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Introduction 
 
 
OPTO History 
 
The history of the OPTO conferences in Poland dates back to 2005 when the SPIE International 
Congress on Optics and Electronics was held in Wroclaw. The primary idea behind the meeting was 
to gather young scientists from all, polish SPIE Student Chapters and SPIE members from all over 
the world. Just the next year, the conference formula expanded to all OSA Student Chapters from 
Poland and other OSA members (International OSA/SPIE Student Chapters Meeting, Wroclaw, 
2006). Since then, it became an annual event held each year in a different, polish city. The 
conference is organized each year by OSA and SPIE Student Chapters from the host city. 
 
About OPTO 2020 
OPTO 2020 is an international conference organized in Poland annually by students for students. 
The topics of the meeting include optics, photonics, and related fields. We strive to provide students 
and young researchers from (mainly) mid-eastern Europe a chance to present and discuss their latest 
scientific achievements. By inviting notable scientists from all over the world as Invited Speakers, 
we aim to establish a high scientific standard. During the meeting, young researchers get a chance 
not only to broaden their knowledge by attending interesting lectures but also to gain very valuable 
experience in presenting their research and improve soft skills. Professional development plays a 
crucial role in the education of a young researcher. As we wish for the conference to have a high 
impact on young scientist’s careers we provide special sessions devoted to these issues. It is also a 
unique networking opportunity, as the meetings gather a great number of students studying the 
same field. This year the conference is organized for the 15th time. Due to current world events this 
year OPTO will be organised for the 1st time via internet. 
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A short professional bio: Prof. (Dr.) Ghanshyam Singh, a recipient of the Distinguished Lecturer                  

award from IEEE Photonics Society for term 2017-18, received B. Tech. degree from NIT Silchar, M.                

Tech. and PhD degrees in Electronics and Communication Engineering from Malaviya National Institute             

of Technology Jaipur. In early 1999, he joined the academic staff of MNIT Jaipur, where he is a Professor                   

with the Department of EC Engineering. He worked as visiting research scholar/visiting professor in for               

various periods at the Department of Physics, Herriot-Watt University, Edinburgh, UK (March 2009),             

University of Eastern Finland, Joensuu, Finland (January – June 2010) under the CIMO Fellowship and               

the Keio University, Hiyoshi Campus, Japan (October 2013). Dr. Singh has extensive teaching, research              

and sponsored R&D experience and reported over 125 research papers/review articles in peer reviewed              

International journals/conferences. He has delivered expert talks on related research topics during            

various events held in India and abroad (including the USA, UK, Germany, Finland, Japan, France,               

Australia, China, Spain, Italy etc.). Dr. Singh is a senior member of SPIE, OSA, IEEE, Fellow of OSI and                   

IETE and life member of ISTE, BESI and LSI. Dr. Singh had been an instrumental for his group for joint                    

research projects with partner from Keio University (Japan), University of Vienna (Austria), LNPU             

(Ukraine) and Cairo University (Egypt). He is presently engaged for a multi-institutional research project              

with partners from University of KwaZulu-Natal (South Africa), PSUTI Samara (Russia) and University of              

Science and Technology of China, Shanghai (China) for a BRICS STI Framework Program (2020-2023).              

His current research interest includes Micro and Nano-structured photonic devices for integrated            

photonics, Photonic Biosensors, AI for Photonics. 
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Technologies for Integrated Photonics: Achievements, limitations and applications 
 
Abstract: Technological advancements in PICs have made them a popular choice for components of next generation networks. Due                  
to availability, mature fabrication technology and low cost platform, the Silicon has attracted the researchers to explore the                  
possibilities of integrating the fast photonics components. At the same time, the unique material properties and direct band gap,                   
group III-V materials have potential in applications like laser, amplifiers, modulators and detectors. Many PIC commercial                
solutions are now available for a variety of applications due to their robust, flexible and reliable performance. 
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Dr Gabrielle Thomas M Squared Lasers; OSA Ambassador 2019 
 
For some the career choice after studying or researching in optics and photonics is                           
a clear-cut decision. But for many the options aren’t clear and the reality of                           
non-academic careers can seem a mystery. In this talk, I reflect on some of my own                               
experiences and those of my peers in an attempt give some insight into a selection                             
of career paths in optics and photonics. I’ll go a little deeper into a research career                               
in industry, and finally I’ll share some resources and tips that I’ve found useful in my                               
own job searches and shaping my career. 
 



Numerical analysis of low-contrast optical micro-ring resonators

Edyta Bobrowska1, Jacek Olszewski1
1 Fiber Optics Group, Faculty of Fundamental Problems of Technology, Wroc law University of Science

and Technology SPIE Student Chapter, Wybrzeże Wyspiańskiego 27. 50-370 Wroc law, Poland

Optical micro-ring resonators (MRR), the resonant microstructures supporting whispering gallery modes
(WGM), provide a large class of optical devices. Depending on the construction, theses structure can serve as
spectral filter, optical delay lines, optical modulators, lasers, or sensors [1].

MRRs are usually based on the silicon-on-insulator (SOI) platform, featuring high index contrast between
silicon - the substrate, and its oxide - the waveguide. This enables to fabricate the resonators with reduced
dimensions [2], however, the SOI platform is highly sensitive to fabrication imperfections [3], and the refractive
index is not tunable. The use of low contrast platforms increases the tolerance to fabrication imperfections
[4] and the device sensitivity because of low-confined guidance of modes. Moreover, some of the low-contrast
materials, e.g., silicon nitride or silicon oxynitride, have a tunable refractive index of ∼ 30% [5].

(a) (b) (c)

Figure 1: The out-of-plane component of the electric field in (a) the point coupling configuration of the MRR
and (b) L-shape coupling configuration of the MRR. (c) Transmission spectrum of the MRR under the resonance
condition.

We present the results of a numerical study we performed for the low-contrast MRR based on the SU-8 and
silicon nitride (Si3N4). The simulations are carried out using the effective index method, the finite element
method, and the beam envelope method. We demonstrate and compare two different coupling configurations:
a single point coupling and L-shape coupling (Fig. 1). We also analyze the impact of device geometry, i.e., ring
radius, waveguide dimensions, and ring-to-bus waveguide separation on spectral transmission characteristics.

[1] W. Bogaerts, Peter De Heyn, Thomas Van Vaerenbergh, Katrien De Vos, Shankar Kumar Selvaraja, Tom
Claes, Pieter Dumon, Peter Bienstman, Dries Van Thourhout, and Roel Baets, Silicon microring resonators,
Laser Photonics Rev. 6, 41-73 (2012)

[2] W. Bogaerts, P. Dumon, et al., Nanophotonic waveguides in silicon-on-insulator fabricated with CMOS
technology, J. Lightw. Technol. 23, 401–412 (2005)

[3] F. Grillot, L. Vivien, S. Laval, D. Pascal, and E. Cassan, Size Influence on the Propagation Loss Induced
by Sidewall Roughness in Ultrasmall SOI Waveguides, IEEE Photon. Technol. Lett.16, 1661-1663 (2004).

[4] N. Daldosso, M. Melchiorri, F. Riboli, M. Girardini, G. Pucker, M. Crivellari, P. Bellutti, A. Lui, and L.
Pavesi, Comparison among various Si3N4 waveguide geometries grown within a CMOS fabrication pilot
line, J. Lightwave Technol. 22, 1734-1740 (2004).

[5] I.Chremmos, O. Schwelb, N. Uzunogl, Photonic Microresonator Research and Applications, Springer (2008)



Azo-quinoline containing methacrylic polymers

D. Chomicki1, O. Kharchenko2, A. Kozanecka-Szmigiel3, D. Szmigiel4,  L. Skowroński5,
J. Kowalonek6, V. Smokal2, O. Krupka2, B. Derkowska-Zielińska1

1 Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus University in Torun, Grudziadzka 5,

87-100 Torun, Poland
2 Faculty of Chemistry, Taras Shevchenko National University of Kyiv, Volodymyrska 60, 01033 Kyiv, Ukraine

3 Faculty of Physics, Warsaw University of Technology, 75 Koszykowa Str., 00-662 Warsaw, Poland
4 Sieć Badawcza  Lukasiewicz – Instytut Technologii Elektronowej, Al. Lotnikow 32/46, 02-668 Warsaw, Poland

5 Institute of Mathematics and Physics, UTP University of Science and Technology, S. Kaliskiego 7,

85-796 Bydgoszcz, Poland
6 Faculty of Chemistry, Nicolas Copernicus University in Torun, Gagarina 7, 87-100 Torun, Poland

Azobenzene derivatives are a widely studied class of dyes due to their spectroscopic and photochromic
properties, which make them attractive for use in optical limiters, optical signal processing, optical data storage
and holography [1-3]. Azobenzene can appear in two isomeric forms: stable trans and metastable cis, and the
reversible trans-cis isomerization reaction is one of the important features [4]. Either trans → cis or cis → trans
isomerization processes can be induced by irradiation with light of appropriate wavelength, while cis → trans
isomerization can also happen spontaneously in the dark via thermal back reaction.

Other interesting feature of azobenzenes is photoinduced orientation. When polymer doped with
azo-chromophores is illuminated long enough, after multiple isomerization cycles, molecular orientation
becomes anisotropic, and material becomes birefringent and dichroic with the axis perpendicular to the electric
field vector of incident light [5]. This process is induced with light only and happens below the glass transition
temperature of a polymer.

In this study, we present photo-physical properties of a novel class of azo-quinoline containing methacrylic
polymers. The goal of our study was to examine the influence of various substituents in the chromophores
on photo-physical properties. By introducing different electron donating/withdrawing substituents into the
azobenzene molecule and/or by changing its molecular structure, spectroscopic properties as well as
isomerization quantum yields and thermal relaxation rate of azobenzenes can be tailored. Understanding of
a relationship between the structure and photo-physical properties of azobenzene derivatives is important for
designing materials suited for specific applications.

[1] Z. Sekkat, W. Knoll (Eds.), Photoreactive Organic Thin Films, Academic Press, New York, 2002.

[2] A. Natansohn, et. al, Photoinduced motions in azo-containing polymers, Chem. Rev. 102, 4139 (2002).

[3] D. Bandara, et. al, Photoisomerization in different classes of azobenzene, Chem. Soc. Rev. 41, 1809 (2012).

[4] B. Derkowska-Zielinska, et. al, Functionalized polymers with strong push-pull azo chromophores in side
chain for optical application, Opt. Mater. 85, 391 (2018).

[5] B. Derkowska-Zielinska, et. al, Photoresponsive behavior of heterocyclic azo polymers with various functional
groups, J. Phys. Chem. C 124, 939 (2020).



Automated numerical analysis of nonlinear microstructured optical

fiber with GeO2 - doped core

Fabian Debowy1,2, Jacek Olszewski1, Karol Tarnowski1, and Tadeusz Martynkien1

1 Faculty of Fundamental Problems of Technology, Wroclaw University of Science and Technology,

Wybrzeze Wyspianskiego 27, 50-370 Wroclaw, Poland
2 Wroc law University of Science and Technology SPIE Student Chapter

We present the method of automated numerical analysis performed for the microstructured optical fiber
having the honey-comb arrangement of air-hole cladding and GeO2 - doped core [1, 2]. The analysis comprises
finding the spectral dependence of fundamental eigenmode dispersion for the fiber with selected cross-section
(fig. 1 a), solving the generalized nonlinear Schrödinger equation for assumed pumping pulse parameters and
fiber length (fig. 1 c) and finding the spectral location of generated soliton (fig. 1 b). By changing fiber cross-
section geometrical parameters, we are able to find optimal fiber geometry, which allows us to achieve maximal
long-wavelength spectral tuning of generated solitons.

Figure 1: Schematic representation of analyzed fiber cross-section: NL - number of air-hole layers in the
honeycomb lattice, Λ - lattice pitch, dc - dopped core diameter, dh - air-hole diameter (a); spectral energy

density for the soliton propagation (b, c).

[1] G. Soboń, T. Martynkien, P. Mergo, L. Rutkowski, A. Foltynowicz, High-power frequency comb source
tunable from 2.7 to 4.2 µm based on difference frequency generation pumped by an Yb-doped fiber laser,
Opt. Letters 42(9): 1748 (2017)

[2] T. Hasegawa, E. Sasaoka, M. Onishi, M. Nishimura, Y. Tsuji, M. Koshiba, Hole-assisted lightguide fiber
for large anomalous dispersion and low optical loss, Opt. Express 9(13): 681 (2001).



Determination of the chromatic dispersion for nonlinear

microstructured optical fibers with GeO2-dopped core

Karolina Gemza1,2, Karolina Stefańska1,2, Jacek Olszewski1, Pawe l Mergo3,
and Tadeusz Martynkien1

1 Faculty of Fundamental Problems of Technology, Wroclaw University of Science and Technology,

Wybrzeze Wyspianskiego 27, 50-370 Wroclaw, Poland
2 Wroc law University of Science and Technology SPIE Student Chapter

3 Laboratory of Optical Fiber Technology, Maria Curie-Sklodowska University,

pl. M. Curie-Sklodowskiej 3, Lublin, Poland

We present the calculated spectral dependencies of chromatic dispersion obtained for the nonlinear optical
fibers having the GeO2 - doped core surrounded by the microstructured cladding comprising of air holes arranged
in the honeycomb lattice [1 - 3]. The geometry of the fiber is reconstructed based on the scanning electron
microscopy (SEM) images of the fabricated fibers cross-sections (fig. 1 a).

Figure 1: Optical fiber geometry and mode field/SEM photo of the fiber (a) and the experimental and
simulated dispersion curve (b).

Using the own-developed methods, we adjust the reconstructed fiber geometry parameters until we match
the simulated and experimentally obtained spectral dependencies of chromatic dispersion for the fundamental
mode of analyzed fiber (fig. 1 b). The information devised from the simulations helps to acquire knowledge on
how different geometrical parameters of the fiber affect its nonlinear properties of interest, namely the soliton
generation and its spectral tuning efficiency for a given pump wavelength.

[1] K. Tarnowski, T. Martynkien, P. Mergo, J. Sotor, G. Soboń, Compact all-fiber source of coherent linearly
polarized octave-spanning supercontinuum based on normal dispersion silica fiber, Scientific Reports, vol. 9,
12313 (2019)

[2] T. Hasegawa, E. Sasaoka, M. Onishi, M. Nishimura, Y. Tsuji, M. Koshiba, Hole-assisted lightguide fiber
for large anomalous dispersion and low optical loss, Opt. Express 9(13): 681 (2001).

[3] G. Soboń, T. Martynkien, K. Tarnowski, P. Mergo, J. Sotor, Generation of sub-100 fs pulses tunable from
1700 to 2100 nm from a compact frequency-shifted Er-fiber laser, Photonics Res. 5(3): 151 (2017).



Conditions for superluminal light propagation in a three-level medium

Piotr G ladysz1, Karolina S lowik1, and Szymon Pustelny2

1 Institute of Physics, Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus University in Toruń,

Grudziadzka 5, 87-100 Torun, Poland
2 Institute of Physics, Jagiellonian University,  Lojasiewicza 11, 30-348 Kraków, Poland

Investigation of propagation of pulses in any sort of optically dressed media is one of the most basic prob-
lems in optics. One of the ways is to use a semi-classical approach allowing us to treat light as a classical
electromagnetic wave, while the medium is a sample consisted of quantum systems which can be described
quantum-mechanically. I will show results for specific case for ladder-type three-level systems in the regime of
two-photon resonance where abnormal dispersion appears accompanied with small absorption. This suggests
that the superluminal light propagation might be achieved.

Figure 1: Ladder-type three-level system with marked probe and control fields, and detunings δ1 = ωba − ωp
and δ2 = ωac − ωc.

The one-dimensional medium is consisted of three-level systems with the energy levels sketched in Fig. 1.
There are electric dipole-allowed transitions |b〉 → |a〉 with an energy ~ωba, |a〉 → |c〉 with an energy ~ωac and
an electric-dipole forbidden transition |b〉 6→ |c〉. The lower levels are coupled to the probe field Ωp(z, t) (with
main frequency ωp) and the upper ones are driven by the control field Ωc(z, t) (with main frequency ωc). Using
the Bloch–Maxwell equations, after few reasonable assumptions, we end up with the equation of propagation:(

∂

∂t
+ c

∂

∂z

)
Ωp(z, t) = iκ2σab(z, t), (1)

where σab is an envelope of the coherences between lower levels. The parameter κ2 =
Nωp|dab|2

2~ε0 describes
strength of coupling between a medium and field, N is a concentration in the sample, and dab is a transition
electric dipole moment. The above equation is a starting point for the analysis of the pulse propagation and is
valid for all cases where polarization of the medium is a linear function of the probe field.

There are two ways to solve this equation. We can directly integrate it numerically by discretizing the space
and time. The advantage is that in this way we can account for dynamic processes where the probe pulse is
steered by control field tuned in time. However, in this approach we additionally have to integrate the Bloch
equations of the medium in parallel so the process is numerically expensive. The other option is to Fourier
transform all equations into the frequency domain. In this approach, the influence of the medium is included
in the notion of electric susceptibility function χ(ω) appearing in equation for polarization:

P (z, ω) = ε0χ(ω)E(z, ω). (2)

In this case, the evolution of the probe field can be found analytically. On the other hand, it is more challenging
to include time-dependent control field which would lead to a complicated form of equations in the frequency
domain.

I will present the comparison between the two methods and results for the two-photon transition around
the two-photon resonance (δ1 + δ2 ≈ 0) but in the case where both fields are far from single-photon resonances.
Such a scenario gives us a possibility to investigate abnormal dispersion under relatively small absorption and
to find out if it might be possible to observe superluminal or negative group velocities.



Bismuth-doped fiber amplifier (BDFA) at wavelengths beyond 1650

nm for molecular gas spectroscopy

Grzegorz Gomolka1, Ma lgorzata Kaleta1, Monika Krajewska1, and Michal Nikodem1

1 Department of Optics and Photonics, Wroclaw University of Science and Technology

Optical fiber-based amplifiers that use fibers doped with rare-earth ions are capable of all-optical signal
amplification based on stimulated emission of radiation phenomena. Depending on the dopant they provide
gain in various spectral regions, from 0.9 m to 2.7 m. Main advantages of fiber-based amplifiers are high
gain (often few tens of decibels), low noise figure, and all-fiber design (robust and compact). Additionally, gain
bandwidth of rare-earth-doped fiber amplifiers is usually relatively broad [1]. There are, however, spectral bands
in which optical amplification with rare-earth-doped fiber amplifiers cannot be easily obtained, mostly due to
lack of appropriate dopants and proper host glasses. One of those elusive bands is spectral region between 1650
and 1700 nm. This wavelength range is interesting due to potential application in optical telecommunication
(to extend the existing transmission bands), or trace gas detection (e.g. methane has several strong absorption
lines beyond 1650 nm that can be used in stand-off leak detection).

Only few options for amplification of wavelengths between 1650 and 1700 nm have been presented. Those
are primarily thulium-doped amplifiers, that used the ultra-short wavelength luminescence of Ge/Tm co-doped
fibers [2] and bismuth-doped fiber amplifiers (BDFAs) using high germanosilicate bismuth-doped fibers as an
active medium [3, 4].

During the conference we will present the results of our experiments with bismuth-doped fiber amplifier.
The construction and performance of the amplifier will be discussed. The performance of BDFA was measured
at two wavelengths: 1651 nm and 1687 nm (both can be used for laser-based methane sensing). With optimized
amplifier configuration the output powers of over 100 mW at 1651 nm and over 120 mW at 1687 nm were
obtained. The example of using BDFA to improve the signal amplitude in photothermal spectroscopy of
methane near 1651 nm will also be presented.

Acknowledgements: the bismuth-doped fiber was made by Sergei Firstov from Fiber Optics Research Center,
Russian Academy of Sciences. Presented work is supported by the National Science Center of Poland (UMO-
2018/29/B/ST7/01730).

[1] M. Norouzi, P. Badeka, P. Chahande, and B. Briley, A survey on rare earth doped optical fiber amplifiers,
IEEE Int. Conf. Electro Inf. Technol., (2013).

[2] S. Chen, Y. Jung, S. Alam, D. J. Richardson, R. Sidharthan, D. Ho, S. Yoo, and J. M. O. Daniel, Ultra-short
wavelength operation of thulium-doped fiber amplifiers and lasers, Opt. Express, 27(25), 36699 (2019).

[3] S. V. Firstov, S. V. Alyshev, K. E. Riumkin, V. F. Khopin, A. N. Guryanov, M. A. Melkumov, and E. M.
Dianov, A 23-dB bismuth-doped optical fiber amplifier for a 1700-nm band, Sci. Rep. 6, (2016).

[4] M. Nikodem, A. M. Khegai, and S. V. Firstov, Single-frequency bismuth-doped fiber power amplifier at 1651
nm, Laser Phys. Lett. 16(11), (2019).



High-speed high-sensitivity laser pulse energy measurement

Pawe l Grześ, Maria Michalska, and Jacek Świderski
Institute of Optoelectronics, Military University of Technology, 2 Kaliskiego Street, 00-908, Warsaw, Poland

Laser pulses with duration of single nanoseconds are widely used in many applications, such as telecommu-
nication, medicine and industry. To generate them semiconductor lasers with proper laser diode drivers are
used. The energetic properties of this setup define the potential use of the source in the specific application.
However, the measurement of the short energy laser pulse is very challenging task, because of the low sensitivity
of detector and high pulse repetition rates. Additionally, the commercial devices can measure energies down to
tens of picojoules at repetition rates of hundreds of kilohertz at best.

In the article a real-time and high-sensitivity laser energy meter dedicated to semiconductor lasers is shown.
The laser pulse widths should be in range of single nanoseconds to subnanoseconds. The innovative measurement
method is based on pulse response of the very high speed operational amplifier. It allows to measure energies
of very short pulses generated with high repetition rates. The real-time operation ensures the output update
just after next pulse arrival.

The experimental results show that the designed laser energy meter can measure laser pulses with energies
down to 110 fJ with maximal repetition rate up to 2.28 MHz. The dynamic range is only 10 dB, but it can be
easily extended using, for example, voltage controlled optical attenuators. To the best of authors knowledge,
the developed meter is the most sensitive and the fastest pulse energy meter for infrared radiation, compared
to previously reported solutions including commercially-available solutions.

[1] Pawe l Grześ, Maria Michalska, Jacek Świderski, Real-time laser energy meter of nanosecond and sub-
nanosecond optical pulses, Measurement 163, 107967 (2020).



Refractive index fiber-optic sensor with nitrogen-doped diamond film

as a way to biomedical measurements

Monika Kosowska1, Daria Majchrowicz1 and Ma lgorzata Szczerska1

1 Department of Metrology and Optoelectronics, Faculty of Electronics, Telecommunications and Informatics,

Gdansk University of Technology, 11/12 Narutowicza Street, 80-233 Gdansk, Poland

Fiber-optic sensors are commonly used in many fields of science and industry to measure values of physical
quantities, e.g. refractive index, one of the most important optical parameters describing substances. The
metrological parameters of fiber-optic sensors are determined by the optical parameters of the materials used
to build the elements of the sensor’s measurement head, i.e. passive components like mirrors [1].

In this study, a fiber-optic sensor utilizing nitrogen-doped diamond (NDD) film for measuring refractive index
of liquids is presented. The NDD was deposited by a Microwave Plasma Enhanced Chemical Vapor Deposition
System. The sensor was designed and constructed as a Fabry-Pérot interferometer working in a reflective mode
with nitrogen-doped diamond film working as a mirror. The cavity of Fabry-Pérot was formed between two
reflective layers: polished fiber tip and the diamond film [2]. The setup was built of a superluminescent diode,
optical spectrum analyzer, 2x1 coupler, single mode optical fibers and a set of micromechanical elements for
positioning and stabilizing the measurement head.

A series of distance measurements was performed to test NDD performance as a mirror and find the optimal
cavity length providing the highest visibility of the optical signal. The next step was to investigate the possibil-
ity of measuring refractive index of liquids – certified immersion oils. Because of the good performance of such
sensor, the measurements of hemoglobin level were carried out. The linear dependence between spectral sepa-
ration between neighbouring maxima and refractive index value of the measured biological sample was found.
The coefficient describing the quality of linear fit to data is R2=0.96. The sensor ensures high visibility of the
signal (V>0.99) and the sensitivity of -0.45 nm/g/dL. Application of NDD mirror can prolong the lifespan of
the sensor and opened the way to biomedical measurements [3].

[1] M. Jedrzejewska-Szczerska, D. Majchrowicz, M. Hirsch, P. Struk, R. Bogdanowicz, M. Bechelany, V. V.
Tuchin, Nanolayers in Fiber-Optic Biosensing in Nanotechnology and Biosensors, Elsevier (2018).

[2] M. Kosowska, D. Majchrowicz, K.J. Sankaran, M. Ficek, K. Haenen, and M. Szczerska Doped Nanocrys-
talline Diamond Films as Reflective Layers for Fiber-Optic Sensors of Refractive Index of Liquids, Materials
12(13) (2019).

[3] D. Majchrowicz, M. Kosowska, K. J. Sankaran, P. Struk, M. Wasowicz, M. Sobaszek, K. Haenen and M.
Jedrzejewska-Szczerska, Nitrogen-Doped Diamond Film for Optical Investigation of Hemoglobin Concen-
tration,Materials 11(1) (2017).
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Quantitative Phase Imaging is an emerging field of methods, which allows for quantitative and label-free
characterization of biomedical specimens [1]. Among them, the Optical Diffraction Tomography (ODT) allows
for retrieval of three-dimensional refractive index distribution through capturing of a series of holographic
projections of the sample under study [2]. In recent years, different reconstruction methods have been proposed
to increase the isotropy of resolution of calculated tomographic reconstructions. However, very few approaches
have been proposed to increase the signal-to-noise ratio (SNR). As in other imaging methods, the measurement
noise is an important factor reducing the reconstruction quality.

The purpose of this study is to test a new tomographic reconstruction procedure, whose goal is to increase the
SNR in obtained reconstructions. In this approach, instead of calculating a single tomographic reconstruction
from all acquired projections, a series of reconstructions from subsets of projections is calculated. According
to the theory of tomographic imaging, the distribution of noise in each of the calculated reconstruction will be
random, while the signal (information about the distribution of refractive index of the examined object) will be
the same, however with reduced resolution. Therefore, if such set of tomographic reconstructions is averaged,
the SNR can be expected to increase.

In order to test this method, the procedure for tomographic noise simulation has been prepared. It is
based on the study of noise transfer from holographic projections of the object to the retrieved amplitude and
phase distributions of these projections. Presented work provides detailed description of noise simulation, as
well as description of the proposed method and its in-depth numerical and experimental verification. In the
numerical analysis, the objects studied are the phantoms of a microsphere and biological cell. In the experimental
verification, the sample tested was a PMMA microsphere. The analysis of the results is carried out according
to two criteria: quality factor QI [3] and SNR value.

[1] Popescu G., Quantitative Phase Imaging of Cells and Tissues , The McGraw-Hill Companies, Inc., (2011).

[2] Krauze W., Makowski, P., Kujawińska M., Kuś, A., Generalized total variation iterative constraint strategy
in limited angle optical diffraction tomography, Optics Express 24, 4924-4936 (2016).

[3] Wang, Z.,Bovik, A.C., A universal image quality index, IEEE Signal Processing Letters vol.9, no.3, 81-84
(2002).
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We want to present experimental demonstration of far-field temporal imaging using cold atomic gradient
echo memory (GEM) and ac-Stark spin-wave modulation (SSM) [1]. We achieved spectral resolution of the
order of 20 kHz with MHz-level bandwidth. In comparison to many existing implementations with GHz-level
resolution which are well suited for ultra short pico- of even femtosecond pulses, our system is compatible with
ultra-narrowband atomic emission. We also achieve ultralow noise equivalent to 0.023 photons per experiment.
Therefore, our device may be used as single-photon-level ultraprecise spectrometer for atomic emission, enabling
characterization of spectro-temporal, high-dimensional entanglement generated with atoms. Figure 1 presents
experimental sequence for temporal imaging.
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Figure 1: Experimental sequence for temporal imaging. (a) Time-trace of the Zeeman shift gradient β used
in GEM protocol, allowing two-directional mapping of signal frequencies to distinct positions in the atomic
cloud. (b) Control field (red) and SSM (yellow) laser pulse sequence divided into three stages corresponding to
lens-propagation-lens operations. The lens (1) is implemented during the GEM writing process by a chirped
control field. (2) The 3 µs-long SSM laser pulse imprints a parabolic phase profile onto the stored atomic
coherence which realizes the spectro-temporal free-space propagation. During this stage the magnetic field
gradient is reversed, allowing re-mapping the coherence to light. (3) Finally, the control field is turned on
and the coherence is read-out from the memory. (c) Example results, for two pulses as input. (d) Normalized
modulus square of atomic coherence in Fourier space.

[1] M. Mazelanik, A. Leszczyński, M. Lipka, M. Parniak, W. Wasilewski, Temporal imaging for ultra-
narrowband few-photon states of light, Optica 7, 203-208 (2020)
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Nonlinear amplyfying loop mirror (NALM) is an alternative to widely used real saturable absorbers (SA) for
development of compact, self-starting and robust sources of ultrashort pulses [1].The requirement of environ-
mentally stable operation can be fulfill by use of all polarization-maintaining (PM) fibers. The NALM-based
lasers have been demonstrated in applications such as space-borne frequency comb-based optical clock [2] and
large-scale length measurements [3]. Dispersion management of the laser cavity can be used as an optimaza-
tion method of pulse energy and duration. Here we report a dispersion management of all-PM NALM-based
Er-fiber oscillator within the net cavity dispersion ranging from -0.037 ps2 to 0.007 ps2. Pulses as short as 75
fs generated directly from laser with pulse energy of 83 pJ were achieved for net cavity dispersion -0.001 ps2 at
output port 1. The structure of the oscillator consisting NALM segment and a linear arm is shown in Figure
1(a). A fast saturable absorber is mitigated at PBC2 when coherent interference between counterpropagating
pulses introduce intensity dependent loss.

Figure 1: a) Experimental setup. PM WDM: polarization maintaining wavelength division multiplexer; PM EDF:
polarization maintaining erbium-doped fiber; PM SMF: polarization maintaining single mode fiber; LD: laser diode; col:
collimator; PBC; polarization beam combiner; FR: Faraday rotator; QWP: quarter-wave plate; M: mirror. Measured
output characteristics of outputs with net cavity dispersion -0.001 ps2. b) Optical spectra. Measured and retrieved
SHG FROG traces for output port 1 (c) and output port 2 (d). e) Reconstructed temporal intensity, transform limited
intensity and temporal phase.

To determine the net cavity dispersion we assumed dispersion parameter as -22 ps/nn/km @1550 nm for
active and 20 ps/nm/km @1550 for passive fiber respectively. Shortening of passive fiber length led to increase
of the net cavity dispersion. Output characteristics of each output port have been measured with an optical
spectrum analyzer (OSA), an radio frequency spectrum analyzer (RF), an autocorrelator (AC) and second
harmonic frequency resolved optical gating technique system (SHG FROG). Exemplary results for net cavity
dispersion -0.001 ps2 has been shown in Figure 1(b-e).
Funding: Foundation for Polish Science (FNP, First TEAM/2017-4/39)

[1] J. Zhou et al., Environmentally-stable 50-fs pulse generation directly from an Er:fiber oscillator., Optical Fiber Technology 52, 101963 (2019).

[2] M. Lezius et al., Space-borne frequency comb metrology., Optica 3, 1381-1387 (2016)

[3] Y. Li et al., Large-scale absolute distance measurement with dual free-running all-polarization-maintaining femtosecond fiber lasers., Chinese Optics Letters 17, 9 (2019).



Diamonds with NV− color centers as possible sensors of temperature

and magnetic field
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Nitrogen-vacancy (NV−) color centers in diamond are interesting media for many applications. For example,
they are applied for sensitive, high-spatial-resolution, wide field-of-view imaging of microscopic magnetic fields
and temperature, which operates in a wide range of conditions, from cryogenic to well above room temperature
[1]. Their application benefit from specific properties of NV− that are characterized by a nonzero electron spin
(S=1), which allows them to be optically pumped and probed via microwave (MW) which is a foundation of
optically detected magnetic resonance (ODMR) spectroscopy [2]. Two systems with negatively charged NV−

color centers were recently investigated in our laboratory. In my presentation, I will focus on experiments
recently performed on tellurite glass rods doped with micro diamonds and AFM chips with a diamond on top
of a tip.

[1] Levine, Edlyn V., et al. Principles and techniques of the quantum diamond microscope. Nanophotonics
8.11, 1945-1973 (2019).

[2] Gruber A., Drabenstedt A. et al., Scanning confocal optical microscopy and magnetic resonance on single
defect centres, Science 276(5321), 2012 – 2014 (1997).
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Integrated optics devices are made of components that realize the specific tasks. One group of such compo-
nents are periodic structures, implemented in the form of a refractive index profile varying along one or more
directions. Using periodic structures, it is possible to modulate light intensity, filter specific light frequencies as
well as launching light into, and from the optical waveguides [1].

The subject of this work is the grating coupler. It belongs to the class of periodic structures and is specially
designed for a new material platform characterized by a low refractive index difference between the substrate
and the waveguide. The grating coupler is a crucial component enabling the light to be coupled into or out
from photonic integrated circuits (PIC). The primary advantage over the other coupler types is the possibility
of delivering the light directly from the optical fiber to the arbitrary location on the PIC. It is also easy to
fabricate, does not need post-fabrication processing, is relatively tolerant for fiber-positioning errors, and has
lower sizes (in silicon platform about 12 µm × 12 µm).

Figure 1: (a) SEM photo of a grating coupler, a picture was taken from [3]. (b) Out-of-plane component of
electric field distribution showing the operating principle.

A simple and efficient semi-analytical method, suggested by Wang et al., will be presented [2]. Proposed
design methodology allows for obtaining high grating coupler efficiency by proper tailoring of the geometrical
parameters, i.e., grating period, filling factor, etch depth, for assumed design-intent parameters like working
wavelength, coupling angle, and polarization. Obtained results will be compared with numerical simulation
performed using the wave-optics frequency-domain finite element method.

[1] Halir, R., Bock, P. J., Cheben, P., Ortega-Moñux, A., Alonso-Ramos, C., Schmid, J. H. & Janz, S.,
Waveguide sub-wavelength structures: a review of principles and applications, Laser & Photonics Reviews.
Vol. 9.1, 25-49 (2015).

[2] Wang, Y., Flueckiger, J., Lin, C., & Chrostowski, L., Universal grating coupler design, Photonics North.
Vol. 8915, p. 89150Y (2013).

[3] Rath, P., Khasminskaya, S., Nebel, C., Wild, C., Pernice, W. H. & Beilstein J., Grating-assisted coupling
to nanophotonic circuits in microcrystalline diamond thin films, Beilstein Journal of Nanotechnology. Vol.
4, p. 300–305 (2013).
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Helically twisted fibers are desirable in a variety of applications including high-power lasers, optical metrology
and nonlinear optics. They have been produced since 1987 by means of a rotating glass preform as the fiber
is being drawn. Twisted fibers show unique features such as circular birefringence and conservation of the
orbital angular momentum of light. Adjusting twist pitch in the range of 10 µm − 10 cm allows for significant
modification of propagation properties of the fiber.

In this work we analyzed the effects of twist rate and core ellipticity on the effective refractive indices of the
fundamental and second order modes in a twisted optical fiber with offset core. Results were obtained by using
transformation optics which enables simulation of a material with complicated geometry through expressing
changes in the coordinate system as the equivalent modification of electromagnetic properties of the material,
in particular permittivity and permeability [1]. This approach combined with a finite element method allows
for a precise numerical modelling. The investigated fiber has refractive index in the cladding corresponding to
pure silica glass and germanium doping level in the core so that NA = 0.1.

In untwisted fiber, the second order modes are nearly degenerate i.e. the effective mode refractive indices
have similar value (they differ by the factor 10−6). With introduced twist, the effective refractive indices increase
with different rates for each mode as described in [2]. For the analyzed twist rate 1.3 cm−1 mode birefringence
exceeds 2 × 10−5 in circular core. In this work, we present a method for obtaining mode degeneracy for given
wavelength through altering core shape. As seen in Figure 1, asymmetry introduced in the core shape results
in second order mode degeneracy for two different values of minor axis.

Figure 1: Effective refractive index of second order modes TE01 (blue), HEe
21 (red), HEo

21 (gray), TM01 (green)
in twisted optical fiber with offset core as a function of core ellipticity expressed as ratio of two ellipse axes.
Inset shows electric field of the mode HEe

21 for the ratio b/a = 0.85.

[1] A. Nicolet, F. Zolla, Y. O. Agha and S. Guenneau, Leaky modes in twisted microstructured optical fibers,
Waves in Random and Complex Media 17:4, 559-570 (2007).

[2] M. Napiórkowski, Numeryczne badania właściwości skręconych i zgiętych światłowodów z wykorzystaniem
formalizmu optyki transformacyjnej, Politechnika Wrocławska, Wydział Podstawowych Problemów Tech-
niki (2016).
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We employ highly accurate cavity-enhanced molecular spectroscopy to study the D2-He collisions and test the
D2-He potential energy surfaces [1, 2, 3, 4, 5]. In this approach, the collisional effects manifest as perturbations
of the shapes of the rovibrational resonances of the D2 molecule. Using a high-finesse optical-frequency-comb-
linked frequency-stabilized cavity ring-down spectroscopy technique [6], we performed a series of measurements
of the helium-perturbed D2 S(2) 2-0 line at temperatures between 25 and 59◦C and pressures between 350 and
1400 Torr.
We performed purely ab initio quantum scattering calculations and used them to determine the generalized spec-
troscopic cross sections and, subsequently, spectral line-shape parameters, including also the speed-dependence
of the pressure broadening and shift coefficient as well as the Dicke narrowing parameter which were later used
to simulate the speed-dependent billiard-ball profile of the He-perturbed D2 S(2) 2-0 line.
This is one of the first works in which purely ab initio line-shape calculations and ultra-accurate experimental
results are compared.

[1] J. Schaefer, W. Köhler, Quantum calculations of rotational and NMR relaxation, depolarized Rayleigh and
rotational Raman line shapes for H2(HD)–He mixtures, Physica A, 129, 469–502 (1985).

[2] P. Muchnick, A. Russek, The He-H2 energy surface, J. Chem. Phys. 100, 4336–4346 (1994).

[3] A.I. Boothroyd, P.G. Martin, M.R. Peterson, Accurate analytic He–H2 potential energy surface from a
greatly expanded set of ab initio energies, J. Chem. Phys. 119, 3187–3207 (2003).

[4] B.W. Bakr, D.G.A. Smith and K. Patkowski, Highly accurate potential energy surface for the He–H2 dimer,
J. Chem. Phys. 139, 144305 (2013).

[5] F. Thibault, K. Patkowski, P.S. Żuchowski, H. Jóźwiak, R. Ciury lo, P. Wcis lo, Rovibrational line-shape
parameters for H2 in He and new H2–He potential energy surface,J. Quant. Spectrosc. Radiat. Transfer
202, 308–320 (2017).

[6] A. Cygan, S. Wójtewicz, G. Kowzan, M. Zaborowski, P. Wcis lo, J. Nawrocki, P. Krehlik,  L. Śliwczyński,
M. Lipiński, P. Mas lowski, R. Ciury lo, and D. Lisak, Absolute molecular transition frequencies measured
by three cavity-enhanced spectroscopy techniques, J. Chem. Phys. 144, 214202 (2016).
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Stable, coherent light sources in 2 µm wavelength range are highly demanded nowadays due to their numerous
scientific, medical and industry applications. These sources can be built using gain media such as Ho- or Tm-
doped combined with different mode-locking techniques [1]. Alternatively, they can benefit from nonlinear
effects that occur in microstructured silica fibers. These optical fibers are so-called dispersion-engineered fibers
which structure consists of many air-holes in the cladding surrounding solid core. When we pump these fibers
with a source that emits ultra-short pulses the nonlinear effects will occur. Depending on the fiber’s dispersion
and nonlinearities we can influence what we obtain at the output of such microstructured fiber.

The aim of this work was to investigate and compare the suitability of two types of nonlinear sources -
supercontinuum generation based on an all-normal dispersion (ANDi) fiber [2] and soliton-self frequency shift
(SSFS) effect [3] that can be generated in microstructured fiber with anomalous dispersion - as seeders for
Tm-doped fiber amplifiers. The experminetal setup is presented in Fig. 1(a). An Er-doped fiber laser operating
at 1.56 µm serves as a pump source delivering 50 fs pulses at 125 MHz repetition rate to both microstructured
fibers. The laser beam is coupled to the fibers via aspheric lens. A half-wave plate (HWP) together with
polarizing beam-splitter (PBS) were used to control the input power. A switchable mirror was used to change
the direction of the laser beam either to ANDi or SSFS fiber. At the output of the fibers we measured optical
properties of the pulses emitted in the range 1.8 - 2 µm such as coherence, Dispersion Fourier Transform and
Relative Intensity Noise as presented in Fig 1(b). Eventually we amplified both output pulses in a Tm-doped
fiber amplifier and investigated pulse characteristics using Frequency-Resolved Optical Gating (FROG). We
achieved pulses of duration 92 fs and 350 mW average power for the SC and for the soliton of duration 88 fs
and 365 mW optical power. Furthermore, the emission wavelength of the soliton could be adjusted so that the
average power could be scaled up to 405 mW. By adding to this high coherence level and slightly lower noise
properties for the solitons, we can confirm the suitability of both fibers as seed sources for Tm-doped fiber
amplifiers, yet with better perfomance and ability to fit the proper wavelenghe range for the solitons.

Figure 1: Schematic of the setup providing light to the anomalous dispersion (ANDi) fiber and soliton self-frequency
shift (SSFS) fiber (HWP - Half-Wave Plate, PBS - Polarizing Beam Splitter, SM - Switchable Mirror) (a). Relative
Intensity Noise of the soliton and supercontinuum and the seed laser comparison (b).

Funding: Foundation for Polish Science (POIR.04.04.00-00-434D/17-00), National Centre for Research and Devel-
opment (POIR.04.01.01-00-0037/17)

[1] Y. Tang et al., Generation of 8 nJ pulses from a normal-dispersion thulium fiber laser, Opt. Lett. 40, 2361–2364
(2015).

[2] K. Tarnowski, et al. Compact all-fiber source of coherent linearly polarized octave-spanning supercontinuum based
on normal dispersion silica fiber, Sci. Rep. 9, 12313 (2019).

[3] G. Sobon, et al. Generation of sub-100 fs pulses tunable from 1700 to 2100 nm from a compact frequency-shifted
Er-fiber laser, Photon. Res. 5, 151-155 (2017)
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We present the results of simulations performed using the generalized nonlinear Schrodinger equation
(GNLSE) [1]. The results were obtained for the nonlinear microstructured optical fiber with GeO2 doped
core [2]. Fiber geometry was reconstructed from a scanning electron microscopy image. This was used to
perform a series of calculations by means of finite element method (FEM). The FEM results – spectral depen-
dencies of chromatic dispersion, effective mode area and waveguide loss for the fundamental mode – were used
for solving GNLSE. According to the experimental data, we also assumed the fiber length, pump wavelength
and pumping pulse parameters. The obtained results are illustrated by an example displayed in fig.1.

Fig. 1. Calculated and measured optical spectra for different pumping powers (log scale)

We demeonstrated relatively good agreement between experimental and simulated spectral charactersictics
of nonlinear response of the analysed NMOF. In case of the nonlinear simulation, presented results confirm that
not only the accurate spectral characteristics for the analyzed fiber are required but also there is a need for the
detailed knowledge on the experiment details. For instace the pumping pulse time intensity characteristics and
interconnection loss between pumping and nonlinear fiber. In case of pump average power of 106 mW, it is
highly probable that the accuracy in long wavelength range is directly related to the material loss of silica fiber
which was not taken properly into account in the simulations.

[1] Gowind P. Agrawal, Nonlinear fiber Optics, Academic Press (2007).

[2] Grzegorz Soboń et al. , Generation of sub-100 fs pulses tunable from 1700 to 2100 nm from a compact
frequency-shifted Er-fiber laser, Photon. Res. 5.3, pp. 151–155 (2017).
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The current rapid development of photonics has been due to, among others, direct laser writing (DLW) in
glasses which provides a robust and efficient way to directly address 3D material structuring enabling imple-
mentation of integrated waveguide systems. DLW consists on focusing femtosecond laser pulses with energies
of a few hundreds of nanojoules inside transparent glass matrix, which induces a permanent refractive index
change within the laser-matrix interaction voxel. DLW presents many advantages, offering maskless patterning
at sub-wavelength resolutions, flexibility, ease-of-use and cost effectiveness.

While the usual fs-DLW has been focusing on the modification of the glass matrix, the introduction of no-
ble metal ions like Ag+ or Au+ results in increased photosensitivity and unique optical properties and is free
from matrix degradation. Femtosecond laser locally initiates photothermal processes resulting in the precipi-
tation of several-atomic size metallic clusters [1] as well as larger nanoparticles (NPs) characterized by strong
fluorescence and absorption bands in the visible, respectively. Such unique optical properties of metallic NPs
are the effect of the local surface plasmon resonance (LSPR) – the effect of collective motion of their electron
gas under the influence of the incident light field. The consequence of LSPR is a change in both the linear
refractive index of the composite and the appearance of non-linear absorption and refraction, by several orders
of magnitude higher than of a pristine glass. Moreover, since LSPR is related to the motion of the electron
gas, i.e. particles endowed with charge and spin and simultaneously of high polarizability, the optical properties
of such particles and composed photonic structures should be susceptible to external electric and magnetic fields.

The goal of this work as the first step towards new photonic materials, was to create by DLW method,
waveguide structures by precipitating silver clusters from silver ions contained in glass matrices of different
composition. Studies have shown the threshold dependence for cluster formation in the form of waveguides on
the fluence and repetition rate of laser pulses. The size and structure of the waveguides produced were then
examined by fluorescence microscopy.

Figure 1: Left: scheme of experimental setup. Right: microstructures consisting of fluorescent silver NC’s
observed using fluorescence microscope. Left side – Source: doi: https://doi.org/10.15407/spqeo20.02.159

[1] Y. Petit, S. Danto, et all, On the femtosecond laser-induced photochemistry in silver-containing oxide
glasses: mechanisms, related optical and physico-chemical properties, and technological applications, Adv.
Opt. Techn. Vol. 7, 291-309 (2018), https://doi.org/10.1515/aot-2018-0037
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Laser sources with high pulse energy are very popular in various fields of industry and science, especially
when their wavelength differs from conventional gain bandwidths for fiber lasers. Wavelengths not reachable in
traditional way are a great basis for nonlinear effects such as different frequency generation or pumps for mid-
infrared parametric oscillators. We demonstrate a setup for amplification of laser pulses at 1.03 µm wavelength.
The setup works in a new regime called gain-managed nonlinearity (GNM) [1] and delivers pulses with energy
up to 71 nJ, which corresponds to 2.17 W of average power, with a central wavelength of 1083 nm and 45 nm
of width. New amplification regime first presented by the group of F. Wise [1] works with the pulse and gain
spectra in such a way, that they both evolve and reshape one another, which allows to generate a bandwidth
much broader than the gain spectrum. It is shown that when the pulse experiences dispersive and nonlinear
effects, it evolves toward a self-similar pulse or similariton. If we allow to continue the evolution a new regime
can be achieved. The pulse shifts towards longer wavelengths, continues to broaden in spectral and time domain
and its energy increases.

The experimental setup of the source is depicted in Fig. 1(a). Seed laser is a fiber laser working at the
central wavelength of 1031 nm and 11 nm of width (Fig. 1(b)). The repetition rate of the laser was 30.44 MHz,
the average power 68.3 mW and the duration of the pulse 15 ps. First, the seed pulse was compressed using
a grating compressor, so that its duration was shortened to 312 fs. In the next step the pulse was directed
into the amplifier, which consisted of 9-meter-long double-clad Ytterbium-doped polarization maintaining (PM)
fiber with a 10-µm core diameter, pumped by a laser diode working at 918 nm.

The spectra of pulses obtained in this amplification process are depicted in Fig. 1(c). While increasing the
pump power, the spectrum is broadening and reaching beyond the gain bandwidth of Yb-doped fibers. For the
pulse energy of 46 nJ or higher, Raman scattering is observed. The maximal average power was achieved at
6.84 W of pump power and was equal 3.25 W (107 nJ) with central wavelength of 1115 nm and width of 92
nm. The last spectrum not affected by Raman scattering had the average power of 0.995 W (32 nJ) for 3.32 W
of pump power. The central wavelength for this pulse was 1083 nm and the width was 45 nm.

Figure 1: Experimental setup of the GNM amplifier (a). Optical spectrum of the seed laser (b). Optical spectra of seed
laser amplified in GNM regime (c).

Funding: Polish Ministry of Science and Higher Education (DG2018 006648).

[1] P. Sidorenko et al., Nonlinear ultrafast fiber amplifiers beyond the gain-narrowing limit, Optica 6, 1328-1333 (2019).

[2] A. Schliesser et al., Mid-infrared frequency combs, Nat. Photonics 6, 440-449 (2012).
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Innovative technologies are used in veterinary medicine when treating animals. The phenomenon of forced
emission is one of the commonly used referred to under the acronym laser. Applicable devices emit electro-
magnetic radiation in the visible, ultraviolet and infrared range. Great variation will allow you to present a
laser with different powers. Clinical cases will show a practical view of laser in veterinary dentistry. There are
various inflammatory stages in the mouth that can be eliminated with a laser. The presented changes include
soft tissues, which include mucous membranes and gums as well as connections using mucocutaneous tissue. The
subject of the lecture includes the characteristics of changes with the use of possible types of lasers in animals
in the oral cavity.
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Measurements of weak absorption lines enable investigation of gas concentration in the atmosphere. To con-
duct such an experiments one needs reference data of absorption coefficients. We would like to describe a spec-
trometer that we have constructed to measure absorption lines of atmospheric oxygen. The spectrometer uses
a cavity to extend the optical path of light in absorbing gas and make the attenuation of the laser beam intensity
visible (cavity ring-down spectroscopy). The construction of the experimental setup, principle of operation and
obtained results will be presented.
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Diamond structures are highly valued in many fields of science, such as, for example, microelectronics or
optoelectronics [1]. In recent years, diamond has been of interest to scientists due to its properties such as
biocompatibility, excellent chemical stability, extraordinary hardness, high thermal conductivity and optical
transparency in a wide wavelength range [2,3]. Research on the use of diamond materials has led to the
production of various nanodiamond structures, such as films or sheets [4]. Those materials have various possible
usages such as i.e. protective layers for elements that can be easily damaged by mechanical or chemical damage
or high quality films which can play a role of mirrors in optoelectronic setups [5,6].

In addition to telecommunications, fiber-optic devices and systems are also used in industry, transport and
many other applications. Optical fibers are commonly used in the construction of sensors, due to their numerous
advantages. They are applied for measuring the values of various physical quantities, in particular temperature
and pressure, as well as stress, deformation, position, distance and vibration. Some of their potential applications
are limited, due to the susceptibility to damage of the measurement head. In this work, we report for the first
time the full protection of the fiber-optic measurement head with diamond structures.

In order to investigate usability of the nanocrystalline nitrogen-doped diamond (N- NDD) films applied as
reflective surfaces in the optical sensor and nanocrystalline diamond sheets (NDS) as protection of the fiber-
optic head, a set of tests were carried out. Those tests consisted of distance measurements performed with a
Fabry-Perot interferometer where N-NDD was used as a passive optical element and NDS as protective layer
attached over the measurement head. The diamond structures were deposited using Microwave Plasma Assisted
Chemical Vapor Deposition System.

We present the results of the optical measurements obtained with a measurement head with and without
NDS application, and the NDD external mirror. Tests were carried out using telecommunication single-mode
fiber, 2x1 fiber-optic coupler, a broadband light source and Ando AQ6319 optical spectrum analyzer.

[1] M. Jedrzejewska-Szczerska et al., Chapter 14 - Nanolayers in Fiber-Optic Biosensing, in Nanotechnology
and Biosensors, Elsevier, 395–426 (2018).

[2] D. Majchrowicz et al., Materials 11(1), 109 (2018).

[3] M. Kosowska et al., Materials 12(13), 2124 (2019).

[4] R. Bogdanowicz et al., Advanced Functional Materials 29(3), 1805242 (2019)

[5] M. Kosowska et al., Carbon 156, 104–109 (2020).

[6] D. Milewska et al., Diamond and Related Materials 64, 169-176 (2016).
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Intraocular pressure in an eye determines balance between production and draining of
aqueous humour from a globe. The value of intraocular pressure which is believed to be
correct, is from 10 to 21 mmHg 1, but this value may sometimes fluctuate up to 5 mmHg.
Tonometry provides information concerning a value of intraocular pressure, which enables
detection of any anomaly. Such examination as tonometry is used to quickly diagnose
many eye diseases and control their development. Both too high and too low intraocular
pressure may adversely affect functioning of an eyeball. High Intraocular pressure (IOP)
may be the main cause of glaucoma 2,a disease, which if not treated, may lead to partial
or entire loss of vision. It is written in many scientific publications, that the dynamic
physical exercises can reduce intraocular pressure by even 4,1 mmHg 3. This is the reason
why tonometry exam was performed before and after physical exercises on the research
group who do sport intensively in order to study described dependencies in depth. The
study showed a decrease in pressure immediately after physical activity, a slight increase
after 10 minutes from the end of the training which could have been caused by drinking
water during the training, next it was followed by observation of individual stabilization
for each subject.

In my research a non-contact tonometry method called air puff, which belongs to the
applanation methods, was used, since it is an extremely quick and painless method for
a patient. The experiment was conducted using a Reichert CR7 tonometer. The study
aimed to check the influence of physical activity on the value of intraocular pressure and to
determine the time needed to stabilize it after training. The research process concentrated
on establishing many parameters, for example: blood pressure, perfusion pressure, age,
weight etc., and relationships between them which will be presented on the poster.

1C. A. Bradford, J. Izdebska, Okulistyka, Wrocław 2006, Wydawnictwo Medyczne UrbanPartner
2M. Zając, Optyka okularowa, Wrocław 2007, Dolnośląskie Wydawnictwo Edukacyjne
3Ch.W. McMonnies, Intraocular pressure and glaucoma: Is physical exercise beneficial or a risk?,

Journal of Optometry 2016 9, 139-147
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Graphene nanoflakes support plasmonic excitations at infrared and optical frequencies. In contrast to gold or
silver particles, the optical response of graphene-based plasmonic nanostructures can be controlled posterior to
fabrication thanks to its strong dependence on externally tunable parameters like external field intensity, level of
doping or temperature [1]. Therefore, graphene nanoflakes seem to be a promising platform to study dynamically
tunable light-matter interactions at the nanoscale. Here, we develop a set of analytical and numerical tools that
describe optical properties of these structures in various shapes and sizes.

The physical properties of graphene are strongly determined by its honeycomb-like structure. Any impurity
placed on the surface of a graphene sheet perturbs this ideal lattice, which changes the electronic, optical, and
transport properties of the material. Keeping this in mind, we strive to make our tool general and applicable
not only to flakes of pure graphene but also to hybrid systems made of graphene nanoflakes coupled to adatoms.
An adatom is an atomic system described by a small number of energy levels, localized near the nanoflake,
which can exchange electrons with selected carbon sites at the nanoflake.

As classical models start to fail in describing the optical response of graphene nanoflakes with characteristic
sizes below a critical value of around 10 nm, we combine the tight-binding model, to characterize eigenstates
and eigenenergies of the system, with the master equation approach to trace the time evolution of the charge
density under external illumination, similarly to what has been proposed in [2]. To account for the adatom’s
influence on the dynamics of the graphene flake, as well as the back-action from the latter, we exploit the
Anderson impurity model [3] and integrate it in time domain.

The method is applied to two-level adatoms at graphene flakes of size below 10 nm of various shapes and
edge types. We study the dynamics of the system in function of a few important parameters, in particular
of the doping level and external field properties which provide knobs to eventually fully control the dynamics
with external means. We observe effects such as modification of Rabi oscillations and emergence of atom decay
induced by the presence of the flake.

[1] Koppens F.H.L, Chang D.E., Garcia de Abajo F.J., Graphene Plasmonics: A Platform for Strong
Light–Matter Interactions, Nano letters 11, 3370 (2011).

[2] Cox J.D., Garćıa de Abajo, F.J., Electrically tunable nonlinear plasmonics in graphene nanoislands, Nature
Communications 5, 5725 (2014).

[3] Castro Neto A.H., et al., Adatoms in graphene, Solid State Communications 149, 1094 (2009).
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This study investigates stability of optical parameters, such as scattering and absorption coefficients of
optical phantoms [1]. Optical parameters of the phantoms were examined in a series of measurements
and then again six months later using the exact same samples and experimental setup. Several types
of optical phantoms were used in this study. All of them were made off polydimethylsiloxane (PDSM),
they varied, however, in the content of an added curing agent and glycerin. Difference in composition
between samples allowed to evaluate, which of them best maintain optical parameters during storage
over a period of time, therefore providing the opportunity to improve upon production of the phantoms.
The investigation was performed in reflectance and transmittance modes, using an experimental setup
consisting  of  an integrating  sphere,  two light  sources with  a  wavelength  of  635 nm (red),  and a
luxmeter [2]. Results obtained from the experimental measurements were analyzed and presented in
this study. The configuration of an experimental setup is presented in fig. 1.

Fig. 1. Experimental setup

References
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Study of the Casimir effect allows to observe non-trivial behavior of quantum vacuum - the simplest state
of the electromagnetic field. Casimir force has been studied in many different cases. Attempts were also made
to analyze the Casimir force for a cavity located in non-inertial reference frames. However, these attempts led
to questionable results. Here we present a general framework that allows us determine the Casimir force in
a system of mirrors moving on any trajectory in 1+1 and 3+1 dimensional Minkowski spacetime and in any
conformally invariant metric with the Minkowski spacetime metric. We analyzed the framework on the example
of a system of uniformly accelerating mirrors described by Rindler coordinates and in De Sitter expanding
spacetime. The case of uniformly accelerating cavity, by virtue of the principle of equivalence, is analogous to
the case of a cavity placed in a gravitational field. We also discuss the problem of defining force in non-inertial
systems as a measure of the interaction between matter and the electromagnetic field.
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klijke Nederlandse Akademie van Wetenschappen, Vol. 5, 261-263 (1948).
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Interest in Spatial Light Modulators increases every year. Reason for that is their numerous applications.
Simultaneously, with growing interest in laser beam shaping, the need for high quality SLMs is increasing,
especially for the demanding applications.

Singular beams gain their popularity in the past twenty years. Most common example of such beams
are optical vortices which carry the orbital angular momentum. Potential application of them are optical
communication [1], optical metrology [2] or optical trapping [3].

In this work we present an effortless method of generation wide group of composite vortex patterns. The
SLM’s cells are divided into two groups in such a way, that each of the groups is used for displaying different
phase patterns. Flexibility of the method let us modify the ratio of division, from 1:1 to less symmetrical. This
results in different light distribution between two composed structures.

Used method allows to entirely control over generated patterns. One can generate such structures, rotate
them and change the proportion of the influence of a particular structure on the final image. Figure 1 shows
examples of experimentally generated images.

a) b) c) d)

Figure 1: Composite vortex patterns consisted of two vortices having topological charges a) m = 1 and n =
-1, b) m = 4 and n = 5, c), d) Rotation of the generated pattern with m=3 and n=2 c) the basic pattern, no
additional phase is added; d) the vortex having n=-2 topological charge was rotated by ϕ=π/2 is added.

This method holds the whole range of possibilities already applied for light structuring. One can superpose
two optical vortices, replace one of them with a Bessel beam producing a perfect vortex beam and control the
relative amplitudes of patterns that are about to be composed. The lateral displacement of each structure is
possible by imposing a diffraction grating (in an independent way). In a similar way, the spherical factor can
be added by imposing a Fresnel structure.

In this paper, we do not explore all of the possibilities of the presented method. Nevertheless, we present
some of them on a simple, but important examples.
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Fiber-optic sensors are light and compact devices, so they can be easily installed in hard to reach places.
They assure resistance to electromagnetic interferences, because the measuring part of the system does not use
electricity. They are sensitive to changes in the measured value of the physical quantities and provide precise
and reliable results [1–3] . Due to those advantages, we constructed a Fabry-Perot fiber-optic interferometric
sensor for measurements of refractive indices of liquids. In order to extend the possibilities of its use – we applied
nitrogen-doped diamond films (with varying nitrogen content) instead of silver as an external mirror. We report
for the first time the impact of nitrogen-doping level on the performance of the refractive index sensor.

Diamond structures are a very good alternative to using silver mirrors in optical sensors as they have better
chemical and mechanical properties. They are chemically stable and resistant to mechanical and chemical
damage [4]. They can be used in biological applications because of the well-known biocompatibility [5]. In
addition, they are currently used in many scientific and industrial applications.

The nitrogen-doped diamond films were deposited on silica substrates by the use of a Microwave Plasma
Assisted Chemical Vapor Deposition System, with varying nitrogen content in the working gas mixture. We
measured refractive indices of liquids in the range from 1.3 to 1.45 for each nitrogen-doped diamond sample and
for silver as a reference. The measurements were made using a broadband light source with a central wavelength
of 1550 nm. The optical signal was transmitted through the single-mode optical fibers and registered by the
optical spectrum analyzer.
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 Silicon is the second most prevalent element in the Earth's crust and third most 

abundant trace element in the human body. Silicon compounds counteract the crystallization 

of minerals in the urinary tract, impede the deposition of lipid plaques in the walls of blood 

vessels and through their presence prevent the absorption of calcium compounds which 

reduce the elasticity of blood vessels and numerous diseases of the circulatory system [1]. 

 Level of silicon were tested in hair of patients with atherosclerosis (N = 137, age 60-

94) and the control group of healthy volunteers (N = 242, age 20-80).  The measured Si 

content by ICP-OES in healthy people decreases with age, especially after 40 years and 

ranges from 43.3 ± 7.8 to 22.4 ± 8.4 μg g
-1

. The average level of silicon in patients with 

atherosclerosis is much lower and ranges from 14.0 ± 6.7 to 7.9 ±4.9 μg g
-1

, depending on the 

age range. However, a wide spread of Si values is observed in every age group, even in the 

group of healthy military students living for several years in the same conditions and using the 

same diet.  

 Among the patients there is a group with Si levels below 10 μg g
-1

, a value that does 

not appear in healthy people, even those aged 70-80. Due to the presence of a concentration 

range of 10-20 μg g
-1

 among all tested samples, Si content in hair cannot be considered 

a certain atherosclerosis marker, although particularly low Si content below 10 μg g
-1

 should 

be a clear signal for the occurrence of the disease. In such patients there is also a significantly 

reduced level of magnesium (5-15 μg g
-1

) compared to the norms adopted in Poland (25-35 μg 

g
-1

). 
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Temperature dependences of molecular line-shape parameters are important for the spectroscopic studies
of the atmospheres of the Earth and other planets. A number of analytical functions have been proposed
as candidates that may approximate the actual temperature dependences of the line-shape parameters. Such
approximation is necessary to create a comprehensive datasets for spectroscopic databases. One of the most
extensively-used database is HITRAN, with over 14000 registered users [1].
This poster reviews the evaluation of different parameterizations of temperature dependences of the line-shape
parameters [2]. Within this project, we recognized the double power law (DPL) [3] model as the most suitable
for implementation in the HITRAN database.
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 Tris(8-hydroxyquinoline)aluminum(III),  Alq3,  is  used  in  organic  light-emitting  diodes

(OLEDs) as an electron-transport material and emitting layer. Alq3 is a green emitter with PL peak

wavelength in the range of 550 nm (see Figure 1). Alq3 also serves as the parent material for various

dyes to fine-tune the emission colour from green to red [2].  In this  material  the light emission

originates from the ligand’s electronic π-π* transition from the highest occupied molecular orbital

(HOMO) to the lowest unoccupied molecular orbital (LUMO) [1].  

Alq3 layers were applied on quartz substrate using dip- coating method.  After deposition,

these films were annealed at various temperature. Luminescence of annealed Alq3 thin films were

measured in the range of 10 – 300 K.

Figure 1. Photoluminescence of Alq3 thin film
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