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Poster title

Oliwia Kaczkoś Contrast sensitivity function for two-photon vision 

Uliana Pylypenko Modelling of Microwave Field Detection Systems Based on Rydberg Atoms

Szymon Baczyński LC:PDMS structures as reconfigurable Optofluidic Waveguiding Photonic Systems

Mateusz Winkowski Laser detection of formaldehyde and ethane in human breath as potential disease biomarkers 

Daryna Budiakivska Measuring 15 Meter Wind Turbine Blade Displacements During Biaxial Force Application Using 3D Digital Image Correlation

Stanisław Kurzyna Characterization of an ultra fast impulse using Hong-Ou-Mandel interferometer

Aleksandra Łopion Laser induced shortening of the magnetic ion spin-lattice relaxation time

Andrej Farkaš Characterisation of  laser pulse induced quenching of resistivity of antiferromagnetic CuMnAs

Marcin Jastrzębski Variable shearing interferometry - ultra resolution spectrometers and their applications

Tomasz Szawełło Simulation of nonlinear interactions between single photons enabled by atomic Rydberg states

Małgorzata Sypniewska Optical properties of styrylquinoline containing copolymers with different substituents

Rafał Kosturek Possibility of micro-machining of optical fibers with an excimer laser for lab-on-fiber sensor applications

Julia Różycka High resolution liquid crystal structures manufactured by selective photoalignment with structured ultraviolet light

Poster session B (Tuesday 19.07, 17:30-19:00)
Poster title

Marcin Klempka The website elements.put.poznan.pl  for presenting atomic data 

Mateusz Raczyński Development of highly-sensitive setup for measuring magneto-optic Kerr effect and its application to 2D~semiconductors and 2D~magnetic materials.

Natalia Kuk Single-shot measurements of phonon number states using the Autler-Townes effect and composite pulses

Patryk Sokołowski Measuring the optical parameters of food products on temperature range 30-45 °C

Sanjay Kapoor Coherent Spectral Shaping of Quantum Light with a System of Two Electro-optic Time Lenses

Natalia Wasilewska Multidomain photoalignment of liquid crystal molecules in microcapillaries  

Jakub Gierowski Implementation of silicon with SiN thin film as mirror in Fabry-Perot fiber-optic sensor

Afwan Hafiz Study of the feasibility and added values of fluorescence measurement in ESA Mobile Raman Lidar (EMORAL)

Michał Suplewski Forster Resonance Energy Transfer

Natalia Sławek Laser detection of water vapour in air exhaled from human lungs

Alicja Kwaśny Frequency-doubled femtosecond fiber laser source for multiphoton scanning laser microscopy

Joanna Starobrat Pixel Apodization for Suppressing Image Duplicates in Computer-Generated Holography

Dominik Dziadek Comparative study of eye protection strategies and solutions against blue light in personal mobile devices

Piotr Kałużyński A non-pathogenic method for testing virus filtration ability of protective masks using fluorescence nanobeads as a virus phantom



Monday (18.07) Session I
Time Speaker Title

16:30-16:45 Zuzanna Śnioch Laser Tuning of the Optically Deteceted Magnetic Resonance  Quantum Wells Properties

16:45-17:00 Martyna Patera Crystal Phase Quantum Dots: Excitonic Spectrum in Electric Fields

17:00-17:15 Dariusz Chomicki Influence of substitution on surface patterning of methacrylic polymers containing quinoline-based azo-dyes

17:15-17:30 Zbigniew Łaszczych All-fiber polarization-maintaining Er-doped femtosecond laser based on a phase-biased nonlinear amplifying loop mirror

17:30-17:45 Dorota Tomaszewska-Rolla Mid-infrared optical frequency comb covering the 3.5-5 μm range for laser spectroscopy

17:45-18:00 Mikołaj Krakowski Thulim-doped mode-locked fiber laser with nonlinear amplifying loop mirror

Tuesday (19.07) Session II
Time Speaker Title

12:30-12:45 Lukáš Nowak Ion Gun, the Weapon for Future Spintronics

12:45-13:00 Zofia Dziekan Two-photon lithography of anisotropic microstuctures

Wednesday (20.07) Session III
Time Speaker Title

12:30-12:45 Sebastian Borówka Rubidium Rydberg atoms as receivers of amplitude- and frequency-modulated microwave field

12:45-13:00 Alisa Manukhova Nonclassical interference effects produced by hybrid quantum nondemolition atom-light-mechanical gate

Wednesday (20.07) Session IV
Time Speaker Title

15:00-15:15 Filip Sośnicki Bridging sub-GHz and ultrafast telecom spectral bandwidths of single-photon pulses

15:15-15:30 Michał Mikołajczyk Characterization of the resolving power of dispersive single photon spectrometers

15:30-15:45 Ali Golestani Measuring the temporal duration of pulsed quantum light by inverse Fourier transform spectrometry

Thursday (21.07) Session V
Time Speaker Title

12:30-12:45 Klaudia Nowacka Application of dynamic light scatterers for improving resolution in OCT imaging

12:45-13:00 Emilia Wdowiak Multi-material biological cell phantom for testing quantitative phase imaging

Thursday (21.07) Session VI
Time Speaker Title

15:00-15:15 Rafał Cichowski Numerical modeling of light propagation using field expansion in the base of eigenmodes determined by the finite element method

15:15-15:30 Piotr Arcab Applying multi-wavelength iterative algorithms for twinimage removal in lensless holographic microscopy.

15:30-15:45 Fabian Dębowy Numerical simulations of human eye accommodation

Thursday (21.07) Session VII
Time Speaker Title

16:30-16:45 Magdalena Zatorska Near-infrared quartz-enhanced photoacoustic spectroscopy system for methane detection using bismuth-doped fiber amplifier

16:45-17:00 Natalia Stalmach Trace gas detection applying Antiresonant Hollow-Core Fiber with Differential Optical Absorption Spectroscopy

17:00-17:15 Bohnishikha Gosh Backflow In Optical Two-beam Interference

17:15-17:30 Sanjukta Kundu Single-photon camera with an adaptively gated image intensifier

17:30-17:45 Piotr Kałużyński Light activated nanostructured ZnO – graft copolymer composites for PPB-level NO2 sensing at room temperature



Laser detection of formaldehyde and ethane in human 
breath as potential disease biomarkers  
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Abstract: Trace gases in human breath (biomarkers) may be related to certain diseases. Paper 
describes detecting two of them (formaldehyde and ethane) using infrared laser spectroscopy. 
Provided results enable directing of the sensor for clinical trials. 

 
1. Biomarkers in human breath 
Numerous trace compounds which occur in human breath contain information about individual feature of the body 
as well as on state of its health [1,2].  Excess of some of them (called biomarkers) can be related to certain diseases. 
Therefore investigation of air exhaled from the human lungs can serve as an effective tool for identification of 
various sickness at early stage of the development. For that reason searching for novel methods of biomarkers 
determination is desirable [3,4]. Novel type of breath analyzers, which can be developed due to progress in laser 
spectroscopy and optoelectronics, can be cheap, selective, sensitive and simple in maintenance. Non-invasiveness 
and short time of the detection (~ 1 min) are the main advantages compared to other medical diagnostic procedures.  
 
2. Optical methods of trace gas detection 
Optical approach for biomarkers detection in air is based on measurement of light absorption in gas sample at 
wavelength that is specific for the compound of interest (so called – molecule fingerprint). The light is quenched 
when passing through the sample. Measuring the radiation intensity at the sample entrance I0( λ) and the end (I( λ)) 
one can achieve the absorber concentration (N) using Lambert – Bourger – Beer law: 

]
)(

)(
ln[

)(

1 0




 I

I

L
N        (1) 

where σ(λ) denotes the absorption cross section and L is the light path length in the sample. The main difficulty is 
that the absorption is weak, since the concentration of majority of the biomarkers is usually very low. In order to 
achieve a good sensitivity one should tune the wavelength to the spectral region where the cross section of 
compound of interest is the highest. Moreover high sensitivity can be achieved due to the light path lengthening in 
the sample. That is applied in multipass absorption spectroscopy.  The multipass cell is equipped with two mirrors. 
The light beam is introduced to the cell through a hole in one of them and then is multiply reflected. Due to that the 
beam passes repeatedly through the sample. The effective light paths of tens of meters can be achieved. Compact 
size and small volume are the additional advantages of this approach. Although such cells are commercially 
available, we have developed a custom one. A software was created for the design and simulation and [5]. 

 
2. Experimental setup 
Simplified experimental setup is shown in Fig. 1. Continuous 
wave tunable laser (Nanoplus ICL) was applied as a light source. 
Its temperature was stabilized with Toptica DCT 110 module. 
Fine tuning of the laser wavelength was performed with Thorlabs 
TLD001 current controller. The light beam was directed to a 
beamsplitter. The outcoupled ray served for power monitoring. 
The main beam was sent to the multipass cell of 17.5 m path 
length containing the investigated gas sample. Its pressure was 
regulated by custom vacuum system. 

Three-channel generator was used for the laser tuning. Output 
signals from the channels were combined in custom summing 
amplifier and directed to the current controller. The channel 
providing a stepwise signal was used for consecutive tuning of 
the laser to the absorption peaks of selected compounds. 

 
 

Fig. 1. Simplified experimental setup 
 



Title: Foster Resonance Energy Transfer 

Abstract: 

We have constructed a simple microscope for observation and measurement of 

fluorescence. The greatest advantage of this optical system are the possibilities of simple 

modifications and replacement of the light source and filters, which makes it universal and 

adapted to the study of different objects, sensitive to different wavelengths of light. The 

current goal is to improve the image receiving by the camera. The system has the potential 

to be developed by adding new paths and a spectrometer, which will allow us to make more 

accurate measurements based on more information, including spectrum research. The 

measurement consists in placing the sample with the test object on the handle, the glass 

should adhere to the immersion oil distributed on the lens. Such a measurement method 

with an optimally built system allows us to limit human interference in the optical system by 

limiting the element of focusing search. The built microscope has a great potential for 

development. 

Authors: Maria Babińska, Michał Suplewski, Alicja Golisowicz 

Project attendant: dr inż. Adam Mazikowski 

 



Optical properties of styrylquinoline containing copolymers with
different substituents

M. Sypniewska1, V. Smokal2, A. Apostoluk3, R. Szczesny4, B. Derkowska-Zielinska1

1Institute of Physics, Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus University, Grudziadzka 5, 87-100 Torun, Poland   
2Department of Chemistry, Taras Shevchenko National University of Kyiv, 60 Volodymyrska, 01033, Kyiv, Ukraine 

3Univ Lyon, INSA Lyon, ECL, CNRS, UCBL, CPE Lyon, INL, UMR5270, 69621 Villeurbanne, France
4Faculty of Chemistry, Nicolaus Copernicus University in Torun, Gagarina 7, 87-100 Torun, Poland 

msyp@doktorant.umk.pl

Styrylquinolines (StQs) are derivatives of stilbene and can undergo various photochemical reactions [1]. They have two active
centres: ethylene group and an endocyclic nitrogen atom. Styryl dyes [2], and styrilquinoline containing compounds were used
for various sensitive materials, such as sensitizers or desensitizers. The development of new technologies leads to the discovery
of new applications for styrylquinoline dyes in the fields of electroluminescence [3], photochromism [4], and pharmacy [5]. The
study of the photochemical properties of 2-styrylquinoline and its several  derivatives showed that substituents in the styryl
moiety increase the quantum efficiency of photoisomerization [6]. 
The  aim  of  the  study  was  to  present  the  influence  of  various  substituents  on  luminescence  and  optical  properties  of
styrylquinoline  copolymers.  The  thin  films  of  synthesized  compounds  were  prepared  using  the  spin-coating  technique
(Spin200i, POLOS) at a spin rate of 1500 rpm for 60 s. Immediately after the deposition, the films were cured in an oven at
50ºC  for  180  minutes  in  order  to  eliminate  any  residual  solvent.  Optical  parameters  were  obtained  from  absorbance
measurements. The luminescent properties of prepared thin layers on glass substrates were registered by the HITACHI f-2500
fluorescence spectrophotometer in the range of 360-600 nm (λex. = 340 nm, Xe lamp) (Fig.1.).

Fig. 1. Photoluminescence spectra of styrylquinoline containing copolymers (ex. = 340 nm).The insert shows the structure
of copolymers.

[1] E.N. Gulakova, D.V. Berdnikova, T.M. Aliyeu, Y.V. Fedorov, I.A. Godovikov, O.A. Fedorova, “Regiospecific C-N photocyclization of 2-styrylquinolines,” J.
Org. Chem. 79, 5533–5537 (2014).
[2] T. Deligeorgiev, A. Vasilev, S. Kaloyanova, J.J. Vaquero, “Styryl dyes – synthesis and applications during the last 15 years,” Soc. Dyers Col.  126, 55–80
(2010).
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New Styrylquinoline Cellular Dyes, Fluorescent Properties, Cellular Localization and Cytotoxic Behavior,” PLoS ONE 10(6), 1-17 (2015).
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[6] M.F. Budyka, N.I. Potashova, T.N. Gavrishova, V.M. Li, “Photoisomerization of 2-styrylquinoline in neutral and protonated forms,” High Energy Chem. 42,
446–453 (2008).



Backflow In Optical Two-beam Interference 
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We  demonstrate  the  phenomenon  of  backflow  using  the  interference  of  two  wide  Gaussian  beams  and  subsequently
measuring the transverse local wavefront using a Shack-Hartmann wavefront sensor [1]. Our study corroborates theoretical
observation [2,3] that backflow is not necessarily the purely quantum phenomenon that it is often thought to be but arises
from wave interference. With our demonstration, the effect has been made accessible and easy to achieve in the lab, thus
opening pathways for potential applications [4].

Figure 1: Schematic representation of the experimental setup for the demonstration of backflow. a. Concept of generating a wavy wavefront using the
interference of two magnified Gaussian beams of unequal intensities at their waists. The wavefront is then analyzed by a detection apparatus consisting of a
microlens array and  a  charge-coupled device (CCD). The displacement of the center of the focal spot of the wavefront at each sub-aperture, with respect to
the center of the focal spot of a reference wavefront is measured. This displacement is proportional to the local normal to the wavefront in question, i.e., its
local momentum. b. A polarization based Mach-Zehnder interferometer using two identical calcite crystals is used to generate the inference of two unequal

beams. The plane of interference is then imaged onto the detection apparatus. c. A sample spotfield generated in the x-y plane on the CCD as a result of
imaging the cross section of the fringes generated after L1.

Figure 2: Experimental observation of backflow and certification via comparison to the global Fourier spectrum. The data is represented by solid
circles. The corresponding theoretical fits are represented by solid lines of the same color. The x-component of the transverse local momentum of the

superposition (cyan) is seen to exceed and lie outside the global spectrum (shaded blue) in the regions of the dark fringes (orange curve).
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Rubidium Rydberg atoms as receivers of amplitude- and
frequency-modulated microwave field
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1Centre for Quantum Optical Technologies, Centre of New Technologies, University of Warsaw, Banacha 2c, 02-097 Warsaw,
Poland

2Faculty of Physics, University of Warsaw, Pasteura 5, 02-093 Warsaw, Poland
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Abstract: Alkali Rydberg atoms (in energy states described with high n number) have proven
to be a very promising means of detecting weak microwave fields and their response to such fields
has even been proposed as an electric field amplitude standard. Atomic transitions in Rydberg states
are in the microwave range and they exhibit very large transition dipole moments, resulting in high
sensitivity. As the microwaves’ intensity translates directly into Autler-Townes splitting (AC Stark
effect) of electromagnetically induced transparency (EIT) in the probing optical field, it is relatively
straightforward to measure. We study experimentally the rubidium-85 Rydberg atoms’ capacity to
detect amplitude- and frequency-modulated microwave field in a setup with warm atomic vapours.
© 2022 Author/Authors
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1. Introduction 

  Body hydration is an important parameter in the treatment and monitoring of many diseases. Despite 

its importance, methods currently used for determining it are not satisfactory as they have inadequate precision, 

uniformity, and no clinical verification. Measurement of water vapor content in human breath could solve this 

problem and an optical laser hygrometer is an appropriate instrument to perform this task [1]. It offers high 

sensitivity, good temporal resolution and the opportunity to measure absolute H2O vapour concentration in 

exhaled air coming from different breath phases. The working principle of this device is based on the Beer – 

Lambert – Bouguer absorption law. 

2. Results 

 In our experiment the intensity of the laser light propagating through the breath sample was measured 

by a photodiode. The laser wavelengths were tuned first to maximum (𝜆ℎ = 1392.5335 𝑛𝑚) and then to 

minimum (𝜆ℎ = 1392.2631 𝑛𝑚) of H2O absorption spectrum. This provided the opportunity to determine water 

vapour concentration with high precision. Calibration of the instrument was performed at various temperatures 

inside a cell with saturated water vapour. Then the samples from 18 adults were collected and analysed (Fig. 1). 

 

Fig. 1. Histogram of the results of the measurements of water concentration in exhaled air. 

3. Conclusions 

Results of the measurements (Fig. 1) show large differences in H2O concentration between breath 

samples collected from different participants. This might be related to levels of body hydration, however such a 

conclusion requires confirmation with numerous further investigations. A portable version of this system for use 

in clinical environments is currently being investigated. 

4. References 

1. J. L. Nowak,  P. Magryta,  T. Stacewicz,  W. Kumala,  S. P. Malinowski, Fast optoelectronic sensor of H2O concentration, Optica 

Applicata 46, pp 607 – 618, 2016, DOI: 10.5277/oa160408 
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Variable shearing interferometry - ultra resolution
spectrometers and their applications
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Abstract
We are currently working on variable shearing interferometry method of characterizing femtose-

cond impulses from near IR. The setup is based on Hong-Ou-Mandel interferometer. The whole idea
revolves around shifting impulses both in time and frequency domain and then measuring it’s Short
Time Fourier Transform (STFT). Then we make a 2D map of the STFT function with respect to
time and frequency shifts. We use two custom ultra resolution spectrometers in this experiment. First
is needed to characterize the frequency shifts that we get from the electrooptical phase modulator.
It works on a small range of wavelengths but it’s very precise. It is based on a diffraction grating,
focusing lense and the linear photodiode detector. High resolution was achieved by using the fourth
order diffraction. The second spectrometer is a 4f setup with two focusing lenses and two diffraction
gratings which we use to narrow the spectrum of the laser. It consists of two diffraction gratings and
a precise slit. Our system is suitable for single photon measure. We also made some modificatons to
our experiment and put a special rubidium cell to the optical system. Rubidium atoms have some
unique optical properties and change the experimental results significantly. We are alo planning to
use photons from Sagnac interferometer and then obtain the phase matching function of the used
PPKTP crystal.

(a) Ideational scheme - in the upper arm time shifting, in the bottom frequency shifting and phase modulation

(b) Expected shape of the second order correlation function with respect to time and frequency shifts



Single-photon camera with an adaptively gated
image intensifier
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Abstract: We experimentally demonstrate a hybrid camera setup, in which the number
of photons detected within each frame can be controlled by gating an image intensifier
adaptively, enabling spatially resolved single-photon counting measurements. © 2022
The Author(s)

Our hybrid intensified camera (Fig. 1b) is built from off-the-shelf components and incorporates two detectors,
one with high spatial resolution sCMOS and another with high temporal resolution PMT, in which the number of
photons detected within each frame can be controlled. We achieve this by gating an image intensifier adaptively
depending on the number of detected events. Therefore, our hybrid camera setup increases the data acquisition rate
and enables measuring spatially resolved single-photon counts [1] which are not feasible using standard intensified
cameras [2].

Fig. 1. Experimental setup for characterizing two-photon momentum correlations of SPDC-I source
with our adaptively gated image intensifier setup.

We use our hybrid camera to observe momentum correlations (Fig. 1a) of two photons produced via spontaneous
parametric down-conversion process (Fig. 1c, 1d). The ring shows the intensity distribution of the type-I SPDC
light. The intense anti-diagonals in Fig. 1c and Fig. 1d represent the signature of strong anti-correlation behavior
of signal and idler photons along x and y-coordinates, as expected when measuring photon-pairs in the Fourier
plane of the BBO crystal. Correlation plots are represented after background correlation subtraction, in which the
background correlation between pairs is measured from consecutive frames.
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Abstract: In this paper we present the preliminary results of excimer laser micromachining for lab-

on-fiber sensors technology. The main technological work was focused on modification of fiber 

optic surface. High precision micromachining will allow to use obtained elements in sensor 

applications.   

 

Modern technology offers a variety of methods for modifying the surface of optical fibers. These include chemical 

etching, grinding or laser micromachining, which has recently attracted a lot of interest from many research groups 

[1]. Asymmetrical cladding removal as a result of laser ablation allows reaching the light beam propagating in the 

core, which provides possibility of influencing the changes of the light beam parameters [2-3]. Obtained surface needs 

functionalization, which can be prepared by applying additional materials, including, for example, metallic layers [4]. 

Initial technological works were focused on single-mode and multi-mode optical fibers. They consisted of direct 

irradiation of the fiber with UV pulses in order to remove the outer one-side layer of the cladding. For laser ablation 

process a KrF-based excimer laser emitting pulses at a wavelength of 248 nm was used. The setup was equipped with 

two cameras that allowed for real-time observation of the processed fiber. The elements obtained with different values 

of the pulse energy and repetition rate were characterized.  

   

Figure 1. SMF after one-facet structure modification  

 

Despite high energies, it was possible to perform cuts while maintaining the internal structure of the core, but the 

obtained surface still had large irregularities. In addition, the technological tests, which were conducted on the 

multimode fiber, showed great difficulties with removing of the coating without damaging the core, which was related 

to its larger size (62.5 µm) compared to the single-mode fiber (8-10 µm). Studies showed usability of excimer laser 

in micromachining technology, but still some improvements must be implemented to reduce the roughness of the 

modified surface. In the next step, technological tests will be conducted with additional use of chemical etching. 

Modification of the surface will be also prepared with use of phase mask to obtain periodic structures. 

 

References 
[1] A.-K. Sahu, J. Malhotra, S.  Jha, “Laser-based hybrid micromachining processes: A review”, Optics & Laser Technology,  Volume 146,  107554, 

(2022) 
 

[2] Y.-J. Rao, M. Deng, D.-W. Duan, X.-C. Yang, T. Zhu, and G.-H. Cheng, "Micro Fabry-Perot interferometers in silica fibers machined by 

femtosecond laser," Opt. Express 15, 14123-14128 (2007) 
 

[3] Y. Kondo, K. Nouchi, T. Mitsuyu, M. Watanabe, P. G. Kazansky, and K. Hirao, “Fabrication of long-period fiber by focused irradiation of 

infrared femtosecond laser pulses,” Opt. Lett. 24, 646-648(1999). 
 

[4] Y. Deng, M. Li, W. Cao, M. Wang, H. Hao, W. Xia, and F. Su, “Fiber optic coupled surface plasmon resonance sensor based Ag-TiO2 films 

for hydrogen detection”, Optical Fiber Technology 65, 102616 (2021). 
 



Coherent Spectral Shaping of Quantum Light with a System of Two
Electro-optic Time Lenses
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We analytically develop the theory of bandwidth compression of Gaussian pulses with a system of two electro-optic time
lenses. We optimize the system with experimentally realistic numerical simulations that incorporate losses introduced by the
setup. We show that bandwidths ranging from 50 to 680 GHz can be efficiently compressed to a narrower bandwidth in the
range of 50 MHz to 12 GHz. The spectral compression results in enhancement in the photon flux through the target filter by
a factor of 20 or more for some input-target bandwidth pairs. We experimentally verify the numerical predictions. The results
show that the cascaded electro-optic time lens system is a promising candidate for homogeneous photonic-photonic quantum
interconnect for hybrid quantum networks.



Measuring the optical parameters of food products in 
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A fiber Fabry-Perot sensor is used to determine changes of optical parameters, especially refractive index of food product. 

Eggs albumen, yolk and oil was measured in temperature range 30-45°C with step of 1 degree. The refractive index is a 

fundamental parameter of material, because describes interaction with light and depends on the concentrations of biological 

sample [1]. The measurement setup has been made of an optical spectrum analyzer as the optical signal processor, 

superluminescent diode source, 2:1 fiber coupler, heat plate and a sensing Fabry-Perot interferometer. Information about the 

measurand is encoded in the full spectrum of light reflected from the sensing interferometer [2]. Obtained results are showing 

that optical parameters of food products depend on temperature.  
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1. Abstract 

Mirrors are used in optical sensors and measurement setups. This creates a demand for mirrors made of new materials and 

having various properties. In this work, we propose silicon covered with a thin SiN film as a mirror for near-infrared 

measurements. SiN film was deposited on a silicon wafer using Low-Pressure Chemical Vapor Deposition. Created layer 

was investigated using ellipsometry and scanning electron microscope. Then, it was used as a reflecting surface in a Fabry-

Perot fiber-optic interferometer. The mirror performance was investigated for 1310 nm and 1550 nm wavelengths and then 

compared with results obtained with the same measurement setup with a silver mirror. Results showed that the proposed 

mirror can replace the silver one with satisfying results for investigated spectrum. 

 

 

Figure 1.. Measurement setup, 1 - Light source, 2 – optical spectrum analyser, 3 – fiber coupler, 4 – investigated SiN layer, 

5 – fiber end-face, 6 – micrometric screw. 
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Crystal phase quantum dots are type II systems in which electrons are confined in a small section of zinc blende material,
whereas holes are delocalized in a surrounding wurtzite nanowire. The transition between zinc blende and wurtzite phases
defines the potential that binds excitons [1].

In this presentation, we demonstrate the results of calculations of the excitonic optical spectrum for these nanostructures,
which account for the influence of two different effects: an external electric field and the spontaneous polarization field. Spon-
taneous polarization occurs in crystal phase quantum dots as a result of a change in symmetry between both phases [2]. This
effect was not previously considered in calculations of optical spectra of such nanostructures, and its value is not well known
due to no experimental data.

Solving these problems is a formidable challenge for many reasons. From a modeling point of view, these are demanding
numerical calculations involving several million of atoms. In such case a state-of-the-art approach [3,4] in which the empirical
tight-binding method is coupled directly with the configuration interaction method fails to produce correct results. This is
caused by the fact that the single particle states obtained from the tight-binding method, with electron confined in the zinc
blende section and holes spread over wurtzite wire, form a poor basis for the following many-body calculation. To solve this
problem we used a self-consistent approach, in which the electron-hole interactions are accounted for prior to applying the
electric field. This approach allowed us to efficiently and accurately treat the effect of an external electric field on excitonic
spectra.
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3. Zieliński, M., Korkusiński, M. and Hawrylak, P., ”Atomistic tight-binding theory of multiexciton complexes in a self-assembled InAs
quantum dot.” in Phys. Rev. B 81 , 085301 (2010).
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1. Abstract

Antiferromagnetic materials opened up a new avenue of research with potential use in spintronic devices
[1]. Compared to ferromagnets they exhibit faster dynamics, insensitivity to the external magnetic fields,
and absence of stray fields promising higher integration density. Quenching of the antiferromagnet into
high resistivity states using electrical and optical pulses was recently discovered in CuMnAs material [2].
In this contribution, we provide a detailed overview of quenching of CuMnAs using ultrashort laser pulses for excita-
tion. It focuses on the optimization of the response with regard to the size and position of the laser spot, pulse length, and
fluence. It also provides an overview of the response for CuMnAs films with varying thickness and substrate material.
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Reversible  trans-cis isomerization  reaction  of  azobenzenes  is  a  source  of  very  interesting  phenomena  occurring  in  the
photoanisotropic materials containing such molecules [1]. One of them, called photoinduced orientation, which results in
birefringence and dichroism, can be used to record volume holographic gratings. On the other hand, photoinduced mass
transport modifies the surface of the film in such a way that when the material is exposed to interference pattern it give rise to
a  surface  relief  grating  [2].  For  these  reasons,  azobenzene  containing  materials,  found  their  way  into  many  practical
applications i.e. in optical data storage [3], or as a tool for creating nanostructures of other materials [4,5] to name a few.

Surface relief grating formation process and grating stability in azobenzene-containing polymers is affected by the
chemical  structure of the polymer as well as of the azo chromophore.  For this reason, development of new azobenzene
derivatives is a continuous subject of scientific interest.

We will  present  surface  relief  grating  formation in  methacrylic  polymers  containing quinoline-based  azo-dyes.
Gratings were recorded using two-beam interferometric setup, where the grating formation dynamics were investigated by
the measurements  of diffraction efficiency during the inscription. To confirm the formation of surface relief  grating we
performed  a  surface  scan  using  atomic  force  microscopy.  To modify  the  surface  relief  grating  formation  process,  the
diffraction efficiency and surface modulation depth, we can change the substituents present in the azo-dye moiety.
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Laser absorption spectroscopy enables highly sensitive and highly selective detection of methane. It is frequently 

used in environmental monitoring or for detection of gas leaks. The most convenient approach to methane sensing is to target 

its molecular transitions in the near-infrared (near 1650 nm). Unfortunately, because these are overtone transitions, the only 

way to obtain detection limits at sub-ppm levels (ppm – parts per million) is to increase the sensing path length using, for 

example, multi-pass cells. Alternative approach is to use quartz-enhanced photoacoustic spectroscopy, QEPAS. In QEPAS 

absorption of a modulated light produces acoustic wave, which is subsequently detected with a quartz tuning fork (QTF). 

Typically, the wavelength of the light wave is modulated at certain frequency fr/2, where fr is the QTF resonance frequency. 

In order to retrieve concentration of the sample, the signal at the output of the QTF is demodulated at fr using a lock-in 

amplifier, resulting in characteristic QEPAS signal, as shown in Figure 1. High sensitivity of QEPAS technique comes from a 

high Q-factor of the QTF.  

In the case of methane detection, the performance of QEPAS is limited primarily by the available optical power 

(QEPAS signal is proportional to the optical power absorbed by the sample). Available laser diodes operating near 1650 nm 

typically provide only between 5 and 10 mW of optical power, which is not enough to obtain detection limits below ppm 

level. To address this issue, we have combined QEPAS sensor with a novel, bismuth-doped fiber amplifier (BDFA). The 

BDFA consists of a Bi-doped germanosilicate fiber and it provides gain in the spectral region between 1600 and 1800 nm. 

The experimental setup is schematically shown in Figure 1. The BDFA was pumped with ~3 W at 1545 nm and 

provided more than 300 mW of optical power at 1651 nm. With this optical power the detection limit of 11 ppb (parts per 

billion) was obtained (at integration time of 150 s). Figure 2(a) shows how QEPAS signal depends on optical power. 

Examples of QEPAS signals for different gas samples are presented in Figure 2(b).  

During the conference we will present details about the experimental setup and its performance. 

 

Figure 1. Schematic diagram of the experimental setup for BDFA-enhanced QEPAS at 1651 nm.  

          
 

Figure 2(a) QEPAS signals for methane concentration of 100 ppm and different optical powers at 1651 nm; (b) QEPAS signals for maximal optical 
power (334 mW) and different gas samples (note: bias current corresponds to the wavelength; the peak of the QEPAS signal is near 1651 nm or 6057 cm-1) 
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Abstract 

Classical electronics is reaching its physical limits [1]. Spintronics is one of the fields of physics attempting to solve this issue 
[2–4]. In contrast with electronics, spintronics utilizes electron’s spin rather than its charge. For such applications, ultra-thin 
Pt/Co/Pt layers are used. The interface between these layers defines the magnetic properties of the whole system. A wide 
range of variables affects the quality of the interface, ranging from the vast amount of deposition process parameters [5–7] to 
post-process treatment [8]. One such treatment is ion irradiation [9–11]. The state-of-the-art technique of post-process in-situ 
ion irradiation by Ar+ ions as well as optical and magneto-optical measurement methods used to study prepared samples will 
be discussed. 
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A combination of electromagnetically induced transparency (EIT) and Rydberg blockade results in quantum nonlinearity for
individual photons [1]. If we consider two photons incident onto Rydberg atoms, they are transmitted unless they are separated
by less than the blockade radius. We reproduce this effect in a Python simulation, using XMDS2 package to solve a set of
differential equations describing the evolution of electric field, polarization and atomic coherence. We also pursue the possible
extensions of the model, such as including the transverse dimensions or using an external modulation.

Figure 1. Correlation function EE for two photons with relative positions denoted by z1 and z2.
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1. Introduction 

Bioaerosol is currently one of the most actively studied types of aerosols due to its biological properties that can directly 

influence human health [1]. Additionally, at present, the properties and interaction of bioaerosol or aerosol in that matter are 

still not well understood and understood as one of the main uncertainties in the current understanding of the earth’s climate 

change [2]. 

EMORAL’s objective aims to tackle this challenge which focuses on the impact of atmospheric optical properties on the 

Earth’s ecosystem. However, it still has some limitations in terms of low sensitivity to provide detailed information on the 

biological matter, and weak signals for matters that weakly interact with lights or aerosol hidden inside the clouds. Thus, 

adding a fluorescence channel in the current EMORAL configuration could be the solution to resolve these limitations. 

Potentially, with a synergy scheme between data obtained by Raman-Mie and fluorescence channels, it is also possible to 

study the interaction between clouds and aerosol which can boost our understanding of climate change [3,4] 

Hereford, the purpose of this study is to evaluate the feasibility of upgrading the current EMORAL to allow 

fluorescence measurement as well as the added values and challenges of this modification. The current performance of 

EMORAL, possible added values, and configuration of modification (Figure 1 (b)) were evaluated while planned ray-tracing 

simulation of the proposed configuration which will give a consolidated performance estimation of the new optical 

configuration.  

2. Method 

Table 1 Planned workflow of the study 

Stage Step Input Output 

Stage 1 Performance Evaluation Measurement data Performance Information  

Stage 2 Modification planning Literatures Possible added values, challenges, 

and configurations 

Stage 3 Modification design Stage 2’s outputs Conceptual design(s) 

Stage 4 Performance evaluation 

(planned) 

Conceptual design(s) 

parameters 

Ray-tracing simulation 

3. Results 

Figure 1 (a) Tele-cover test result (b) SNR values of all detector channels (c) Illustrative design of the modified optical 

analyzer 

  
(a) (b) (c) 

Table 2 Possible fluorescence broadband and example of accessible fluorophore 

Possible accessible broadband Fluorophore 

420-510 nm 
NADH and NAD(P)H, Sporopollenin, 

Alkaloids, Terpenoids, Phenolic Compounds 
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Traditional wind turbine blade (WTB) testing methods are cost-demanding, that is why optical techniques such as Digital 

Image Correlation (DIC) find applications in such field. In the presented research the displacements of 15 meter WTB under 

biaxial load was investigated. The data for the DIC measurements were taken by two stereo systems (2 cameras in each), see. 

Fig.1, when the blade was excited to a harmonic motion in both edge-wise and flap-wise directions simultaneously. Data 

analysis allowed for the WTB’s full-field shape (x, y, z) and displacements (u, v, w) evaluation. Absolute displacement 

vector evaluation (see Fig. 2) allowed performing comparison of the displacement values from two DIC stereo-systems 

equitably and receiving the total changes in the blade’s position. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The scheme of the measurement system used to record the images for Digital 

Image Correlation. FOV – field of view, SS1 – stereo system 1, SS2 – stereo system 2, 

C1 – camera 1, C2 – camera 2. 

 

Figure 2. The colourmap of stereo system 2 for w-displacement with 4 chosen points 

(left) and absolute displacement for the chosen points (right). 
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The time-frequency degree of freedom of the photons is considered as a robust platform for quantum information process-
ing due to its potential for implementing high dimensional quantum networks [1]. To realize such a platform, the temporal-
mode characterization of ultrashort pulses with subpicosecond time resolution is essential. Here we introduce a technique for
measuring the temporal energy envelope of ultrashort optical pulses based on tunable electro-optic spectral shearing inter-
ferometry (TEOSSI) that is shown in Figure 1. The proposed technique is based on the time-frequency Fourier analogue of
Fourier transform spectrometry. Unlike the traditional intensity autocorrelations methods that rely on nonlinear processes [2]
to characterize the ultrashort pulses, this method employs a coherent operation that can be applicable to quantum light [3].

Figure 1. Schematic of the tunable electro-optic spectral shearing interferometry.

The optical pulse propagates through a balanced Mach-Zehnder interferometer where a tunable spectral shear is applied to
one arm of the interferometer. The frequency of the optical pulse in this arm is scanned with respect to its replica in the reference
arm by applying a well defined equally spaced spectral shear. The interference signal at the output of the interferometer as a
function of the spectral shear is measured. By taking the Fourier transform of the interference signal the energy envelope of the
optical pulse in the time domain is obtained. We demonstrated the measurement of the energy envelope of single-picosecond
optical pulses using the TEOSSI technique. This method allows for temporal envelope measurement of low-light signals where
time resolved detection is not available. Validity of the technique was confirmed by investigating the effect of changing the
input bandwidth and adding dispersion. The measured temporal duration decreases for wider input bandwidths of the optical
pulse and increases for larger added second-order dispersion.
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Abstract: We experimentally show spectral bandwidth compression of broadband her-
alded single photons by two orders of magnitude, from 0.52 nm to 1.37 pm, increasing a
photon flux through a 4 pm filter by a factor of 15. © 2022 The Author(s)

A promising approach to realize a quantum internet [1] is to use a hybrid quantum network - a network com-
posed of many different quantum devices, such as quantum emitters, quantum repeaters, or quantum gates, in-
terconnected via photonic links. However, most of the already demonstrated quantum devices are not spectrally
compatible. Especially, the challenge arises to interface different single-photon bandwidth with low loss. There
have been already shown techniques allowing to convert single-photon bandwidth from single THz to tens of GHz
by using optical nonlinearities; however, these do not enable to build a device that will interface systems with
bandwidths in the order of GHz and MHz.
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Fig. 1. (a) Spectra of (orange) input and (blue) compressed classical light, measured by Optical
Spectrum Analyzer (OSA) with 5 MHz resolution. The inset shows the same spectrum within wider
wavelength range. It shows over 160-fold increase of maximal intensity, while compressing its width
by factor of 379. (b) Measured increased coincidence rates of the compressed (blue, dots) and non-
compressed (orange, squares) heralded single photons fltered with a 3.4 pm FWHM Fabry-Perot
filtering cavity mimicking a matter-based quantum information processing unit. After deconvolving
the filter shape, one obtains spectrum parameters consistent with the classical light case. The plots
do not include technical losses of 69%.

Here we experimentally demonstrate a spectral manipulation of heralded single photons by electro-optic tem-
poral phase modulation employing complex, Fresnel-like wide-band electronic waveform [2,3]. We show spectral
compression of classical telecom light enhancing its maximal intensity by over 160, by compressing its full-width
at half maximum (FWHM) bandwidth from 0.52 nm down to 1.37 pm (169 MHz), thus achieving a compres-
sion factor of over 379. We show a compression gain by increasing the aperture of a Fresnel time lens (temporal
waveform duration). We demonstrate a similar compression of heralded single photons to sub-GHz regime. Our
findings should significantly improve the performance of future quantum information processors based on hybrid
quantum networks.
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The accommodative system in the eye, which is responsible for allowing the eye to alter its focus, has classically been considered as an 

adjustment of the shape of the eye lens mediated by forces that emanate from the ciliary muscle movement. However, there are opponent 

theories about the mode of shape change and, in addition, anecdotal suggestions that the accommodative system may alter ocular focus not 

only by changing shape of the lens but also by translatory movement of the lens. By looking at the components of the accommodative 

mechanism, differing modes of accommodation including shape change and/or translation may be feasible. This may explain why 

accommodation is considered to predispose to development and progression of certain refractive errors.  
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Abstrakt:  

W badaniu wyznaczono funkcję czułości kontrastowej (CSF) dla bodźca jedno-  

i dwufotonowego. CSF dla widzenia dwufotonowego ma szerszy zakres dynamiczny niż 

standardowa CSF, co może mieć zastosowanie m.in. w technologiach AR/VR (ang. Augmented 

Reality/Virtual Reality). © 2022 Oliwia Kaczkoś 

 

Widzenie dwufotonowe polega na postrzeganiu impulsowej wiązki laserowej w zakresie bliskiej podczerwieni 

jako bodźca o kolorze odpowiadającym w przybliżeniu połowie długości fali. Zjawisko opiera się na absorpcji 

dwufotonowej zachodzącej w pigmentach wzrokowych [1]. Eksplorowane dotychczas zastosowania tego efektu 

koncentrowały się wokół pomiaru progu widzenia i mikroperymetrii [2], [3]. Niniejsze zgłoszenie dotyczy innego, 

nie badanego wcześniej, aspektu widzenia dwufotonowego – czułości kontrastowej, który ma znaczenie dla 

zastosowań w np. wyświetlaczach AR/VR (ang. Augmented Reality/Virtual Reality). Przeprowadzono badania 

funkcji czułości kontrastowej (ang. Contrast Sensitivity Function) dla widzenia jedno- i dwufotonowego. Pomiar 

CSF wykonano dla ośmiu częstości przestrzennych, z zastosowaniem literowego optotypu (obracającej się litery 

E) o ośmiu wielkościach kątowych. Kontrast progowy określano kontrastem Webera, znajdując najmniejszą 

jasność bodźca, dla której obserwator był w stanie określić prawidłowo orientację optotypu. Bodziec był 

wyświetlany na siatkówce badanej osoby przez szybkie skanowanie siatkówki impulsową wiązką laserową o 

długości fali 1040 nm (IR) oraz 520 nm (VIS), przy czym obie wiązki były postrzegane jako zielone. Otrzymane 

wartości różnią się istotnie: CSF dla bodźca dwufotonowego charakteryzuje się szerszym zakresem dynamicznym 

niż dla bodźca jednofotonowego. Wynika to prawdopodobnie z kwadratowej zależności jasności bodźca od mocy 

wiązki pobudzającej. Żeby zweryfikować te hipotezę, podniesiono do kwadratu moce progowe dla bodźca 

podczerwonego. To rozwiązanie rzeczywiście zmniejszyło zakres dwufotonowej CSF, choć nadal był on szerszy 

niż jednofotonowej CSF. Uzyskane wyniki pokazują, że zastosowanie widzenia dwufotonowego do wyświetlaczy 

AR/VR może umożliwić uzyskanie bodźców o lepszym kontraście i szerszym zakresie dynamicznym.  

Ryc. 1(A) Schemat bodźca oraz układu pomiarowego. Wiązki IR i VIS były generowane przez laser femtosekundowy (=200 fs, Frep=76 Hz). 

BS, dzielnik wiązki; CAM, kamera; DM, zwierciadło dichroiczne; GS, skanery galwanometryczne; IF filtr pasmoprzepustowy 940 nm;  
Li, soczewki; LED, biała dioda LED; OBJ, obiektyw; PM, miernik mocy; PP, płaszczyzna źrenicy; PP*, płaszczyzna optycznie sprzężona ze 

źrenicą; RP, płaszczyzna siatkówki; RP*, płaszczyzna optycznie sprzężona z siatkówką. (B) Przykładowe CSF dla bodźca widzialnego, dla 

bodźca podczerwonego znormalizowanego do wartości jednofotonowego CSF dla 3 cykli na stopień oraz dla bodźca podczerwonego po 
podniesieniu znormalizowanej mocy bodźca do kwadratu. Na wykresie uwzględniono także standardową CSF [4] 
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Hybridization of quantum science and technology crucially depends on quantum gates between various physical systems.
The different platforms have different fundamental physics and, therefore, diverse advantages in various applications. Many
applications require nearly ideal quantum gates with variable large interaction gain and sufficient entangling power. Moreover,
pulsed gates are advantageous for fast quantum circuits. For quantum systems with continuous variables, the quantum non-
demolition (QND) gate is the most basic. It is an entangling gate that simultaneously keeps a variable of the interacting system
unchanged. This feature is useful for quantum circuits from quantum sensing to continuous variable quantum computing.
Currently, atomic ensembles storing quantum states of radiation and mechanical oscillators transducing them are two major
but very different continuous-variable matter platforms. We propose a high-quality continuous-variable QND gate between an
atomic ensemble and a mechanical oscillator in the separated optical cavities connected by propagating optical pulses [1]. We
demonstrate that squeezing of light pulses, homodyne measurement, and optimized feedforward control used to build the gate
are sufficient to reach an interaction gain up to 50 with nearly ideal entangling power.

Quantum coupling between mechanical oscillators and atomic gases generating entanglement has been recently experimen-
tally demonstrated using their subsequent interaction with light [2, 3]. The next step is to build a hybrid atom-mechanical
quantum gate showing bosonic interference effects of single quanta in the atoms and oscillators. We propose an experimental
test of Hong-Ou-Mandel interference between single phononic excitation and single collective excitation of atoms using the
optical connection between them. A single optical pulse is sufficient to build a hybrid quantum-nondemolition gate to observe
the bunching of such different quanta [4]. The output atomic-mechanical state exhibits a probability of a hybrid bunching effect
that proves its nonclassical aspects (See Fig. 1).
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Figure 1. Matrix element 〈HOM|ρout|HOM〉 of the output state for the non-adiabatic atom-
mechanical QND gate with the mixture (p |1〉〈1|+(1− p) |0〉〈0|)A⊗ (p |1〉〈1|+(1− p) |0〉〈0|)M

at the input. a) dependence on coupling strength for the different p. b) dependence on pulse duration
for the different g. The inset demonstrates dependence on coupling strength for the different pulse
duration. For both (a) and (b), efficiency of the gate η = 0.9 and squeezing of the mediator S = 7dB.

Operating hybrid systems outside of the classical regime is crucially important to fully realize their potential. We investigate
a pulsed quantum nondemolition gate between a cloud of atoms and a mechanical oscillator in distant cavities, and demonstrate
that this gate is capable of producing a nonclassical state of the interacting subsystems. The nonclassicality is justified by
creation of correlated excitations in the subsystems. To test the result, we propose a nonclassicality witness based on thresholds
impossible to be violated by classical states. Using feasible parameters, we show that it is possible to turn initially classical
states of the state-of-the-art systems into nonclassical ones, and illustrate it for the cases of the atom-light, opto-mechanical and
atom-mechanical hybrid interactions.
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In this work, selective irradiation was used for modifying liquid crystal cells through the selective photoalignment  

technique[1]. This technology involves modifying photoanisotropic materials by absorbing polarized light in the visible or 

ultraviolet range. In this work we have manufactured anisotropic structures in a proprietary optical system for selective 

photoalignment which was based on Digital Micro-mirror Device[2]. This component provided the high resolution of the 

structures through fully controlled structured light irradiation. As a part of this work we have produced samples covered with 

azo dye and filled with 5CB as well as those filled with liquid crystal doped with azo compounds.  

 

   

Fig 1. Manufactured structures: a) Structure based on the painting “Girl with a Pearl Earring” under the macroscopic observation between crossed polarizers. 

b) Fresnel lens under the Polarizing Microscope. c) Diffraction grating under the polarizing microscope. 
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1. Motivation 

Optical frequency combs are ideal sources for molecular laser spectroscopy due to their broad optical spectrum, relatively 

high average power, possible wavelength tunability and compatibility with cavities [1]. Detection of most molecules requires 

a source covering the mid-infrared (mid-IR) range [2], where there is a scarcity of direct and simultaneously broadband laser 

sources. It is, therefore, necessary to use indirect methods, such as difference frequency generation (DFG), to convert the 

radiation from near-IR to mid-IR. DFG involves the interaction of two input waves (pump and signal waves) in a highly 

nonlinear material resulting in the generation of a third wave (idler) with a frequency that is the difference between two input 

waves frequencies [3]. If both beams originate from one frequency comb, the DFG process passively cancels the carrier-

envelope offset frequency (fCEO), making it an easy-to-implement system that does not need fCEO stabilization. 

2. Experimental setup 

The heart of the whole system (Fig. 1(a)) is a polarization-maintaining (PM), mode-locked fiber laser with an ytterbium-

doped active fiber. The pulses were then amplified in the gain-managed nonlinear fiber amplifier [4]. The central wavelength 

of the amplified pulses is 1078 nm, and the width is 67 nm. The pulse duration is 51 fs, and its average power is 2.85 W, 

which corresponds to a pulse energy of 20.7 nJ and a peak power of 406 kW. After amplification, the pulses were divided 

into two parts – pump and signal. In the signal arm, a nonlinear process called soliton self-frequency shift (SSFS) in highly 

nonlinear fiber (HNLF) was used to redshift the wavelength of the pulse. In the pump arm, there was a delay line to perfectly 

match the optical paths in both arms. Once the two arms were combined with a dichroic mirror, the pulses were focused on a 

periodically poled lithium niobate (PPLN) crystal where the differential frequency generation occurred. The generated 

spectra for different polling periods are pictured in Fig. 1(b). 

 

Fig. 1: (a) The setup for difference frequency generation (HWP – half-wave plate; PBS – polarizing beam splitter,  

HNLF – highly nonlinear fiber). (b) The optical spectra of the frequency comb in the mid-IR generated  

through the DFG process for different polling periods of the crystal, together with the average output power (black stars). 

 

The presented system allows obtaining a spectrum in the range of 3.5-5 μm with a maximum average power of 19.5 mW 

for the central wavelength of 4010 nm. The generated mid-IR optical frequency comb source is inherently fceo-free and can be 

used in laser-based gas sensors requiring stable carrier-envelope offset. The research was funded by the Polish Ministry of 

Education and Science (DG2018 006648). 
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1. Introduction 

In recent years antiresonant hollow-core fibers (ARHCF) found many applications in gas molecules detection, 

gas-based lasers development, high harmonic generation and pulse compression among the others. They are highly 

attractive for laser spectroscopy applications due to empty core, which can be filled with the gas sample. Therefore, 

such fiber can act as a low-volume absorption cell, at the same time providing long-distance interaction path of the 

laser beam in the gas mixture and ensuring low-loss transmission in appropriate spectral region. However, due to 

multimodal nature of ARHCFs, they are susceptible to intermodal interferences, which introduce additional noise in 

the system and limit the precision of the sensor. Detection techniques relying on wavelength modulation, like 

Wavelength Modulation Spectroscopy (WMS), are particularly sensitive to that phenomenon.  

Acetylene (C2H2) detection in ARHCF was performed with the differential optical absorption spectroscopy 

(DOAS) technique to reduce mode coupling in ARHCFs and compensate changes in laser beam propagation 

parameters in the fiber. Self-designed boxcar averaging unit used for data acquisition significantly improves the 

detection limit and noise performance of the sensor. 

2. Experimental setup 

The experimental setup consists of 3 main segments: measurement and stabilization module, reference module 

and detection with data acquisition section. Constant laser stabilization is required for ensuring long-time sensor 

reliability. Reference light source provides an error signal for compensating variations in laser beam propagation 

parameters through the ARHCF. Both measurement and reference signals are simultaneously toggled in such a way, 

that only one signal is turned on at the time. Two beams are coupled into the ARHCF filled with gas mixture under 

test. Then output beam is focused onto photodetector and data is acquired and processed with self-designed boxcar 

averaging unit. Developed software allows to record the data continuously, average it 50 000 times per 1 second and 

present result to the user simultaneously.  

3. Results and conclusion 

Different ARHCF filling methods were tested to obtain optimal system responsivity. Gas exchange duration was 

measured to be 0.73 s. Detection was performed for different C2H2 concentrations: 250, 500, 790, 1500 and 2000 

ppm respectively. Linear model was fit to the results with coefficient of determination (R2) of ~0.9995. This 

indicates excellent linear responsivity of the sensor and confirms the legitimacy of trace gas detection technique 

presented in this paper.  

Background noise of the sensor was recorded. The signal-to-noise ratio (SNR) was calculated to be 594 for 10 

ms integration time. Allan deviation of sensor background noise was computed and the method detection limit 

(MDL) of 0.84 ppmv was obtained for 8 s integration time. It was demonstrated that trace gas measurements may be 

successfully performed with sub-ppm detection limit with decent sensor reaction time.  

Additionally, the WMS technique was examined to verify the relevance of applying non-wavelength modulation 

spectroscopy technique for detection. 2f WMS spectra were recorded for ARHCF filled with N2 and 2000 ppm C2H2 

respectively for different laser temperatures. Notable optical fringes were observed at all registered spectra. 

Therefore, it is believed, that differential absorption spectroscopy methods may be preferred to wavelength 

modulation techniques in specific circumstances.  

 

This work was founded by the National Science Centre, Poland under “M-ERA.NET 2 Call 2019” - 
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The aim of the presentation is to report the new website elements.put.poznan.pl for presenting atomic data [1-5]. The 

database contains the most recent information about energy levels of a particular atom or ion, wavelengths of  spectral lines 

with associated energy levels, as well as the hyperfine structure constant values.   

In the Department of Quantum Engineering and Metrology  precision spectroscopic investigations are performed. To 

obtain the most accurate data, high-resolution laser induced fluorescence (LIF) on an atomic beam, laser-rf double 

resonance on an atomic beam (ABMR-LIRF) or in the hollow cathode discharge lamp are employed [6,7]. 

The idea of creating the website is related to the research mentioned above. It was patterned on the worldwide website: 

Atomic Spectra Database. It is the website of the National Institute of Standards and Technology (NIST), which collects 

data on the study of the atom’s structure. Unfortunately, it does not include any information about the hyperfine structure 

constants. Moreover, the NIST’s database does not contain the latest research results carried out.  

All the data of energy levels, spectral lines and also hyperfine structure constants are collected with bibliography 

references, allowing to check them in an original source (papers and other databases). The results of semi-empirical analysis 

of fine and hyperfine structure are also included, using the package of programs of energy levels structure of complex atoms 

developed by the employees of Department of Quantum Engineering and Metrology.   

The latest version of the elements.put.poznan.pl website was updated by adding two dynamically operating graphic 

applications applied for presentation of the structure of the atom. The first application is based on the Grotrian diagrams that 

are described in the literature and presents spectral transitions between energy states in an atom. The second application 

shows the shape of the hyperfine structure of the spectral lines.  

These new features can be useful during spectroscopic measurements, helping in finding and determining measured 

lines during the experiment. The website is under development, getting more data with most recent updates. We are hoping 

that this project will help scientists around the world with their spectroscopic studies.  
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The need for compact, cost-effective and stable ultrashort pulse lasers is substantial. This kind of lasers find a variety of
applications [1]. There is a certain need for robust (independent of the environment) and long-term-stable ultrashort pulse
sources operating at 2 µm [2]. Our work aims to fulfill this need with development of a laser source based on all-polarization-
maintaining (all-PM) (for environmental stability), nonlinear amplifying loop mirror (NALM) (for good noise parameters [3]).
Here, we demonstrate a thulium-doped fiber laser in figure-nine configuration [4], generating sub-picosecond pulses at 1980
nm wavelength. The oscillator, depicted in Fig. 1a), is based entirely on PM fibers and components. The figure-nine resonator,
consists of a NALM segment and linear arm with phase-bias and output port. Such configuration reduces the pumping power
required for self-starting and allows a continuous adjustment of the saturable absorber parameters. An intracavity optical coupler
(90/10%) allows for the monitoring of pulses circulating in both directions inside the laser. The output signal is out-coupled at
polarization-beam-splitter (PBS) in the linear arm. Figure 1(b-c) shows the recorded optical spectrum at different output ports,
and radio frequency (RF) spectrum of the laser. The pulse repetition rate was 43.75 MHz. The pulse duration was measured
at Monitor 2 port using an autocorrelator to be 800 fs. Our future studies will focues on dispersion management of the cavity
to obtain ultra-bradband pulses in 2 µm range. The work was funded by the National Centre for Research and Development
(POIR.04.01.01-00-0024/19).

Figure 1: Schematic of figure-nine Tm-doped fiber laser (a). Measured optical spectra (b). Radio frequency spectrum. Repetition
frequency: 43.75 MHz, RBW: 5 Hz; inset: 3 GHz spanning RF spectrum, RBW: 20 kHz (c).
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The optically detected magnetic resonance (ODMR) is a powerful technique that combines the selectivity of optical tech-
niques with sensitivity of the paramagnetic resonance to the local fields. The principle of the ODMR technique is probing the
net magnetization of the magnetic ions in the sample via its optical properties. Hence the optical methods can be very local; the
ODMR allows for studying nanostructures’ local properties, such as strain [1] or spin-lattice relaxation time [2], unavailable by
other techniques.

In the standard approach, the laser illumination in the ODMR is used for probing the sample, but it is also possible to tune
some of samples magnetic and optical properties. We report studies of the magnetic (Cd, Mn)Te quantum wells with the use
of the ODMR technique. One of the interesting properties observable via the ODMR is the so-called Knight shift - manifested
here as the difference between the magnetic field of the resonance measured in the presence or the absence of carriers. This
shift is related to the conducting carriers present in the system. As we show here, the observed Knight shift can be tuned by
different laser illumination. In such a case, the net magnetization of magnetic ions can be changed by altering the wavelength
and power of the exciting laser by changing the properties of the carrier gas.

100 1000

0

4

8

Kn
ig

ht
 s

hi
ft 

(m
T)

Laser power (nW)

Figure 1. Knight shift defined as difference of resonance magnetic fields measured for neutral and
charged exciton (in presence of carrier gas) in the QW.
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Selective exposure to light is gaining more and more use in photonics. It can be used in for selective activation of photo-

ordering of liquid crystal molecules. Selective irradiation controlled with amplitude mask allowed to obtain patterned 
alignment of LC molecules in microcapillaries [1].  

In this work we will use digitally controlled structured light produced with use Digital Micro-mirror Device. It will be 

illuminated with UV light and obtained structured light will be imaged on the capillaries. It will allow for full control of 

irradiation and almost any pattern could be realized in the same simple and fast process. Such method allows us to obtain 

multiple alignment of molecules in one sample by irradiating it on different angles.  

 

 

 
Figure 1: Five different grating’s periods obtained in microcapillary with 12μm core observed with crossed polarizers [3] 

 

 

 
Figure 2: The same sample observed with parallel polarizers [3] 

 

 

Research was funded by CB POB FOTEH of Warsaw University of Technology within the Excellence Initiative: Research University (IDUB). 
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Multiphoton scanning microscopy uses nonlinear excitation to excite fluorescence in biological tissues. Two-photon 
absorption happens when two photons of similar energy are absorbed by the molecule at the same time, thus producing the 
same excitation as if it absorbed one photon of twice the energy. This phenomenon exists only in the focal plane of the beam, 
when intensity is sufficiently high, avoiding the problem of photodamage in the rest of the beam path. Furthermore, it can be 
used for imaging thick tissues as well as living animals [1]. 

Nowadays, the most common choice for multiphoton microscopy applications is a femtosecond Ti:Sapphire laser. However, 
they are known to be bulky and expensive. Fiber lasers, on the other hand, are compact and easier to operate, since they have 
fewer elements that need adjustment. 

The goal of the presented work was to develop a laser source based on an erbium-doped fiber laser so that it can be used for 
multiphoton scanning microscopy and to use it in a custom microscope system. We optimized the setup for frequency-
doubling using a nonlinear crystal (periodically-poled lithium niobate, PPLN). The optimization was carried out by testing 
multiple lenses (see Fig. 1(a)), as well as the temperature of the crystal, and measuring the output power, pulse duration, and 
spectrum of the generated second harmonic pulses at each quasi-phase-matching period of the PPLN crystal. Furthermore, 
the microscope itself was assembled, and the software controlling the galvanometer scanners and performing image 
acquisition was developed. The user has control over the illumination time, as well as the range of scanning and image 
resolution. The software was developed in the NI LabVIEW environment with the use of a data acquisition card from NI. 

The developed laser source has an output power of 44.3 mW, which considering the input power from the erbium-doped fiber 
laser source of 110 mW, gives a conversion efficiency of ~ 40.3%. Figure 1(b) shows the optical spectrum after frequency-
doubling with a central wavelength of 778.84 nm, which means that the sample is effectively absorbing light around 389.42 
nm. This wavelength fits biological molecules, such as melanin, hemoglobin, or oxyhemoglobin [2]. Pulse duration of 95 fs 
was retrieved from autocorrelation measurement. Measurements in Figure 1(b) and 1(c) were taken for the poling period of 
19.1 μm. 

The presented work confirmed that a frequency-doubled femtosecond fiber laser can be used as a source for multiphoton 
scanning laser microscopy, thus proposing a cheaper and more user-friendly alternative to Ti:Sapphire lasers.  

Funding: Narodowe Centrum Badań i Rozwoju (LIDER/32/0119/L-11/19/NCBR/2020). 
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Fig. 1 (a)Comparison of the output power of generated second harmonic (λ = 780 nm) using focusing lenses with different focal lengths (top). 

Characteristics of the output pulse in the configuration with the highest output power: optical spectrum (b) and autocorrelation of the output pulse (c). (d) 
Experimental setup of the developed laser source and constructed scanning laser microscope (CL – Collimating Lens, FL – Focusing Lens, SL – Scan Lens, 

TL – Tube Lens, DM – Dichroic Mirror, F – Filter, PMT – Photomultiplier Tube ).  
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1. Multi-wavelength lensless holographic reconstruction 

Lensless digital holographic microscopy (LDHM) is a low-cost technique that with the use of simple setups 
(coherent light source + camera) can provide outstandingly large field of view (above 100 mm2) amplitude and 
phase imaging with a decent resolution (determined by the camera pixel size) [1]. During the LDHM 
measurement, hologram of the object is acquired, Fig. 1(a), which then needs to be numerically backpropagated 
to the object plane [2] to reconstruct in-focus object information, Fig. 1(b). One of the main LDHM challenges 
is twin image problem that limits information that can be obtained. Twin image is caused by losing the optical 
field phase term during the hologram acquisition, that result in out of focus parasitic image that spoils the 
reconstruction [3]. 

Twin image effect may be minimized by acquiring several (at least 2) holograms and then applying iterative 
Gerchberg-Saxton (GS) [4] algorithm to retrieve complex optical field at the hologram plane, which after 
numerical backpropagation allow to obtain twin image free reconstruction, Fig. 1(c). Here we present 
application of the GS algorithm for multi-wavelength data reconstruction and the analysis of quality of 
reconstructions depending on different sources of light used (SLEDs and Lasers) and the number of the 
wavelengths.  
  

 

Figure 1. Reconstructions of  LDHM holograms. Hologram (a), reconstructed amplitude for single wavelength setup (b), 
reconstructed amplitude for two wavelengths setup (c). Enlargement areas of (a),(b),(c) images marked by green boxes are shown in 

(d), (e) and (f) respectively. 
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Mobile devices, in particular smartphones, have become an indispensable part of our everyday life, because they are used 
for instant communication, allow us to build social and business relationships and have a wide range of applications, 
replacing the devices used so far (video cameras, cameras, notebooks, etc.). Their use is well established and, in line with 
forecasts, will increase year by year. The spectrum of visible light emitted by the screens of mobile devices depends mainly 
on the technology and materials used in production. In most cases, the light sources used to illuminate the screen arrays are 
currently light-emitting diodes (LED) and organic light-emitting diodes (OLED), the spectral bands of which can be divided 
into red, green and blue spectral regions. The literature reports on the direct biological impact of the use of such devices on 
the physiology of vision and the human circadian rhythm. White light emitting diodes have a characteristic emission 
spectrum peaking around 450 nm, which influences the function of the photoreceptor present in the retina of the eye 
(melanopsin) which is directly related to melatonin production. It has also been shown that blue light has a detrimental 
effect on the aforementioned physiological processes, which is why manufacturers of mobile devices over time began to 
introduce the possibility of enabling the so-called night mode for displays in which the perceived colors are characterized 
by the so-called color temperature warming. Our research team has thoroughly analyzed the strategies used by mobile 
device manufacturers related to eye protection and human health using a reverse engineering process. The spectroscopic 
methods of the analysis of the light emitted from the tested devices with different scopes of software eye protection were 
used and showed the reduction of blue light emission by as much as 90% compared to the baseline values for the default 
settings of mobile devices (Pic. 1). The light intensity distributions for different types of matrices, including heat emission 
maps, were analyzed. Both LCD screens and screens based on organic compounds (OLED, POLED) were analyzed. The 
obtained results allowed to determine the methods of reducing blue light emissions used by leading manufacturers of 
mobile devices and allowed to show direct differences in adopted conventions in relation to the image display technology 
used. 

 

Picture 1. Sample Table 
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One of the methods of modeling light propagation is the method that uses base of eigenmodes to expand e-m field(EME – 

EigenMode Expansion method). There are various methods that can be used to determine base of eigenmodes. One of the 

methods is the finite element method, the advantage of which is the possibility of modeling objects with irregular shapes.  

 

The finite element method for problems in the field of optics (2D and 3D) is implemented in the Wave Optics module of the 

COMSOL Multiphysics software. The purpose of the work was to implement a method of light propagation modeling using 

field expansion in the base of eigenmodes in this environment. Using the EME method it is possible to significantly 

increase the efficiency of modeling light propagation in waveguide structures with geometry changing along the length. 

Such structures are used in miniature photonic systems, which are currently the subject of intense research.  

 

As part of the work, models were developed to calculate eigenmode field distributions for waveguide sections. Then, in the 

MATLAB environment, using the COMSOL LiveLink module, a script was implemented that performs calculations of the 

EME method and generates graphs of components of the propagating electromagnetic field. Additionally, the operation of 

the developed model using EME was verified by comparing it with the model using only the finite element method. A very 

good consistency of the results and the advantage of the EME method in terms of time and memory requirements were 

obtained. 

 

 



Two-photon lithography of anisotropic microstructures
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Two-photon lithography is a technique used for fabrication of the three dimensional structures with high spatial resolution.
Since its advent in 1997, it has been gaining more and more popularity along with the growing interest in the miniaturization
of optical systems [1]. Nowadays, it is used in photonics for production of couplers, lens systems and on-fiber printing [2].

Manufacturing with submicron resolution is achievable due to the involvement of two-photon absorption – a non-linear
process of atomic excitation, after absorption of two photons of half their band gap energy, during the single quantum event.
This process is limited to the focal spot where polymerization of photosensitive material can occur, thus allowing for feature
size beyond the diffraction limit [3]. Under the exposure to femtosecond pulsed laser light resist solidifies layer-by-layer. The
solidified portion of the resist is known as a voxel and is the three-dimensional equivalent of a two-dimensional pixel.

A new prospective application might emerge if two-photon lithography is combined with liquid crystal resist. Produced
in this manner liquid crystal network is characterized by molecular alignment predefined by appropriate modification of the
substrate surface [4]. In our research, we develop techniques that allow to arbitrarily change orientation of the molecules of
such material during the printing process, creating microstructures with a complex anistropic pattern. We realize this in two
different manners - by subjecting resist to an electric field (Fig. 1) or by forcing molecular ordering through the direction of
polymerization. Hopefully, in the future, such structures might find applications in testing 3D quantitative phase imagining
systems [5].

Figure 1: Microstructures printed in a cross-linked liquid crystal polymer polymerized in the presence of an electric field with increasing
voltage. Image (A) was recorded with an optical microscope, (B) with a polarizing microscope. Observed change in the light intensity in the
image (B) results from the change of director induced during printing. The scale bar in the photo is 100 µm.
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Rydberg atoms are the excited atoms with high principal quantum numbers. Their properties include stability and extreme 
sensitivity to electromagnetic fields in the microwave region [1]. Therefore they can be used to create stable self-calibrating 

detectors [2]. 

During the poster session I will be talking about the computer models of Rydberg atom-based microwave detection systems, 

which I am creating to compare them with the experimental results. The models are based on a multi-level atom treated 

within the rotating-wave approximation [3,4]. We conduct simulations in the steady-state, as well as in the time domain for 

the case of modulated microwave signals [5,6]. Our results include Doppler averaging of the multi-photon coherence [7,8]. 

 

 

Figure 1: Microwave field detection setup [2] 
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Hong-Ou-Mandel effect is one of the most notable quantum interference phenomena. We examined this effect 

for coherent states of femtosecond impulses of Near IR laser. We measured second order correlation function 

of impulses shifted in time and frequency domains. We performed frequency shifts with electro-optic phase 

modulator (EOM) synchronized with photodiode which was triggered by impulses from laser. Using this 

method we are able to calculate temporal and spectral width of impulses without using precise spectrometer.  

The system is suitable to measure correlation function of weak coherent states on the single-photon level.  We 

are planning to develop this experiment to measure phase matching function of PPKTP crystal used to generate 

single photon state. 
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In our work, we present a development of the experimental setup used to measure the magneto-optic Kerr effect with mi-
crometres resolution, in high magnetic fields up to 7 T and cryogenic temperatures down to 4 K. The aforementioned require-
ments put certain restrictions resulting in unexpected effects. The setup can resolve changes in light polarization angle as
small as 30 µrad. Next, we present its usefulness for measuring absorption and reflection from monolayers of transition metal
dichalcogenides with an example of MoSe2, and why this method is superior to e.g. reflection contrast. In the last part, we
present the usage of MOKE for measuring magnetization in a thin film ferromagnetic sample, determination of Curie tempera-
ture and observing the hysteresis loop.
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During the Covid-19 pandemic, wearing personal face masks has become an integral part of our lives. The role of such 
masks should be to protect healthy people from potential infections and to limit the spread of viruses and bacteria from sick 
people. For this reason, the filtering capacity of commonly used face masks was tested experimentally using the 
methodology developed by our team. In this method, we use polystyrene nanospheres with a size of about 100 nm coupled 
with a luminescent dye FITC, which was to be a phantom of a real virus. In order to carry out the research, a system for 
testing the filtration efficiency of masks was built, consisting of an aerosol generator in which nanospheres were suspended. 
The aerosol was then passed through the test mask and then through the Andersen cascade impactor, where fluorescent 
nanoparticles were collected for qualitative results. As the analyzed materials, the hand-made masks made of cotton fabrics 
and different types of protective masks commonly available in retail and medical trade (eg. surgical, FFP2, FFP3) were 
chosen (Fig. 1). We also fabricated and test specially prepared materials with the use of nanofibers with metal admixtures. 
These materials were used for casually weared masks as an additional protective layer increasing the filtering capacity of 
the mask. This method allows researchers to be conducted in a safe manner without the use of potentially pathogenic 
organisms. 

 

Fig 1. Filtration efficiency for selected materials as a percentage of particles retained by the mask 
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An organic-inorganic blend of functionalized graft comb-copolymer mixed with zinc oxide nanomaterial were studied as a 
sensitive layer for a sub-ppm nitrogen dioxide (NO2) resistance gas sensor application. The elaborated blends were applied 
to the interdigitated transducers by the drop-casting method, and the obtained sensor structures were subjected to gas 
measurements. Sensor response characteristics were measured for different concentrations of NO2. Responses at low 
concentrations of NO2 (1–10 ppm) and in ultra-low concentrations (25-1000 ppb) in synthetic air carrier gas were measured 
and compared (Fig. 1). Measurements were made at room temperature with activation of UV charge carriers. The obtained 
results indicate that all the material blends were able to reliably detect the concentration of 200 ppb NO2, and the lowest 
NO2 detection threshold achieved was 25 ppb. These results show that the composites of these materials has wide potential 
as a sensing layer for NOx ultra-low concentration sensing. 

 

Fig 1. Dynamic response of different organic-inorganic composites for NO2 gas in 25 – 500 ppb range in synthetic air. 



LC:PDMS structures as reconfigurable Optofluidic Waveguiding 
Photonic Systems 

 
Szymon Baczyński 1,*, Piotr Sobotka 1, Kasper Marchlewicz 2, Marcin Juchniewicz 3, Artur Dybko 2  

and Katarzyna A. Rutkowska 1 

 
1 Faculty of Physics, Warsaw University of Technology, 00-662 Warsaw, Poland;  

2 Faculty of Chemistry, Warsaw University of Technology, 00-664 Warsaw, Poland;  
3 Centre for Advanced Materials and Technologies (CEZAMAT), Warsaw University of Technology, 02-822 Warsaw, Poland; 

* szymon.baczynski.dokt@pw.edu.pl 
 

 

Optofluidics is a broad area of research that combines technologies known from chemistry and photonics. A newly 
explored area is to apply liquid crystal (LC) in the microstructures obtained in polydimethylsiloxane (PDMS). Such an 
elastomer, widely used in chemistry and biology, possesses high optical transparency, and what is particularly important is 
that it forces LC molecules to be oriented perpendicular to its surface. To fabricate a structure in PDMS, a stamp made by 
different technologies such as 3D printing, micromilling in PMMA, or photolithography is most commonly used [1]. 
Another area that opens up by using LC is the ability to reorient molecules using an external electric field. The 
microchannel geometry firmly imposes the initial LC molecular orientation and the reorientation capabilities [2], so it is 
essential to fully control the whole fabrication process and examine the manufactured structures [3]. It has to be 
underlined that the LC molecular arrangement within PDMS microchannels determines the effective refractive index of 
the resultant LC:PDMS structure. The ability to reorient molecules with an electric field allows for a highly tunable 
photonic system to be easily achieved. Moreover, with appropriate electrodes geometry, LC reorientation could occur only 
in selected areas, increasing thus the controllability and flexibility of the entire structure.  

In this work, we aim to test the possibility of combining liquid crystalline material with PDMS by studying the 
orientation of LC molecules in PDMS microchannels and testing new electrode geometries. The LC:PDMS systems study 
is used to produce optofluidic waveguiding photonic systems acting for example as an efficient reconfigurable light 
spectrum filter. It would take advantage of the fact that in places where LC molecules are reoriented, the effective 
refractive index is changed, and additionally, such an effect would be periodically repeated. In particular, electrodes of 
different geometries and configurations are proposed and tested both numerically and in experimental conditions.  

 

 

 

 

 

 

 

 

 

  
Figure 1. On the left, is a simulation of the electric field (ANSYS) in the main channel, taking into account the specially chosen geometry of the 

electrodes.  On the right, is a mold made of SU-8 using photolithography - the channels are about 50 micrometers wide. 
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Abstract: Biological cell phantom is a multi-material object fabricated with two-photon 

polymerization technique. Due to its complex three-dimensional structure and high variety of 

refractive index values achieved within the body, the phantom is an enhanced approximation of 

the real biological cells. The object can be applied not only in the area of calibration procedures, 

but also as a metrological evaluation of novel techniques of quantitative phase microscopy. 
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1.  Introduction 

Quantitative phase microscopy (QPM), being label-free measuring technique, enables to determine the optical 

path within not only weakly scattering specimens, but also transparent biological structures [1]. For the purpose 

of metrological analysis, it is crucial to calibrate QPM optical system using a specimen that is characterized with 

a strictly defined spatial distribution of the refractive index (RI) values. One of the most important directions for 

the development of eucaryotic cell phantoms is to expand the range of phase changes within the body, so far 

limited by the employment of a single material in the process of two-photon printing [2]. 

2.  Cell phantom 

Multi-material calibration object, presented in this work, is fabricated with the polymerization method basing on 

two materials - IPL-780 and IP-Dip, using Photonic Professional GT system from Nanoscribe GmbH. Local 

polymerization is possible thanks to the energy absorption induced by two-photon effect, that is triggered by a 

strongly focused beam of femtosecond laser. Topology and dimensions obtained in the object, correspond to the 

characteristics of a typical intercellular structures. These allow to test and evaluate the resolution of the QPM 

systems. Nevertheless, using single fabrication material limits the RI contrast to 0.03. Cell phantom proposed in 

this work, is made with multi-material approach supported by the analysis of phase images. Analytical result is 

reconstructed with transport of intensity equation solver [3] basing on defocused data collected with the system 

camera. 

   
Figure 1. Phantom design - (a) isometric view, (b) top view – with indicated internal measuring areas: 1-3 resolution tests along X, Y and Z 

axes, 4 – cell nuclei, 5 - area of gradient change in the refractive index. 

 

Phantom (Fig. 1) consists of resolution test structures along X, Y and Z axes, cell nuclei, areas of gradient and 

step-like changes of RI value exceeding 0.06. Combining complex phantom design with multi-material approach, 

obtained result achieved almost twice refractive index values within the object, compared to the phantoms known 

in the literature [2]. 
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Quantum technologies employing trapped ion qubits are currently some of the most advanced systems with regards to
experimental methods in quantum computation, simulation and metrology. This is primarily due to the excellent control
available over the ions’ motional and electronic states. By treating the ions as composite quantum systems, with qubit states
that can be addressed by optical laser or microwave pulses and motional states that can be manipulated by driving sideband
transitions, it is possible to engineer unique multi-qubit gate schemes for computation, simulate atom-cavity dynamics and
study the boundary between classical and quantum behaviour.

In this work, we present a method for detecting the motional Fock state of a single 88Sr+ ion confined in a linear Paul trap
using Autler-Townes effect. In the experiment, the ion is illuminated with a light field that couples it to a phonon-number
changing transition while another light field is applied to probe the Autler-Townes splitting whose magnitude is dependent on
the motional state of the ion. We demonstrate this dependence for coupling to both red- and blue-sideband transitions and it is
in good agreement with the theoretical model. In principle the method can be applied to any system where a quantum harmonic
oscillator can be coupled to a three level system.

In addition, we introduce another method for Fock state detection relying on composite pulse sequences. We compare it with
the one using Autler-Townes effect in terms of effectiveness and efficiency in being able to discern between adjacent Fock states
with high accuracy. During both detection sequences the state of the system is only disturbed when the correct Fock state is
revealed. Thus it is not necessary to perform individual measurements on each phonon-number state; rather a single detection
sequence efficiently checks each Fock state from n=0 to n=8 non-destructively until the actual phonon number is reached.
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Optical coherence tomography (OCT) is a well-established modality for structural and functional imaging of the biological
samples. Conventional scanning OCT combines the low temporal coherence with confocal gating to forcefully reject multiply
scattered light. However, OCT uses a spatially coherent light source, and thus, is susceptible to speckle noise, which reduces
the transverse image resolution. Here, we demonstrate that dynamic light scattering can be employed to improve the transverse
resolution of coherent imaging systems. The scattering particles induce speckles, that change over time due to particle displace-
ment. By incoherently averaging OCT images acquired under different particle distributions, we effectively suppress the spatial
coherence and improve transverse image resolution. Our approach can serve as a cost-effective and straightforward solution to
enhance the OCT imaging of static samples.

Three-dimensional imaging tackles the problem of limited resolution caused by the backscattered or backreflected light.
The internal motions of biological samples generate noise speckles, which patterns, changing with time, define the spatial
distribution of light scattering elements inside the sample [1]. We can divide intercellular motions of particles into passive
and active. Passive refers to random Brownian motions, and the active ones refer to complete cellular functions, e.g., the flow
of blood cells within the vasculature. Analysis of the autocorrelation function of light backscattered from moving particles is
a technique used to quantify these particles movements, known as dynamic light scattering (DLS) [2]. Integration of optical
coherence tomography with dynamic light scattering is often used in the analysis of this internal cellular movement providing
information about the biological system, such as susceptibility for cancer treatment.

Figure 1. (a) Additional part of optical setup containing dynamic light scatterer, (b) and (c) Preview
and En face images for OCT only (left), and DLS-OCT (right), (d) B-scans comparison for OCT
only and DLS-OCT.

Dynamic light scatterer, which in our experiment was in the form of a mixture of water and milk, has been placed right
before the observed sample (USAF target in our experiment) (a). As shown in (d), scatterers’ addition increases the layer of
particles lying on top of the resolution test chart. Accordingly, for high DLS concentration, an incident light experiences more
scattering events before reaching the chart layer. Without DLS scatterers, such normalized intensity is nearly flat as there are
no scattering objects below the USAF. After adding the DLS scatterers, the normalized intensity decreases linearly with depth
at a rate proportional to milk concentration. The difference between the resolution of En face images of standard OCT imaging
and OCT-DLS imaging is shown in (b). We can observe that OCT-DLS has advantage over the standard setup.
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Optically detected magnetic resonance (ODMR) is a technique that exploits the change in the optical properties of studied
material when paramagnetic resonance occurs. Hence the optical methods can be very local; the ODMR allows studying nanos-
tructures’ local properties, which are unavailable by other techniques. Here we report studies on the influence of carrier gas on
the relaxation of magnetic ions in the (Cd,Mn)Te quantum wells. Using optical techniques gives us an extraordinary opportu-
nity to simultaneously probe the net magnetization of the ions and carrier gas density. The latter can be tuned by altering the
laser illumination. We observe a significant shortening of the spin-lattice relaxation time in the presence of the laser introduced
carriers.
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Abstract: Measurement of spectra of single-photons is field of growing importance. In this
work, we present world-leading resolution in single-photon measurement using a Dispersive
Fourier transform spectrometer of 22 pm.
© 2022 Authors

The spectrum is the property of light  having the highest  information capacity,  which makes the precise
knowledge  of  light  utmost  important  for  dense  information  coding  in  telecommunication,  accurate
characterization of matter and optical devices in many measurement techniques. [1,2]

Dispersive Fourier  transform (DFT) spectrometers  exploiting dependence of  the group speed of light  in
materials allow for real-time and highly efficient  spectral  measurements even on a single-photon level  with
arbitrary resolving power depending on the amount of applied dispersion. [3]

The theoretical  resolution limit  has been established [4],  but with the development of the single-photon
detectors  with temporal  resolution on the order  of tens  of  ps and progress  in  the manufacturing of  highly
dispersive media it is important to investigate the resolution limits in the single-photon regime and observe the
transition  from the  resolution  limited  by the  performance  of  the  time-of-arrival  detectors  to  the  resolution
limited by the properties of the dispersive Fourier transform.

In this work, we present a technique for introducing stable and fine spectral features into spectra of single-
photons as well as  world-leading resolution in single-photon measurement using a DFT spectrometer of 22 pm
with the resolving limit dependence on dispersion for different temporal resolutions.
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Time-stable and resistant to environmental perturbations, ultrafast lasers are widely used in basic science, precision metrology, 

biomedicine, and industry [1]. Fiber lasers, especially those made of polarization-maintaining (PM) fibers combined with 

artificial saturable absorbers, are compact, provide record-low intrinsic noise, and satisfactory robustness against external 

conditions [2,3]. We demonstrate the design of an all-fiber all-PM femtosecond laser operating at the central wavelength of 

1560 nm. We incorporated a nonlinear amplifying loop mirror (NALM) with a nonreciprocal phase shifter as the saturable 

absorber. The replacement of the free-space optics with integrated fiber optic components results in the reduction of physical 

dimensions, improves the stability of operation, and simplifies the setup regarding our recent works [4,5].  

 
Figure 1. Schematic of the all-fiber femtosecond laser. FWDM: filter-type wavelength division multiplexer; EDF: erbium-doped fiber; 

PBC: polarization beam combiner; M: mirror; 980: single-mode laser diode at 980 nm  (a). Measured optical spectra from three outputs for 

a pumping power of 110 mW (b). Radio frequency spectrum. Repetition frequency: 63.93 MHz, RBW: 5 Hz; inset: 3 GHz spanning RF 

spectrum, RBW: 20 kHz (c).  

Mode-locking occurs due to the interference at the 50/50 coupler of two beams propagating in opposite directions in the NALM 

section, which experience different nonlinear phase shifts due to the asymmetric arrangement of the active fiber. An additional 

nonlinear phase difference between the counterpropagating pulses is achieved by an integrated phase-shifter consisting of a 

Faraday rotator, a λ/8 waveplate, and an end mirror. The laser shown has self-starting mode-locking for a pumping power of 

about 650 mW. Then by decreasing the pumping power to about 110 mW we reached a single-pulse operation. The results 

presented are from the solitonic regime of operation; net-cavity dispersion -0.04 ps2. The presented system can become a seed 

for processes of nonlinear frequency conversion such as supercontinuum generation, difference-frequency generation, and 

frequency doubling. 
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