in this direction. However, the preparation of highquality and suitable-sized samples is still challenging. In this presentation, we will review the
superconducting properties of the 1111 and 1144 families, as well as their growth processes,
such as polycrystals and single crystals. We will also make a short comparison between them
to understand the developmental issues [4].
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Generation and Conversion of Spin Current in a
Quantum Dot-Based Hybrid System
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Abstract

Generation of spin current by temperature gradient in a quantum dot hybrid system is studied.
In particular, we investigate thermoelectric properties of a quantum dot hybrid device in two
distinct geometries: i) quantum dot is attached to two magnetic insulators, ii) quantum dot
is coupled to magnetic insulator and magnetic metallic electrode. Each electrode is kept at a
different temperature. In the former case spin current of magnonic type is generated by means
of temperature gradient set between the electrodes, whereas in the former case spin current of
magnonic (electric) type is converted to electric (magnonic) spin current. Here, we investigate
an influence of magnonic energy-dependent density of states on thermally induced spin current.
Moreover, we take into account many-body magnon interactions and analyse its influence
on spin current. Furthermore, a spin Seebeck engine based on quantum dot is investigated.
Particularly, we show its power and corresponding efficiency indicating the conditions under
which maximum output spin power can be achieved. We also analyse the spin thermoelectric
properties of the system in the linear response regime.

Keywords

spin Seebeck engine; quantum dot; magnetic insulators; spin current.
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The Microscopic Yielding of Soft Materials: From
Experiments to Catastrophe Theory
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Abstract

Amorphous solids and pastes are ubiquitous among natural and man-made materials. They
are often used for their attractive mechanical properties; their utility depends critically on
their response to applied stresses or strains. Despite the interest addressed to these systems
in the last decades, the yielding behaviour of amorphous solids is still far from being fully
understood.
Yielding occurs with very similar macroscopic features in a wide variety of soft systems [1,
2], despite profound differences in their microscopic structural features [2]. This suggests the
presence of an underlying general framework, which has been addressed in experimental [3]
and numerical [4-6] works, leading to contrasting results: if it is now well established that
yielding is associated with a dynamic transition at the microscale [3, 7-9], the nature of such
transition is still debated.
In experiments, the change from elastic to plastic response in macroscopic mechanical
properties is often described as a “yielding transition”, even though yielding appears as a
smooth crossover whose location cannot be unambiguously defined [1]. Interestingly, recent
experiments have provided evidence that this macroscopic crossover corresponds to a qualitative
change in particle trajectories [3,10]. Despite of that, there is no consensus about the nature
of this crossover, which has been described either as a smooth change [11], a relatively sharp
crossover [12], or as a continuous non-equilibrium phase transition [13].
Here, we present an extensive experimental investigation of the yielding transition under
oscillatory strain in a variety of soft glassy samples using a home-made rheo-light scattering
setup, and we show that the microscopic dynamics do exhibit a well-defined transition at
yielding, from ultraslow ballistic dynamics to much faster, diffusive-like dynamics. We
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rationalize these findings by introducing a simple on-lattice model where the local dynamics
result from both spontaneous and shear-induced relaxation processes, and from the dynamical
coupling between neighboring sites. A mean field solution of our model yields an equation of
state describing yielding as an “elementary catastrophe”, a well-known class of problems, akin
to a first order liquid-vapor phase transition, involving an abrupt jump of the system properties
upon a continuous change of control parameters. Numerical simulations of the model show
that disorder in the coupling constants plays a major role in determining the sharpness and the
order of the yielding transition.
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Abstract

With improved measurement and modelling technology, variability has emerged as an essential
feature across different disciplines, highlighting the importance of non-equilibrium statistical
mechanics. While traditionally, mean values and variance have been often used, they are not
appropriate in describing extreme events where a significant deviation from mean values often
occurs. Furthermore, stationary Probability Density Functions (PDFs) miss crucial information
about the dynamics associated with variability. It is thus critical to go beyond a traditional
approach and deal with time-dependent PDFs.
In this talk, we show that time-dependent PDFs can provide a key insight that is missing in any
studies using only mean values, variance, or stationary PDFs. Furthermore, by utilising timedependent PDFs, we discuss recent developments in the information geometric theory which
refers to the application of differential geometry to probability and statistics. In particular, a
dimensionless distance, called information length, describes time-varying, non-equilibrium
processes by measuring the total change in the information along the evolution path of a
stochastic variable or the total number of statistically different states the variable passes through
in time [1-3]. By using our theory, we investigate the information geometry of different nonequilibrium processes and demonstrate its utility in understanding attractor structure, nonlinear
interactions, correlation, hysteresis, phase transitions, and self-organisation.
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The Large-Scale Monte Carlo Computer Experiment
Based on the Extended Lee-Kosterlitz Method
Grzegorz Musiał*, Zbigniew Wojtkowiak, Dorota Jeziorek-Knioła
Faculty of Physics, Adam Mickiewicz University in Poznań, ul. Uniwersytetu Poznańskiego
2, 61-614 Poznań, Poland
*Corresponding Author E-mail: gmusial@amu.edu.pl

Abstract

The Monte Carlo (MC) computer experiment, which was developed to analyze primarily the
first-order temperature-driven phase transitions in a system with one or many independently
behaving order parameters [1], will be presented on the example of the 3D Ashkin-Teller
model, one of the important reference systems in statistical physics showing the rich and
complex phase diagram. The Lee and Kosterlitz concept originally proposed for strong firstorder phase transitions in systems with one independent order parameter [2] was significantly
expanded by us to obtain results with comparable error bars in reasonable computation times
at arbitrary amount of latent heat [1].
Our MC computer experiment exploits the properties of a number of quantities, such as
magnetization, three different types of cumulants, internal energy, and its histogram.
To obtain reliable extrapolations of our results to the thermodynamic limit, we perform
computations in systems with the largest possible size, which take many weeks or even months
at sequential processing. In order to obtain the results of our large-scale computer experiments
in a reasonable time, we have implemented parallel processing using the MPI library. Due
to the recently announced presence of metastable and unstable states [3], we use our cluster
algorithm of the Wolff type [4] in the critical region and the Metropolis one beyond, according
to the most effective strategy.
New element in relation to our previous paper [1] is the demonstration of a new way of
performing MC simulations in a mixed phase region. This region is difficult to study because
with comparable probabilities different ordering patterns appear here which results in a large
oscillation of the values of the computed thermodynamic quantities. This oscillation made
their interpretation very difficult.
Our results are presented on the example of the 3D Askin-Teller (AT) model, where within a
certain range of parameters with equal probabilities occur two different, but equivalent, ways
of ordering two of the three order parameters showing independent ordering. The use of our
new approach allowed us to use Binder cumulant, as well as Challa- and the Lee-Kosterlitzlike cumulants in a MC computer experiment. This made it possible to locate phase transitions
precisely enough to be able to use the energy distribution histogram method originally proposed
by Lee and Kosterlitz [2] for a system with one order parameter showing independent ordering
which we have generalized for systems with many independently behaving order parameters
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[1].
Our approach was demonstrated by determining smooth curves of magnetization and internal
energy, and as a consequence by determining the location and character of the phase transition
on the line between the mixed phase region and the paramagnetic phase.
The references:
[1] G. Musiał, D. Jeziorek-Knioła, and Z. Wojtkowiak, Phys. Rev. E 103, 062124 (2021)
https://doi.org/10.1103/PhysRevE.103.062124
[2] J. Lee and J. M. Kosterlitz, Phys. Rev. B 43, 3265 (1991) https://doi.org/10.1103/
PhysRevB.43.3265
[3] J. P. Santos, J. A. J. Avila, D. S. Rosa, and R. M. Francisco, J. Magn. Magn. Mater. 469,
35 (2019) https://doi.org/10.1016/j.jmmm.2018.08.030
[4] Z. Wojtkowiak and G. Musiał, J. Magn. Magn. Mater. 500, 166365 (2020) https://doi.
org/10.1016/j.jmmm.2019.166365
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Förster Resonance Energy Transfer and Amplified
Spontaneous Emission of Binary Hybrids Polymeric
Film and Optimized Emission Properties
Saif M.H. Qaid1,2*, Bandar Ali Al-Asbahi1,3 , Hamid M. Ghaithan1,
M. S. AlSalhi1,4, Amanullah Fatehmulla1 , Wafa Musa Mujamammi1,
Mohammad Hafizuddin Hj. Jumali5
1 Department of Physics & Astronomy, College of Sciences, King Saud University, Saudi
Arabia.
2 Department of Physics, Faculty of Science, Ibb University, Ibb, Yemen
3 Department of Physics, Faculty of Science, Sana'a University, Yemen.
4 Research Chair in Laser Diagnosis of Cancers, College of Sciences, King Saud University,
Riyadh 11451, Saudi Arabia.
5 School of Applied Physics, Faculty of Science and Technology, Universiti Kebangsaan
Malaysia, 43600 UKM Bangi, Selangor, Malaysia.
*Corresponding Author E-mail: sqaid@ksu.edu.sa

Abstract

Using the tripled frequency of a Nd:YAG laser as a pumping source, the properties of Amplified
Spontaneous Emission (ASE) of both binary hybrids of poly (9,9’-di- n -octylfluorenyl-2,7diyl) (PFO) with each poly [2-methoxy-5- (2-ethylhexyloxy)-1,4-phenylenevinylene] (MEHPPV) and poly[2-methoxy-5-(3,7-dimethyl-octyloxy)-1,4-phenylenevinylene] – End capped
with Dimethyl phenyl (MDMO-PPV–DMP) by a systematic doping strategy was investigated
under various pumping energy. In addition, the optical gain/ASE’s efficiency and the Förster
resonance energy transfer relationship were assessed. It is found that the suitable energy transfer
mechanism depends on the characteristics of the excitation source and of the emission of the
donor in both binary hybrid thin films of PFO/MEH-PPV and PFO/MDMO-PPV–DMP. When
a polymer mixture sample is pumped by a short-pulse excitation source, the excitation energy
is transferred most effectively by resonant transfer. Experimental results are also reported on
the amplified spontaneous emission characteristics of PFO film. The Förster resonance energy
transfer (FRET) is more efficient in the binary hybrid of PFO/MDMO-PPV-DMP and PFO/
MEH-PPV, so the ASEs disappeared in these samples with a relative of acceptors (MEHPPV or MDMO-PPVـــDMP) content of 2%. This behavior is due to the fact that the content
of the acceptor and donor mixture affects the local emission properties due to differences
in the uniformity of the acceptor distribution within the PFO matrix and the way it reacts in
the active polymer: polymer blends. Ultimately, optimizing the acceptor-donor interaction in
active blends will make these results a promising way to improve optically pumped organic
lasers based on the active polymer: polymer blend. Under the same operating circumstances,
the spectral properties and ASE action of PFO pure were evaluated and ASE peak can be
observed. This work has revealed new information about the dynamics of excited states in
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conjugated polymer materials, as well as demonstrated that this new conjugated polymer is
quite efficient in the violet range.

Keywords

Binary hybrids; Förster resonance energy transfer, conjugated polymers; Amplified Spontaneous
Emission.
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applications like LEDs, OLEDs, Lasers, PV, and Detectors etc.
2.
Investigation of photophysical & optoelectronic properties of thin films and photonics.
3.
Nanostructured Materials and possible applications in Photovoltaics and
Optoelectronics.
4.
Synthesis and characterization of Perovskites Solar Cells and Dye Sensitized Solar
Cells.
5.
Dynamic Measurements study (EIS, IMPS and IMVS).
6.
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Anharmonic Phonon Transport at High Temperatures
Keivan Esfarjani

University of Virginia, USA

Abstract

In this talk equilibrium and non-equilibrium formalisms to treat anharmonic systems at high
temperatures are described.
In equilibrium case, lattice dynamics at high-temperatures is described by an effective harmonic
theory obtained from sampling of the phase space in the canonical ensemble. This could be
done self-consistently based on a model anharmonic hamiltonian and is known as the selfconsistent phonon theory.
In the non-equilibrium case, while previous approaches used the Keldysh formalism, we have
derived a simpler classical formalism based on the equation of motion method and Langevin
thermostats attached to the central anharmonic device. The device can physically represent
the interface between two bulk structures, or an atomic junction bridging two or more probes.
In contrast to previous results, we find that the leading term which needs to be included is the
quartic anharmonic term. Cubic terms are then a second-order correction to the latter, which
can either be added perturbatively or self-consistently.
Finally, we will discuss issues related to current-conservation, which is not always guaranteed
in non-linear models.
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Quantitative Three-Dimensional Imaging of Chemical
Short-Range Order in Fe-Al Alloys
Yue Li1,*, Baptiste Gault1
Max-Planck Institut für Eisenforschung GmbH, Max-Planck-Straße 1, 40237 Düsseldorf,
Germany Germany*
Corresponding author: yue.li@mpie.de

1

Abstract

Chemical short-range order (CSRO) refers to atoms of specific elements self-organising
within a disordered crystalline matrix. These particular atomic neighbourhoods can modify
the mechanical and functional performances of materials. CSRO is typically characterized
indirectly, using volume-averaged (e.g. X-ray/neutron scattering) or through projection (i.e.
two-dimensional) microscopy techniques that fail to capture the complex, three-dimensional
atomistic architectures. Quantitative assessment of CSRO and concrete structure-property
relationships remain unachievable. Here, we present a machine-learning enhanced approach
to break the inherent resolution limits of atom probe tomography to reveal three-dimensional
analytical imaging of the size and morphology of multiple CSRO. We showcase our approach
by addressing a long-standing question encountered in a body-centred-cubic Fe-18Al (at.%)
solid solution alloy that sees anomalous property changes upon heat treatment. After validating
our method against artificial data for ground truth, we unearth non-statistical B2-CSRO (FeAl)
instead of the generally-expected D03-CSRO (Fe3Al). We propose quantitative correlations
among annealing temperature, CSRO, and the nano-hardness and electrical resistivity,
supported by atomistic simulations. The proposed strategy can be generally employed to
investigate short/medium/long-range ordering phenomena in a vast array of materials and help
design future high-performance materials.

Keywords

Chemical short-range order; Atom probe tomography; Machine learning.
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Unification of Physics of Quantum, Atomic and
Celestial Worlds
Debabrata Saha

Independent Research Scientist, Natural Greens-6/5B, Kestopur, Kolkata 700 101, India
stempo15@gmail.com

Abstract

Twenty first century contemporary Physics was mostly inherited from twentieth century and
relied significantly on wave theory of light and Quantum Mechanics, the foundation of which
was based on wave particle duality. Second decade of this century witnessed down fall of both
wave particle duality and wave theory of light. Amid these failings evolved a new fundamental
entity of nature, named Natural Field, which resolves a list of shortcomings of contemporary
physics and offers the root cause of reflection and refraction of light. The postulate of
natural field wasvalidated by six repeatable experimental results and was thus established
in the Quantum world. It was then extended to atomic and celestial world. With customary
notations,represent respectively Newton’s inverse square law of gravitation of celestial world,
Bohr’s ad hocpostulate for stable electron orbitals in atomic world, and Heron’s law of reflection
of light in quantum world. Root cause of each of these three phenomena remained unknown
in contemporary Physics. It is observed that each of these three equations can be derived
from a single common dynamical equation and self-interference property of natural field. The
new fundamental entity thus accomplishes a unification of Physics of Quantum, Atomic, and
Celestial Worlds, and calls for our attention to a fact that, in present context,‘nature does not
act discretely and differently in different distance scales’.

Keywords

Natural Field, Gravitation, Unification, Quantum Science, Matter, Light
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Dirac Fermion Metasurfaces in Graphene
Junjie Du1,*, Ruihuang Zhao2

State Key Laboratory of Precision Spectroscopy, School of Physics and Electronic Science,
East China Normal University, Shanghai 200062, China
*Corresponding Author E-mail:phyjunjie@gmail.com

Abstract

The propagation eﬀect has so far been the only physical mechanism available for Dirac
fermion optics in graphene. The resulting electron-optics-based components are large in size
and operate normally only in the lowest possible temperature environment so that the ballistic
transport limits are not violated. Here Dirac fermion metasurfaces, electronic counterparts
of optical metasurfaces, are introduced to graphene electronics. As a linear array of gatebias-controlled circular quantum dots, the control imposed by the metasurfaces over electrons
is implemented within the one-quantum-dot-diameter distance, even far below the ballistic
transport limit at room temperature. This provides opportunities to create electron-opticsbased components which are able to operate at various temperature conditions with their sizes
dramatically shrinking. Moreover, unlike optical metasurfaces, Dirac fermion metasurfaces
have near-perfect operation eﬃciencies and their high tunability allows for free and fast
switching among functionalities. The concept of metasurface electron optics might open up a
promising avenue to improve the performance of quantum devices in Dirac fermion materials.
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Challenges of Cryogenic Fluid Metering by Coriolis
Flowmeter
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Faculty of Engineering, National University of Singapore, 9 Engineering Drive 1,
Singapore, Singapore
2
National Metrology Centre, Agency for Science, Technology and Research, 2 Fusionopolis
Way, Singapore, Singapore
3
Institute of High Performance Computing, Agency for Science, Technology and Research, 2
Fusionopolis Way, Singapore, Singapore
*Corresponding Author E-mail: e.shavrina@u.nus.edu
1

Abstract

The present paper is aimed at providing a review of error sources in cryogenic metering by
Coriolis flowmeters (CFMs). Whereas these flowmeters allow accurate water metering, high
uncertainty and low repeatability are commonly observed at cryogenic fluid metering which
is often necessary for effective renewable energy production and storage. The sources of these
issues might be classified as general and cryogenic specific challenges. A conducted analysis of
experimental and theoretical studies shows that material behaviour at cryogenic temperatures,
composition variety and multiphase presence are the most significant cryogenic challenges.
At the same time, pipeline diameter limitation, ambient vibration impact and drawbacks of
installation may be highlighted as the most important general challenges of cryogenic metering
by CFM. Finally, the techniques, which mitigate the impact of these challenges, are reviewed
and future development direction is indicated.
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Dynamics of a Nonlinear Energy Harvester with Subharmonic Responses
Grzegorz Litak
Lublin University of Technology, Faculty of Mechanical Engineering, Nadbystrzycka 36, 20618 Lublin, Poland

Abstract

A frequency transmission band of the nonlinear energy harvester shall be studied numerically.
For the analysis, the nonlinear piezoelectric energy harvesting system based on a cantilever
elastic beam has been applied to harvest the kinetic energy of the moving frame. We used
a double-well potential induced by permanent magnets for a ferromagnetic beam resonator.
A piezoelectric patch attached along the beam was used as a transducer of the mechanical
into electrical energy. It occurred that the system could work in a wide interval of frequency
beyond the linear resonance. Besides the response with a period of excitation, solutions with
dominating sub-harmonics of the harmonic inertial force excitation have been found. Particular
solutions were illustrated, classified, and discussed using phase portraits and Fourier spectra
of the output signals.
Supported by the program of the Polish Ministry of Education and Scienceunder the project
DIALOG 0019/DLG/2019/10 in the years 2019-2022
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Spin-transport in Ge-based Structures
Carlo Zucchetti1*, Giovanni Isella, Franco Ciccacci, Monica Bollani,
Marco Finazzi, and Federico Bottegoni
LNESS-Dipartimento di Fisica, Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133
Milano, Italy
*carlo.zucchetti@polimi.it

Abstract

The aim of spintronics is to exploit the spin degree of freedom to add new functionalities to
electronic devices and boost their performances. We report spintronic studies in germaniumbased platforms. Ge is one of the most appealing material in the field, thanks to its compatibility
with Si, the long electron spin lifetime and the optical bandgap matching the conventional
telecommunication window. This latter feature drives for the investigation of spin-related
properties of Ge by means of optical techniques. By exploiting the absorption of circularlypolarized light at the direct bandgap of Ge, we generate a spin-polarized electron population in
the semiconductor, detected by means of spin-to-charge conversion phenomena, in a non-local
spin injection/detection scheme. The employed geometry enables one to directly image spintransport in semiconductors and allow probing the spin-charge interconversion phenomena
taking place in Ge or in Ge-based heterostructures. Within the investigated scheme we have
shown that spin transport is modulated at room temperature by a modest electric field. A
field directed antiparallel (parallel) to the spin-diffusion velocity can, in fact, largely increase
(decrease) the spin-transport length compared with the zero field case. We find that applying
an electric field E = 24 V/cm along a 40 um-long path in germanium results in about one order
of magnitude modulation of the spin-polarized electrons entering the detector. Moreover, in
the best-case scenario, we directly image a spin-transport length of about 40 um. Comparable
values in semiconductors have been predicted and observed only at cryogenic temperatures.
The investigated scheme could thus modulate spin transport over long distances and is expected
to reach fast timescales. Preliminary simulations predict that, for realistic electric field
amplitudes, carrier mobility, and spin lifetime, modulation frequencies reaching 10 GHz can
be attained. Our platform combines all the following characteristics, which make it extremely
promising for the development of next generation spintronic devices: (i) room temperature
operation; (ii) a large modulation of spin accumulation; (iii) spin-transport lengths that can be
pushed above 40 micrometers; and (iv) application of moderate control electric fields, which is
a key point for low power consumption operation. Hence, our work demonstrates that electric
fields can be exploited for guiding spins over macroscopic distances and for realizing fast
room temperature modulation of spin accumulation. Our results pave the way to the realization
of ferromagnet-free spintronic devices.
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Spin transport; Spin-charge interconversion; Inverse spin-Hall effect; Germanium.
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Intrinsic Noise Spectrum is Given by both the HahnEcho T2 and the Spectral Intensities Properly Derived
from Multiple Spin-Echo Decays
Susumu Sasaki1, *, Takuya Sekikawa2, Tatsuro Yuge3, Yoshiro
Hirayama4
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3
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Abstract

To realize quantum computing using various spins or pseudo spins, it is indispensable to
obtain the spectrum of decoherence noise. It is well known that, in addition to enhancing the
coherence time, applying multiple π-pulses works to obtain the decoherence noise spectra. In
these studies, however, some report the usual 1/f noise, but others 1/f3 spectra [1], resulting
in a controversial situation. Moreover, very little has been discussed on how to deduce the
spectral intensities from their raw data: the multiple spin-echo decay.
In this paper, we show that two theories solve these issues. First, we have theoretically clarified
that the spectral intensity should be defined by the long-time limit in the multiple echo decays
[2]. We would like to stress that this definition, which is purely theoretically proven, naturally
sets us free from experimental artifacts. In the process of either decays or relaxations of nuclear
spins, quite generally, experimental artifacts are inevitably included in the initial behaviors, but
not in the long-time limit. Second, we take into account the fluctuation-dissipation theorem [3].
The well-established theory predicts that the Hahn-echo T2 gives the zero-frequency spectral
intensity. With this theory, the Hahn-echo T2 generally and naturally solves the divergent
issue on the 1/fn noises and validates the spectrum as the maximum value at zero frequency.
From experimental viewpoints, we employ a multiple alternating-phase-Meiboom-Gill (APCP)
π-pulse sequence instead of the usually employed Carr-Purcell-Meiboom-Gill (CPMG)[1].
The APCP sequence enables us to obtain multiple-echo decays for shorter π-pulse intervals,
compared to CPMG.
Based on the two theories and employing the APCP sequence, we found that, for 75As nuclear
spins in all the substrate of un-doped, Cr-doped semi-insulating and Si-doped metallic GaAs,
the noise spectrum exhibits neither the usual 1/f noise nor the 1/f3 with no physical pictures,
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but a Loerntzian 1/f2 spectrum at 297 K. From the Fourier transformation theorem, a 1/f2
spectrum indicates that the noise source is single with the characteristic frequency fc. For undoped and Cr-doped GaAs, they are fcun=170±10 Hz and fcCr=210±10 Hz. These fc values
are explained by a model that the decoherence is caused by the fluctuations of next-nearestneighboring nuclear spins. For the metallic GaAs, the somewhat larger value fcSi=460±30 Hz
can be understood that the spin fluctuation of doped carriers enhances the dipolar coupling
between the nearby nuclear spins, and hence the increase in fc.
[1] E. Paladino, Y. M. Galperin, G. Falci, B. L. Altshuler, Rev. Mod. Phys. 86, 261-418
(2014).
[2] T. Yuge, S. Sasaki, Y. Hirayama, Phys. Rev. Lett. 81, 12305-12309 (2011).
[3] R.Kubo, K. Tomita, J. Phys. Soc. Jpn.9, 888 -919 (1954).
[4] S. Sasaki, T. Miura, K. Ikeda, M. Sakai, T. Sekikawa, M. Saito, T. Yuge, and Y.
Hirayama: Sci. Rep. 10, 10674(2020).
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Susumu Sasaki (male) graduated from Physics Department of Waseda University in 1987 and
joined the NMR Group (Prof. Hiroshi Yasuoka) in the Institute for Solid State Physics (ISSP),
the University of Tokyo. He was given a Master degree from the University of Tokyo in 1989
for the “NMR Study of the Electronic States in High-Tc Superconductors”, and joined NTT
Basic Research Labs (Nippon Telegram and Telephone Corporation) as a solid-state NMR
researcher. He was given a Ph.D from the University of Tokyo in 1996, for the “NMR Study
of the Electronic State in Superconducting Fullerides”. Since 2000, he has been a professor at
Niigata University in Japan. Since 2018, he was entitled to PI in Japan Agency for Medical
Development (AMED), where he was engaged in the study of innovative MRI based on
the cutting-edge techniques developed in spintronics. His research interest covers not only
traditional condensed matter physics, such as the mechanism of superconductors, but also
nuclear spintronics in semiconductors, such as GaAs- or Si-based materials. Since 2017, he
has been also collaborating with Prof. Hiroshi Amano (a Nobel Prize Laureate of Physics in
2014) for the nuclear-spin study of nitride-based materials.
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Propagation and Generation of Electromagnetic Waves
in Carbon Nanostructures
S. Maksimenko1*, K. Batrakov1, M. Shuba1, G. Slepyan2

1Institute for Nuclear Problems, Belorussian State University, 11 Bobruiskaya Str. 220006
Minsk, Belarus
2School of Electrical Engineering, Tel Aviv University, Tel Aviv 69978, Israel
*Corresponding Author E-mail: sergey.maksimenko@gmail.com

Abstract

Current trends in nanoelectromagnetics are analyzed with the focus on applications in the
terahertz frequency range. The analysis is exemplified by the discussion of the peculiar THz
response of carbon nanostructures and composite materials with nanocarbon fillers. We
demonstrate theoretically the dominant role of finite length effect in the non-Drude conductivity
of CNT films due to the strong slowing down of surface plasmon-polariton. The experimental
evidence of the effect in THz spectra of SWCNT films is presented. We demonstrate that
surface plasmon-polariton waves with low phase velocity in carbon nanostructures can be
utilized for the generation of coherent terahertz radiation through the Čerenkov mechanism,
the effect being especially pronounced in spatially expanded double- and multi-layer graphene
structures. We describe theoretically and demonstrate experimentally the anomalous absorption
of microwave and THz radiation in graphene/polymer multi-layered structures (~50% for 4-5
layers) and pyrolytic graphite thin films with the tens of nanometers thicknesses (much less
than the skin depth). Theory predicts that even higher absorption can be achieved with a
suitable choice of the dielectric permittivity and the thickness of the substrate. The influence
of the length and diameter of finite-length multiwall carbon nanotubes (MWCNTs) and
electron relaxation time on the regime of the MWCNT interaction with electromagnetic field is
analyzed. Significant screening effect, due to the strong depolarizing field, is demonstrated to
be inherent to MWCNTs in gigahertz frequency range while it becomes practically negligible
in terahertz range. Some potential electromagnetic applications of nancarbons are discussed,
such as nanoantennas, amplifiers and generators of terahertz radiation, THz range functional
materials for radar absorbing and reflective coatings.

Keywords

nanoelectromagnetics; carbon nanotube; graphene; terahertz radiation.

Biography

Prof. Sergey Maksimenko (M.S. -1976, Ph.D. –1988, Dr. Sci. – 1996) is a director of the
Institute for Nuclear Problems, Belarusian State University, since 2013. In 1992-2012 he
worked at the institute as a head of the Laboratory of Nanoelectromagnetics. He is SPIE Fellow
(2009) and Associate Editor of the Journal of Nanophotonics. He chaired the International
Conference “Fundamental and Applied Nanoelectromagnetics”, Minsk, May 2012 and NATO
ARWs with the same title in May 2015 and June 2018. He also heads and/or participates in
a number of international research projects, including EU megagrant Graphene Flagship, and
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coordinated the EU FP7 project BY-NANOERA. He is an expert of “Horizon 2020”, Skolkovo
Foundation and Italian Ministry ofEducation, University and Research. He co-authored
more than 200 publications indexed in Scopus and WoS. His current research interest is
nanoelectromagnetics -an original multidisciplinary approach combining electrodynamics of
mesoscopic inhomogeneous media and quantum theory of electronic ensembles with reduced
dimensionality.
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Mysteries of the Electronic Spectrum of Iron-Based
Superconductors and Related Materials in Photoemission
Studies
Daniil Evtushinsky
EPFL Lausanne, Switzerland

Abstract

Observation of the unconventional superconductivity with high critical temperatures in a wide
class of iron-based compounds opened a fruitful field for the experimental studies of this
intriguing phenomenon. The possibility of growing a large variety of the relevant, and yet
very different materials in a form of high quality single crystals defines the utmost suitability
of these systems for in-depth research. There is little doubt that the whole complexity and
beauty of the behaviour of unconventional superconductors roots in the many-body effects,
vividly manifested in the electronic spectrum. We will have a look at some results obtained for
iron-based superconductors and isostructural compounds with the help of synchrotron-based
photoemission spectroscopy. Apart from “trivial” high resolution ARPES measurements of
the Fermi surface shape and momentum dependence of the superconducting gap for several
families iron-based superconductors, we will go into the studies of the electron-electron
interaction effects for a series of materials of 122 structure, with iron substituted by other
transition metals. The extraction of the electronic self energy from the experimental spectral
function, and its matching with theoretical models, including dynamical mean field theory
(DMFT) calculations, allows for a glimpse of what makes the iron-based compounds so special.
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Two Orbital Superconductor with D-Wave Paring: Band
Filling and Temperature Effects on Sizes of Cooper Pairs
Grzegorz Litak

Lublin University of Technology, Faculty of Mechanical Engineering, Nadbystrzycka 36, PL20618 Lublin, Poland

Abstract

We study the temperature behavior of the sizes of Cooper pairs in particular orbitals with a
d-wave symmetry at various band fillings in the framework of two-orbital superconductivity
model with intra-site intra- orbital attractive Hubbard correlations together with inter-site interorbital pair transfer interactions. It is found that the sizes of Cooper pairs can decrease with the
temperature substantially stronger compared to the behavior in a single-orbital system.
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Machine Learning Assisted Optoelectronic Circular
Polarimeter
Alejandro Kunold1, V.G. Ibarra-Sierra1 , J.C. Sandoval-Santana1
,R.S. Joshya2, H. Carrère2, L.A. Bakaleinikov3, V. K. Kalevich3 , E.L.
Ivchenko3, X. Marie2, T. Amand2, A. Balocchi2

Área de Física Teórica y Materia Condensada, Universidad Autónoma Metropolitana
Azcapotzalco, Av. San Pablo 180, Col. Reynosa-Tamaulipas, Cuidad de México 02200,
Mexico
2
Universitè de Toulouse, INSA-CNRS-UPS, LPCNO, 135 Avenue de Rangueil, Toulouse
31077, France
3
Ioffe Physical-Technical Institute, St. Petersburg 194021, Russia
1

Abstract

Circular polarimetry, the determination of the handedness of light, plays a key role in a wide
range of applications as food technology, virus research, farmaceutics, environmental sciences,
protein secondary structure determination and quantum information technology.
However, in traditional circular polarimetry light has to go through many optical elements and
movable parts that have hindered the miniaturization and integration of circular polarimeters
to standard electronics.
In this talk I will propose an optoelectronic compact circular polarimeter. It allows to electrically
measure the degree of circular polarization and light intensity at room temperature for a wide
range of incidence angles in a single shot. The device, being based on GaAsN, is easyto integrate
into standard electronics and does not require bulky movable parts nor extra detectors. Its
operation hinges mainly on two phenomena: the spin dependent capture of electrons and the
hyperfine interaction between bound electrons and nuclei on Ga2+paramagnetic centers in
GaAsN. The first phenomenon confers the device with sensitivity to the degree of circular
polarization andthe latter allows to discriminate the handedness of the incident light.
I will show that through machine learning techniques it is possible to extract the intensity,
degree of circular polarization and handedness of an incident light beam from the electrical
output of the device.

Keywords

spintronic; GaAsN; spin-dependent recombination; circular polarimeter; machine learning
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Alejandro Kunold is a theoretical physicist interested in the fields of mathematical physics,
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spintronics, two-dimensional Dirac materials and quantum information theory. He got his PhD
in physics from the Institute of Physics of the Universidad Nacional Autónoma de México. He
was a visiting professor at the Institut National des Sciences Apliquées. He is a full professor
at the Universidad Autónoma Metropolitana in México where he has taken on a variety of
administrative roles as Coordinator of the Physics Engineering Program and chair of the
Condensed matter and theoretical physics area. His main scientific interests are spin dynamics
in dilute III-nitrides, quantum evolution through Lie algebraic methods, the interaction of light
with two-dimensional Dirac materials and quantum algorithms.
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Unusual Electron Transport Behaviour in High-Purity
Metallic Compound
Abhishek Pandey

Materials Physics Research Institute, School of Physics, University of the Witwatersrand,
Johannesburg, Gauteng 2050, South Africa

Abstract

Electrical resistivity of most nonmagnetic crystalline metals follows the expectation of the wellestablished Bloch-Grüneisen (BG) theory describing the scattering of conduction electrons by
acoustic phonons. This theory predicts a linear temperature dependence of resistivity at higher
temperatures. In contrast to the expected linear behaviour the highly-pure single crystals
of our novel metallic system KCo2As2 exhibit a strong positive curvature from the lowest
temperature of our measurements up to the room temperature. Additionally, the resistivity of
this interesting compounddeviates from the expectation of the BG theory at low temperatures
as wellwhich predicts a T5 dependencefor T<<QD. The material also exhibits intriguing
magneto-transport behaviour where the transverse magnetoresistance at low temperatures is
nearly linear in magnetic field H. Additionally, the magnetic susceptibility cincreases with
increasing T above 150 K, in contrast to the prediction for the two- and three-dimensional
free-electron model that it should decrease with increasing T. Investigations performed on our
compound, which is the purest member of its structure class, carry the potential to open the
doors for the exploration of underlying quantum phenomena that govern transport mechanisms
in ultra-pure crystalline systems
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Solution of the Millennium Problem on the NavierStokes Equations
Alexander G. Ramm

ramm@ksu.edu, http://www.math.ksu.edu/ ~ ramm

Abstract

The Navier-Stokes problem in R3 consists of solving the equations:
vj + (v, ∇)v = −∇p + ν∆v + f, x ∈ R3, t ≥ 0, ∇ · v = 0,v(x, 0) = v0(x),
where v = v(x, t) is the velocity of the incompressible viscous fluid, p = p(x, t) is the
pressure, the density ρ = 1, f = f (x, t) is the force, v0 = v0(x) is the initial velocity.
The aim of this talk is to explain the author’s result concerning the Navier- Stokes
problem (NSP) in R3 without boundaries.
It is proved that the NSP is contradictory in the following sense:
If one assumes that the initial data v(x, 0) /≡ 0, ∇ · v(x, 0) = 0 and the solution to the NSP
exists for all t ≥ 0, then one proves that the solution v(x, t) to the NSP has the property v(x,
0) = 0.
This paradox (the NSP paradox) shows that the NSP is not a correct description of the fluid
mechanics problem and the NSP does not have a solution defined on all t ≥ 0.
In the exceptional case, when the data are equal to zero, the solution v(x, t) to the NSP exists
for all t ≥ 0 and is equal to zero, v(x, t) ≡ 0.
The results, mentioned above, are proved in [1]–[4].
These results solve one of the millennium problems.
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Searching for High Temperature Superconductivity:
From Mendeleev to Seiberg-Witten Via Madelung and
Beyond
Prof. Arkady L.Kholodenko
Clemson University, USA

Abstract

Recently, a noticeable progress had been achieved in the area of high temperature super
conductors. The maximum temperature T_{c} of 250⁰K(-23⁰C) for LaH₁₀ and288⁰K (+15 ⁰C)
for CSH₈ were reported at the megabar pressures. The highestpossible T_{c}′s were achieved by
employing hydrides of chemical elements. Empirically, many of these are made of Madelungexceptional atoms. Here the theoreticalbackground is provided explaining this observation.
The, thus far empirical, Madelung rule is controlling Mendeleev’s law of periodicity. Although
the majority of elementsdo obey this rule, there are some exceptions. Thus, it is of interest to
derive it and itsexceptions theoretically in view of experimental findings. As a byproduct,
such a study yields some plausible explanation of the role of Madelung-exceptional atoms in
thedesign of high T_{c}′s superconductors. Thus far the atoms obeying the Madelung rule and
its exceptions were studied with help of the relativistic Hartree-Fock calculations.
In this work we reobtain both the rule and the exceptions analytically. The newlydeveloped
methods are expected to be of value in quantum many-body theory and, in particular, in the theory
of high T_{c} superconductivity. Ultimately, new methods involvesome uses of the SeibergWitten (S-W) theory known as the extended Ginzburg-Landau theory of superconductivity.
Using results of the S-W theory the difference between theMadelung-regular and Madelungexceptional atoms is explained in terms of thetopological transition. Extension of this, single
atom, result to solids of respective elements is also discussed.
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Multi-field Coupling in Organic Charge-Transfer
Materials for Intellisense and Actuation
Beibei Xu1*

State Key laboratory of Modern Optical Instrumentation, College of Optical Science and
Engineering, Zhejiang University, Hangzhou, China
*Corresponding Author E-mail: bbxu2019@zju.edu.cn

Abstract

The electron transfer and the generation of new set of S = ½ spins with the exchange interaction
in charge-transfer complexes (D0A0↔ Dδ+Aδ-) enable the unique coupling between photons,
electrons and spins, which would be important to unlock numerous exciting technological
advances in the field of flexible multifunctional integrated optoelectronic and magnetoelectrics
devices. However, simultaneously obtaining superior optoelectronic properties, ferroic orders
and room temperature magnetoelectric coupling properties in the charge transfer complexes
remain challenging and represent an important topic in material chemistry and condensedmatter science, especially for the segregated stacking charge transfer complex, in part owing
to their relatively weak intermolecular interactions.
Here, in my report, I’ll summarize multiple approaches developed in my group to control
the homogenous nucleation of organic molecules towards centimeter-sized charge-transfer
crystals and two-dimensional organic van der Waals heterostructures heterostructures. The
strong and anisotropic interfacial coupling interaction between the charge-transfer pairs
enables the tunable optical–electronic–magnetic coupled multifunctionalities, including
superior broadband photoresponse, light and magnetic field dependent conductivity, dielectric
properties, ferroelectricity, magnetism, magnetoelectric coupling and electromechanical
properties. Flexible devices were developed for energy harvesting and sensing applications.

Keywords

charge transfer; organic crystal; multiferroics; sensing;
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Dr Xu completed his doctorate in materials science and engineering with the combination of
optoelectronic and ferroelectric materials in Zhejiang University in 2014. He continued his
postdoctoral study with multiferroics in University of Kansas and Temple University from
12/2014 to 07/2016. Then, he studied the quantum defect and meta-cooling effect of carbon
nanotube in University of Maryland from 07/2016 to 12/2018. He also had short period of
visiting study with hybrid perovskite solar cell materials in University of Washington. He
joined College of Optical Science and Engineering in Zhejiang Univesity in 09/2019, where he
directed his research to multifunctional optoelectronic and multiferroic materials and devices.
He proposed the concept of organic multiferroics based on organic donor and acceptor crystals
and the external stimuli dependent multiple response for sensing. He also invented a smart
textile coated with carbon nanotubes for dynamic gating of human body thermal irradiation.
He has authored/coauthored over 60 papers published in refereed professional journals. He
filled 2 US patents. Dr. Zhang was in the editorial board committee of Scientific Report,
Materials & Design.
Page- 61

albedo
...let's reflect knowledge

CMPMEET2022

INTERNATIONAL MEET ON CONDENSED MATTER PHYSICS

MAY 23-25, 2022 | MUNICH, GERMANY

Graphene Oxide: New Opportunities for Photonics,
Electronics, and Optoelectronics
Professor David Moss

Director, Optical Sciences Centre, Swinburne University of Technology, Melbourne,
Australia.
E-mail: dmoss@swin.edu.au

Abstract

As a derivative of graphene, graphene oxide (GO) was initially developed by chemists to
emulate properties of graphene, but it was soon recognized as a unique material in its own
right, with capabilities not achievable with chemical vapor deposition materials. Over the past
decade, the advances in material fabrication and property control have led to rapid progress
in GO photonics, electronics, and optoelectronics, paving the way for many technological
solutions. I review recent advances in this exciting and fast-growing field and present our latest
breakthroughs. I compare graphene, GO, and reduced GO (rGO) and discuss their relationship
and differences. I will summarize the approaches used for GO synthesis, device fabrication,
and property modification and give an overview of the optical, electronic, and optoelectronic
properties of GO and rGO. I highlight their strong potential for solar energy harvesting, energy
storage, medical diagnosis, image display, and optical communications, discussing their open
challenges and future prospects.
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Society) and the SPIE (International Photonics Society). His research interests include optical
microcombs, integrated nonlinear optics, quantum optics, microwave photonics, optical neural
networks, optical networks and transmission, 2D materials including graphene oxide for
nonlinear optics, optical signal processing, nanophotonics, biomedical photonics for cancer
diagnosis and therapy, and other areas.
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Theoretical Design of Superconducting Hydrides with
High Tc under High Pressure
Defang Duan1,*,Tian Cui1,2, Hui Xie1, Zihan Zhang1
State Key Laboratory of Superhard Materials, College of Physics, Jilin University,
Changchun 130012, China
1
Institute of High Pressure Physics, School of Physical Science and Technology, Ningbo
University, Ningbo, 315211, China
*Corresponding Author E-mail:duandf@jlu.edu.cn
1

Abstract

It is predicted theoretically that molecular hydrogen would dissociate into an atomic phasewith
metallic properties at high pressures. Metallichydrogen is believed to be a room-temperature
superconductor. However, metallization of hydrogen is still debates in laboratory. As an
alternative, hydrogen-rich compounds are extensively explored since their metallization can
happenat relatively lower pressuresby means of chemical pre-compressions. In addtion, these
hydrogen-rich compounds can exhibit high temperture superconducting. Therefore, hydrogenrich compounds are expected to become a new member of superconductor family: hydrogenbased superconductor.
Here, we designed several superconducting hydrides with high Tc under high pressureby
meas of the first principle calculations. For example,acovalentsulfur hydride H3S was first
predicted theoretically by our group to be a high-temperature superconductor with Tc reaching
as high as 200 Kat high pressure [1] and confirmed by experiment [2]. Furthermore, we predict
an unprecedented layered “pentagraphenelike” hydrogen structure HfH10, with remarkably
high value of Tc (around 213-234 K) at 250 GPa[3]. Howerver, the stable pressure of these
superconduting hydrides are genrally above 150 GPa. We identify a‘fluorite-type’ backbone
in compositions of the form AXH8, which exhibit high temperature superconductivity at
moderate pressures[4]. Especially, the Fmm phase of LaBeH8, with a ‘fluorite-type’ H-Be
alloy backbone, is predicted to be thermodynamically stable above 98 GPa, and dynamically
stable downto 20 GPa with a high Tc ~ 185 K.

References
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Magneto-Optical Spectroscopy in Weyl Semimetals
Dima Cheskis1,*

Physics Department, Ariel University, Ariel Campus, Ariel, Israel
*Corresponding Author E-mail: dimach@ariel.ac.il

Abstract

We present in this work is an experimental study of topological semimetals. This work was
focused on studying the behavior of the type I Co3Sn2S2 Weyl semimetals. Primarily, we
are interested in magneto-optical measurements of these materials. Due to the effect of chiral
anomaly, it is expected that the angle between electric and magnetic fields due to the term E*B
[1] leads to the specific impacts in Weyl semimetals. In particular, it has been claimed that the
chiral anomaly results in a charge imbalance between the Weyl nodes. In Weyl semimetals,
the dielectric tensor receives a specific form [2] that allows observing chiral anomaly via
magneto-optical Kerr effect. Such studies have been performed for Cd3As2 crystals under an
external magnetic field, and the outcome of the chiral anomaly was measured by magnetooptical methods. We are demonstrating our first results for Co3Sn2S2 crystals. To the best of
our knowledge, such a study was not performed in these materials.
[1] D. Cheskis, Symmetry, 12(9), 1412 (2020).
[2] P. Hosur and X. L. Qi, Phys. Rev. B, 91(8), 081106 (2015).
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Recently he developed a simple Hall measuring system with extremely low noise working
in microampere regime. Also, he performed intensive research of single-layer deposited
graphene oxide films, studying the distribution of functional oxygen groups with STM/HRTEM methods. Dr. Dima Cheskis received his Ph.D. from Tel-Aviv University in 2006, where
he performed ultrafast magnetic dynamic research done on ferromagnetic materials. After that,
he finished the postdoctoral studies in prof. Efrat Lifshitz group at Technion – Israel Institute
of Technology in 2010, where his research focuses on photoluminescence spectroscopy of
nanocrystal quantum dots.
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Magneto-Spectroscopy of Topological States on
Gradual and Abrupt Interface
G. Krizman

Johannes Kepler University, Austria

Abstract

Topological matter has recently been a wide source of interest in condensed-matter physics.
Due to relativistic effects, an inversion in the band parity can occur for topological materials.
In particular, the topological crystalline insulator Pb1-xSnxSe can host an inverted band
structure highly tunable with external knobs like composition, temperature, or strain. In
this inverted configuration, gapless Dirac cones, known as the topological states, emerge at
aninterface between the topological insulator and a trivial one (PbSe for instance). Controlling
these topological surface states remains a big challenge as it would go along with many
very important applications in ultrafast low-consumption electronic devices, spintronics,
valleytronicsandquantum computing based on Majorana states.
In this work, such topological states are observed and characterized by magneto-optical
infrared spectroscopy on Pb1-xSnxSe/PbSe thin epilayers, grown by molecular beam epitaxy
onto (001)KCl cleaved substrate. The topological states are localized attopological-to-trivial
interfaces formed bystacking Pb1-xSnxSe (topological insulator) and PbSe(trivial insulator)
layers. The study presented here focuses on two kinds of interface: (i)the intentionally gradual
interface realized by a Sn content gradient between PbSe and Pb1-xSnxSe; and (ii) the abrupt
case wherethe PbSeto Pb1-xSnxSe interface isatomically thick.Both interface shapes give
different phenomena that change drastically the topological state properties.
The gradual interface allows for the experimental study of a progressive change in the band
topology. The zero-gaptopological state is seen to persist independently from the interface
thickness. Additional gappedDirac states localized at the interface are observed for sufficiently
thick gradual interface. They are called Volkov-Pankratov states following the seminal
theoretical work of Volkov and Pankratov [1]. Their gaps are measured versus interface
thickness and follow an original dependence in , with an integer and the gradual interface
thickness. Therefore, the complete topological spectrum at a gradual topological interface is
characterized.
The abrupt interface, projected onto the (001) surface of Pb1-xSnxSe,hosts an interesting and
specific phenomenon.Indeed, the intervalley scattering in these compounds induces a lift of
the cone degeneracy and is at the origin of aLifshitz transition [2].This transition is observed
using magneto-optical measurements,and accurately quantified as a function of the Sn content
and interface thickness.This work thus offers some quantitative conclusion on the tunable
Lifshitz transition that is observed.
[1]B. Volkov and O. Pankratov, Two-Dimensional Massless Electrons in an Inverted Contact,
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Sov. J. Exp. Theor. Phys. Lett. 42, 178 (1985).
[2]J. Liu, W. Duan, and L. Fu, Two Types of Surface States in Topological Crystalline
Insulators, Phys. Rev. B 88, 241303 (2013).
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Unexpected Low Temperature Magnetic Transition
Well Inside the Spin Density Wave Phase of Smfe1mnxaso Compound
X
G. Lamura1, M. Meinero1,2, P. Bonfà3, I. J. Onuorah3, S. Sanna4, R.
De Renzi3, I. Eremin5,6, M. A. Müller 5, J.‑C. Orain7, A. Martinelli1, A.
Provino1,8, P. Manfrinetti1,9, M. Putti1,2, T. Shiroka7,10
CNR-SPIN, Corso Perrone 24, 16152 Genova, Italy
Dipartimento di Fisica, Università di Genova, via Dodecaneso 33, 16146 Genova, Italy.
3
Dipartimento di Scienze Matematiche, Fisiche ed Informatiche, Università di Parma,
Parco delle Scienze, 7a, 43124 Parma, Italy
4
Dipartimento di Fisica e Astronomia “A. Righi”, Università di Bologna, Viale Berti Pichat
6/2, 40127 Bologna, Italy
5
Theoretische Physik III, Ruhr-Universität Bochum, 44801 Bochum, Germany
6
National University of Science and Technology MISiS, 119049 Moscow, Russian
Federation
7
Laboratory for Muon-Spin Spectroscopy, Paul Scherrer Institut, 5232 Villigen PSI,
Switzerland
8
Department of Physics and Astronomy, Rutgers, The State University of New Jersey,
Piscataway, NJ 08854-8019, USA
9
Dipartimento di Chimica e Chimica Industriale, Università di Genova, via Dodecaneso 31,
16146 Genova, Italy
10
Laboratorium für Festkörperphysik, ETH-Hönggerberg, 8093 Zürich, Switzerland
1
2

*Corresponding Author E-mail: gianrico.lamura@spin.cnr.it

Abstract

Electronic correlations represent a key parameter for tuning the magnetic properties of the
electronic ground state of iron pnictides. Particularly intriguing is the case of magnetic dopants
whose coupling through the Ruderman-Kittel-Kasuya-Yosida (RKKY) exchange interaction
depends severely by the strength of such parameter.
In this talk, we will address the puzzling case of Fe-Mn substitution in SmFeAsO parent
compound [1]. We will show a systematic study on SmFe1−xMn AsO with x(Mn) = 0.05 and 0.10
by means of dc-magnetization, Hall effect, and muon‑spin spectroscopy measurements. We
will present two main experimental findings: (i) Fe-Mn substitution weakens the commensurate
Fe spin density wave (SDW) order, as its transition temperature decreases with increasing Mn
content. (ii) At low temperature, well inside the SDW magnetically ordered phase, a further
magnetic order sets in at T.≈ 10 and 20 K for x= 0.05 and 0.10, respectively. We will show that
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Mn diluted ions locally pin electronic charges thus inducing a full reconstruction of the Fermi
surface responsible of a commensurate-to-incommensurate antiferromagnetic (AF) transition
at T*.

Keywords

pnictides; manganese; Fermi Surface; electronic correlations.
[1] M. Meinero, P. Bonfà, I. J. Onuorah, S. Sanna, R. De Renzi, I. Eremin, M. A. Müller,
J.‑C. Orain, A. Martinelli, A. Provino, P. Manfrinetti, M. Putti, T. Shiroka and G. Lamura,
Scientific Reports 11, 14373 (2021), https://doi.org/10.1038/s41598-021-93625-7.
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Out-of-Plane Carrier Transport in Two-Dimensional
van der Waals Nanostructures
Huamin Li

Department of Electrical Engineering, University at Buffalo, The State University of New
York, Buffalo, New York, USA
Email: huaminli@buffalo.edu

Abstract

Two-dimensional (2D) materials are promising for next-generation nanoelectronics, and
their heterogeneous integration with mature three-dimensional (3D) Si-based semiconductor
technology stands out as a rational and feasible approach toward future energy-efficient functionrich devices and systems. Here we design a hetero-integrated junction structure consisting
of a metal, 2D monolayer, and 3D semiconductor (M2DS), and investigate carrier transport
properties along an out-of-plane (OoP) direction. A variety of 2D monolayers ranging from
semimetal (e.g., Gr) to semiconductor (e.g., MoS2) and insulator (e.g., h-BN) are compared in
cooperation with both low and high work function metals (e.g., Ti, Au, and Pd). Depending on
the bandgap and thickness of 2D monolayers, the OoP carrier transport properties dominated
by either energy matching or barrier tunneling effects are compared through a comprehensive
and statistical analysis. An effective resistance induced by the 2D monolayer decoration is
extracted, which positive and negative values correspond to a transition toward Schottky and
Ohmic contact conditions, respectively. The M2DS junctions with monolayer Gr decoration
or Pd contact exhibit an overwhelming dominance of Ohmic carrier transport, whereas the Ti/
MoS2/p-Si and Au/MoS2/p-Si configurations show an outstanding capability of manipulating
the OoP carrier injection through 2D/3D interfaces, giving rise to excellent current density
(2.8×104 A/m2), rectification ratio (5.4×104), and conductance (2×105 S/m2). Our work
reveals the unprecedented OoP carrier transport through 2D monolayers even with only a sub1-nm thickness, and explores the potential of 2D monolayers as an ultimately thin active layer
to integrate with conventional semiconductors and enrich device functionalities.

Biography

Huamin Li has completed his PhD from Sungkyunkwan University, Korea, and postdoctoral
research from University of Notre Dame, USA. His expertise is in the exploration of nanoscale
two-dimensional materials and their application for next-generation nanoelectronics. He is
currently serving as an Associate Editor Member in IEEE Access, IOP Nano Express, and
Materials Research Letters. His research has been recognized by the NSF CAREER Award, and
featured in many media, including Phys.org, Technology.org, ScienceDaily, AZO Materials,
Nano.gov, Electropages, Innovation Toronto, IEEE Spectrum, CS Compound Semiconductor,
and Semiconductor Digest.
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Novel Geometric Properties of Flat Band Systems
Jun Won Rhim

Department of Physics, Ajou University, Suwon 16499, Korea
*Corresponding Author E-mail: jwrhim@ajou.ac.kr

Abstract

Geometric aspects of Bloch wave functions have been proved to be essential in understanding
material properties since the discovery of the topological insulator. However, while the
topological structures of the Bloch wave function have been studied exhaustively, other
geometric notions such as the quantum distance and quantum metric have gotten less attention.
In this talk, I’m going to show that quantum distance plays a crucial role in understanding
localization physics, Landau level structures, and interface properties of flat band systems.

Keywords

Quantum distance; Flat band; Landau level; bulk-boundary correspondence

Biography

I am a condensed matter theoretician. I obtained my Ph. D. from Yonsei University in Korea.
After that, I studied at Korea Institute for Advance Study, University of Toronto, Max-Planck
Institute for the Physics of Complex Systems, and Seoul National University as a researcher.
Now, I am an assistant professor at Ajou University in Korea.
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Computational Studies to the Quantum Effects in the
Thermal Transport Properties of Ice
Ripeng Luo and Kuang Yu*
Tsinghua-Berkeley Shenzhen Institute, Tsinghua Shenzhen International Graduate School,
Tsinghua University, Shenzhen, Guangdong, China, 518055

Abstract

Ice is one of the most commonly seen substances in our universe. Therefore, its thermal
transport properties are not only interesting in fundamental physics, but also important in
many research fields such as astrophysics and environmental science. The atomic structure
of ice is surprisingly complicated, leading to rich behaviors in thermal transport properties.
Meanwhile, the thermal transport properties of ice also provide us an excellent tool to probe its
microscopic structure. An accurate calculation of the ice thermal conductivity is challenging
due to its disordered lattice and strong nuclear quantum effects (NQE). In this talk, we will
demonstrate how path-integral based molecular dynamics (MD) techniques can be utilized
to capture the NQE in ice thermal conductivity calculations. Combining MD and an accurate
machine learning reactive potential energy surface, we can reproduce the experimental results
at unprecedented accuracy. We further investigate the effects of quantum tunneling to the
thermal conductivity of high-pressure ice. And we will show different thermal transport
mechanisms of ice at different conditions, and how the globally correlated proton tunneling
introduces strong scattering to the oxygen phonons. With this study, we predict the anomalous
behavior of the ice thermal conductivity at high pressure, and demonstrate its connection to the
collective dynamical behavior of the ice lattice.

Page- 72

albedo
...let's reflect knowledge

CMPMEET2022

INTERNATIONAL MEET ON CONDENSED MATTER PHYSICS

MAY 23-25, 2022 | MUNICH, GERMANY

Anomalous Floquet Topological Insulators based on
Unitary Scattering Graphs
Romain Fleury

School of Engineering, EPFL, route cantonale, Lausanne, Switzerland
*Corresponding Author E-mail: romain.fleury@epfl.ch

Abstract
Purpose

We study the topology of two-dimensional unitary scattering networks described by graphs.
In particular, we analyze theoretically and experimentally the difference in the edge transport
properties of the Chern and Anomalous phases.

Methods

We show that such networks can be described alternatively in two ways. First, by oriented
Eulerian graphs, which allows us to demonstrate the existence of anomalous Floquet edge
states as a direct consequence of Veblen’s theorem. Second, by non-oriented regular-3 graphs,
which allows a direct mapping to an experimental platform with microwaves. We perform
statistical analyses to study the robustness of edge transport to various kinds of distributed
defects.

Results

We found that the Anomalous edge transport is significantly more robust than the Chern one.
This is explained via simple arguments, demonstrated using numerical studies over hundreds
of disorder realizations, and observed experimentally on five different prototype realizations.

Conclusions

We believe that the exceptional robustness of anomalous topological transport in scattering
networks can serve as a basis for new applications in microwave devices that are extremely
robust to reconfiguration and fabrication imperfections.
Ref : Zhang, Z., Delplace, P. & Fleury, R. Superior robustness of anomalous non-reciprocal
topological edge states. Nature 598, 293–297 (2021). https://doi.org/10.1038/s41586-02103868-7

Keywords

Topological insulators; Unitary systems; Metamaterials; Classical electrodynamics.
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Spin Relaxation in Cs2CuCl4−xBrx
Rushana Eremina1,*, H.-A. Krug von Nidda2

Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan, Russia
Department, Organisation, Address, City, Country
*Corresponding Author E-mail: REremina@yandex.ru

1
2

Abstract

The quantum-spin S = 1/2 chain system Cs2CuCl4 is of high interest due to competing
antiferromagnetic intrachain J and interchain exchange J_ interactions and represents a
paramount example for Bose-Einstein condensation of magnons [R. Coldea et al., Phys. Rev.
Lett. 88, 137202 (2002)]. Substitution of chlorine by bromine allows tuning the competing
exchange interactions and corresponding magnetic frustration. Thereby, anisotropic exchange
contributions may be decisive for the resulting ground state. Here we report on electron spin
resonance (ESR) in single crystals of Cs2CuCl4−xBrx with the aim to analyze the evolution of
these anisotropic exchange contributions. The main source of the ESR linewidth is attributed to
the uniform Dzyaloshinskii- Moriya interaction. The vector components of the DzyaloshinskiiMoriya interaction are determined from the angular dependence of the ESR spectra using a
high-temperature approximation. The obtained results support the site selectivity of the Br
substitution suggested from the evolution of lattice parameters and magnetic susceptibility
dependent on the Br concentration. Our comprehensive electron-spin-resonance investigation
of the substitutional series Cs2CuCl4−xBrx provides important microscopic information on the
evolution of local exchange couplings and relaxation channels in this frustrated quantumspin S
= 1/2 chain compound. The simultaneous evaluation of the anisotropy of g value and linewidth
taking into account the anisotropic Zeeman effect allows to determine the anisotropic exchange
contributions. Starting from x = 0 the Dzyaloshinskii-Moriya (DM) interaction provides the
dominant relaxation channel with the DM vector oriented within the ac plane with an angle
of about 45◦ with respect to the a axis. On increasing x, the DM vector gradually rotates
to approximately 35◦ within the ac plane for high x. The absolute value of the DM vector
changes only slightly for x < 1.6 but increases significantly for x > 1.6, when Br ions mainly
substitute Cl ions within the chains. Contributions of the DM vector along the b direction can
be explained in terms of disorder on the anion sites which destroys inversion symmetry.

Keywords

Dzyaloshinskii-Moriya; quantum-spin S = 1/2 chain system; anisotropic Zeeman effect.

Biography

Rushana Eremina is a Professor of Departments of physics at Kazan State University and the
Head of the Laboratory of Radio Spectroscopy of Dielectrics (Kazan, Russia). Her research
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interests include magnetic resonance, phase separation, magnetic susceptibility, multiferroics,
quasi-one dimensional magnets, anisotropic exchange interaction, nanocrystalline materials
and glasses. She has published more than about 87 refereed journal papers with an H-index
of 15 and 947+ citations. She has also been a reviewer of many journals, such as “Journal of
Alloys and Compounds”, “Journal of Magnetism and Magnetic Materials” Applied Magnetic
Resonance”. etc.
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Application of Isotopic Composition Studies in Pure and
Geoscience
Satoshi Irei

Department of Environment and Public Health, National Institute for Minamata Disease, 405818 Hama, Minamata, Kumamoto 867-0008, Japan
*satoshi_irei@env.go.jp

Abstract

Elements and molecules surrounding us have naturally occurring stable isotopes and isotopomers.
Studying the isotopic compositions in those substances with highly precise measurements have
potential to gain inside into veiled mixing state and processing mechanisms that concentration
measurements cannot solve. These solutions are possible due to fingerprinting isotopic
compositions that targeted substances may have and due to systematic isotopic fractionations
that are accompanied with physical and chemical processing. If unique isotopic compositions
and systematic fractionations were well characterized in controlled conditions, the results
from such fundamental studies can then feedback to geoscience studies to evaluate important
sources and processing occurring in real world.
In this talk, with some examples of elucidation of unclear reaction mechanisms and
characterization of isotopic compositions from my past and present research projects, the new
aspects of stable isotope studies in chemistry and geoscience will be presented.

Keywords

Stable isotopes; chemical reaction; isotope fractionation; isotope fingerprinting.

Biography

Satoshi Irei is an atmospheric chemist at the National Institute for Minamata Disease, Japan.
He received a Ph.D. in chemistry at York University, Canada and experienced the postdoctoral scientist at the National Institute for Environmental Studies and the University of
the Ryukyus in Japan. He joined the National Institute for Minamata Disease, Japan in 2017
where he works currently as a senior researcher. His interests are laboratory and field studies
for oxidation reactions of atmospheric trace level substances from the view of molecular to
global scale. Particularly, his recent studies focus on the use of fractionations in light and
heavy isotopes at natural abundances for the elucidation of homogeneous and heterogeneous
reaction mechanisms and its application.
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The Second-Order Phase Transition in the BCSBogoliubov Model of Superconductivity and its
Operator-Theoretical Proof
Shuji Watanabe

Gunma University, Japan

Abstract

In the BCS-Bogoliubov model of superconductivity, one does not show that the so- lution
to the BCS-Bogoliubov gap equation is partially diﬀerentiable with respect to the absolute
temperature. Nevertheless, without such a proof, one partially diﬀerentiates the solution and
the thermodynamic potential with respect to the temperature twice so as to show that the phase
transition from a normal conducting state to a superconducting state is of the second order.
Therefore, if the solution were not partially diﬀerentiable with respect to the temperature, then
one could not partially diﬀerentiate the solution and the thermodynamic potential with respect
to the temperature, and hence one could not show that the phase transition is of the second
order. For this reason, it is highly desirable to show that there is a unique solution to the BCSBogoliubov gap equation and that the solution is partially diﬀerentiable with respect to the
temperature twice.
In this talk we give a proof of the existence and uniqueness of the solution and show that the
solution is indeed partially diﬀerentiable with respect to the temperature twice on the basis
of fixed-point theorems from the viewpoint of operator theory. In this way we show that the
phase transition is of the second order, and thus solve the long-standing problem of the secondorder phase transition from the viewpoint of operator theory. Here, the potential in the BCSBogoliubov gap equation is a function and need not be a constant.

Page- 77

albedo
...let's reflect knowledge

CMPMEET2022

INTERNATIONAL MEET ON CONDENSED MATTER PHYSICS

MAY 23-25, 2022 | MUNICH, GERMANY

Enhanced Proximity Effect in Superconducting
Nanograins with Fractal Distributions
Takashi Uchino*

Department of Chemistry, Graduate School of Science, Kobe University, Nada 657-8501,
Japan
*Corresponding Author E-mail: uchino@kobe-u.ac.jp

Abstract

We have investigated the superconducting properties of the nanocomposite with clean atomic
interfaces, in which the MgB2 nanograins are distributed in a fractal manner. Although the
volume fraction of MgB2 grains (~16 vol. %) appears to be too low to form percolation channels
of their own, the global Josephson phase coherence is induced in the nanocomposite. The lower
(Hc1J) and higher (Hc2J) critical fields of the Josephson network are exceptionally high (Hc1J
= 96 Oe, and Hc2J = 83.5 kOe). From the values of Hc1J and Hc2J, Josephson coherence
length ξ_J and penetration depthλ_J are estimated to be 6 and 252 nm, respectively. Thus, the
resulting Josephson coupled state can be practically regarded as a bulk type-II superconductor.
However, the magnetic field distributions probed by the TF-mSR measurements are quite
different from those in typical type-II superconductors. The vortex lattices will not be simply
aligned parallel to the applied field, but will exhibit strong misalignment with dynamic
fluctuations, leading to the paramagnetic response. We suggest that the collective effect due
to Andreev reflection in the scale-free Josephson network is responsible for the establishment
of the robust proximity coupling and the unusual internal magnetic field distribution.This
unusual behavior implies a highly disordered and fluctuating nature of the Josephson vortices
in the present superconducting nanocomposite due to the fractal distributions of the MgB2
nanograins [1].
[1] T. Uchino et al., Phys. Rev. B 101, 035146 (2020).

Keywords

Superconducting proximity effect; fractal, Josephson coupling; Andreev reflection
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T. Uchino received his Ph.D. in Chemistry from Kyoto University. From 1995 to 2001, he
was in the Institute for Chemical Research, Kyoto University as Instructor (1995-1998) and
Associate Professor (1999-2001). During the term from November 1997 to March 1999, he
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in 2001 and has been in the Chemistry Department as Professor. His research activities are
primarily concerned with structural and electronic properties of solids. His main research topic
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is as follows: structure and vibrational properties of glassy solids; photo-induced structural
changes in amorphous materials; optical, magnetic, and electronic properties of defects in
solids; excitonic properties of wide-bandgap semiconductors; electronic, electric, and magnetic
properties of semiconductor/superconductor nanocomposites. He is an author and co-author
of more than 100 papers in international journals, including Science, Physical Review Letters,
Physical Review B and Applied Physics Letters.
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Tuning Topological Orders by a Conical Magnetic Field
in the Kitaev Model
Wei Chen1*, Ming-Hong Jiang1, Shuang Liang1, Yang Qi2, Jian-Xin Li1,
Qiang-Hua Wang1
Department of physcis, Nanjing University, Nanjing210093 , China
Center for Field Theory and Particle Physics, Department of Physics, Fudan University,
Shanghai 200433, China
*Corresponding Author E-mail: (chenweiphy@nju.edu.cn) (only one)
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Abstract

We show that a conical magnetic field H=(1,1,1)H can be used to tune the topological order
and hence, anyon excitations of the Z2 quantum spin liquid in the isotropic antiferromagnetic
Kitaev model. A novel topological order, featured with Chern number C =4 and Abelian anyon
excitations, is induced in a narrow range of intermediate fields Hc1 ≤ H ≤ Hc2. On the other
hand, the C =1 Ising-topological order with non-Abelian anyon excitations, as previously known
to be present at small fields, is found here to survive up to Hc1. The results are obtained by
developing and applying a Z2 mean field theory that works at finite fields and is asymptotically
exact in the zero field limit and the associated variational quantum Monte Carlo.

Keywords

Kitaev model; Topological phase transition; topological order; Non-Abelian
anyons(Maximum 4).
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Dr. Wei Chen obtained her Bachelor and Master’s degree from Nanjing University, China
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joined the IAS in Tsinghua university as an associate fellow in 2014. In 2016, she moved to
the department of physics in Nanjing University as an associate professor. Her main research
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published more than twenty research articles on various topics, such as 1D interacting systems,
graphene, optomechanics and quantum spin liquid.
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Interfacial Thermal Resistance between TwoDimensional Materials and their Dielectric Substrate
Xiangfan Xu 1,2

Center for Phononics and Thermal Energy Science, School of Physics Science and
Engineering, Tongji University, 200092 Shanghai, China
2
China-EU Joint Center for Nanophononics, School of Physics Science and Engineering,
Tongji University, 200092 Shanghai, China
1

Abstract

Interfacial thermal resistance (ITR) plays an important role in thermal dissipation across
different materials and it has been widely investigated in recent years. An example is the
integrated electronic circles in which heat dissipating issue has recently become the bottleneck.
With further miniaturization of electronics, the accumulated waste heat has increased the
operating temperature to a high value where thermal management and heat dissipation become
crucial for the performance of devices [1-2]. The severe thermal management problem has
prevented the operating frequency from going beyond several GHz when the dissipated waste
heat exceeds 100 Wcm-2. This work is separated into two parts: (a) Chemical vapor deposition
(CVD) method was utilized to fabricate monolayer transition metal dichalcogenides (TMDCs)
depositing directly onto SiO2/Si substrate; we demonstrated that the interfacial thermal
conductance of TMDCs/oxide was significantly promoted by introducing a phonon vibration
bridge at the interface of TMDCs/oxide [3-6]. (b) We introduced an additional electronphonon coupling channel in the thermal transport across graphene-dielectric interfaces and
the scanning thermal microscopy technique measurement of graphene electronic devices gave
direct evidence of an enhanced heat dissipation by tuning the surface carries concentration [7].

References

[1] J. Chen, X. Xu, J. Zhou and B. Li, Rev. Mod. Phys. 94, 025002 (2022)
[2] X. Xu, J. Chen, J. Zhou and B. Li, Adv. Mat. 30, 1705544 (2018)
[3] J. Guo et al. J. Phys. D: Appl. Phys. 52, 385306 (2019)
[4] D. Liu et al. Nat. Comm. 10, 1188 (2019)
[5] X. Li et al. J. Phys. D: Appl. Phys. 50, 104002 (2017)
[6] D. Liu et al. Adv. Electron. Mater. 6, 2000059 (2020)
[7] Zhang et al. ES Energy & Environ. 8, 42-47 (2020)
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Weyl Exceptional Rings and Non-Hermitian
Absorption Spectroscopy
Yong Xu

Tsinghua University, China

Abstract

Three-dimensional topological Weyl semimetals can generally support a zero-dimensional
Weyl point characterized by a quantized Chern number or a one-dimensional Weyl nodal ring
characterized by a quantized Berry phase in momentum space. In this talk, I will show that in
a dissipative system with particle gain and loss, a Weyl point develops into a Weyl exceptional
ring consisting of exceptional points characterized by both a quantized Chern number and a
quantized Berry phase. I will demonstrate how such a ring arises in cold atom systems and
heavy fermion systems. After that, I will present our recent work on how to generalize the
radio-frequency spectroscopy to measure both real and imaginary parts of complex energy
spectra of a non-Hermitian quantum system in cold atom systems.
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Defect and Interface Engineering of Two Dimensional
Materials
Zhenhua Ni1,*
School of Physics, Southeast University, Nanjing, China 211189
*Corresponding Author E-mail: zhni@seu.edu.cn

Abstract

Two dimensional (2D) materials have shown great potential in the application of optoelectronic
devices, because of their unique optical and electrical properties. The performance of
optoelectronic devices based on 2D materials is strongly influenced by defects and the
interface. In this talk, we will present our results on the defect and interface engineering of 2D
materials to improve the performance of photodetectors. We demonstrate that the trap states in
two-dimensional ReS2 could be efficiently modulated by defect engineering through molecule
decoration, and both the response time and responsivity of the device are greatly improved.
We further elaborate that plasmon-induced hot electron transfer (HET) from tungsten suboxide
nanocrystals to graphene is a sufficient fast process (<150 fs) to prevent carrier cooling and
trapping processes. A fast near infrared (NIR) detector empowered by HET is demonstrated,
and the response time is three-orders of magnitude faster than that based on common bandedge electron transfer. Finally, based on the intefacial gating mechanism, we successfully
demonstrate a graphene based position sensitive detector (PSD), which shows excellent
position sensitivity, fast response and low degree of non-linearity, and extends the operating
wavelength to the near infrared (IR) region. Our results indicate that defect and interface
engineering is a new strategy for implementation of efficient and high-speed optoelectronic
devices.

Keywords

Two dimensional (2D) materials; Defect; Interface; Photodetector.
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graphene Si position sensitive detector for motion tracking. InfoMat (2020)
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From the Expanded Maxwell’s Equations to
Thehigh-Entropy Energy Technology of Triboelectric
Nanogenerators
Zhong Lin Wang

Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences, Beijing,
China.
School of Materials Science and Engineering, Georgia Institute of Technology, Atlanta,
Georgia, USA

Abstract

Contact electrification (CE)(or usually called “triboelectrification”) effect, the most fundamental
effect for electricity,has been known for over 2600 years since ancient Greek time, but its
scientific mechanism remains unclear. The study of triboelectrification is recently revived
due to the invention of the triboelectric nanogenerators (TENGs) by using the coupling of
triboelectrification and electrostatic induction effects, which is the most effective approach for
converting mechanical energy into electricity for powering small sensors. TENG is playing a
vitally important role in the distributed energy and self-powered systems, with applications in
internet of things, environmental/infrastructural monitoring, medical science, environmental
science and security. In this talk, we first present the physics mechanism of triboelectrification
for general materials. Secondly, the fundamental theory of the TENGs is explored based on
a group of expanded Maxwell equations. We will present the applications of the TENGs for
harvesting all kind mechanical energy that is available but wasted in our daily life, such as
human motion, walking, vibration, mechanical triggering, rotating tire, wind, flowing water
and more. Then, we will illustrate the networks based on triboelectric TENGs for harvesting
ocean water wave energy, for exploring its possibility as a sustainable large-scale blue energy.
Lastly, we will show that TENGs as self-powered sensors for actively detecting the static and
dynamic processes arising from mechanical agitation using the voltage and current output
signals.
[1] Z.L. Wang and A.C. Wang “On the origin of contact electrification“ (Review), Materials
Today, 30 (2019) 34-51; https://doi.org/10.1016/j.mattod.2019.05.016
[2] Z.L. Wang, “On the first principle theory of nanaogenerators from Maxwell’s equations“,
Nano Energy, https://doi.org/10.1016/j.nanoen.2019.104272
[3] S. Lin#, X. Chen#, and Zhong Lin Wang* “Contact-electrification at liquid-solid interface”
(Review), Chemical Review; https://doi.org/10.1021/acs.chemrev.1c00176
[4] Z.L. Wang “From conctact electrication to triboelectric nanogenerators“ (Review), Report
on Progress in Physics; https://doi.org/10.1088/1361-6633/ac0a50
[5] Z.L. Wang, L. Lin, J. Chen. S.M. Niu, Y.L. Zi “Triboelectric Nanogenerators”, Springer,
2016. http://www.springer.com/us/book/9783319400389
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Quantum Dynamics of Topological Strings in a
Frustrated Ising Antiferromagnet
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*Corresponding Author zhangxf@cqu.edu.cn
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Abstract

We investigate the quantum dynamics of the antiferromagnetic transverse field Ising model
on the triangular lattice through large-scale quantum Monte Carlo simulations and stochastic
analytic continuation. This model effectively describes a series of triangular rare-earth
compounds, for example, TmMgGaO4. At weak transverse field, we capture the excitations
related to topological quantum strings, which exhibits continuum features described by XY
chain along the strings and those in accord with ‘Luttinger string liquid’ in the perpendicular
direction. The continuum features can be well understood from the perspective of topological
strings. Furthermore, we identify the contribution of strings from the excitation spectrum. Our
study provides characteristic features for the experimental search for string-related excitations
and proposes a theoretical method to pinpoint topological excitations in the experimental
spectra.

Keywords

quantum strings, rare-earth compounds, frustrated magnetism, transverse field Ising model
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Higher-Order Topological Matter
Fan Zhang

The University of Texas at Dallas, USA

Abstract

Recently, a novel class of topological insulators/superconductors (TI/TS) coined higher-order
(HO) TI/TS has become a major topic at the forefront of condensed matter physics. A HO TI/TS
hosts protected gapless states on boundaries of more than one dimensions lower, and in this talk
we will tour three prototypes, with special emphases on their original theoretical motivations
and recent experimental impacts. The 2012 theory based on Bi2Se3 features a chiral hinge
mode [PRL 110, 046404 (2013)]. The 2018 platform exploits Fe-based superconductors and
stabilizes Majorana (true) corner modes [PRL 121, 186801 (2018)]. The 2020 study identifies
two rare pristine materials (Bi4I4 and Bi4Br4) with global bulk/surface band gaps and natural
helical hinge modes [arXiv:2005.14710]. (FZ acknowledges the work by all his collaborators
and the support from the ARO, NSF, and DARPA in US.)
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Non functionalized nano particles as anti viral agents.
Physical aspects of the problem
V.Lozovski1.2, V.Lysenko2, N.Rusinchuk1
1 Institute of High Technology, Taras Shevchenko National University of Kyiv, Ukraine
2V.Lashkariov Institute of Semiconductor Physics, National Academy of Sciences of
Ukraine

Abstract

The antiviral activity of ´pure´ non-functionalized nanoparticles can be caused by near-field
effects. Namely, due to local-field enhancement effect caused by near-field interaction between
the nano particles and virus,the domains of strong local field(hotspots) are formed on the
viral envelope. Then, the strong gradients of local-field are formed at the viral envelope. The
gradients cause the ponderomotive forces acting to the spikes and whole viral envelope. As a
result, the molecules-receptors at the spikes are deformed and deformed the envelope up to its
destroying. The proposed mechanism of antiviral activity of non-functionalized nanoparticles
does not strongly depend on the material from which the nanoparticle is made. Antiviral
activity significantly depends on the size and shape of the particles and is manifested against
of different viruses. The results of various experiments performed by the scientific group of
Authors and other scientific groups can be explained in the frame of the proposed mechanism.
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