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 About 

OPTICA and SPIE joint student chapter of Yerevan State University (YSO), in 

collaboration with the OPTICA student chapter (IPR Armenia) of The Institute for Physical 

Research (IPR) of NAS RA, hosted the 11th International Symposium on Optics and its 

Applications (OPTICS11) from July 11th to 15th 2023 in Yerevan-Ashtarak, Armenia. 

OPTICS11 was sponsored by the YSO Student Chapter‘s Optica Special Program grant. 

This fully in-person edition was devoted to the 100th anniversary of Mikael Ter-Mikaelian, an 

important contributor to high-energy physics, laser physics, and nonlinear optics. In 1963, as the 

dean of the Physics department at Yerevan State University, he founded eight new chairs and 

organized the Joint Radiation Laboratory (JRL) of the university and the Academy of Sciences of 

Armenia (NAS RA), where the theoretical development of the foundations of quantum 

generators and their successful implementation led to the serial production of the first Arzni laser 

in the USSR. In 1968, JRL became the IPR of the ASA. To celebrate his legacy the symposium 

brought together experienced scientists from various countries in the field of optics and 

photonics to provide a perfect setting for the participants to acquire the most recent 

developments in that area. 

Invited speakers from more than 20 research institutions worldwide presented their talks 

on different research topics. During the Symposium, a special section was dedicated to 

professional development lectures, panel discussions, and photonics industry representation. 

Students had a chance to present their research with oral presentations as well as posters.  

  

https://www.facebook.com/ysostudentchapter
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— 

 
 

Mikael Ter-Mikaelian (1923-2004), a graduate of the Yerevan State University (YSU) in 

1948, received a diploma in physics and mathematics. He went to Moscow, where he completed 

his candidate dissertation at the Lebedev Physical Institute in 1953 under the supervision of 

Evgeny Feinberg. During that period, he made the most important discovery of his career: the 

coherence-length effect in high-energy particle interactions with matter. He showed that with the 

increase of energy, the longitudinal size of the particle-matter interaction region increases to 

macroscopic dimensions even though the wavelength of radiation produced by the particles is 

shorter than the interatomic distances. As a result, the cross sections of bremsstrahlung and 

photon pair production are enhanced at high energies. His results have since found wide 

application in the fields of high-energy particle and radiation physics. 

From 1954 to 1963, he was affiliated with the Yerevan Physics Institute (YerPhI), first as 

the head of the theoretical department, and then as the institute’s deputy director. In 1954, he 

predicted that, due to the polarization of the medium, the Bethe–Heitler bremsstrahlung spectrum 

would be suppressed at certain photon energies. This phenomenon, now known as the Ter-
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Mikaelian or longitudinal density effect, resembles the Fermi density effect. During 1960–61, 

Ter-Mikaelian developed the theory of x-ray transition radiation produced in a stack of plates. 

He and his colleagues showed that XTR could be used to identify and measure the energy of 

single particles with energies much higher than is possible with čerenkov detectors. XTR 

detectors first developed at YerPhI are now used in high-energy physics experiments all over the 

world. In 1962, Ter-Mikaelian received his doctorate in physics and mathematics from the 

Lebedev Institute. 

His classic monograph High-Energy Electromagnetic Processes in Condensed Media, 

published in 1969 in Russian and in 1972 in English (Wiley-Interscience), has served as a virtual 

handbook on radiation processes since its publication. One of the most cited books in the field, it 

is famous for its clear exposition and breadth and depth of discussion. Among the many 

important subjects examined in that book is the radiation emitted by electrons passing through 

the planes of a crystal. In this process, the Weizsäcker–Williams pseudo-photons accompanying 

the electron are diffracted and emitted as real photons at angles close to the Bragg angle. This 

radiation was later “rediscovered” by other theorists and termed quasi Čerenkov or parametric x-

ray radiation. 

In 1963, Ter-Mikaelian left YerPhI and began new activities in quantum electronics at 

YSU. As the dean of the Physics department at YSU, he founded eight new chairs and organized 

the Joint Radiation Laboratory of the university and the NAS RA, where the theoretical 

development of the foundations of quantum generators and their successful implementation led 

to the serial production of the first Arzni laser in the USSR. In 1968, JRL became the IPR of the 

ASA. 

From 1968 to 1994, Ter-Mikaelian was the director of IPR. For part of that time (1988–

94), he served as academician-secretary of the ASA’s Department of Physics and Mathematics. 

He retired from IPR in 1994 and became honorary director of that institute; he also was 

appointed head of IPR’s theoretical department, a position he held until his death. 

For their work in the field of quantum electronics and their initiatives in the industrial 

production of lasers and laser materials, Ter-Mikaelian and his associates were awarded the State 

Award of Armenia in 1980. They investigated new phenomena such as self-induced population 

inversion, three-component structure in resonance fluorescence, and two-photon effects on 

“dressed atoms.” That work and studies of resonant interaction of laser radiation with atomic 

systems established Armenia as a world-class contributor to the field of laser physics and 

nonlinear optics. In his final years, Ter-Mikaelian revisited the field of high-energy radiation 

physics and had begun work on the second edition of his world-famous book. 
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The main sponsor of OPTICS11 is Optica: 

 
 

Co-sponsors: 

    

 

Yerevan State University 
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SPIE, the international society for optics and photonics 

             

   The Institute for Physical Research of National  

Academy of Sciences of Armenia 

 

Science Committee of Armenia 

  

https://www.optica.org/en-us/home/
https://www.ysu.am/en
https://www.thorlabs.com/
https://spie.org/
http://www.ipr.sci.am/
http://www.scs.am/en/
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https://scholar.google.com/citations?hl=en&user=m5aVTysAAAAJ&fbclid=IwAR0hDyfYKWeKkHReP4UlpV_wJGE1VqPwtrn1cKOZah6NKqUGHdUWsCnM4PM
https://scholar.google.com/citations?hl=ru&user=qbOlM7sAAAAJ&fbclid=IwAR2eK_f8srp-eUvV70OQf2ZMHEsgrmSwYXn1Gr1dZaOSa1_F7b4oq-fKpq8
https://scholar.google.com/citations?hl=en&user=XQMO8KkAAAAJ&fbclid=IwAR1IKBqN5YuE-kACMLMIyG3MiaSCRGchh8EtnJGFP8DF-rOkwMvIEsiori4
https://scholar.google.com/citations?hl=ru&user=zQ7ZtDwAAAAJ&fbclid=IwAR2heKg3mCCCexH54mApsty2TwbXSfkJRpugEUsCTwWdocIRdE9KM0GGNjk
https://www.facebook.com/ysostudentchapter
https://www.facebook.com/IPR.Armenia
https://scholar.google.com/citations?hl=en&user=gOmxkbUAAAAJ&fbclid=IwAR19j6faqEVUjarJb_pANkBfexZy1VRLJrAaMltEu-NCPOhEUza-52223hA
https://scholar.google.com/citations?hl=en&user=m5aVTysAAAAJ&fbclid=IwAR0hDyfYKWeKkHReP4UlpV_wJGE1VqPwtrn1cKOZah6NKqUGHdUWsCnM4PM
https://scholar.google.com/citations?hl=en&user=qbOlM7sAAAAJ&fbclid=IwAR2eK_f8srp-eUvV70OQf2ZMHEsgrmSwYXn1Gr1dZaOSa1_F7b4oq-fKpq8
https://scholar.google.com/citations?hl=en&user=XQMO8KkAAAAJ&fbclid=IwAR1IKBqN5YuE-kACMLMIyG3MiaSCRGchh8EtnJGFP8DF-rOkwMvIEsiori4
https://scholar.google.com/citations?hl=en&user=zQ7ZtDwAAAAJ&fbclid=IwAR2heKg3mCCCexH54mApsty2TwbXSfkJRpugEUsCTwWdocIRdE9KM0GGNjk
https://photonicsai.com/optics11_organizing-committee/facebook.com/ysostudentchapter
https://photonicsai.com/optics11_organizing-committee/facebook.com/IPR.Armenia
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 OPTICS11 program  
 

OPTICS11 program includes: 

https://www.linkedin.com/in/yann-amouroux-7142b25/?originalSubdomain=uk
https://scholar.google.com/citations?hl=en&user=1UrWXk4AAAAJ&view_op=list_works&sortby=pubdate
https://www.linkedin.com/in/faezeh-gholami/
https://scholar.google.com/citations?hl=en&user=sqTskfEAAAAJ&view_op=list_works&sortby=pubdate
https://scholar.google.com/citations?user=eEtcfroAAAAJ&hl=en
https://scholar.google.com/citations?user=Y9Y4uhIAAAAJ&hl=en
https://www.linkedin.com/in/yann-amouroux-7142b25/?originalSubdomain=uk
https://scholar.google.com/citations?hl=en&user=1UrWXk4AAAAJ&view_op=list_works&sortby=pubdate
https://scholar.google.com/citations?hl=en&user=sqTskfEAAAAJ&view_op=list_works&sortby=pubdate
https://scholar.google.com/citations?user=eEtcfroAAAAJ&hl=en
https://scholar.google.com/citations?user=Y9Y4uhIAAAAJ&hl=en
https://photonicsai.com/optics11_organizing-committee/linkedin.com/in/faezeh-gholami/
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• Plenary talks 

• Invited talks 

• Contributed talks 

• Student presentations 

• Poster presentations 

• Industrial talks 

• Career Discussion Panels 

• Presentations on soft skills 

• Optics and Photonics outreach training 

• Social and networking events 

 
11.07.2023 –  Yerevan State University  

9.00-9.30 Registration 

9.30-10.00 Opening remarks by the YSU Rector and OPTICS11’s chairs 

10.00-10.40 
Lorenzo Pavesi  

Neuromorphic Photonics and hybrid Intelligence  

10.40-11.05 

Alvaro Casa-Bedoya 

Integrating optoelectronics, nanofabrication, and nonlinear optics for 

breakthrough RF sensing technologies  

11.05-11.25 Coffee break 

11.25-11.50 
Amit Agrawal  

Integrated Optical Control of Atomic Systems  

11.50-12.10 
Narek Margaryan 

Optics of Graphene Affected by Proton Irradiation  

12.10-12.30 

Harutyun Dashtoyan  

The research of the optical properties of vacuum deposited CH 3NH3PbCl3-xIx 

perovskite films 

12.30-14.00 Lunch 

14.00-14.25 
Petr Stepanov 

Cryogenic photovoltage nanoscopy in twisted multilayer graphene  

14.25-14.45 

Arsen Babajanyan  

Enhanced optical indicator for thermoelastic optical microscopy: analyzing 

polarized microwave absorption in mesh -patterned metastructures  

14.45-15.10 

Mushegh Rafayelyan  

Multiple light scattering and nonlinear light -matter interaction: a path to 

scalable optical neural networks  

15.10-15.30 Coffee break 

15.30-15.50 
Anna Popkova 

Optimization of optical diffractive neural networks parameters  

15.50-16.10 Astghik Kuzanyan  

Single-Photon Detections in a Wide Range of Electromagnetic Spectrum from 
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IR to X-ray 

16.10-16.25 
Aram Sargsyan 

Online Re-engineering of Effective Transmission Matrix  

16.25-16.40 

Alik Mirzoyan 

Nonlinear spatiotemporal dynamics of liquid crystals under th e illumination 

of an inhomogeneous light field  

16.40-16.55 

Gor Chalyan 

Radiation of surface polaritons by an annular beam moving inside a 

cylindrical waveguide  

16.55-17.10 
Mohammad Hadi Sadri  

Mesoporous material sorting in random energy landscapes 

17.15-19.00 Sightseeing excursion in Yerevan  

12.07.2023 –  Yerevan State University  

9.00-9.40 
Igor Aharonovich  

Quantum Nanophotonics with Hexagonal Boron Nitride  

9.40-10.05 
Falko Schmidt  

Optothermal Manipulation of Micro - and Nanoscale Systems 

10.05-10.30 
Stefano Signorini  

New trends in quantum sensing enabled by on -chip photon pair sources  

10.30-10.55 
Emerson Barbano 

Polarization-resolved Z-scan for refractive nonlinearities discrimination  

10.55-11.15 Coffee break 

11.15-11.30 

Przemysław Litwin  

How to encode information in simultaneous ternary message -passing protocol 

based on optical vortices  

11.30-11.45 
Fatemeh Hassanzad  

Integral Microscopy of a Dandelion  

11.45-11.55 YSO & IPR Armenia Student Chapters  

11.55-12.35 
Panel Discussion  

Recent trends in optics and photonics  

12.35-12.45 Group Photo  

12.45-14.10 Lunch 

14.10-14.35 
Ray-Kuang Lee 

Machine learning enhanced quantum state tomography and its applications  

14.35-15.00 
Alexander Alodjants  

Fast photonic transport in complex networks  

15.00-19.00 Excursion to Geghard Monastery, Garni Gorge, Garni Historical and 
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Cultural Museum-Reservation 

19.00-22.00 Social dinner in Garni Bread House Restaurant  

13.07.2023 –  Yerevan State University  & The Institute for Physical Research of NAS 

8.30-9.10 
Wiesław Stręk  

Laser-induced white emission of graphene  

9.10-9.35 
David Blaschke 

Schwinger effect in strong fields –  analytic approximations  

9.35-10.00 

Denis Bandurin  

Light-matter interaction in the flatland: recent advances and novel 

applications 

10.00-10.20 Coffee break 

10.20-10.45 
Mihaela Bojan  

Terahertz imaging and spectroscopy as investigation techniques  

10.45-11.05 

Cristian Udrea  

The concept of encryption-compression of data using the physical Fourier 

transform 

11.05-11.20 

Pooya Ghavami 

Extension of the depth of field in light -sheet fluorescence microscopy using a  

spatial cubic phase profile  

11.20-12.00 
Panel Discussion  

What are the benefits and duties as a member of optical societies 

12.00-13.25 Lunch 

14.25-14.50 

Faezeh Golami 

Transforming Computing: The Potential of Quantum Computing in 

Enterprises 

14.50-15.40 
Igor Aharonovich  

Write it up!  

15.40-16.00 Coffee break 

16.00-16.30 
Artur Ishkhanyan  

An asymmetric version of the second Demkov -Kunike level-crossing model  

16.30-17.40 Poster Session 

17.40-18.00 Lab tour  

14.07.2023 –  Yerevan State University  

9.20-9.45 

Andrei Kabashin  

Femtosecond laser-ablative synthesis of multifunctional nanomaterials for 

biophotonic applications  

9.45-10.10 Pavel Ginzburg  
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Optics of Vaterite-based Drug Delivery  

10.10-10.35 

Vanik Shahnazaryan  

Optical probing of collective modes in low-dimensional unconventional 

superconductors  

10.35-10.55 
Vanik Shahnazaryan  

Polaron-enhanced polariton nonlinearity in lead halide perovskites  

10.55-11.15 Coffee break 

11.15-11.30 
Aleksandr Slavich  

Giant in-plane optical anisotropy in van der Waals ma terials 

11.30-11.45 
Natalia Salakhova  

Optics of twisted photonic crystal lattices  

11.45-12.00 

Dmitriy Grudinin  

Hexagonal boron nitride optical properties for the next generation 

nanophotonics  

12.00-12.15 

Evgeny Ryabkov 

Upper bounds on collective light-matter coupling strength with plasmonic 

meta-atoms 

12.15-12.30 

Alexey Kuznetsov  

Self-catalyzed epitaxial GaP nanowires –  effective waveguides for integrated 

nanophotonics  

12.30-12.45 
Elena Titova 

Sub-terahertz optoelectronics of gapped bilayer graphene  

12.45-14.15 Lunch 

14.15-14.40 
Ekaterina Khestanova  

Light-matter interaction and optoelectronic response of TMD heterostructures  

14.40-15.05 
Hayk Harutyunyan 

Ultrafast and nonlinear response of optical metamater ials 

15.05-15.25 

Dmitry Mylnikov  

On the limiting possibilities of two -dimensional plasmonics in photo -

detection applications  

15.25-15.45 
Andrey Vyshnevyy 

Negative spontaneous emission in gain -loss systems 

15.45-16.05 Coffee break 

16.05-16.25 

Dmitry Yakubovsky  

High-quality ultrathin metal films for plasmonic and optoelectronic 

applications 

16.25-16.45 

Areg Hunanyan 

Computational search and investigation of adsorption properties of the two -

dimensional tin oxides  
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16.45-17.05 

Mikhail Gubin  

Design of metasurfaces supporting quasi -trapped modes based on 

conventional silicon and van der Waals materials  

17.05-17.25 
Alexey Bolshakov  

Gallium Phosphide nanowire photonics  

17.25-17.55 

Valentyn Volkov 

Wavelength-dispersive optical axes in natural van der Waals ReS2 and ReSe2  

crystals 

17.55-18.20 
Davit Ghazaryan  

Chiral photonic supercrystals based on helical van der Waals homostructures  

18.20-19.00 Lab tour  

15.07.2023 –  Yerevan State University  

9.00-9.25 
Tatevik Chalyan  

PhotonHub: Innovation, training & business/investment support  

9.25-9.50 
Sarah Lukes 

Automating focus and zoom-in microscopy 

9.50-10.15 
Aura Higuera  

Optical Tech in Commoditized Products: Unlocking Innovation  

10.15-10.40 
Petros Petrosyan  

Narcissus effect correction  in MWIR optical systems 

10.40-11.00 Coffee break 

11.00-11.25 

Lusine Tsarukyan 

Generation of bending optical solitons and waveguide channels in a 

photorefractive Lithium Niobate Crystal  

11.25-11.50 

Stefan Lis 

Inorganic nanoluminophore  systems containing lanthanide ions focused on 

sensor applications  

11.50-12.15 

Vinh Hung Tran  

Optical and phonon properties of superconducting series RAFe4As4 (R = Sr 

and Ca, A = Rb and Cs) from DFT calculations  

12.15-12.35 

Mane Sahakyan 

The Density functional theory study of electronic structure and optical 

properties of selected double perovskites  

12.35-13.50 Lunch 

13.50-14.15 

Ausra Baradoke 

Emerging electrochemical sensing platforms: harnessing the power of novel 

materials and interfacial designs 

14.15-14.40 Armen Sargsyan 

Electromagnetically induced transparency effect using magnetically induced 
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transitions of Alkali metal atoms  

14.40-15.55 
Astghik Chalyan  

Photonics Explorer Kit  Workshop 

15.55-16.10 Closing remarks 

16.10-18:00 Visit to Matenadaran 

 

Poster presentations 

Poster presentations 

Hovhannes 

Asatryan 

Automation of Counting Microcolonies for Bacterial Cell Viability 

Assessment  

Anna Asatryan The influence of spectral phase noise in the laser pulse reconstruction  

Siranush Avetisyan  First-order Raman spectra induced by the Fröhlich excititon -lattice 

interaction in a non-spherical core/shell nanocrystals  

Ilya Begichev Modelling the optical properties of twisted bilayer 2D materials  

Nastaran 
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Experimental observation of photonic nanojet under diverging beam  

Amir Eghbali  High-quality resonances in radially anisotropic core -shell nanoparticles  

Mostafa Garshasbi  Optimization of Electron Transport Layer in Perovskite Solar cells by 

adding Platinum paste  

Kowsar 

Gholampour 

Digital holographic microscopy of μ -objects in intra-cavity fiber laser trap  

Hayk Harutyunyan Laser target detection and tracking in the LabVIEW environment  

Sareh Kabi Digital holographic and on-line thermal lens spectrometry integrated in 

amicroscope system  

Vahagn Muradyan Prediction of complex turbulent dynamics in liquid crystals with optical 

reservoir computing  

Elaheh Nazari  Dynamic laser speckle analysis for detection of electric current flowing in 

wires  

Naira Petrosyan Electronic and optical properties of CdSe/CdS colloidal core -shell quantum 

dots  

Edgar Pogosyan Programmable Qutrits gate in Quantum Nanoparticle  

Alexei Prokhorov Lasing from the all-dielectric metasurfaces coated by two-dimensional 

material  

Kosar Rezaei  Speckle pattern analysis by differential dynamic matrix  
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Sergey Shvetsov Bragg-Berry cavities: orbital angular momentum manipulation of 

broadband light beams  

Mikhail 

Tatmyshevskiy 

Anisotropic material for nanoparticles with resonant optical response  

Jakub Wroński  Optical vortices as a message carrier in ternary -biased Simultaneous 

Message Passing protocol  

Lilit Yeganyan Magneto-optical properties of arrayed structures of quantum dots and rings  

Ekaterina Zharkova NbSe2 hot-electron bolometer with RF transparent contacts interface  
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 Quantum Nanophotonics with Hexagonal Boron Nitride 

Igor Aharonovich 
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Technology Sydney, Ultimo, NSW, 2007, Australia  
2 ARC Centre of Excellence for Transformative Meta-Optical Systems, Faculty of 

Science, University of Technology Sydney, Ultimo, NSW, 2007, Australia  

 

Engineering robust solid-state quantum systems is amongst the most pressing challenges 

to realize scalable quantum photonic circuitry. While several 3D systems (such as diamond or 

gallium arsenid) have been thoroughly studied, solid state emitters in two dimensional (2D) 

materials are still in their infancy.  

In this presentation I will discuss the appeal of an emerging van der Waals crystal – 

hexagonal boron nitride (hBN). This unique system possesses a large bandgap of ~ 6 eV and can 

host single defects that can act as ultra-bright quantum light sources. In addition, some of these 

defects exhibit spin dependent fluorescence that can be initialised and coherently manipulated. I 

will discuss in details various methodologies to engineer these defects and show their peculiar 

properties. Furthermore, I will discuss how hBN crystals can be carefully sculpted into nanoscale 

photonic resonators to confine and guide light at the nanoscale. Taking advantage of the unique 

2D nature of hBN, I will also show promising avenues to integrate hBN emitters with silicon 

nitride photonic crystal cavities. 

All in all, hBN possesses all the vital constituents to become the leading platform for 

integrated quantum photonics. To this extent, I will highlight the challenges and opportunities in 

engineering hBN quantum photonic devices and will frame it more broadly in the growing 

interest with 2D materials nanophotonics.  
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“Write it up!” 

Igor Aharonovich 

 
1School of Mathematical and Physical Sciences, Faculty of Science, University of 

Technology Sydney, Ultimo, NSW, 2007, Australia  
2 ARC Centre of Excellence for Transformative Meta-Optical Systems, Faculty of 

Science, University of Technology Sydney, Ultimo, NSW, 2007, Australia  

 

In this presentation we will talk about key elements of academic life – writing up your 

results. I will share line of thought, process, and the toolkit to get you the best manuscript 

possible. We will talk about the hidden things that aren’t discussed often, and I will share the 

secrets of getting published quickly and in a journal of choice. 
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Neuromorphic Photonics and hybrid Intelligence 

Lorenzo Pavesi 

 

Department of Physics, University of Trento, Italy 

e-mail: lorenzo.pavesi@unitn.it 

 

The interest in Artificial Neural Networks (ANNs) has considerably increased in recent 

years due to their versatility, which allows for dealing with a huge class of problems [1]. 

Nowadays, ANNs are mostly implemented on electronic circuits, in particular, on von Neumann 

architectures in their different specifications such as the general purposes CPU (Central 

Processing Units), the massively parallel GPU (Graphical Processing Units) or the specialized 

integrated circuits used to accelerate specific task such as the TPU (Tensor Processing Units) [2–

4]. Very-large-scale ANN models have been elaborated which outperform human minds in given 

tasks [5, 6] at the expense of large training times and huge power consumption [7–9]. Other 

intrinsic limits of electronic ANNs are related, for example, to the ease in interference between 

electrical signals, the difficulty in handling a large number of floating point operations and a low 

parallel computing efficiency [10–12]. 

A possible solution to these limitations is provided by Photonic Neural Networks (PNNs) 

which enable high-speed, parallel transmission (Wavelength Division Multiplexing, WDM) and 

low power dissipation [10, 11].  

In my talk, I will discuss a few simple PNNs implemented on a silicon photonics 

platform [12] that demonstrate the basic mechanism of silicon-based PNNs. Silicon photonics is 

particularly interesting since its easy integration with electronics allows for on-chip training of 

the network and for volume fabrication of the PNNs [13]. A simple optical neuron is discussed 

where different delayed versions of the input optical signal are made to interfere before the 

output port [14, 15].  

Finally, I will show how it is possible to merge photonics neural network and biological 

neurons to perform joint experiments where light signals are transduced into neuronal 

stimulation to activate specific neuronal circuitries. In this way, hybrid intelligence can be 

achieved which opens interesting perspectives for neuromorphic computation and novel 

neurological therapies. 
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Laser induced white emission of graphene 

Wiesław Strek, Robert Tomala, Przemysław Wiewiorski, Mateusz Oleszko, Miikhailo 

Chaika  

 

Institute of Low Temperature and Structure Research, 55040 Wrocław, Poland 

 

Graphene is two-dimensional (2D) carbon material discovered by Geim and Novoselov 

[1]. This material is characterized by a number of unique  structural, mechanical, electrical and 

optical properties. A question of application of optical properties of graphene were a subject of 

many discussions from a point of view of application of single layer graphene materials. The 

interaction of laser beam with graphene foam in vacuum and immersed in different liquid media 

was investigated. It was found that graphene emits intense bright broad band emission centered 

in visible at 650nm. The emission intensity was characterized by the power threshold behavior 

above which increased sharply exponentially with excitation power. The threshold and intensity 

was dependent on excitation wavelength and excitation density power. The mechanism of white 

emission is discussed in terms of multiphoton ionization of carbon atoms in an irradiated spot. It 

will showed that the emission is coherent and surface related. The excitation power dependence 

of white emission intensity has demonstrates the hysteresis loop behavior. This phenomenon 

could be useful in new broadband laser sources and optical information storage. 
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Integrated Optical Control of Atomic Systems 

Amit Agrawal 
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Over the last decade, flat optical elements composed of an array of deep-subwavelength 

dielectric or metallic nanostructures of nanoscale thicknesses – referred to as metasurfaces – 

have revolutionized the field of optics [1]. Because of their ability to impart an arbitrary phase, 

polarization or amplitude modulation to an optical wavefront as well as perform multiple optical 

transformations simultaneously on the incoming light, they promise to replace traditional bulk 

optics in applications requiring compactness, integration and/or multiplexing. Recent 

demonstrations including imaging, full-Stokes polarimetry, quantum-light generation and 

LIDAR demonstrate the range of technologies where metasurfaces have already had a significant 

impact.  

 

In this work, we demonstrate the versatility of wavefront shaping metasurfaces as a 

compact, efficient and multifunctional interface to: (a) trap single neutral atoms of 87Rb in an 

optical tweezer trap for application in quantum information science [2], and (b) trap ensemble of 

Sr atoms in a magneto-optical-trap (MOT) for realization of a compact optical lattice clock. We 

further present experiments with laser cooling and trapping Sr atoms in a metasurface MOT with 

our compact vacuum chamber and atom source, demonstrating a path toward scalable, compact 

optical clocks that is completely alignment-free and does not utilize any free-space optics.   

 

In another integration step, combining metasurfaces directly with integrated photonic 

circuits, replacing bulk optical elements, promises increased complexity and functionality in a 

batch-fabricated optical microsystem ultimately capable of fully replacing the laboratory optical 

table [3]. With this goal in mind, we leverage integrated photonic and metasurface optics that 

interface directly with light from single-mode fibers; and how integration of many such 

structures on a single chip in a CMOS foundry manufacturable platform enable new capabilities 

for cold atom atomic clocks and other quantum sensors. 
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Fast photonic transport in complex networks     
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Currently speedup of information transmission represents one of vital interdisciplinary 

problem in computer science,  physics and engineering.  Quantum computers represent one, but 

non unique way for it solution. Recently various systems based on photonic information 

processing are suggested to get advantages  in information processing [1]. Typically such a 

systems mimic some quantum-like physical process that enables to solve NP-hard problem 

established by means of  specific  graph, or network. Random walks on graphs are widely used 

as subroutines in computational algorithms.  Quantum walks are fundamentally different from 

classical one. They are potentially  faster than classical walks on certain graphs, enabling in these 

cases quantum algorithmic applications and quantum-enhanced energy transfer. However, little 

is known about the possible advantages on arbitrary graphs which may be relevant to NP-hard 

problem solution.   I am going to discuss some  key features  of  complex networks which enable 

to speedup of  information transfer.  I will represent  a new approach for the solution of the 

quantum speedup problem, which is based on a machine learning algorithm that predicts the 

quantum advantage without performing any quantum,  or classical random walk simulations 

[2,3]. Then, I discuss recently proposed by us  novel  quantum material (computational 

“hardware”) concept, which enables superstrong  interaction of two-level systems with the 

photonic field in two-dimensional materials possessing  complex network interface [4].  The 

properties of Rabi splitting  frequency is essentially enhanced due to the topology of the network 

that  may be characterized by first and second normalized moments for node degree distribution. 

The multichannel (multimode) structure of matter–field interaction leads to speedup of photonic 

information processing. The results obtained pave the way for the design of new photonic  

circuits, quantum networks for efficient processing of  optical information. 
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Light-matter interaction in the flatland: recent advances and 
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Since the first isolation of graphene, devices based on novel low-dimensional materials 

(LDM) and their heterostructures have become a gold mine for exploring new fundamental 

phenomena.  Reduced dimensionality, peculiar band structures, quantum geometry, and strong 

quasiparticle interactions in a unique way determine the response of LDM to external fields 

thereby offering a powerful setting by which to probe novel radiation-matter interaction effects 

and prototype future optoelectronic technology.  

In the first (fundamental) part of my talk, we will discuss light-matter interaction effects 

arising in LDM due to the excitation of plasmons. I will present our recent results on the quasi-

relativistic Fizeau drag effect [1]. Predicted by Fresnel in the XIX century and demonstrated by 

Fizeau, dragging of light by the flow of water was among the cornerstones of Einstein's special 

relativity. Our experiments on graphene materialized the electronic version of this 

fundamental effect in which the flow of electrons on par with the moving medium was found to 

alter the surface plasmon polaritons (SPP) dispersion (Fig. 1). The importance of the observed 

plasmonic Fizeau drag is that it enables breaking of time-reversal symmetry and reciprocity at 

infrared frequencies without resorting to magnetic fields or chiral optical pumping. Next, we will 

discuss peculiar effects arising in graphene plasmonics when the latter is subjected to a 

perpendicular magnetic field. I will show that graphene supports the propagation of slow 

Bernstein collective modes whose diverging density of plasmonic states results in strong 

magnetoabsorption at THz frequencies [2].  

In the second (applied) part of my talk, I will show that with a proper processing, 

atomically thin high-temperature cuprate superconductors can be used in single-photon detection 

technology. We will discuss how to fabricate superconducting nanowires out of thin flakes of 

Bi2Sr2CaCu2O8+δ (BSCCO) and La1.55Sr0.45CuO4/La2CuO4 (LSCO-LCO) bilayer films and then, look at 

their response to visible and infrared light. I will show, that both materials feature single-photon 

operation above liquid helium temperature as revealed through the linear scaling of the photon 

count rate on the radiation power. For the BSCCO detectors, we observed single-photon 

sensitivity at the technologically important 1.5 μm telecommunications wavelength up to 25 K 

[3].  
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Fig. 1. Fizeau drag in graphene plasmonics. a, Schematic of a graphene device with a constricted 

channel. Under the illumination of an infrared laser, the gold launcher excites propagating SPPs, which were 

visualized by near-field tip-based imaging techniques. Black streamlines represent carrier drift directions. b, SPP 

line profiles without d.c. current (black) and with Jdc = 0.69 mA μm−1 (blue), illustrating a reduction of the SPP 

wavelength.  

References 
[1] Dong, Y., Xiong, L., Phinney, I.Y., Sun, Z., Jing, R., McLeod, A.S., Zhang, S., Liu, S., Ruta, F.L., Gao, H., Dong, Z., Pan, R., Edgar, J.H., 

Jarillo-Herrero, P., Levitov, L.S., Millis, A.J., Fogler, M.M., Bandurin, D.A., Basov, D.N., 2021. Fizeau drag in graphene plasmonics. 

Nature 594, 513–516 (2021). 
[2] Bandurin, D.A., Mönch, E., Kapralov, K., Phinney, I.Y., Lindner, K., Liu, S., Edgar, J.H., Dmitriev, I.A., Jarillo-Herrero, P., Svintsov, D., 

Ganichev, S.D., 2022. Cyclotron resonance overtones and near-field magnetoabsorption via terahertz Bernstein modes in graphene. Nat. 

Phys. 18, 462–467 (2022).  
[3] Charaev, I., Bandurin, D.A., Bollinger, A.T., Phinney, I.Y., Drozdov, I., Colangelo, M., Butters, B.A., Taniguchi, T., Watanabe, K., He, 

X., Božović, I., Jarillo-Herrero, P., Berggren, K.K., Single-photon detection using high-temperature superconductors. Nature 

Nanotechnology 18, 343-349 (2023).  

  



 

  33 

Polarization-resolved Z-scan for refractive nonlinearities 

discrimination 

Emerson Cristiano Barbano¹, Renato Mafra Moysés², Lino Misoguti2 

 
1Departamento de Física, Universidade Federal do Paraná, 81531-980, Curitiba, PR, 
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Discriminating distinct nonlinear effects within a nonlinear signal is crucial in nonlinear 

optical measurements. To deal with these cases, time-resolved measurements offer valuable 

insights as different nonlinear processes exhibit varying response times [1]. However, these 

measurements tend to be complex, often employing multiple beams in pump-probe 

configurations. Moreover, they are unsuitable for measuring slow effects like thermal ones due 

to long probe-delay requirements. In this study, we introduce a new single-beam Z-scan method 

capable of distinguishing three simultaneous nonlinear effects [2,3]. These effects, referred to as 

thermal, molecular orientation, and ultrafast electronic, are third-order refractive effects sensitive 

to polarization. We propose performing Z-scan measurements using linear and circular 

polarization and varying the laser repetition rate to capture the refractive Z-scan signal (ΔTpv). 

Notably, circular polarization exhibits a factor of 1.5, 4, and 1 reduction in ΔTpv compared to 

linear polarization, corresponding to electronic, orientational, and thermal processes, 

respectively. Our discrimination method was successfully tested in pure and contaminated CS2 

solvents using a controllable repetition-rate laser system operating from low to high repetition 

rates (1–1000 kHz). The CS2, a well-known calibration material, demonstrated strong pure-

electronic and orientational effects. When excited with a high-repetition-rate laser, the 

cumulative thermal effect became significant. Notably, the thermal effect in pure CS2, originating 

from two-photon absorption (2PA), could be detected even at relatively low repetition rates (10–

100 kHz). Furthermore, the addition of a dye with linear optical absorption enhanced the thermal 

contribution, rendering it substantial in CS2. In conclusion, the polarization-resolved Z-can is a 

simple single-beam configuration technique and it is effective in discriminating these three 

nonlinearities when they act simultaneously. 
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This presentation will provide a comprehensive overview of the significant advancements 

in the development of electrochemical sensing platforms, with a particular emphasis on the 

pioneering work of Dr. Ausra Baradoke. We will delve into the innovative approach of polymer 

conductance in point-of-care diagnostics, which has shown promising results in enhancing 

sensitivity and selectivity in a wide range of applications. 

Further, we will explore the concept of reagentless redox capacitive assaying at a 

polyaniline interface, a breakthrough that opens new avenues in assaying C-Reactive Protein, a 

crucial biomarker in many diseases. 

A key focus will be on the innovative design and characterization of a screen-printed 

GPH electrode modified with Ru nanoplates and PoPD polymer film, developed for the NADH 

Sensor Platform. This development underlines the potential of electrochemical sensors in 

providing robust and reliable detection capabilities. 

We will also delve into the properties of Anti-CA125 Antibody Layers on Screen-Printed 

Carbon Electrodes modified by gold and platinum nanostructures. This highlights the role of 

nanostructures in improving the performance of antibody-based sensors, particularly in cancer 

detection. 

Lastly, we will discuss the combined soft lithographic and electrochemical fabrication of 

nanostructured platinum microelectrode arrays for miniaturized sensor applications. This work 

symbolizes the intersection of microfabrication and electrochemistry, showcasing the potential of 

these combined techniques in developing highly efficient sensing platforms. 

This presentation will not only give an in-depth understanding of the latest developments 

in the field of electrochemical sensing platforms but will also shed light on how these advances 

are pushing the boundaries of what is achievable in the field of electrochemical sensing. 
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The effective mass approximation is analyzed in a nonperturbative kinetic theory 

approach to strong field excitations in graphene [1,2]. This problem is highly actual for the 

investigation of the quantum radiation from graphene [3], where the collision integrals in the 

photon kinetic equation are rather complicated functionals of the distribution functions of the 

charge carriers. These functions are needed in the explicit analytical definition as solutions of the 

kinetic equations for the electron-hole excitations. 

In the present work it is shown that the suggested approach is rather effective in a certain 

range of nonlinearity parameters. In the standard massive quantum electrodynamics the usability 

of the analogical approximation is limited to a very narrow region of parameters of the external 

field [4]. 
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We devised a novel technique consisting in the identification of correlated patterns 

between the statistical parameters of super-resolution hyperspectroscopy [1] in the terahertz 

range (THz) and biological parameters of interest that are difficult to observe by conventional 

means. We tried two different ways of correlating the optical and the biological parameters, 

indirectly, using dyes, and directly. Dyes attach themselves to bacteria or to specific parts of 

bacteria [2]. Colorimetric imaging can then reveal patterns of cell density or parts of bacteria 

density, which may be correlated to THz hyperspectral patterns. This is not a study of 

microorganisms using dyes, but an alternative equivalent method. The impact of dyes on 

hyperspectral data was removed from data using separate measurement on dyes. The addition of 

dyes as a method of studying microorganisms presents some challenges, at the very least it 

introduces a foreign element in the sample; hence the need for alternate methods. The idea is to 

reproduce at least the data about biological samples that are obtained using colorants by using 

THz hyperspectroscopy, if not more. We envisage as application for this technique: the detection 

of extra-terrestrial life forms on celestial bodies. 

 

(a) 

 

 

(b) 

Figure 1. a) Image that is part of the hyperspectrum; b): Statistical distribution of the samples (the pixels of the 

acquired image) compared with the normal distribution type Gauss or white noise. 

We compared the hyperspectral data of samples before and after using dyes. We used 

various sorts of dyes on smears that attach to bacteria or specific parts of the microbial cell, such 

as cell wall and specific inclusions inside the cytoplasm. We used specific and nonspecific dyes, 

single or in combination and bacteria with natural pigment, like cyanobacteria. We compared the 

colour patterns, which are biological patterns made visible, with the THz patterns. Since 
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hyperspectroscopy provides images for multiple wavelengths, we studied the correlation not only 

of the intensity of the optical images with the intensity of the THz images, but also of the colors 

with the wavelengths in the THz range. This is the indirect correlation. For the direct correlation 

we correlated the age of the culture of bacteria on smears and the duration of accumulation of 

biofilms on carriers placed in water with the statistical hyperspectral parameters. 
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Stimulated Brillouin Scattering (SBS) is the strongest nonlinear process and optically 

manifests itself in ultra-narrow resonances. Brillouin scattering refers to the interaction between 

light and sound waves, occurring when photons are scattered from a medium due to induced 

acoustic waves. In this presentation, I will discuss a radio frequency (RF) signal-processing chip 

device that utilizes these narrow resonances. Specifically, I will emphasize the application of our 

RF cancellation technique, which effectively harnesses a modest SBS gain in both silicon and 

chalcogenides, resulting in the creation of a high-performance and energy-efficient microwave 

photonic notch filter. Additionally, I will outline our latest nanofabrication approach, which 

involves the hybrid integration of non-linear glass chalcogenide with silicon. Through this 

innovative technology, we are able to leverage the best properties of these materials and 

successfully demonstrate the first Brillouin laser on a CMOS-compatible platform. 

I will also present the first heterogeneously integrated Brillouin circuit on an active 

photonic chip that incorporates electro-optic modulators. This represents a major step towards 

fully integrated high-resolution Brillouin microwave photonic systems. 
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More than ten years ago, in the search for new methods and affordable optical 

components for photonics education, the Photonics Explorer Kit (PEK) was developed in the 

framework of the European project EXPEKT [1]. Initially, the kit was designed as an educational 

package and distributed, in conjunction with training, to science teachers at secondary schools to 

Excite Youth for Engineering, Science and Technology, especially optics and photonics. 

It is widely used by physics teachers in their classrooms and during optics outreach 

activities, such as International Day of Light events by many optics-related organizations, SPIE 

and Optica student chapters [2]. Nearly 4.000 PEKs, used by 200.000 students annually, have 

already been distributed worldwide and aim to delegate the impact of light and light technologies 

in schools, universities, companies and beyond. During this workshop, we want to demonstrate 

the multiuse of this educational kit and the positive impact we will make in the future. In total, 8 

modules are designed for lower and upper-secondary students.  This allows explaining what light 

is and helps to demonstrate the properties of light by directly performing the experiments and 

making the link to concrete applications in our daily life. Throughout the years, with the 

contribution of volunteers and local associated partners, the didactic content (containing teacher 

notes, worksheets, factsheets, and multimedia materials) based on the Inquiry-Based Learning 

(IBL) technique has been translated into 17 languages. As a result, it found its way beyond 

Belgium and Europe; moreover, in all the continents, many optics-related organizations, 

photonics departments in universities and SPIE and Optica student chapters showed their interest 

in the PEK.   
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Photonics – the science and technology of light – is a Key Digital Technology that is 

radically transforming the traditional industrial base. Photonics is essential to the functioning of 

new applications which are powering Industry 4.0, and which are also critical to our ability to 

fundamentally address the enormous global societal and environmental challenges of our times. 

Photonics technologies are being used to create and launch a myriad of superior and previously 

unimaginable products in wide-ranging end-user industries from sustainable energy, agrifood, 

healthcare, and security, to smart transport, building, and communications systems. Most 

critically, photonics is also a key enabling technology for the transformation of production 

methods and new business models in European manufacturing which has been losing its 

competitive edge as a result of globalization over recent decades to low-cost mass manufacturing 

locations in Asia and elsewhere. 

To accelerate the uptake of photonics technologies by European industry, and thereby 

help to boost competitiveness and to foster new business and business models, PhotonHub 

Europe has established a unique European full-service one-stop-shop Photonics Innovation Hub 

in a manner that is deeply rooted within the wider ecosystem of innovation hubs and 

manufacturing right across the European continent for maximum coverage, leverage, impact, and 

long-term sustainability. 

PhotonHub has received funding from the European Union’s Horizon 2020 research and 

innovation program under the Grant Agreement n°101016665, in Public Private Partnership with 

Photonics21. 

PhotonHub builds on an impeccable track record of accomplishment in conducting 

photonics innovation with industry, most notably SMEs and mid-caps, and is therefore ideally 

positioned to commit to an ambitious plan of support for a critical mass of highly innovative, 

cross-border collaborative projects with European companies covering the full value of the chain 

of innovation activities. The hub’s competence centers act as technology suppliers in support of 

end-users for TRL acceleration from early-stage support of feasibility proofs-of-concept and 

demonstrator, to support of industrially compatible small-series pilot manufacturing, to facilitate 

full-scale production and seamless transition to market launch. The finances of the hub are 

carefully balanced between strong subsidization of the early-stage prototyping activities carried 

out by the core technology partners within the consortium, and the additional use of cascade 

funding at the later stage of pilot production to facilitate the mobilization of existing European 

manufacturing networks, and the linking of the innovative companies to European manufacturers 

in photonics.  The PhotonHub funding is combined with local and/or regional financial 

contributions, as well as both in-kind and in-cash contributions from the supported companies as 

a mark of their commitment to the innovation and industrialization goals, thereby maximizing 

the financial leverage. 
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Nano-engineered capsules for targeted drug delivery is an essential milestone on 

pathways to advance precision medicine concepts. As a vast majority of phenomena occur in a 

liquid environment in vivo, understanding cargo-fluid interaction mechanisms in vitro becomes 

an important factor, which can control the drug release rates. In this contribution, we will 

introduce the concept of a metamaterial drug delivery capsule, "golden vaterite", and 

demonstrate its unambiguous advantages in the future paradigm of light-driven theranostics. In 

particular, optomechanical drug delivery, bioimaging, drug release, and thermal therapy with the 

aid of 'golden vaterite' will be shown. 

  



 

  42 

Chiral photonic supercrystals based on helical van der Waals 

homostructures 

Davit A. Ghazaryan1,2 

 

1 Laboratory of Advanced Functional Materials, Yerevan State University, Armenia 
2Center for Photonics and 2D Materials, Moscow Institute of Physics and Technology, 

Russia 

 

Configurational chirality is a geometrical property of asymmetry that profoundly affects 

interactions of matter with electromagnetic radiation, which is usually created by designing 

metasurfaces and nanostructures. In this work, we propose a novel approach to the creation of 

configurational chirality in photonic supercrystals based on helical van der Waals 

homostructures, where each constituent layer is achiral, but possesses an in-plane optical 

anisotropy. Our approach applies to all optically anisotropic materials, especially for van der 

Waals crystals. As a practical example, we experimentally demonstrate strong circular dichroism 

- a direct consequence of the chirality, for biaxial optically anisotropic As2S3 layers arranged into 

a trilayer homostructure in a chiral fashion. Our work showcases that the chirality of an 

electromagnetic system may emerge at an intermediate level between the molecular and the 

mesoscopic one due to the tailored arrangement of non-chiral layers of van der Waals materials 

without an additional patterning. 
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Quantum Computing has the transformative potential to address problems beyond classical 

computing capabilities. As an integral component of enterprises, startups, and organizations, 

Quantum Computing seamlessly integrates with existing infrastructure. This abstract delves into 

current advancements in IBM Quantum computing and the potential future where scalable 

systems, empowered by Quantum Computing, contribute to enterprise technologies. It examines 

the advancements achieved across diverse industries through the utilization of quantum 

computing. Join us as we explore the capabilities and future impact of Quantum Computing on 

enterprise computing. 
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The subwavelength confinement opens new possibilities for controlling and enhancing 

light-matter interaction. The reduced dimensionality leads not only to novel electromagnetic 

phenomena but can also affect the nature of quantum transitions and ultrafast carrier dynamics. 

In this talk, I will present our latest efforts in the nonlinear manipulation of light-matter 

interaction at the nanoscale using plasmonic, metamaterial and 2D material platforms. I will 

present our latest efforts to demonstrate efficient optical frequency conversion and ultrafast 

switching in various metamaterial systems. 
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Signify is the world leader in lighting for professionals, and consumers and lighting for 

the Internet of Things. Our energy-efficient lighting products, systems, and services enable 

superior quality of light. 

Our track record in innovation is strong and we invest heavily in R&D to stay at the 

forefront of technological developments. 

 Signify continues to innovate in LED lighting and is leading the industry’s expansion to 

lighting systems in both the professional and consumer markets. Our position as the industry 

leader in connected lighting makes Signify the lighting company for the Internet of Things (IoT). 
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We present a new time-dependent two-state model describing a constant-amplitude level-

crossing field configuration, for which the frequency detuning varies within a finite interval. A 

peculiarity of the configuration is that the resonance crossing always occurs asymmetrically in 

time, so it can be considered as an asymmetric version of the second Demkov-Kunike model. 

The general solution of the problem is given by two independent irreducible linear combinations 

of the Gauss hypergeometric functions. We study the asymptotes of the solution in terms of 

corresponding quasi-energies and calculate the final transition probability for the case when the 

system starts from the first quasi-energy state. 
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The presentation will overview our on-going activities on laser ablative synthesis of 

novel biocompatible colloidal nanomaterials and their testing in biomedical tasks. Our original 

approach is based on ultra-short (fs) laser ablation from a solid target [1,2] or already formed 

water-suspended colloids [3] to fabricate “bare” (ligand-free) nanoparticles (NPs) with well-

controlled size characteristics, as well as coating of nanomaterials by functional molecules 

(dextran, PEG etc.) during the ablation process or afterwards [4]. The presentation will describe 

recently developed approaches to achieve appropriate characteristics of several promising 

metal/semimetal (Au [1,3,4], TiN [5], Bi [6], B [7], etc.), semiconductor (Si [8], MoS2/WS2 [9]), 

and composite core-satellite (Si@Au [10], Fe3O4@Au [11,12]) nanostructures. The presentation 

will also overview our results on biological assessment of some laser-synthesized nanomaterials 

[12-14], as well as highlight some biomedical applications of laser-synthesized nanomaterials, 

including their use as contrast agents in SERS bioidentification [15] non-linear optical [16], 

photoacoustic [17] and MRI [12] bioimaging, sensitizers of photothermal therapy [5-7, 9, 12].    
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Monolayer transition-metal dichalcogenide (TMD) materials exhibit strong excitonic 

effects and hold promise for optical and optoelectronic applications. Yet, electron doping of 

TMDs leads to the conversion of neutral excitons to trions, which recombine predominantly non-

radiatively at room temperature. As a result, the photoluminescence intensity is quenched. Here I 

will present our recent work on the optical and optoelectronic response of MoS2/WSe2 

heterostructure as a function of chemical doping by Cs atoms. We employ photoluminescence 

and submicrometer angle-resolved photoemission spectroscopy (μ-ARPES) to identify the 

interband transitions and assign them to the momentum-indirect Q-Γ and K-Γ transitions. First, 

we discuss the band filling as function of electron doping and the corresponding excitonic 

response, revealing the specific robustness of the interlayer Q-Γ exciton to high charge carrier 

concentrations (∼1013 cm–2). Secondly, this selective doping allows us to re-assess the energies Q-

Γ and K-Γ excitons and correct the previous incorrect assignment of interband transitions. 
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Luminescent nanomaterials doped with lanthanide ions have attracted considerable 

attention and due to their unique properties allow for applications in various areas, e.g. 

optoelectronics, display panels, solar cells, sensors. This lecture presents selected nanomaterials 

based on inorganic matrices (e.g.: fluorides, vanadates, borates, phosphates, etc.) doped with 

luminescent lanthanide (Ln) ions, characterized by efficient emission properties. As application 

materials, they show: phase purity, high crystallinity and homogeneity, small particle size and 

narrow particle size distribution, and should not be agglomerated. Examples of effective 

nanoluminophores (NL) and up-converting (UCNL) doped with Ln3+ (or Ln2+) ions and their 

surface functionalized, by coting with organic compounds, hybrid systems for sensor and 

analytical applications are discussed in detail. I show that the luminescence & upconversion 

luminescence of selected Ln-doped NLs can be successfully used as optical sensors, capable of 

measuring temperature [1,2] and pressure [2] and for (nano)-thermometry or/and (nano)-

manometry [1-4]. Nanoparticles (NPs) functionalized with organic compounds have proven to be 

very useful for analytical purposes. We have developed new highly sensitive and highly selective 

fluorescence methods [5] based on energy transfer from the analyte ion to the Tb3+ ion, or Eu3+ ion 

NPs for the (sensing) determination of metal species (e.g. WO4
2-, MnO4-, Cu2+) in real water 

samples. 
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 Although researchers have proposed varifocus elements for focus and zoom [1], 

the technology has not yet reached widespread use in industry. Varifocus elements change focal 

length while remaining stationary, unlike traditional glass elements with fixed focal lengths. We 

previously showed successful fabrication of 10-mm diameter electrostatically actuated mirrors 

toward achieving 2x electronically controlled optical zoom [2]. These aluminum and gold coated 

varifocus mirrors have been commercialized as POWERAVE  mirrors with bandwidths of 

approximately 500 Hz. Their focal lengths range from infinity down to 500 mm.  

Utilizing several electrostatically actuated mirrors, POWERAVE Focus and Zoom 

systems provide independent control of optical focus and zoom in imaging systems [3]. 

Providing electronically controlled optical zoom allows for observation of large areas at low 

magnification during manufacturing processes and agile inspection at higher zoom of concerning 

features without any physical agitation of the microscope or sample. POWERAVE Focus and 

Zoom systems may be added to wide-field, confocal, and multiphoton microscopes to achieve 

rapid focus and increased zoom control. Figure 1 shows a benchtop system that inserts at infinite 

conjugate locations of an open microscope. Either a user-interface or remote control provides 

focus and zoom adjustments. The POWERAVE Focus and Zoom benchtop provides optical 

focusing over millimeters at low numerical apertures to hundreds of microns at high numerical 

apertures, is achromatic, and keeps the sample, stage, and lenses stationary thus protecting the 

sample from damage and any agitation. Imaging results will be presented. 

 

Figure 1: (top) User interface/remote control to alter optical focus and zoom of POWERAVE Benchtop. (bottom) 

POWERAVE Benchtop within a 40x narrow-field microscope with a USAF target as a sample. A honeybee leg 

sample was used in the system for the user interface/remote control image shown on top.  
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The use of MWIR and LWIR thermal imaging devices has increased significantly in 

recent times. These devices are used in various fields like medicine, security, monitoring, and 

scientific research. However, a common issue known as the Narcissus effect can occur due to the 

high sensitivity of the receiving matrix in these devices. In this report, we will present examples 

of zoom optical systems that exhibit the Narcissus effect and discuss ways to correct it. We will 

also highlight the challenges faced during the correction process.  

This study aims to improve our understanding of the Narcissus effect in MWIR optical 

systems. By looking at specific examples of zoom optical systems, we will explore the problems 

caused by the Narcissus effect and discuss methods to fix it. We will also discuss the difficulties 

encountered when trying to correct this issue. By sharing this knowledge, we hope to enhance 

the performance and reliability of MWIR devices, making them more useful in various 

applications. 
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The race towards realizing all-optical intelligent machines, capable of learning and processing 

information solely in the optical domain, continues with great promise. These machines aim to 

achieve the much-desired milestone of size-independent, ultrafast, and highly efficient 

computations for complex problems on a large scale. Optical computing has already exhibited 

unprecedented performance in numerous areas, ranging from basic mathematical operations to 

optimizing complex systems and predicting their dynamics. Notably, our recent works have 

demonstrated how the scattering of spatially modulated light through a passive disordered 

medium serves as a unique parallel mixing process for information encoding [1, 2].  

In this study, we further advance optical computing by combining multiple light scattering with 

nonlinear light-matter interactions. To achieve this, we introduce liquid crystal (LC) into the 

optical computing setup, renowned for its high nonlinearity. Through this innovative approach, 

we present predictions on large spatiotemporal chaotic systems for the first time. Our research 

underscores the scalability of our optical scheme, showcasing an optical neural network based on 

liquid crystal technology that outperforms other optoelectronic neural network implementations 

by an order of magnitude in terms of power efficiency and computation speed. 

In summary, our study represents a significant step towards the realization of all-optical 

intelligent machines. By incorporating liquid crystals into optical computing, we unlock exciting 

possibilities for faster and more efficient computation of complex problems, bringing us closer to 

the goal of achieving ultrafast, size-independent optical computations. 
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Magnetically induced (MI) Fg = 1→ Fe = 3 transitions of 87Rb and 39K D2 lines, as well as Fg 

= 2 → Fe = 4 of the 85Rb D2 line and Fg = 4→ Fe = 2, Fg = 3→ Fe = 5 of the Cs atoms D2 line using 

σ+ and  σ- circularly polarized radiations been successfully implemented to form optical EIT-

resonances in strong magnetic fields up to a few  kG [1-3]. For this purpose, a ~ 1-μm-thick cell 

filled with Rb or Cs atomic vapors have been used [1-3]. Experimental results are in good 

agreement with theoretical curves. Possible applications are addressed. 
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Harnessing localized heating through efficient light absorption has opened up exciting 

possibilities for precise control of nanoscale systems. Such optothermal effects alter the 

environment locally through the induction of fluid flows enabling the active manipulation of 

systems out of equilibrium [1]. Here, we explore how the control of light-induced fluid flows 

facilitates complex, yet steerable, motion of micro- and nanoparticles [2-4]. We demonstrate that 

the rapid rotation of micromotors is solely powered by the generation of local temperature 

gradients, whose direction can be predetermined through light polarization. Furthermore, by 

regulating heat-mediated fluid flows, we have achieved the self-assembly of individual particles 

into colloidal structures that resemble molecular structures [5]. The inherent activity of these 

colloidal molecules provides valuable insights into the organization of fundamental building 

blocks into functional materials. Finally, we introduce digital holographic microscopy (DHM) as 

a powerful tool for investigating the onset of fluid flows in microfluidic chips through highly 

accurate 3D tracer tracking [6]. We combine this technique with optical diffraction tomography 

(ODT) to precisely determine the temperature profile. Our findings highlight the potential of 

optothermal manipulation in micro- and nanoscale systems as a viable alternative approach for 

nanotechnologies with enhanced functionality and control. 

 
Figure 1: a) A Janus silica colloid half-coated with Gold rotates in circular orbits around the center of a defocused 

laser beam (black cross) at radius through heat creation at its cap. Adapted from Ref. 2. b) A silica colloid coated 

with iron oxide nanoparticles rotates in circular orbits around the center of a focused laser beam through heat-

induced local demixing at its surface. Adapted from Ref. 3. c) Light-absorbing and non-absorbing colloids self-

assemble under light irradiation into various types of molecular structures. Adapted from Ref. 5. d) Creation of 

strong fluid flows tracked via tracer particles with DHM. e) ODT measurement of the light absorption on the surface 

of a coverslip coated homogeneously with Gold nanorods. Adapted from Ref. 6. 
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Integrated photonics is becoming day by day more and more important for the 

advancement of quantum technologies. This is particularly true for applications like quantum 

computing and simulation, where bulk optics cannot compete with the scalability of integrated 

photonic devices. While achieving quantum computing is a long-term goal, there are other 

applications that can benefit from the peculiar advantages of integrated photonics, and that are 

much closer to their commercial deployment. This is particularly true for imaging and sensing. 

Exploiting the miniaturization, low-cost, efficiency and robustness of integrated photonics, 

quantum sensors can be made a commercial reality in the next years, overcoming their classical 

counterparts and enabling new technological functionalities.  

This is the case, among the others, of Ghost Sensing (GS) and Undetected Photon 

Sensing (UPS). These two techniques are both based on photon-pair sources, with the maximum 

potential when highly nondegenerate photons are generated. In fact, thanks to the time-energy 

correlation between the generated photons in the pair, through GS and UPS it is possible to 

access information of the sample at technologically complicated wavelengths, like the mid 

infrared (MIR), with standard visible (VIS) and  infrared (IR) technologies. The main difference 

between GS and UPS is that the first one still requires the coincidence detection of both the 

photons in the pair, while the second one does not even require the detection of the photon 

probing the sample.  

To enable such techniques on chip, we designed a novel source of non-degenerate photon 

pairs based on Spontaneous Four Wave Mixing (SFWM) in silicon, where the paired photons are 

generated one beyond 2000 nm and the other below 1300 nm. With this source, we demonstrated 

the first GS of CO2 based on integrated photonics and the first on-chip UPS.  

In this talk, I will present our non-degenerate SFWM source, and the results obtained for 

GS and UPS on a silicon photonic chip. 
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Magic angle twisted bilayer graphene has been realized as a new platform to study 

strongly correlated quantum states of matter such as superconductors, correlated insulators and 

topological orders hosted by its native flat bands. Recent observations of anomalous Hall effect 

in MATBG revealed a non-zero Berry-curvature-induced orbital ferromagnetism and has been 

followed by extensive experimental and theoretical studies of its origin. Initial electronic 

transport studies demonstrated anomalous Hall effect at ν=+3 electrons per moiré unit cell in the 

samples aligned with the adjacent insulating hBN layer, which breaks MATBG moiré inversion 

symmetry thus assisting in opening non-trivial insulating gaps with finite Chern numbers. Here 

we report on photovoltage scanning near-field imaging at cryogenic temperatures (10 K) of a 

MATBG device structurally aligned with hBN layer. We reveal a complex pattern of quasi-local 

photovotage fringes attributed to the second-order superlattice (supermoiré) potential modulated 

through the sample bulk. We assume that predominantly the photocurrent originates from PV 

generation mechanisms induced by the proximity of a hot spot formed on the metallic atomic 

force microscopy tip radiated by mid-infrared photons. Strikingly, we find a clear change of the 

PTE fringes’ real-space orientation when the sample doping changes between the valence and 

conductance flat bands which may signal a nematic ordered state in a highly doping-dependent 

low-energy spectrum of MATBG. Our observation sheds a new light on the microscopic 

mechanisms of the inversion symmetry breaking on a mesoscopic lengthscale.  
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We examine the optical properties of a high-Tc superconducting RAFe4As4 (R = Ca and 

Sr, A = Rb and Cs) series using the first-principles pseudopotential plane-wave technique and the 

generalized gradient approximation (GGA) [1]. The refractive index n(ω), extinction coefficient 

k(ω), absorption coefficient α(ω), energy loss function L(ω), reflectivity R(ω), optical 

conductivity σ(ω), and the effective number of carries participating Neff(ω) are calculated from 

the photon energy E = h(ω) dependencies of real and imaginary parts of dielectric functions ε(ω). 

Further, the phonon properties were calculated using the phonopy software [2]. The densities of 

partial and phonon spectral functions of the compounds are established to up 15 THz and in 

through important points of the Brillouin zones.       

We demonstrate that the optical properties of the examined materials are highly 

anisotropic, particularly in the infrared light region. The photon energy dependences of the 

dielectric tensor and optical properties reveal highly excited valence orbitals that join 

considerably in intraband and interband transitions. The total and partial densities of states are 

considered while interpreting these transitions.   

Plasma frequencies ωpe in CaAFe4As4 are expected to be in the range of 32 eV and 25-27 

eV in SrAFe4As4. The observed saturation in the effective number of carriers and near-zero 

optical conductivity at frequencies higher than ωpe indicate a transparent state in the materials 

studied. The phonon spectra reveal the dynamical stability of CaRbFe4As4, CaCsFe4As4, and 

SrRbFe4As4. When phonon dispersion and phonon density of states are examined, strong 

vibrations of the hybridized Fe and As atoms may be seen. The presence of anomalous 

dispersion suggests a strong electron-phonon interaction that could affect high-Tc 

superconductivity in RAFe4As4. 
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We have experimentally demonstrated the generation of pyroelectric-controlled bending 

optical solitons in a Fe-doped lithium niobate (LN:Fe) crystal having pronounced photovoltaic, 

photorefractive and pyroelectric properties. The experiments were performed in the wide range 

of the single-mode 632.8 nm laser beam powers of 0.5−10 mW. The LN:Fe sample with 10 mm 

thickness and transverse size of 4 ⅹ 4 mm2 was used. The crystal temperature was changed in the 

range of 30 oC from its bottom side by both the crystal’s heating and cooling. The combined 

action of light-induced photovoltaic and temperature gradient-induced pyroelectric fields along 

the vertical C-axis of the crystal leads to a refractive index positive change. In turn, this leads to 

the self-focusing and soliton formation with ~50−60 μm diameter and its ~140 μm large bending 

along C- or C+-axis, respectively. An example of the time evolution of the profile of a laser 

beam with a power of 5 mW passed through the LN:Fe crystal under crystal temperature increase 

from 10−45°C [1]  is shown in Figure 1. 

 

 
Figure 1. The beam self-trapping and deflection along C-axis of the crystal. 

 

The underlying physics is elaborated. The numerical simulations performed are in good 

agreement with experimental results [2]. The generated soliton records the long-living 

waveguide channel inside the crystal due to its high resistance. The light-induced waveguiding 

channels, with curvilinear trajectories, are promising for targeted optical information routing. 
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Van der Waals (vdW) materials play a pivotal role in contemporary nanophotonics 

thaanks to their distinctive optical characteristics: high refractive index, giant optical anisotropy, 

and highly confined exciton polaritons [1]. These properties distinguish vdW-based devices from 

conventional photonic material. Natural low-symmetry, which results in giant out-of-plane 

optical anisotropy, is unquestionably the main cause of vdW advancements. However, in-plane 

anisotropy is what most anisotropic applications rely on. In that case, ReS2 and ReSe2 are ideal 

materials since they exhibit the lowest symmetry triclinic crystal structure [2]. Interestingly, the 

angle between their excitons is about 70° instead of the expected 90° [3]. This feature should, 

obviously, drive these materials to exhibit peculiar optical responses. In detail, we discovered 

both theoretically and experimentally wavelength-dispersive optical axes in ReS2 and ReSe2 

crystals. This behavior is exclusive to these materials and, more importantly, is not described by 

generalized Kramers-Kronig relations, derived for triclinic systems [4]. Hence, ReS2 and ReSe2 

have unusual optical properties that set them apart from vdW and non-vdW materials as well, 

thereby establishing a new branch in light-matter interaction. 
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Graphene and other 2D materials are being extensively studied around the world due to 

their unique physical properties [1,2]. These materials can be used in various technological fields 

and environments. For example, they can be used in environments where there is a proton 

radiation background (Nuclear plants, space, etc.). Therefore, it is very important to understand 

the effect of proton irradiation on the properties of these materials. 

In turn, graphene layers synthesized by liquid-phase exfoliation (LPE) exhibit interesting 

optical properties, especially when doped simultaneously in solution [2,3]. In our research the 

influence of proton irradiation on the infrared absorbance, reflectance, and transmittance of LPE 

graphene is discussed. The layers are irradiated using C18 cyclotron. By combining Raman and 

FTIR spectra, it was possible to analyze the effect of radiation on the optical properties of the 

layers. The change in the content of chemical elements after irradiation is also discussed using 

the results of energy dispersive X-ray spectroscopy. The effect of proton irradiation on the 

electrical properties was also studied. The change of I-V characteristics after proton irradiation is 

discussed. 
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Perovskites as a photo absorber material starting to be widely used in solar cells. The 

characteristics of these solar cells have been greatly improved in recent years. The search for the 

new stable compounds with the perovskite structure and the new methods for obtaining more 

perfect films is continuing [1]. This work demonstrates the possibility of obtaining 

CH3NH3PbI3−xClx perovskite films of uniform composition and thickness by means of the 

vacuum thermal coevaporation of lead iodide (PbI2) and methylammonium chloride 

(CH3NH3Cl). The layers were characterized by scanning electron microscope and X-ray 

diffraction. The optical properties of the obtained films (the transmission, the reflection and the 

absorption) were studied within the wavelength range of 400 to 1000 nm. The low-temperature 

optical studies were carried out to reveal the temperature dependence of the energy gap width of 

the perovskite film and to determine the exciton binding energy (Fig.). The thin films show a 

favorable optical band gap of 1.56 eV. 

 

Figure 1. The absorption spectra of the perovskite film CH3NH3PbCl3-xIx at different temperatures 
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Recently, neural networks have become actively used in practice applications due to their 

ability to perform complex mathematical tasks. A number of papers have shown the ability of 

using optical circuits to implement neural networks [1]. The use of optical signals in such 

systems makes it possible to achieve high parallelism of calculations and a significant volume 

density of the elements arrangement, thereby leading to great efficiency of optical devices [2].   

One of the types of optical neural networks are diffractive networks (DNN) [3]. Diffraction of a 

light signal on a set of passive layers, that work collectively, leads to the ability to perform 

various functions, such as image recognition and classification. The main disadvantage of the 

passive scheme is the need for preliminary optimization of layer profiles using mathematical 

methods based on deep learning, which should at the same time describe the existing physical 

laws. However, the calculated masks can be easily fabricated using available lithographic 

methods, which makes it easy to practical implement the results obtained.  

In this work, we demonstrate methods aimed at optimizing the operation of a mathematical 

model of an optical diffraction neural network in the visible spectral range, and also show the 

possibility of manufacturing phase masks by two-photon laser lithography. 
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Over the past two decades, there has been a significant increase in interest in single-

photon detector (SPD) technologies, which are widely used in various applications of quantum 

optics and quantum information science [1]. While superconducting nanowire single-photon 

detectors have achieved remarkable performance and are currently leading the field [2, 3], the 

progress in many scientific and technological areas demands the development of next-generation 

detectors. 

In this study, we propose new designs of multi-layer detection pixels for a thermoelectric 

single-photon detector [4]. The detector consists of heat sink (Bi-2223 or W) located on a 

dielectric substrate (Al2O3), a thermoelectric sensor (CeB6 or La0.99Ce0.01B6) located on the heat 

sink, an absorber (Bi-2223 or W) located on the sensor, and an antireflection layer (SiO2) located 

on the absorber. To investigate the behavior of these detection pixels, we employ computer 

simulations to study the heat propagation processes that occur after the absorption of photons 

with energies ranging from 0.8eV (λ=1550nm) to 1keV (λ=1.24nm). These calculations are 

based on the heat transfer equation from a limited volume, utilizing the three-dimensional matrix 

method. By analyzing the temporal dependence of temperature in different regions of the 

detection pixels, considering various thicknesses of the layers and a detection pixel surface area 

of either 4 or 1 µm2, we extract valuable data to determine the sensor's signal parameters 

subsequent to photon absorption. 

Furthermore, we derive equations for phonon and Johnson noise for the three-layer 

detection pixel and proceed to calculate the total noise and the signal-to-noise ratio (SNR). Our 

findings demonstrate that the SNR can exhibit a wide range, varying from <1 to as high as 460, 

depending on the specific design of the detection pixels. Consequently, our results indicate that 

thermoelectric sensor-based SPDs have the potential to serve as a real alternative to 

superconducting detectors in certain applications. 
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This study focuses on the exploration and analysis of specially designed mesh-patterned 

metastructures to enhance electromagnetic field interaction in thermoelastic optical indicator 

microscopy (TEOIM) [1,2]. The primary objective is to introduce a new type of optical indicator 

with improved capabilities. The TEOIM system, as depicted in Figure 1, utilizes mesh-patterned 

metastructures to visualize magnetic or electric field in-plane components separately. These 

metastructures exhibit a directed design that significantly boosts the registered field distribution 

intensity, surpassing the performance of solid ITO optical indicators. The design and 

optimization of the mesh-patterns and metastructure optical indicators were accomplished using 

COMSOL Multiphysics computer simulation software. Among the six optical indicators 

discussed, four demonstrated the ability to visualize magnetic field x or y components due to 

their direction-oriented structure, leading to enhanced measurement sensitivity. The remaining 

two indicators offered more precise distribution visualization. The preparation of these mesh-

patterned metastructures as optical indicators is straightforward, and further improvements can 

be made to enhance the interaction between microwaves and the metastructure. The experimental 

validation of the fast measurement process under real conditions allowed for the development of 

unique prototypes and commercial systems for various applications. With advancements in 

optical indicators, this system shows potential for widespread implementation in the future. 

 

 

 

 

 

 

Figure 1. Schematic sketch of TEOIM with optical indicator. 
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Data encoding and compression using Hadamard matrices it is a good way to send secret 

messages and make the transmitted data compact. The input data is encoded by multiplying the 

data matrix with the Hadamard matrix, and if the input data contains many identical elements, 

the resulting matrix has many zero elements, therefore the information is compressed. A useful 

aspect of the method is the possibility to use a Hadamard matrix with rows and columns 

permuted according to a secret key. In this way, not only is the message encrypted, but the 

cipher is also secret to the recipient and must be received separately. There is a major drawback 

with this method that the data to be encrypted must be available in an easily manipulated form, 

such as an array of ASCII characters or gray-level points. Hadamard encoding is a matrix 

multiplication and one must either calculate the multiplication by hand or enter the data into a 

computer to perform the multiplication. One way to avoid this problem is to use optical pattern 

recognition methods. Another way is to use ordinary Fourier optical instruments (lenses) as in 

Fig. 1. Data encoding and compression is done using a Fourier transform, which has less 

compression power. It is an advantage of physically encrypting the data instead of doing the 

manual or digital calculation. The input data can be a note anything. It can come at a moment's 

notice and does not require any special training on the part of the operator. Real time coding 

can be done. It may, however, require that the message data be made available in a specific 

physical format independent of the message content. For example, it may need to be written on 

a transparency, to have certain dimensions and above all have a high contrast. 

 

Figure 1. Ordinary Fourier optical instruments 
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Exciton-polaritons offer a versatile platform for realization of all-optical integrated logic 

gates due to the strong effective optical nonlinearity resulting from the exciton-exciton 

interactions. In most of the current excitonic materials there exists a direct connection between 

the exciton robustness to thermal fluctuations and the strength of exciton-exciton interaction, 

making materials with highest levels of exciton nonlinearity applicable at cryogenic temperatures 

only. 

 

Figure 1. (a) The sketch of a polaron-mediated exciton state, visualizing the polaron enhancement of exciton 

binding energy. The polaronic renormalization of Coulomb interaction breaks the Rydberg type scaling between 

exciton binding energy and Bohr radius, resulting in modification of exciton optical nonlinearity. (b) Lower 

polariton dispersion (green line) resulting from the strong coupling between the exciton (red dashed line) and the 

leaky photonic crystal modes (yellow dashed line). The increase of the resonant pump leads to a blueshift of the 

lower polariton mode (blue line) caused by many-body renormalization of spectrum due to the exciton-exciton 

interactions and quenching of the Rabi splitting. 

Here, we show both experimentally and theoretically that strong polaronic effects, characteristic 

for perovskite materials, allow to overcome this limitation [See Fig. 1a]. Namely, we 
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demonstrate the record-high value of the nonlinear optical response in nanostructured organic-

inorganic halide perovskite MAPbI3, experimentally detected as 19.7 meV blueshift of the 

polariton branch under femtosecond laser irradiation [Fig. 1b]. This is substantially higher than 

characteristic values for the samples based on conventional semiconductors and monolayers of 

transition metal dichalcogenides. The observed strong polaron-enhanced nonlinearity exists for 

both tetragonal and orthorhombic phases of MAPbI3 and remains stable at elevated temperatures 

[1]. Employing the related MAPbBr3 material we further reach the strongly nonlinear optical 

response at room temperature [2]. 
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In 1996 Dyakonov and Shur proposed a scheme for a potentially highly sensitive 

photodetector using plasmons in a two-dimensional electron system. The work generated many 

ideas for plasmonic detectors. However, in all currently known publications, only absorption 

oscillations associated with the presence of plasmon resonances were observed, without its 

enhancement [1]. 

We identify the reasons for their low sensitivity. We show that a large relaxation time of 

an electron pulse τ in the general case does not guarantee a large absorption cross section of light 

by a plasmonic resonator. A more important role is played by the matching of the ohmic and 

radiation resistances of the plasmonic system itself. Upon matching, the cross section reaches σλ 

= λ0
2/4π, where λ0 is the wavelength of light in vacuum. If matching is still achievable in the 

long-wavelength region of the spectrum, for IR it needs unrealistic τ. The addition of metal 

contacts of a simple rectangular shape to the system, which are in any case an integral part of the 

photodetector, makes it possible to achieve the limiting absorption at shorter values of τ. The key 

advantage of plasmonic detectors is their subwavelength dimensions, which, for example, makes 

it possible to place many detectors operating simultaneously at different wavelengths on an area 

σλ without compromising the absorption cross section σλ of an individual device (Fig. 1). FEM 

simulations were made in CST Microwave Studio and supported by theoretical calculations [2]. 

 

Figure 1. Absorption spectrum of the “four-color” array with cell size ~ λ0. The absorbances of individual 

detectors are noninterfering despite the fact that each of them occupies the subwavelength area. 
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Spontaneous emission rate is determined by the local density of photonic states (LDOS) 

of the system. In nanophotonic structures, LDOS can be engineered leading to enhancement or 

inhibition of spontaneous emission in a controllable manner (the Purcell effect). Recently, a 

controversial behavior of LDOS was discovered in photonic systems that incorporate gain and 

lossy media. In particular, LDOS can become negative [1]. Work [1], also suggests that negative 

LDOS does not imply negative spontaneous emission and proposes novel formulation to Fermi’s 

golden rule, where spontaneous emission rate remains positive under any circumstances. Our 

recent microscopic study [2] also predicts negative LDOS but, by contrast, we let the 

spontaneous emission rate be negative (Fig. 1a), and even in this case the system maintains 

physically reasonable behavior due to the stimulated transitions (Fig. 1b). Here, we extend our 

treatment to macroscopic electrodynamic level showing that negative spontaneous emission rates 

can be correctly introduced. As a result, no drastic changes to Fermi’s golden rule are required 

and consistency with the formulation for purely lossy systems can be preserved, in particular, the 

relationship between LDOS and the spontaneous emission rate. 

 

Figure 1. a) Density of states and b) spectra of the field in a single-mode nanocavity as a function of population 

inversion. Note the emergence of negative density of states (the green curve in panel a). 
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Ultrathin metal films (< 10 nm) have recently become a base for a range of novel 

applications from plasmonic interconnects to flexible transparent conductors, owing to their 

advantages of electrical conductivity, optical transmittance in visible spectrum and mechanical 

robustness [1]. However, fabrication of high quality ultrathin noble metal films requires the use 

of growth control methods for obtaining continuous films, such as introduction of seed and 

adhesion layers or special deposition conditions. Recently, two-dimensional molybdenum 

disulfide (MoS2) underlayers demonstrated growth results of continuous ultrathin gold films of 

high plasmonic response and low sheet resistance [2,3]. Nevertheless, the implementation of 

ultrathin metal films is restricted by the wetting substrate layer, and the development of new 

methods for preparing ultrathin films onto any substrate is promising. 

 In this work, we obtained the growth of ultrathin gold films of thicknesses below 10 nm 

and characterized their optical response by a complex of far- and near-field methods. We 

performed a comprehensive study using atomic-force and scanning electron microscopies, 

spectroscopic ellipsometry, optical transmission and sheet resistance measurements, proving 

superior optical properties of the prepared film close to the bulk metal. By the scattering-type 

scanning near-field optical microscopy (s-SNOM) we carried out qualitative and quantitative 

analysis of local optical response of ultrathin gold films and confirmed surface plasmon 

polaritons (SPPs) propagation. We demonstrated that s-SNOM can be effectively used to study 

both structural morphology and local optical response of ultrathin films. The obtained results 

are crucial for growth and characterization of ultrathin metals in their potential use in 

optoelectronics and photonics applications. 
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The field of material science grapples with a significant challenge: the quest for new two-

dimensional materials with applications in electrical, gas sensing, and catalytic fields [1]. In this 

study, we employed an evolutionary structure prediction algorithm and ab initio approaches to 

explore the discovery of novel two-dimensional tin oxide materials. Through our evolutionary 

search calculations, we uncovered stable structures such as Sn2O3, SnO2, SnO, and Sn3O4, 

along with metastable Sn3O5 structures [2]. Notably, Sn2O3 emerged as a novel structure with 

tetragonal symmetry, which we verified as dynamically stable through phonon and ab initio 

molecular dynamics simulations. 

To assess the adsorption properties, we conducted calculations involving interactions 

with various molecules, including CO, CO2, NO, NO2, O2, and H2O. Our findings revealed 

physical adsorption phenomena during the interaction with these molecules. Specifically, for 

SnO and SnO2, physical adsorptions were observed for H2O2. However, on Sn2O3, chemical 

adsorption occurred, and in the most energetically favorable configuration, the H2O2 molecule 

dissociated into two OH molecules. These results suggest that the theoretically predicted Sn2O3 

structure holds great promise as a material for detecting H2O2. 
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The optical metasurfaces supporting quasi-trapped mode (QTM) resonances are of 

particular interest in modern nanophotonics and integrated optics. Such modes correspond to the 

eigenstates of the system, can be detected via narrow features in reflection/transmission spectra, 

have a strong polarization dependence of their optical response, are very sensitive to the ambient 

conditions, and allow achieving extremely high near filed concentration inside metasurface’s 

building blocks. We study the dielectric metasurfaces composed of nanoparticles with symmetry 

breaking possessing bianisotropic electromagnetic response, which support the QTM excitation. 

In this work, by applying a special tuning procedure, we designed and fabricated Si metasurfaces 

placed on SiO2 substrate and supporting the QTM resonances, which causes narrowband spectral 

features in the metasurface’s reflectance. The bright QTM resonances can be observed in the 

reflectance spectra when metasufaces are irradiated by a linearly-polarized plane wave normally 

incident to the holey disk’s base with orientation of electric field vector parallel to the hole’s 

shift, see Fig.1a. The measured QTM resonances are very close to predicted ones by numerical 

simulations, see Fig.1a. At the same time, QTM effect completely disappears when the incident 

wave polarization changes to the orthogonal one. We propose to use the designed metasurfaces 

(Fig.1b) as distributed feedback resonators for lasing devices and metastructures with polarizing 

control. 

For the development of this topic, we investigated the effect of narrowband collective 

absorption in metasurfaces consisting of strongly anisotropic weakly absorbing MoS2 

nanoparticles and supporting QTM resonances. We show that studied metasurfaces can be tuned 

to the formation of narrow absorption peak at telecom wavelength 1550 nm, to change the Q-

factor of the absorption resonance in the range from 140 to 310, and to achieve the absorption 

efficiency of about 90% at maximum sensitivity of 360 nm/RIU. Such systems have prospects 

for the creation of highly sensitive sensor coatings, as well as elements for narrowband 

electromagnetic shielding systems.  
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Figure 1. а) Comparison of experimentally measured and numerically calculated reflectance spectra of the Si 

metasurface placed on SiO2 substrate for orthogonal orientations of the polarization of the incident light. b) SEM 

image of metasurface. 
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The advances of the nanowires (NWs) for emerging semiconductor technologies 

compared with their thin-film counterparts include possibility of the growth on lattice-

mismatched substrates and peculiar geometry promising both in terms of optical and electronic 

properties for fabrication of the nanosized conductive elements, sensoric components, passive 

and active photonic structures. 

Gallium phosphide (GaP) is a mature semiconductor material. In terms of the optical 

properties GaP is lossless pretty much over the visible and IR ranges, optically dense and 

having large second order optical susceptibility. Despite being indirect bandgap material, GaP 

can be diluted with other isovalent elements such as As,N, In etc. making it direct bandgap. 

Here we report on the peculiar properties of the phosphide NWs and discuss perspectives 

for their use both as passive and active elements in photonics. 

Results of the study demonstrate anisotropic emission in heterostructured NWs, prospects for 

use of the self-assembled Ga catalyst droplet promoting plasmonic effects and efficient second 

harmonic generation in GaP NWs which efficiency is the function of their dimensions.  
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Due to exceptional magnetocaloric [1] and optoelectronic [2] applications, double 

perovskite transition metal oxides, which are members of a broad family of magnetic materials, 

have received a lot of attention in recent years. 

In this report, we present the results of DFT calculations for two semiconducting, 

magnetically ordered double perovskites, Ba2MnWO6 and Ba2TiMnO6. Using the generalized 

gradient approximation (GGA), we discovered significant changes in the electronic structure and 

magnetic characteristics of these compounds. 

We calculated optical properties to investigate the effect of inter- and intraband 

transitions on the optical properties of Ba2MnWO6 and Ba2TiMnO6. It was found that Mn-3d 

orbitals have the biggest influence on the valence band maximum (VBM), while W-5d orbitals 

influence the conduction band minimum (CBM) [3]. Furthermore, the compounds investigated 

have strong ultraviolet light absorption, making them suitable materials for optical applications 

such as solar cells. 

We also performed pressure induced calculations on Ba2TiMnO6 using the projected 

augmented wave (PAW) method and discovered that compressive strain could result in a 

semiconductor-metal transition (SMT). 
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The high refractive index and optical anisotropy are fundamental building blocks for 

next-generation nanophotonics [1-4]. It reveals the necessity of novel lossless high refractive 

index materials with giant birefringence ∆n. In recent years, van der Waals (vdW) crystals have 

received considerable interest as high-refractive-index materials. Moreover, weak binding 

between layers in vdW materials inevitably leads to giant out-of-plane birefringence. This large 

natural out-of-plane optical anisotropy can be leveraged for various photonic applications such as 

subdiffractional light guiding [3-5], extreme skin-depth guiding [2], Mie nanoresonators [6] etc. 

However, the in-plane anisotropic properties of vdW crystals remain unexplored, while many 

anisotropic effects rely on in-plane birefringence [7, 8]. 

In this work, we present a novel approach to the high in-plane anisotropy materials 

search. Particularly, we use our geometrical consideration in action through the example of 

arsenic trisulfide (As2S3). We experimentally found that As2S3 has a giant in-plane optical 

anisotropy and a remarkably high refractive index in the visible range. Thus, As2S3 offers a 

universal material platform to benefit from both giant optical anisotropy and a high refractive 

index. We anticipate that our geometrical approach will be a new tool in the investigation of 

materials with in-plane anisotropic optical properties. 
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Novel technologies for optical circuits demand new approaches and materials. This includes a 

search for nanoscale waveguides that should satisfy criteria of high refractive index, small cross-

section and high crystallinity. Gallium phosphide nanowires satisfy all of these criteria [1]. We 

investigate the effects of the nanowire geometry on their waveguiding properties. Cut-off 

wavelength dependence on the nanowire diameter is analyzed to demonstrate the operating 

restrictions for optical circuits fabrication. Probing the waveguides with a supercontinuum laser 

unveils the filtering properties. The nanowires demonstrate perfect flexibility allowing 

fabrication of curved waveguides [2]. If nanowire diameters exceed the cut-off value, the 

bending doesn’t reduce the field confinement even with small curvature radii. We fabricate 

optical directional coupler made (Fig. 1) of two GaP nanowires. 

 
Figure 1. a) SEM and optical images of the directional coupler under the low b) and high c) excitation of 532 nm 

laser. 
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Modelling of the guided modes demonstrate agreement with the experiment and the NW 

waveguiding cut-off diameter is 105 nm for 532 nm and 183 nm for 808 nm. Waveguiding was 

studied with the supercontinuum laser. NWs exhibit filtering controlled via tailoring of their 

geometry. To obtain curved waveguides we employ AFM. The NWs exhibit great elasticity 

allowing fabrication of bent waveguides with the curvature radius down to 1.3 μm. The 

waveguiding is stable even for the strongly curved NWs possessing cross section slightly higher 

than the cut-off value. This property was then used for fabrication of the X-type coupler made of 

two bent GaP NWs. The reported optical properties of the self-assembled elastic GaP NWs and 

protocols for fabrication of the curved waveguides make a huge impact in the field of 

nanophotonics and optical circuitry for fabrication of subwavelength photonic guiding and logic 

elements alternatively to other promising approaches [3]. 

 
References 
[1]  K. Schneider, Y. Baumgartner, S. Hönl, P. Welter, H. Hahn, D. J. Wilson, L. Czornomaz, P. Seidler, “Optomechanics with one-

dimensional gallium phosphide photonic crystal cavities,” Optica. 2019, 6, pp- 577. 

[2] V. A. Sharov, A. D. Bolshakov, V. v. Fedorov, S. Bruyere, G. E. Cirlin, P. A. Alekseev, I. S. Mukhin, “Deep-subwavelength raman 
imaging of the strained GaP nanowires,” The Journal of Physical Chemistry. 2020, 124, pp- 14054. 

[3] G. E. Lio, J. B. Madrigal, X. Xu, Y. Peng, S. Pierini, C. Couteau, S. Jradi, R. Bachelot, R. Caputo, S. Blaize. “Integration of nanoemitters 

on photonic structures by evanescent wave guided nano-photopolymerization,” Journal of Physical Chemistry C, 2019, 123(23), pp- 
14669-14676. 

  



 

  81 

Nonlinear spatiotemporal dynamics of liquid crystals under the 

illumination of an inhomogeneous light field 

A. Mirzoyan, V. Grigoryan, M. Rafayelyan 
 

Yerevan State University, 1 Alek Manukyan St, Yerevan 

a.mirzoyan@ysu.am 

 

Numerous studies on light-matter interactions in liquid crystals (LCs) have been carried 

out for the past several decades. In general, the nonlinear response of LCs to the electromagnetic 

field is very rich and depends on many factors such as the phase of the LC, boundary conditions, 

illumination size, illumination power, LC temperature, and all of them both at molecular and 

supramolecular scales [1]. The interaction becomes even more complex when inhomogeneous 

electromagnetic fields are considered in the problem, as they give rise to a wide variety of 

defects and their intricate interactions within the LC. 

Our work involves both theoretical investigations and experimental studies on the 

nonlinear light-matter interaction in liquid crystals illuminated by intense and arbitrarily 

inhomogeneous light fields. The theoretical basis for our research is the Frank-Oseen model. 

Near the Freedericksz transition of nematic liquid crystals with negative anisotropic permittivity 

and homeotropic anchoring, this model transforms into an anisotropic Ginzburg-Landau 

equation. It describes the tilt amplitude of the director from the vertical axis, taking the three-

dimensional to two-dimensional limit through a thin film approximation [2]. 

Simulations are conducted using incident modulated light as inhomogeneous 

electromagnetic field. We investigate the self-organization of topological defects and their 

spatiotemporal dynamics based on the characteristics of the Gaussian distribution of the incident 

modulated light (mean and standard deviation). It is demonstrated that appropriately choosing 

the parameters of the modulated light can induce chaotic behavior in the system. 

In addition to the theoretical investigations, we also perform experimental work to study 

the interaction between modulated light and a nematic BSO (Bismuth Silicon Oxide) LC cell. 

The use of BSO enhances the sensitivity of the LC cell. In the experiment, we employ a digital 

micromirror device (DMD) as a light modulator, which modulates the light in amplitude. This 

experimental setup allows us to explore the effects of modulated light on the LC cell and further 

validate our theoretical findings. 
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  The field of light propagation in complex media is rapidly advancing, offering novel 

techniques for beam shaping, imaging, sensing, and optical computing. In our study, we have 

developed a novel approach for controlling the propagation of light through a disordered medium 

based on the following equation that describes the light prorogation through the disordered 

medium with a transmission matrix T: 

𝐸𝑜𝑢𝑡 = 𝑇 ⋅ 𝐸𝑖𝑛 

 

In the case of a thick disordered medium, the T is a dense random matrix consisting of 

independent and identically distributed random complex variables [1], 𝐸𝑖𝑛 and 𝐸𝑜𝑢𝑡 are the input 

and output vectors of electromagnetic fields, respectively. 

To implement our approach, we constructed an optical setup consisting of a spatial light 

modulator (SLM) to encode any input vector into the phase of the light, a camera to detect the 

intensity of the output light and a scattering medium. In our approach, we introduce an additional 

wavefront shaping that effectively changes the T transmission matrix of scattering material 

allowing us to perform arbitrary vector-matrix multiplications through such optical architectures. 

To compensate system decorrelations, we used the so-called physics aware (in situ) training 

method [2], which makes the optimization of the additional wavefront shaping based on the real-

time measurements on the optical setup․   

To validate our concept, we have studied our method experimentally and theoretically. Namely, 

we trained the reconfigurable parameters to get a vector-matrix multiplication with set of 

arbitrary matrices 𝑇0 different from the initial 𝑇. 
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In nanophotonics, creating structures like waveguides or resonators with high efficiency 

and small footprint requires a material with high refractive index, giant anisotropy and negligible 

optical loss. Unfortunately, commonly used materials (Si, TiO2, GaP) don't have anisotropic 

properties and are limited in the spectral range where they have low optical losses. This research 

identifies hexagonal boron nitride (hBN) as an ideal material for nanophotonics in the broadband 

wavelength range. We used near-field optical microscopy and ellipsometry to obtain accurate 

values of the dielectric constant tensor hBN. Results showed negligible optical loss, a refractive 

index of 2.75, and a birefringence of 0.7 from deep UV (250 nm) to near infrared (1700 nm). The 

study also showcased the possibility of using hBN for subwavelength waveguides (40 nm wide) 

and chirality-preserving mirrors. 
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Terahertz radiation has many potentially useful applications. Graphene, in turn, is a 

promising material for creating a highly efficient ultrafast THz photodetector [1]. Bilayer 

graphene is of particular interest because of the possibility to electrically tune the band gap value 

in the range from 0 meV to more than 100 meV [2]. However, the net terahertz photoresponse in 

bilayer graphene depending on the band gap value has not yet been studied. 

In this work, we studied the photoresponse and photoconductivity on an induced pn 

junction in gapped bilayer graphene under 0.13 THz irradiation. The pn junction was induced in 

a graphene-based field-effect transistor using three gates – one bottom and two top gates, biased 

independently. The distance between the top gates was about 150nm. The dominating detection 

mechanisms in our structure were resistive self-mixing at room temperature and the 

photothermoelectric effect with a contribution of photoresponse at tunnel junctions at low 

temperature. We have shown that both photocurrent and photovoltage increased with an increase 

in the graphene band gap value. We also presented a study of graphene photoconductivity in our 

device [3].  The estimated photoresponsivity and noise equivalent power of our THz detector at 

25K is about 50kV/W and 40fW/√Hz respectively [4]. 
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Ultrastrong coupling between optical and material excitations is a distinct regime of 

electro-magnetic interaction that enables a variety of intriguing physical phenomena. Traditional 

ways to ultrastrong light-matter coupling involve the use of some sorts of quantum emitters, such 

as organic dyes, quantum wells, superconducting artificial atoms, or transitions of two-

dimensional electron gases. Often, reaching the ultrastrong coupling domain requires special 

conditions, including high vacuum, strong magnetic fields, and extremely low temperatures. 

Recent reports indicate that a high degree of light-matter coupling can be attained at ambient 

conditions with plasmonic meta-atoms – artificial metallic nanostructures that replace quantum 

emitters [1,2]. Yet, the fundamental limits on the coupling strength imposed on such systems 

have not been identified. Here, using a Hamiltonian approach we theoretically analyze the 

formation of polaritonic states and examine the upper limits of the collective plasmon-photon 

coupling strength in a number of dense assemblies of plasmonic meta-atoms. Starting off with 

spheres, we identify the universal upper bounds on the normalized collective coupling strength η 

between ensembles of plasmonic meta-atoms and free-space photons, demonstrating reaching the 

regime of deep strong coupling (DSC) at ambient conditions. Next, we examine spheroidal 

metallic meta-atoms and show that a strongly elongated meta-atom is the optimal geometry for 

attaining the highest value of the collective coupling strength in the array of meta-atoms. The 

results could be valuable for the field of polaritonics studies [3-5], quantum technologies, 

modifying material properties [6] and controlling chemical reactions [7-11]. 
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In conventional imaging the depth information is lost as the angular state of the ray that is 

emitted from 3D objects cannot be recorded. Depth perception is the ability to estimate the three-

dimensional scene of our environment with both eyes from the arrangement of individual 

objects, their location and size.  Human eyes can overcome the problem by capturing spatial-

angular state, considering the two eyes, their lens possibility to refocus, and the complicated 

process by the nervous system, and therefore can record 3D images. Integral imaging (II) is an 

elegant 3D imaging methodology that utilizes a similar principle. In II, several 2D elemental 

images, so-called elemental images, are acquired at different viewing angles. Also, integral 

imaging is a three-dimensional imaging technique used for samples ranging in size from a few 

millimeters to several centimeters. Integrating this approach with microscopy, which we call 

integral microscopy, also allows for the examination of samples on the  order of tens of microns. 

Unlike other imaging techniques such as digital holography or confocal microscopy, integral 

imaging uses an incoherent light source and can be performed in either scanning  or non-

scanning modes using an array of micro-lenses. In this study, we use three-dimensional integral 

microscopy to examine dandelion branches with a diameter of 0.1 millimeters. The system’s 

performance is used to detect different depths within each branch. Additionally, a camera is 

placed on a movable base to capture elemental images. A lens with a focal length of 12 

centimeters is used in front of the camera to focus the transmitted light from a 4x objective onto 

the camera. The camera used is CMOS camera (DCC1645C, Thorlabs, 8-bit dynamic range, 5.2 

µm pixel size, pixel resolution 1280×1024). As shown in Figure (1), the final reconstructed 

images are displayed from the sample.  
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Figure 1. Reconstructed images using integral microscopy method. From A to J indicating the reconstruction of 
images at different depths.   
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The unique properties of surface polaritons (SPs) have resulted in a wide range of 

applications that include biosensing, surface imaging, data storage, solar cells, surface-enhanced 

Raman spectroscopy, nanophotonics, information processing systems, medicine, and so forth. In 

this work we investigate the emission of surface polaritons by an annular beam of charged 

particles, moving inside a dielectric cylinder, parallel to its axis. It is assumed that the cylinder is 

immersed in a homogeneous medium with negative dielectric permittivity [1]. By using Green's 

tensor, the expressions for scalar and vector potentials and for electromagnetic field strengths are 

provided inside and outside the cylinder [2]. The contribution of surface polaritons in 

electromagnetic field strengths is investigated separately. Moreover, the energy fluxes through 

the plane perpendicular to the cylinder axis are evaluated in the interior and exterior media. The 

energy flux is directed towards the charge motion inside the cylinder and towards the opposite 

direction in the exterior region. Depending on the ratio of dielectric permittivities the total 

energy flux can be either positive or negative. 
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As a result of strong light-matter interaction, if colloidal particles are exposed to an 

external optical field, their motion is changed. By using random energy landscapes known as 

optical speckle field which is a random intensity distribution formed by the coherent 

superposition of several light waves,  and contains multiple intensity grains, we can implement 

basic optical manipulation tasks like  guiding, sorting, and trapping. Several fundamental 

researches and applications in biomedicine and microfluidics often require controlled 

manipulation of micro- and nanoscale particles suspended in a  fluidic medium, In this research, 

we experimentally demonstrate by using an optical speckle field, one  is able to manipulate 

collectively micrometer-sized particles in microfluidic flows based on static  speckle light fields 

(random energy landscapes) for controllable restrictions, sieving, and sorting.  These particles 

known as Mesoporous material (MCM particles) are an important class of materials with 

applications in targeted drug delivery, dye adsorption, and ion separation.  
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In recent years, interest in the optical properties of twisted stacks of two-dimensional 

materials and metasurfaces growths fast [1],[2]. Twisted stacks of photonic crystal lattices also 

demonstrate interesting properties and operation regimes [4],[5]. However, this wide field 

remains almost untouched, and only some particular problems were considered. One of the 

reasons is the computational difficulty of the accurate consideration of superlattices also called 

moiré lattices. Here, we propose a careful adaptation of the Fourier modal method for the 

description of twisted 1D gratings’ stacks (fig.1(a)). The developed method accelerates the 

computations from 1 up to 3 orders of magnitude without noticeable losses of accuracy and 

considers also higher-order harmonics hybridization [6]. We use this method for the rigorous 

study of photonic crystals and demonstrate specific superlattice-associated effects. 

We show that moiré-periodicity in bilayer dielectric photonic crystal slabs leads to arise of 

narrow optical resonances, which are very sensitive to the relative twist [7]. The resonant 

frequency might be tuned in a wide wavelength range simultaneously with control of the quality 

factor (fig.1(b)). Also, we demonstrate the change of plasmonic mode dispersion in a stack of 

gold lattices similar to photonic topological transition in two-dimensional hyperbolic materials 

[1],[6] (fig.1(c)). Additionally, we demonstrate the chiral properties of twisted diamond photonic 

crystal slabs, considering absorption and emission of circularly polarized light (fig.1(d)). And 

finally, we demonstrate the strong dependence of the near-field radiative heat transfer on the 

relative rotation angle and discuss its discontinuity near the 0-rotation angle.  

Our results pave the wave for the utilization of moiré-assisted effects in multilayer photonic 

crystal structures.  
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The increase in energy consumption on a global scale is one of the main problems of the 

modern world.  Hence, there is a constant need to develop new methods of optical 

communication that will lead to a reduction in this consumption. That is why this work presents 

our effort to increase the capacity to transmit and process both quantum and classical 

information, through reversible computation, that in principle reduces the energy required for a 

single logical operation. We developed the massage-passing protocol based on optical vortices, 

which incorporates the quantum-inspired optical controlled-swap gate to determine the similarity 

between two signals. Moreover, at no point is direct access to the encoded information needed. 

In this work, we show how we increased the capacity of our message passing protocol by 

implementing a triplet system. We experimentally determined the similarity between two signals 

through the developed post-processing algorithm with kHz frequency and successfully applied 

our post-processing algorithm.  

The system is developed as a free space communication system. The main part of the 

system is DMD (Digital Micromirror Device), which is used to encode information inside the 

Laguerre-Gaussian beam.  Holograms with encoded information were generated in grayscale, 

then binarized and at the end sent to DMD. The signal sent during the experimental work was a 

combination of holograms giving, for example, 50% of identical bits or trits. In the experiment, 

the power of the output signal was measured, and its course was observed on an oscilloscope. 

This allowed us to determine the appropriate parameters and to draw the validity of the applied 

solutions. Experimental work has proven that this method works both in bit-based coding and in 

a trit-based system. 
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Advancements in mathematical methods in optics and biophotonics have driven 

substantial progress in bacterial cell viability assessments, yet the counting of microcolonies, a 

key determinant of viability, remains labor-intensive and prone to human error. 

The cultivation and maintenance of microorganisms in agar-containing media in Petri 

dishes has long been a common practice for accurate detection of pathogenic bacteria [1]. The 

preferred method for quantitative analysis of microbial populations is the culturing and plating 

technique [2] which is performed by counting bacterial colonies on a dish to determine the 

number of colony-forming units (CFUs) [3]. The process of manually counting colonies is time-

consuming, monotonous, and error-prone [2]. Additionally, this becomes more laborious, 

fatiguing, tedious, and less accurate as the number of dishes to be counted in a batch increases. 

Taking into account these problems, we developed a program for automated colony 

counting in Python using various computer vision libraries, including OpenCV (Open-Source 

Computer Vision Library) and scikit-image (Scientific Python Toolkit - Image). In order to 

achieve desirable results for dish and overlapping colony detection, multiple image processing 

and segmentation algorithms, such as Gaussian blur, pyramid mean-shift filtering, thresholding, 

circle Hough transform, as well as Euclidean distance transform in tandem with watershed for 

region-based segmentation, were used. The program’s multi-functional and intuitive graphical 

user interface, built using Matplotlib and Tk, helped to significantly reduce the time required to 

perform colony counting and to achieve improved accuracy of the results. 
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This study focuses on the fundamental importance of spectral phase in the context of 

registering and controlling ultrashort laser pulses [1,2]. We highlight the pivotal role played by 

spectral phase in the formation and characterization of femtosecond optical pulses, emphasizing 

the importance of the accurate spectral phase determination in these processes [3,4]. In this 

research, we conducted a numerical analysis of the errors associated with spectral phase 

measurements using the dispersive Fourier transformation-based technique [3]. This study 

investigates the effects of the spectral phase noise on Gaussian, double, and triple pulses. 

Additionally, we introduce a novel method for quantitatively analyzing the impact of noise in 

spectral phase determination on pulse shape. 
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Raman spectroscopy is a valuable tool to clarify internal vibrational dynamics, as well as 

exciton-phonon coupling in core/shell nanocrystals (NCs). Raman spectra are quite sensitive not 

only to quantum confinement but also to structural characteristics of the considered system. For 

this reason, we have studied the first order resonant Raman scattering process and the influence 

of the non-spherical shape of the core of NC on the Raman intensity and differential cross-

section in the case of exciton coupling with confined and interface polar optical phonon (POP) 

modes. The Fröhlich continuum model has been used in order to describe the exciton-POP 

interaction. Exciton fine structure splitting due to electron-hole exchange and the non-sphericity 

of the core has been considered. It is shown that the deviation from the strictly spherical 

geometry leads to a red shift of the incoming peaks of Raman intensity and a blue shift of the 

outgoing ones and as a result the Stokes shift increases. Analyses of the dependence of the 

resonance Raman scattering cross section on the Raman shift and incident photon energy has 

revealed that the change of the core from prolate to oblate leads to changes in the intensity and 

the frequency of the observed resonance peaks. This means that Raman spectroscopy can be 

successfully used to study the morphological features of semiconductor nanostructures. The 

calculated results of the resonant Raman scattering spectra have been compared with 

experimental values obtained in Ref. [1] from InP/ZnSe core/shell NCs with a 2.54 eV laser line. 

In the range of optical phonons of the InP core, there is a sufficient overlap of experimental and 

theoretical data. 
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The angle between layers, constituting Van der Waals heterostructure is an important 

degree of freedom defining the two-dimensional system. Multilayer crystals appear to be twisted 

after a commonly used synthesis method of chemical vapor deposition, which is the one of the 

most promising way to large-scale production of such structures. Depending on angle of twist 

electronic structure of crystal, its transport and optical properties can change dramatically [1]. 

Widely used in simpler cases, ab initio procedures of calculating crystal electronic 

structure like density functional theory, work only for commensurate twisted structures. 

However, experimentally twisted structures with any angle of twist within the 0.1° tolerance can 

be obtained without any limitations on angle of twist. Tight-binding models can be used to 

calculate the dispersion curves of a heterostructure with any angle of twist. However, such 

calculations have high computational costs and adapt poorly if some parameters are changed. 

The more universal approach is the continuum model approximation. The continuum model 

helps to build an effective Hamiltonian of the moire structure taking into account the most 

relevant scattering processes [2].  

In our work the theoretical modeling of an optical response of twisted Van der Waals 

bilayers was performed. The optical constants of these bilayers were derived. The possibility of 

controlling resonant absorption energy in twisted bilayer graphene was shown. Also, we 

demonstrated the optical excitation of moire excitons - intralayer Wannier-Mott excitons, trapped 

in the moire superlattice. 
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A photonic nanojet (PNJ) is a tightly focused beam that arises from the shadow-side 

surface of an illuminated dielectric microsphere of a diameter larger than the wavelength of light. 

The high peak intensity of the nanojet and the minimum beamwidth, which can be smaller than 

the classical diffraction limit, have led to a wide range of applications such as nanoparticle 

sensing, optical imaging, and nanolithography [1]. Key parameters such as effective focal length 

and full width at half maximum (FWHM) can be used to characterize PNJ. Modifying the light 

source and particle properties such as structure, size, and refractive index of the particle can 

manipulate these parameters. PNJ has been mainly studied theoretically and under plane wave 

illumination [2].  

Here, we report on the generation and imaging of PNJs that resemble light-bottle beams 

and are generated by a microsphere. When a microsphere attached to the coverslip is illuminated 

by a divergent Gaussian beam, a chain of nanojets appears, which we believe isthe interference 

effect of light reflected from the coverslip and the light focused by the microsphere. In order to 

study the effective parameters on the beamwidth of the produced focal spots, the intensity 

distribution has been imaged for both microspheres on the glass surface and for the microspheres 

on the aluminum-coated surface. The higher intensity and sub-micron size of the focal spot 

compared to the non-microsphere state has enough attraction to study the trapping of 

nanoparticles in a single nanojet or trapping a biological cell in a chain of focal spots.  
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Light confinement is essential for a vast range of nanophotonic applications. To confine 

light in three dimensions, a nanoresonator with a high Q-factor is required. However, the smaller 

the resonator volume the higher the radiative losses.  To reduce them, one may use metallic 

cladding or high-refractive index dielectric materials. Yet, these approaches have their own 

drawbacks: metals introduce intrinsic ohmic losses, whereas refractive indices in the optical 

spectral range are fundamentally limited. Here, we propose an alternative approach that employs 

highly anisotropic materials, such as transition metal dichalcogenides, that demonstrate record-

high refractive index combined with a giant optical anisotropy [1] and preserve the optical 

properties of the bulk material even in small nanoparticles [2]. Proper combination of an 

isotropic core with a radially anisotropic shell leads to formation of a high-Q electric dipole (ED) 

supermode, that forms as a result of strong coupling ED eigenmodes of the core and the shell. 

We show that more than a 30-fold increase in the Q-factor is possible compared to the isotropic 

nanosphere. Our results show that optical anisotropy is a valuable resource for nanophotonics 

and reveal new venues for engineering of high-performance nanophotonic devices. 
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Hybrid Organic -Inorganic perovskite solar cells are known as the third generation of 

solar cells. In these solar cells a perovskite absorber layer is sandwiched between Electron 

Transfer Layer (ETL) and Hole Transfer Layer (HTL). After absorbing light by perovskite 

absorber layer, Electrons will move to ETL, and holes will move to HTL. So, choosing a suitable 

transfer layer is vital in order to decrease the recombination rate at the interfaces and increase the 

Power Conversion Efficiency (PCE) of solar cells. Compact titanium dioxide (TiO2) film is 

widely used as an Electron Transport Layer (ETL) in conventional n-i-p Perovskite solar cells 

due to its properties, such as suitable band alignment with perovskite light absorbing layer, 

suitable optical properties, and stability. However, there is still much room for improvement in 

electron mobility and reducing the recombination of carriers at the interface of perovskite and 

ETL. Doping Electron Transfer Layers with metal ions have been widely used for improving the 

mobility of electrons in this layer and increasing the power conversion efficiency (PCE).  In this 

project, we used Platinum paste for doping the TiO2 in the electron transport layer. Pt-doping 

resulted in decreasing the recombination rate of carriers in the interface and finally increasing the 

power conversion efficiency of the device. It has been shown that doping Platinum improves the 

power conversion efficiency from 12.80% to 13.60% which indicates the positive effect of 

doping Platinum in ETL.  
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Unlike scanning imaging methods, digital holographic microscopy (DHM) records a 

three-dimensional image of microscopic particles in a single exposure. As a result, it is a very 

efficient method for 3D imaging of dynamic samples. We use digital holographic microscopy for 

3D imaging of micro particles in optical traps inside the fiber laser cavity. Conventional optical 

trapping is done using objective lenses with high numerical aperture and lasers with relatively 

high power, but it has been shown that trapping with the intracavity method with very low power 

and conventional lenses with very low numerical aperture is also possible [1]. As a result, this 

method is very suitable for trapping biological samples for which high laser power has a 

destructive effect.  Digital Holographic Microscopy of such samples in intracavity optical trap 

will be an effective and applicable approach in various fields of general biology.  
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The aim of the work is to realize the detection and tracking of a laser point (beam) in the 

LabVIEW software environment. It is done in two ways. 

The first is the method of difference of two images, and the other is the method of optical 

filtering. In the first case, we take the original image without the laser beam, then with the beam, 

and then, taking it apart, we will get the laser beam. Finally, the laser beam trajectory is tracked. 

In the second case, by filtering through an optical layered infrared filter, we will leave 

only the laser beam, then a camera, and import it into a computer. In this case, the speed will 

increase, because the main part of the signal processing is carried out based optical 

manipulations. 

A red-conductor laser, an optical strip infrared filter, a USB webcam, a computer, and the 

LabVIEW software package with its Vision Development Module are used for the 

implementation as shown in Figure 1. This principle can be used in different applications such as 

the military to detect objects, in astronomy to detect and track satellites and planets, laser beam 

alignment stability in research laboratories. 

 

 

                                     
 

Figure 1. The schematics of the experimental setup.  
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Acquiring morphological and photothermal information is essential for characterization 

of a variety of samples in biochemistry, material science and process technologies. In this paper, 

we report on the integration of digital holographic microscopy (DHM) [1] and thermal lens (TL) 

spectrometry techniques [2] enabling simultaneous measurement of both class of properties: 

morphological images and photothermal parameters. We demonstrate the usefulness of the 

DHM-TL integrated system by applying it to obtain morphometrical information of samples as 

well as for acquisition of their photothermal maps. Further, by extending the concept of 

“microsphere-assisted (MS) imaging” into TL, we show that MS-TL enables detection and 

counting of particles, which otherwise their photothermal signals could not be detected. The 

integrated system can also be used for a variety of samples in biochemistry, material science and 

process technologies. 
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Reservoir computing (RC) is a powerful machine learning framework derived from 

Recurrent Neural Networks that maps input signals into higher dimensional computational 

spaces through the dynamics of a fixed, non-linear system called a reservoir. It has been shown 

to be a best-in-class algorithm for analyzing dynamical systems based solely on observed time-

series data [1]. Various optical architectures have been developed to run RC, reducing its 

working time and improving its performance [2-4]. Recent studies have demonstrated that 

optical RC setups can predict spatiotemporal chaotic datasets obtained from the Kuramoto-

Sivashinsky benchmark equation [5, 6]. 

In this work, for the first time, we use an optical setup to analyze real-world 

spatiotemporal chaos generated inside a liquid crystal (LC) cell due to its turbulent director 

flows. To this end, we applied an AC voltage with a specific frequency to a homeotropic LC cell 

in order to get chaotic flows of different speeds and complexities inside it. We tested the 

performance of the optical RC scheme on various complexities of the generated flows and found 

that it ensures good predictions with up to 70% accuracy for the generated turbulence up to mid-

range flows in the LC cell (<15 Vrms). Our results provide valuable insights into the potential of 

analog reservoir computers and open up new possibilities for their further implementation in 

analyzing complex dynamic systems. 
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Detection and measurement of electric current in normal conditions of daily life as well 

as in technological centers may be a vital issue [1].  In this paper, we present another cost-

effective and easy-to-implement optical method for electric current measurement.  The method is 

based on the analysis of the scattered laser light from the outer oversheath of the current carrying 

wire.  When a rough surface is illuminated by a monochromatic and coherent light beam, the 

reflected light is scattered in different directions. The interference of these scattered waves 

creates a random grain structure consisting of dark and light points, which is called a speckle 

pattern. The speckle field, alternatively, may be generated by passing laser light through 

scattered media such as a translucent material or a colloidal fluidic mixture, or by mod-mixing of 

laser light during its propagation through a multimode fiber. The fact that the speckle field is 

generated through the interference of several scatterers throughout the scattering surface enables 

gathering overall information about the surface at any of the detector pixels. This information 

may be extracted by spatio-temporal statistical analysis. 

When a laser illuminated surface includes any kind of activity, dynamic speckle patterns 

will occur. The evolution of the speckle field happens when the sample varies in its properties. 

This can be either the changes in properties of the scattering centers or their movement and re-

distributions. Consequently, the optical path of the light scattered from the surface under study, 

therefore, their interference pattern, i.e., the generated speckle field, will be altered [2]. 

We extend the application of dynamic speckle pattern analysis to indicate remotely 

whether a wire carries a current, and then by incorporating a calibration procedure, to estimate 

the electric current value. 

 

 

 

 

 

 
Figure 1. 3D plot and 2D map of COM matrices associated with (a) I=0, (b) I=0.5 A, (c) I=1 A, (d) I=1.5 A, (e) I=2 

A, and (f) I=2.5 A.   
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Recently investigations of colloidal quantum dots, constructed from chalcogenide 

materials became very attractive for researchers due to their applications in quantum dot solar 

cells [1]. The Shockley-Queisser efficiency limit places an upper bound on the power that can be 

converted from a single semiconductor junction, resulting in a maximum efficiency of 31% at 1 

sun illumination under the ideal conditions [2]. One of the possible realizations of solar cells 

with higher efficiency is via implementation of quantum dots in solar cells constructing so-called 

quantum dot solar cells.   

In this work the electronic and heavy hole states in CdSe/CdS colloidal core-shell 

quantum dot, which is wildly used in solar cells technologies, have been investigated 

theoretically in the frame of finite element method calculations. Usually CdSe/CdS core-shell 

quantum dots are type I heterostructures.  We have determined the ranges of the sizes of the dot, 

for which type I – quasi type II transitions of the system can be observed, which means that the 

electron and the hole can be localizes in different parts of the considered core-shell structure. 

This effect can change the optical characteristics of the dot. Here we have considered also 

interband optical transitions between heavy hole ground state to various electron states. The 

dependencies of optical transition intensities on sizes of quantum dot have been obtained. The 

effect of external electric filed on electron and hole states and on transition intensities also have 

been investigated. We have demonstrated that the interband transition energies are changing with 

the increase of electric field strength, but the intensity of transitions remains almost constant, 

which shows the stability of considered system from point of view of their usage in solar cell 

technologies. 
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Quantum computing is still in its early-stage development, and much of its potential 

remains untapped due to the complexities involved. As the development and research on qubits 

progresses, there is also growing interest in the advancement of qutrits [1,2] and qudits[3]. Qutrit 

represents a three-level quantum system, while qudit - quantum systems with more than two or 

three levels. The development of qutrits and qudits can provide new opportunities for more 

complex and efficient operations in quantum computing, opening doors to expanded 

computational capabilities and applications in various fields. 

The programmable gate for a qutrit gate within a triple quantum nano particle is a critical 

area of exploration that could provide valuable insights into the development of more efficient 

quantum computing systems. Theoretical investigations like these play a crucial role in quantum 

computing eventual realization. 

In this paper we consider programmable 2-input all-logic gates of laser pulses in Triple 

Quantum Nanoparticle (TQNP). TQNP dynamics is described by density matrix equations for 

the amplitudes of quantum states in the resonance approximation, with Hamiltonian of the 

interaction of a multi-level system in the resonant approximation is as follows:  

𝑖ℏ 
𝑑𝜌(𝑡)

𝑑𝑡
= [𝐻, 𝜌] + 𝛬(𝜌)   

𝐻 = ∑

𝑖

𝜎𝑖,𝑖𝛿𝑖−1 − (∑

𝑖

𝜎𝑖,𝑖+1𝛺𝑖 + ℎ. 𝑐. ) 

where 𝜎𝑖,𝑗 = |𝑖⟩⟨𝑗| – projection matrices, Ω - is the resonant Rabi frequency, δ- detuning, 𝛬(𝜌) is 

the Liouvillian of the system. 

The advancements made in the field of programmable logic elements can also find 

applications in cryptography, where the ability to manipulate and process information in an 

irreversible manner can provide additional robust security measures. Furthermore, the 

development of such elements contributes to the progress of advanced computational 

architectures, enabling the creation of more complex and efficient systems. 

 
References 
[1] Goss, N., Morvan, A., Marinelli, B. et al. High-fidelity qutrit entangling gates for superconducting circuits. Nat Commun 13, 7481 (2022). 
[2] Carlton M. Caves, Gerard J. Milburn, “Qutrit entanglement”, Volume 179, Issues 1–6, pp 439-446 (2000). 

[3] Chi, Y., Huang, J., Zhang, Z. et al. A programmable qudit-based quantum processor. Nat Commun 13, 1166 (2022).   



 

  107 

Lasing from the all-dielectric metasurfaces coated by two-

dimensional material 

Mikhail Gubin1,2, Alexander Shesterikov1,2, Valentyn Volkov1,3,4, Alexei Prokhorov1,2 

 
1Center for Photonics and 2D Materials, Moscow Institute of Physics and Technology, 

Institutskiy per. 9, Dolgoprudny 141701, Russia 
2Department of Physics and Applied Mathematics, Vladimir State University named after A. G. 

and N. G. Stoletovs, Gorkogo str. 87, Vladimir 600000, Russia 
3Laboratory of Advanced Functional Materials, Yerevan State University, Alex Manoogian St. 1, 

Yerevan 0025, Armenia 
4Emerging Technologies Research Center, XPANCEO, Dubai Investment Park First, Dubai, 

United Arab Emirates 

 

The design of emitting nanodevices with pumping by a strong near field using plasmon 

nanocavities is one of the significant and rapidly developed areas of modern nanophotonics. 

However, the use of metallic nanocavities leads to large joule losses and increase in laser 

generation threshold. New possibilities are associated with the dielectric nanophotonics for the 

design of low-threshold efficiently controlled micro- and nanolasers. In this work, we consider 

the metasurface composed of Si disks with a shifted hole covered by a single-layer MoTe2 flake 

and pumped by a He-Ne CW laser at the wavelength 633 nm, see Fig.1a. Such Si metasurface 

with symmetry breaking building blocks can support quasi-trapped mode (QTM) regime that 

produces strong near field in each disk with electric component directed mainly in the 

metasurface plane. We propose to use this metasurface as a resonator with distributed feedback 

in order to achieve lasing from MoTe2 flake placed above metasurface. Using some optimization 

procedure, we found such parameters for Si metasurface that correspond to the coincidence of 

QTM wavelength and photoluminescence wavelength for MoTe2 flake and, in our case, it equals 

to 1056 nm. To describe the kinetics of the system, we used laser rate equations for carrier N and 

photon S densities. The obtained gain curve for stationary value Ss of photon density versus 

pump intensity I allows one to estimate the lasing threshold of about Ithr=23.78 kW/cm2 using the 

inflection point for the curve plotted in double logarithmic scale, see Fig.1b. The calculated 

radiation pattern shows that lasing occurs normally to the metastructure plane. Thus, the 

proposed lasing mechanism can be used as a platform for fabrication of large-scale emitting 

devices and coatings with lasing effect. 
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Figure 1. (a) Model of the metasurface in the form of thin MoTe2 film deposited on the metasurface composed of 

Si disks with holes. (b) Steady-state photon density Ss and its derivative d2log10Ss/(d log10I)2 versus the near-field 

pump intensity I. The dashed vertical straight line indicates the threshold of generation Ithr. 
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The LSA is an inherently non-invasive manner of quantifying active and dynamic 

systems which are based on the time evolution of speckle patterns. The speckle pattern is a self-

interference pattern of backscattered coherent beams like a laser from a diffusive sample [1].  In 

addition to methods based on light scattering such as LSA, microscopic methods are also used as 

another tool to access information about the structure and dynamics of specimens. With the 

ordinary microscopic method, one can directly access images of real space, while in the 

scattering method, due to angular and temporal dependence of the backscattered intensity, 

information on the structure and dynamics of the system can be obtained [2]. 

Differential dynamic microscopy (DDM) has emerged as an extremely powerful and 

versatile method for characterizing particle dynamics by dynamic light scattering (DLS) analysis 

of microscope images in the Fourier domain [3]. 

We extend the DDM method to the speckle patterns instead of microscopic images by 

applying the technique to monitor on drying paint process with different thicknesses. 

understanding the mechanism governing sustainability, aesthetics, and longevity of the painted 

surface is an important challenge that affects preserving painted artworks and developing 

sustainable and high-quality paints [3]. However, the main challenge is the heterogeneous 

dynamics of surfaces and including a wide range of spatial and temporal scales to investigate 

these samples. Moreover, the high turbidity of paints prevents deep-layer monitoring with 

conventional imaging methods such as using light microscopy, which is not efficient alone, 

because the opaque paint layers lead to multiple light scattering and low light transmission [4].  

To overcome these challenges, we use a differential dynamic microscopy technique for speckle 

patterns. The results of our work indicate that differential dynamic microscopy can be introduced 

as a new parameter in LSA for extracting information from dynamic systems.  
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Liquid crystals have emerged as promising materials in the field of modern optics and 

photonics. Their unique properties make them promising for various applications, including light 

beam shaping and the generation of optical vortices characterized by orbital angular momentum. 

Cholesteric liquid crystals (CLCs) possess a spiral supramolecular structure; thus, they exhibit a 

Bragg reflection of circularly polarized light at the cholesteric pitch p ~ λ/n, where λ is the light 

wavelength, and n is the average refractive index. The handedness of this reflection corresponds 

to the chirality of the CLC. 

By incorporating patterned substrates, CLC cells can function as Bragg-Berry mirrors, 

effectively combining the effects of reflection and Pancharatnam-Berry phase modulation in a 

broad spectral range due to spin-to-orbital angular momentum conversion [1]. In the case of a 

topological defect structure on the substrates of the CLC cell (CLC q-plate), the reflected light 

beam is converted into an optical vortex. The combination of the CLC q-plate and the ordinary 

mirror allows one to obtain spin-to-orbital angular momentum mapping caused by the 

interference of optical vortices of opposite signs of vortex charge l [2]. 

To further enhance this scheme, we have introduced a tunable retarder between the CLC 

q-plate and the mirror. This retarder serves as an anisotropic defect layer, allowing us to modify 

the angular distributions of phase and amplitude profiles of reflected light beam. In particular, 

varying the retardance of the defect layer, we can observe a gradual change in the distribution of 

angular momentum. This effect was studied experimentally and numerically. The calculation of 

light propagation in this optical system was carried out with the help of the Berreman 4 x 4 

matrix formalism. 

The obtained results hold significant potential for a wide range of applications, 

particularly in the fields of microparticle manipulation and optical communication technologies. 
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Nanoscale optics is traditionally associated with plasmonic structures made of metals 

such as gold or silver. However, the possibilities of using plasmonic nanostructures are limited 

by high dissipative losses in metals and problems of compatibility with semiconductor devices. 

As a result, the field of nanophotonics has been rapidly growing in recent years. Resonant 

dielectric nanostructures with a high refractive index are vital for creating photonic devices with 

unique properties [1]. 

The most commonly used materials for nanophotonic structures are silicon and 

germanium, which are widely studied semiconductors. However, in nanostructures made of these 

materials, polarization control can be achieved only by changing the shape of the particles. 

Therefore, materials with anisotropic optical properties look very promising for nanophotonics. 

Optical anisotropy causes the effect of birefringence, which is used in a number of optical 

applications [2][3]. 

 
Figure 1. a) Schematic representation of the fabricated arrays of nanodisks; b) optical,  

(c) SEM and (d) AFM images of fabricated metasurfaces 
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Among all materials with such properties, the class of transition metal dichalcogenides 

stands out. TMDCs have a clearly defined layered crystal structure. Due to the significant 

difference between the strong ionic or covalent interaction inside the layers of TMDCs and the 

weak van der Waals interaction between the layers, the dielectric properties of these materials in 

the ab plane and along the c axis can differ significantly [4]. In this work, the following results 

were achieved:  

1. Anisotropic optical constants of MoSe2 were measured for the first time in a wide range 

of wavelengths (450 – 1700 nm) using imaging spectral ellipsometry method. High 

values of the anisotropy index were demonstrated to be comparable with similar 

parameters of MoS2. 

2. Metasurfaces consisting of MoS2 nanodisks were fabricated, and optical and structural 

properties of them were studied. 
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In the era of streaming platforms, the demand for information high-rate transfer 

drastically increased, but so need for secure ways of transferring data. In our work not only, we 

supplied the demand for speed and security but also we were able to reduce energy consumption 

by incorporating reversible logical gates. Our solution has the potential to inspire novel 

implementations in quantum optical systems.  We achieved high-speed data transfer using a 

digital micromirror device instead of the commonly used SLM and a ternary encoding scheme, 

where the complex amplitudes of Laguerre- Gaussian modes (acting as a message carrier) use 

three phase levels.  

Our protocol is implemented in the free space, due to the simplicity of this solution. A 

new ternary scheme enables us to decrease the number of holograms, thus increasing the 

capacity, contrary to a binary system where the number of required holograms was higher [1]. 

The security is provided by the optical implementation of the Fredkin gate and two Hadamard 

gates [2], which both allow for simultaneous transmission and comparison of information 

encoded in the superposition of two vortices with a topological charge of +1 and -1. Moreover, 

by using the ternary system, a potential eavesdropper needs more than one state of the optical 

vortex phase to be 100% sure that they intercepted the correct information. To demonstrate our 

protocol functionality, we propose an image comparison experiment where the original image is 

compared with its distorted counterpart. We represent each image as a perceptual hash and send 

them trit by trit using a proposed ternary-based message-passing protocol. In this talk, the 

encoding and detection scheme will be introduced. Furthermore, we will discuss the details of 

our experimental setup, including the results of a picture comparison experiment that 

demonstrates the significant potential of our protocol for a range of applications. Overall, we 

believe that our work provides a valuable solution to meet the modern demand of the 

computational industry. 
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The magneto-optical properties of arrayed structures composed of quantum rings and 

quantum dots attracted an enormous interest in recent years because of a rich underlying physics 

and potential applications in photodetectors and high-speed electro optical devices [1,2].  

Considering two kinds of superlattices, namely a one-dimensional chain of planar 

quantum rings and a two-dimensional honeycomb superlattice of circular and elliptical quantum 

dots (see the figure), the effect of transverse magnetic field on the band structure and absorption 

coefficient are studied. To this end a complete set of orthogonal basis functions are constructed 

which reflect both the magnetic phase transitions due to the translations between the sites of the 

superlattice and the periodicity of the system. The Landau gauge of the vector potential is used 

for the chain of planar quantum rings, while for the honeycomb lattice the symmetric gauge is 

implemented. It is shown that the magnetic field dramatically changes the band structure and 

hence the optical characteristics of superlattices. Particularly, the quantum states in each 

miniband of the quantum ring chain periodically converge to highly degenerated energy states or 

miniband nodes. These miniband nodes result in significant strengthening of the interminiband 

transition probabilities. The non-trivial evaluation of the miniband structure of honeycomb 

superlattice along with the change in magnetic flux per unite cell is a result of the varying 

commensurability of two characteristic lengths of the structures,the superlattice period and the 

magnetic length. It is demonstrated the even small deviations from the spherical shape of 

quantum dots the dispersion surfaces of minibands undergo topological transformations leading 

to crucial changes in the absorption coefficient. 

 

 

 

 

 

 
Figure 1. Schematic view of the quantum ring chain (upper panel) and honeycomb lattices (lower panel). 
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In this work, we are suggesting the use of VdW superconductor, NbSe2, for making a hot 

electron bolometer [1]. The high sensitivity of its resistance to the electronic temperature would 

lead to the effective conversion of the high-frequency radiation to a strong voltage signal.  

Our device represents an NbSe2 microwire implemented as a feed of a planar log-spiral 

broadband antenna (Figure 1b, inset), with the calculated bandwidth from 0.68THz to 5.4THz 

[2]. We implemented following techniques: dry transfer [3] to produce a microwire, electron 

beam  lithography to pattern contacts, and e-beam evaporation (180nm of Al), preceded by the 

argon ion milling, to create zero-resistance contacts [4] to the NbSe2.  

For the characterization of transport properties of NbSe2, we have measured the 

temperature dependence of its 2-point resistance, R2pt (Figure 1a). It demonstrates typical 

metallic behavior and superconducting transition at Tc=6.5K [5]. In the middle of 

superconducting transition R2pt = 50Ω, which is comparable to the impedance of the RF readout 

meaning the perfect impedance matching of NbSe2 with the external circuitry.  

 
 

Figure 1 a, Temperature dependence of 2-point resistance, R2pt, of the device; b, Two-terminal I – V curve 

measured by biasing a microwire with DC current; inset: optical image of the device – thin  microwire of NbSe2 is 

coverd by 50nm-thick hBN flake and connected to the log-spiral antenna by Al  contacts. 

 

At different DC bias currents, we have measured Idc-V2pt (Figure 2b) at T=4.8K. The 

critical current of the device had appeared to be about 110µA. A very low but finite slope around 
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Idc=0 can be attributed to the very small contact resistance of the device. The photoresponse 

measurements are suggested to be conducted in such a device with RF-transparent contact 

interface. 
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