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Materials Science and Nanotechnology
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr. Paweł Dąbczyński
pawel.dabczynski@uj.edu.pl
Zakład Inżynierii Nowych Materiałów
Laboratorium Elektroniki Organicznej

Hybrid solar cells.
The aim of the project is to fabricate and characterize photovoltaic devices with a hybrid active
layer. Students will have to prepare a series of devices in which the organic acceptor will be
systematically replaced by an inorganic acceptor. Device characterization will include:
determination of device performance under standardized measurement conditions and analysis of
the morphology of the obtained device. Additionally, the student will optimize manufacturing
process in order to maximize the device performance. The obtained data will be compared to the
model organic system.
Main research tool
Photovoltaic performance measurement system, atomic force microscopy, fluorescence
microscopy, secondary ion mass spectrometry
Additional requirements to the candidate
Basic knowledge of the principle of solar cells
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)
PhD study
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X

Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr. Paweł Dąbczyński
pawel.dabczynski@uj.edu.pl
Zakład Inżynierii Nowych Materiałów
Laboratorium Elektroniki Organicznej

Inorganic light emitting diodes
The aim of the project is to fabricate and characterize light emitting diodes with the emitting layer
based on inorganic nanoparticles. During the internship, the student will fabricate a QLED
prototype, study the electroluminescence properties including spectral analysis and optimize the
layer structure of the diode.
Characterization of the device will include determination of photoluminescence intensity as a
function of voltage, spectral analysis and examination of system morphology: surface topography
analysis by Atomic Force Microscopy and depth profiling by dynamic Secondary Ion Mass
Spectrometry. The obtained data will be compared to the well-known organic light emitting diode.

Main research tool
UV-VIS Spectrometer, current – voltage measurement system, atomic force microscopy,
fluorescence microscopy, secondary ion mass spectrometry, spectral ellipsometry
Additional requirements to the candidate
Basic knowledge of the principle of electroluminescence diode
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)
PhD study
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X

Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Prof. dr hab. Jacek Kołodziej
jj.kolodziej@uj.edu.pl
Department of Synchrotron Radiation
Laboratory of electron spectroscopy
http://www.zps.if.uj.edu.pl/arpes

Geometric and electronic structure of surfaces
Short description (< 1000 characters)
Diffraction studies of atomic structure of surfaces: within the programme student gets acquinted
with ultrahigh vacuum techniques and carries out studies of some surface structure using low energy
electron diffraction LEED.

Band structure of smiconductor surfaces/2D electron gases at surfaces:
within the programme student measures ARPES spectra (the band structure) of a semiconductor
surface/2D electron gas formed at the surface.

Studies at the UARPES beamline in SOLARIS:
within the programme student takes part in measurements using ARPES technique at the
UARPES@SOLARIS beamline and gets acquinted with the construction and the control systems of the
beamline

Main research tools:
Low energy electron diffractometer (LEED), Angle resolved photoelectron spectrometer (ARPES)
Additional requirements to the candidate
Interests in advanced experiments and problems in physics
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

x

PhD study

x
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr hab. Paweł Starowicz
pawel.starowicz@uj.edu.pl
Department of Solid State Physics
Electronic Structure of Materials Laboratory
http://www.zfcs.if.uj.edu.pl/electronic-structure-research

Investigation of electronic structure of materials
Short description (< 1000 characters)
The internship will be devoted to the investigation of electronic structure of materials. The
knowledge of such a structure helps to understand the properties of various materials. The subject
of investigations will be a band structure and Fermi surface of new systems, which typically have a
metallic character. Currently, the materials investigated in the laboratory include topologically
nontrivial systems, superconductors and topological superconductors. In the future, such materials
can be used in a development of new branches of electronics, in particular based on spin or they
can be applied in devices for energy saving. However, nowadays these systems are in the center if
interest of physicists due to the fact that phenomena observed in them are not fully inderstood.
The intership will take place in the Electronic Structure of Materials Laboratory of the Department
of Solid State Physics. It will cover a preparation of single crystals for the experiment, determination
of their crystallographic orientation with Laue camera. Next, measurements will be carried out in
the system consisting of ultra-high vacuum chambers. The samples will be investigated by means of
angle-resolved photoemission spectroscopy (ARPES). The results, which are obtained in a form of
large matrices of numbers, will be subjected to the analysis using appropriate computer procedures.
The student-in-training will gain certain experience with ultra-high vacuum systems and will learn
basic facts related to band structure of materials. Trainee’s activity will be related to research topics
being currently a subject of investigations in the laboratory. If interested, the student can join the
research group and continue investigations after having the internship completed. We also perform
ARPES studies at the Solaris synchrotron (as well as at foreing synchrotrons), where the work, which
has been started in the laboratory, will be continued.
Main research tool
Ultra-high vacuum equipment designed to investigations with angle-resolved photoemission
spectroscopy (ARPES), X-ray photoemission spectroscopy (XPS) and ultraviolet photoemission
spectroscopy (UPS).
Additional requirements to the candidate
The candidate should be interested in a laboratory work, which covers both single crystal
preparation under a microscope and handling a large ultra-high vacuum system. The student should
have an intention to develop her/his knowledge about the phenomena, which are in the center of
interest of contemporary solid state physics. In addition, a will to develop basic skills in computer
programming is welcome.
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr hab. Stanisław Baran
stanislaw.baran@uj.edu.pl
Department of Solid State Physics
Laboratory Of Advanced Magnetic Materials And Superconductivity
http://www.zfcs.if.uj.edu.pl/magnetic-research

Investigation of magnetic properties and phase transitions in new materials
Short description (< 1000 characters)
Students will learn how to operate the Physical Property Measurement System (PPMS), which is
present in leading world laboratories. The current configuration enables the investigation of various
physical properties of milligram samples in a wide temperature range (1.9-400 K), pressure up to
1 GPa, and magnetic field up to 9 T. The following measurements are available: electrical resistivity,
specific heat, magnetic susceptibility (dc and ac methods), and magnetization. The PPMS is equipped
with a helium reliquefier operating in a closed circuit, which makes it independent of the supply of
liquid helium. Students will be involved in sample preparation as well as in running the
measurements.

Main research tool
Physical Property Measurement System (PPMS)
https://www.qdusa.com/products/ppms.html
Additional requirements to the candidate
Basic knowledge in electricity and magnetism, thermodynamics, quantum mechanics. Interest in
experimental research.
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr hab Monika Marzec
monika.marzec@uj.edu.pl
Department of Advanced Materials Engineering
http://www.zinm.if.uj.edu.pl/liquid-crystals

Liquid crystalline materials for application in optoelectronic device
Short description (< 1000 characters)
The constantly growing demand of modern industry for materials with precisely defined parameters
is an increasing challenge for modern chemistry and physics. Hence, the creation and study of the
properties of new materials is so important. The aim of the practicum is to familiarize the student
with the methods of studying chiral liquid crystalline materials showing rich phase polymorphism,
in terms of their application in optoelectronic devices. The student will learn to prepare material for
research, conduct measurements and analyze the obtained results. She/he will learn typical
research methods used for the study of this type of materials: polarizing microscopy, electro-optical
methods (measurement of spontaneous polarization, tilt angle of molecule, light transmission),
differential scanning calorimetry and dielectric spectroscopy.

Optical textures registered under polarizing microscope

Spectrum registered by impendance spectrometer and the temeprature dependence of spontaneous polarization.

Main research tool
Polarizing microscope, scaning calorimeter, impendance analyzer, fume cupboard.
Additional requirements to the candidate
2 persons for this topic possible
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

x

PhD study

x
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr hab. Bartosz Such
bartosz.such@uj.edu.pl
Zakład Fizyki Nanostuktur i Nanotechnologii
Pracownia Badania Powierzchni Tlenków
http://zfnin.if.uj.edu.pl/pl/sites_groups/group_oxides.html

Molecules on oxide surfaces.
Short description (< 1000 characters)
The goal of the internship is to explore the details of the process of preparation of ultra-thin
molecular layers on oxide surfaces, as well as to learn the nasic experimental techniques with the
focus on scanning tunneling microscopy (STM). The issue of the morphology on organic adsorbates
is crucial in many applications, such as dye- sensitized solar cells.
During the internship, the candidate will have the chance to learn the rules of conducting
experiments in ultra-high vacuum (UHV), as well as to understand the problems connected with the
achieving low pressures. The candidate will also learn the preparation methods of atomically-clean
substrates and how to use create a molecular layer with the use of molecular beam epitaxy. The
STM microscope and thermally programmed desorption TPD will the the main experimental tool
used for examination of created layers

Main research tool
STM microscope, thermally programmed desorption TPD, system for substrate preparation and
layer formation
Additional requirements to the candidate
- interest in experimental techniques
- good English will be an advantage
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Prof. Jakub Rysz
jakub.rysz@uj.edu.pl
Department of Advanced Materials Engineering
Organic Electronic Laboratory

Optical photolitography
Photolithography is used in many branches of modern technology. Production lines of
motherboards, processors or microelectomechanical devices (MEMS) are based on this process.
Photolitography is a multi-stage process that starts with the application of a photosensitive layer
(photoresist) on the substrate. In the next step, the photoresist is irradiated in such a way that after
developing it forms a given pattern, partially revealing the substrate. subsequently, a metallic layer
can be deposited on top of the substrate or the substrate can be immersed in an etching solution.
During the internship, you will be able to familiarize with the entire process of photolithography and
the use of this method to create electrodes for organic electronics systems on a micron scale and
simple microfluidic devices. Those interested will also have the opportunity to familiarize with
Atomic Force Microscopy, which will be used to image the structures produced.
Main research tool
Spin-coating, imagesetter, optical microscope, Scanning Probe Microscope.
Additional requirements to the candidate
Eagerness for laboratory work
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Prof. Franciszek Krok
franciszek.krok@uj.edu.pl
Soilid State Physics
Nanostructures group
http://www.zfcs.if.uj.edu.pl/nanostructures-research

Scaning electron and atomic force microscopies in the investigations of
structure of metal oxide thin films.
Short description (< 1000 characters)
The aim of the research will be to learn the basic vacuum techniques and to get familiar with the
process of metal oxide (e.g. TiO2) thin film growth by magnetron sputtering. The student will become
also introduced to characterization techniques for imaging the morphology and chemical
composition of such prepared layers using scanning electron microscopy (SEM, in vacuum
conditions) and atomic force microscopy (AFM under normal conditions) techniques.
The above mentioned experimental techniques will allow the student to learn the basic processes
of fabrication and characterization of nanometer scale systems. Knowledge of the techniques
outlined above is an important component used in many areas of solid state physics, surface physics,
and nanotechnology.
Main research tool
System for magnetron sputtering deposition, Scanning Electon Microscopy, Atomic Force
Microscopy
Additional requirements to the candidate
- interest in experimental work;
- ability to solve technical problems.
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

x

PhD study

x
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Prof. dr hab. Zbigniew Postawa
zbigniew.postawa@uj.edu.pl
Department of Physics of Nanostructures and Nanotechnology
Computer Surface Science Laboratory
http://zfnin.if.uj.edu.pl/en/sites_groups/group_comp-sci.html

Sputtering as a tool to determine graphene doping level – computer
simulations.
Short description (< 1000 characters)
Two-dimensional (2D) materials are currently the subject of intense research due to their unique
optical and electronic properties. The ability to fine-tune the conductivity of semiconductors by
controlled doping with, e.g., boron atoms is considered one of the pillars of chip manufacturing
technology. While accurate measurement of this doping is relatively well known for 3D systems, it
is still one of the unresolved issues for 2D systems due to the very weak signal.
The work will be associated with the analysis of previously obtained simulation data. The work's
scientific aim is to investigate if the number of neutral atoms emitted from graphene bombarded by
C60 projectiles can be used as metrics to determine the amount of boron doping of this layer. For
this purpose, it will be necessary to investigate the relationship between the number of emitted
boron atoms and a doping level. During the internship, students will be able to perform computer
simulations on supercomputer systems and learn about the techniques of three-dimensional
visualization of computer simulation results (graphics and 3D animations).

Scheme of the modeled system - boron-doped graphene
Main research tool
Molecular Dynamics computer simulations (MD) – LAMMPS software
Additional requirements to the candidate
- basic computer skills.
- basic knowledge of any data analysis program (e.g., SigmaPlot, Excel)
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Nuclear and Particle Physics
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Marcin Misiaszek
marcin.misiaszek@uj.edu.pl
Department of Experimental Computer Physics
DigiWorld MLP Lab - Machine Learning for Physics

Application of HPC (High Performance Computing) methods for data analysis
from neutrino experiments.
Short description (< 1000 characters)
The software group from the Department participates in the analysis of unique data from the
Borexino and GERDA neutrino experiments. Modern methods of data analysis use algorithms based
on machine learning and High Performance Computing systems (HPC) are used during their
execution. During the practice, the student will have the opportunity to undertake one of the
current issues as part of collaborative work. The student will be able to use the computing power
available in PL-GRID to perform massive Monte Carlo simulations or make attempts to optimize
filters based on neural network algorithms. Employing the PROMETHEUS supercomputer, we will
perform Monte Carlo simulations on a huge scale, not present so far in the course of data analysis
in the above neutrino experiments. During the student internship, we will try to use HPC methods
in order to increase the experimental sensitivity and possible discoveries in the future. The student
will be introduced to the application of Singularity, the main goal of which is to introduce the use of
containers and preservation of reproducibility to large-scale scientific computing.

Main research tool
PROMETHEUS server in PL-GRID. Singularity software package.
Additional requirements to the candidate
- basics of Linux and python
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr Michał Silarski
michal.silarski@uj.edu.pl
Department of Experimental Particle Physics and Applications
2nd Physics Laboratory, Heavy ions laboratory (B-0-19)
http://koza.if.uj.edu.pl/sabat/

Characteristics of scintillation detectors in terms of their use in detection of
hazardous materials
Short description (< 1000 characters)
Practices include testing scintillation detectors for the registration of gamma quanta and neutrons
for their use in a hazardous material detector constructed under the SABAT project. These detectors
are made of scintillation crystals or plastic scintillators optically connected with a lamp
photomultiplier or a silicon photomultiplier array. As part of the internship, basic characteristics of
the detectors will be carried out (e.g. determination of energy resolution and temporal resolving
power), and in the case of gamma quantum detectors, constructed from silicon photomultipliers, it
is also planned to create an algorithm for reconstructing the place of the gamma quantum reaction
in the detector (based on the amplitude distribution of signals recorded for using individual
photomultipliers).

Main research tool
1. Scintillation detectors ( BGO, LSO and LaBr3:Ce:Sr crystals and plastic materials: EJ-410/EJ-420
red out with photomultipliers)
2. AmBe neutron source
Additional requirements to the candidate
1. Basic skills in programing in any language (preferred: C++ or Python).
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)
PhD study
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr. Aleksander Gajos, Dr. Szymon Niedźwiecki, Dr. Magdalena Skurzok
aleksander.gajos@uj.edu.pl, szymon.niedzwiecki@uj.edu.pl,
magdalena.skurzok@uj.edu.pl
Experimental Particle Physics and Applications
J-PET
http://koza.if.uj.edu.pl/

Computer simulations of a PET tomograph made of polymer scintillators
Short description (< 1000 characters)
The aim of the research is to determine the sensitivity of the J-PET detector (Fig. 1) when measuring
with the pharmaceutical 22Na. Sensitivity is defined as the number of counts per second divided by
the activity of the pharmaceutical. The second aim of the research is to determine the fraction
absorbed in materials of different thicknesses. It is defined as the proportion between the photons
scattered inside the imaged material to all emitted photons.
The trainee will learn simple techniques of Monte Carlo methods and their automation using C ++
or Python language. The method of PET tomography operation and, in particular, the principle of
the J-PET detector operation will be explained during the internship at a level adapted to the
student's degree of study. Visualization of the obtained results will be possible with any program
presenting plots.
NOTE: the practice can be done remotely.
Fig. 1 J-PET detector used to perform
measurements, with a small annihilation
chamber inside.

The level of research will be adapted to the
degree of study. Each step of the
experimental work and data analysis will be
explained on an ongoing basis and
according to individual needs.
Main research tool
J-PET detector, oscilloscope, C++/python, ROOT library
Additional requirements to the candidate
Students of physics, experimental physics and particle physics. Nice to have: willingness to learn,
research enthusiasm, diligence and punctuality.
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

x

PhD study

x
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr Michał Silarski
michal.silarski@uj.edu.pl
Department of Experimental Particle Physics and Applications
2nd Physics Laboratory
http://koza.if.uj.edu.pl/sabat/

Determination of shielding properties of building materials against ionizing
radiation
Short description (< 1000 characters)
Practices include measurements of gamma-ray attenuation coefficients in an energy range of 2004400 keV for new building materials used in nuclear construction (laboratories, nuclear reactors).
Samples of three shielding concretes doped with gadolinium and without admixtures will be tested
with the use of a precise semiconductor HPGe detector ORTEC GMX25P4-70. Additionally, the
properties of absorbing neutron radiation emitted from the AmBe source will be tested for these
materials. The second part of the practice will be modeling of neutron transport in these materials
and determining the dose rate absorbed by a human behind a given layer of this material, as well as
determining the energy distribution of neutrons and the secondary gamma quanta.

Main research tool
1. Detector HPGe ORTEC GMX25P4-70
2. AmBe neutron source
Additional requirements to the candidate
1. Basic skills in data analysis (SMOP-1)
2. Knowledge on the basic processes of gamma quanta interaction with matter
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr Michał Silarski
michal.silarski@uj.edu.pl
Department of Experimental Particle Physics and Applications
2nd Physics Laboratory
http://koza.if.uj.edu.pl/sabat/

Investigation of neutron-induced gamma radiation spectra for the detection
of pollutants on the seabed
Short description (< 1000 characters)
Practices include measurements of gamma quanta spectra produced by irradiation of substances
with neutrons. Their purpose is to determine the ability to detect contamination of the bottom of
the Baltic Sea with heavy fuel lingering in sunken shipwrecks. The samples taken from the bottom
of the sea inter alia in the vicinity of the Franken tanker wreck. Practices include calibrating the
lanthanum bromide scintillation detector, measuring activation spectra, processing the data and
interpreting the results. It is also possible to model the entire measurement process using Monte
Carlo simulations in MCNP or GEANT4 and compare them with the results of the measurements.

Main research tool
1. Scintillation detectors (LaBr3:Ce:Sr red out with photomultiplier)
2. AmBe neutron source
Additional requirements to the candidate
1. Basic skills in data analysis (SMOP-1)
2. Knowledge on the basic processes of gamma quanta interaction with matter
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Scientific supervisor
Name

Dr. Aleksander Gajos, Dr. Szymon Niedźwiecki, Dr. Magdalena Skurzok

E-mail
Department

aleksander.gajos@uj.edu.pl, szymon.niedzwiecki@uj.edu.pl,
magdalena.skurzok@uj.edu.pl
Experimental Particle Physics and Applications

Laboratory

J-PET

Group webpage

http://koza.if.uj.edu.pl/

Proposed research topic

Positronium decay in porous polymers
Short description (< 1000 characters)
The aim of the research is to determine the influence of porous polymers on the positronium
lifetime, i.e. an atom consisting of an electron and a positron (electron antiparticle, which is formed
as a result of β+ decay in a pharmaceutical). This atom decays after some time, emitting photons as
a result of the annihilation of the positron with the bound electron or other electron from the
environment. The lifetime of a positronium is therefore influenced by the number of electrons
available around it and the pressure of the gas in which it is located.
In frame of the internship, the student will have the opportunity to acquire knowledge about the
conducted research (theoretical basis, statistics), get acquainted with the J-PET detection system
unique in the world (Fig. 1) (learning how to use the device, conduct measurements), and then
perform an experiment in which the pharmaceutical is placed in several different porous materials.
The collected data will then be analyzed for the positronium lifetime measurement.
Fig. 1 J-PET detector used to perform
measurements,
with
a
small
annihilation chamber inside.

The level of research will be adapted to
the degree of study. Each step of the
experimental work and data analysis
will be explained on an ongoing basis
and according to individual needs.
Main research tool
J-PET detector, oscilloscope, C++/python, ROOT library
Additional requirements to the candidate
Students of experimental physics or materials engineering. Nice to have: willingness to learn,
research enthusiasm, diligence and punctuality.
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

x

PhD study

x
22
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr hab. Grzegorz Zuzel
grzegorz.zuzel@uj.edu.pl
Department of Experimental Computer Physics
Low-evel radioactivity laboratory

Stationary and field high-sensitivity gamma ray spectrometry.
Short description (< 1000 characters)
Gamma ray spectrometry is a widely used analytical technique, which allows to investiagte
qualitatively and quantitatively content of radio-isotopes in various samples (envinronmental,
medical etc.).
Students will learn the constructiopn and working principles of gamma ray spectrometers based
on high purity germanium (HPGe) detectors. Thsese detectors are characterized by high detection
efficiency (which allows detection of even very weak radioactivity) and high energy resoluition,
which meakes it possible to easily indentify isotopes being sources of registered radiation.
Students will have a chance to perform themselves measurements of contents of radio-isotopes
in selected samples. Two stationary high-sensitivity spectrometers operated in the Department of
Experimental Computer Physics will be available for the tests.
The laboratory is also equipped with mobile HPGe spectrometers, which can be used to register
the level of natural radioactivity indoors and outdoors. Analysis of acquired spectra will allow to
identify radio-isotopes contributing at most to the radioactivity level at a certain location.

Main research tool
High sensitivity gamna ray spectrometers.
Additional requirements to the candidate
Basic knowledge about natural radioactivity and dosimetry
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr. Aleksander Gajos, Dr. Szymon Niedźwiecki, Dr. Magdalena Skurzok
aleksander.gajos@uj.edu.pl, szymon.niedzwiecki@uj.edu.pl,
magdalena.skurzok@uj.edu.pl
Experimental Particle Physics and Applications
J-PET
http://koza.if.uj.edu.pl/

Study of quantum entanglement of high-energy γ quanta with a J-PET
detector
Short description (< 1000 characters)
The aim of the research is to measure and analyze whether the γ quanta resulting from the decay
of the positronium atom are quantum entangled (i.e. whether they are related to each other at a
distance). The positronium atom consisting of an electron and a positron (the antiparticle of an
electron that is formed as a result of β+ decay) decays after some time, emitting photons as a result
of positron annihilation with a bound electron or other electron from the environment.
During the internship, the student will have the opportunity to acquire knowledge about the
conducted research (theoretical basis, statistics), learn about the J-PET detection system unique in
the world (Fig. 1) (learning how to use the device, conduct measurements), and then perform the
experiment prepared by him. in which the emission of photons from the decay of positronium will
be studied. The collected data will then be analyzed for the study of quantum entanglement.

Fig. 1 J-PET detector used to perform
measurements, with a small annihilation
chamber inside.

The level of research will be adapted to the
degree of study. Each step of the
experimental work and data analysis will be
explained on an ongoing basis and according
to individual needs.
Main research tool
J-PET detector, oscilloscope, C++/python, ROOT library
Additional requirements to the candidate
Students of physics, experimental physics and particle physics. Nice to have: willingness to learn,
research enthusiasm, diligence and punctuality.
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

x

PhD study

x
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr. Aleksander Gajos, Dr. Szymon Niedźwiecki, Dr. Magdalena Skurzok
aleksander.gajos@uj.edu.pl, szymon.niedzwiecki@uj.edu.pl,
magdalena.skurzok@uj.edu.pl
Experimental Particle Physics and Applications
J-PET
http://koza.if.uj.edu.pl/

Study of symmetry violation between matter and antimatter in positronium
decays
Short description (< 1000 characters)
The aim of the research is to test the symmetry between matter and antimatter in the decays of the
positronium atom, which is a system consisting of an electron and a positron. The positronium atom
occurs in 2 quantum states - a pair of positronium (p-Ps) and ortho positronium (o-Ps), which decay
into even and odd numbers of gamma quanta, respectively. As part of the practice, the level of
charge symmetry breaking (related to the conversion of an electron to a positron) will be examined
by measuring the positronium decay prohibited by the Standard Model, e.g. the p-Ps decay into 3
photons. Measurements will be made with the use of a J-PET detector (Fig. 1).
During the practice, the student will have the opportunity to acquire knowledge about the
conducted research (theoretical basis, statistics), learn about the J-PET detection system unique in
the world (Fig. 1) (learning how to use the device, conduct measurements), and then perform the
experiment prepared by him in which the emission of photons from the decay of positronium will
be investigated. The collected data will then be analyzed for testing charge symmetry.

Fig. 1 J-PET detector used to perform
measurements, with a small annihilation
chamber inside.

The level of research will be adapted to the
degree of study. Each step of the
experimental work and data analysis will
be explained on an ongoing basis and
according to individual needs.
Main research tool
J-PET detector, oscilloscope, C++/python, ROOT library
Additional requirements to the candidate
Students of physics, experimental physics and particle physics. Nice to have: willingness to learn,
research enthusiasm, diligence and punctuality.
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

x

PhD study

x
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Name
E-mail
Department
Laboratory
Group webpage

Scientific supervisor
Prof. dr hab. Ewa Stępień
e.stepien@uj.edu.pl
Department of Medical Physics
Cell culture laboratory
http://www.zfm.if.uj.edu.pl/en_GB/grupy-badawcze/laboratoriumcytometrii-i-spektroskopii-nanoobiektow

Proposed research topic

2D and 3D cell cultures
The laboratory measures exosome and extracellular vesicle (EV) samples from cell cultures and
body fluids by fluorescence flow cytometry and tunable pulse conductometry.
The laboratory is equipped with the following devices:
• ImageStream Luminex flow cytometer
• Sorvall ultracentrifuge with angular rotor; Micro-Ultracentrifuge Sorvall mX150 +; Thermo
Scientific
• Izon particle size analyzer (qNano)
• Izon cell size analyzer (qMikro)
The internship plan provides for:
1. Getting to know the theoretical basics of performing cytometric and flow resistance
measurements,
2. Getting to know the rules of working with biological and clinical material
3. Getting to know the techniques of exosome preparation by filtration and ultracentrifugation
methods
4. Performing experiments and measurements depending on the project being carried out:
• Concentration of urine samples or culture medium by filtration
• Differential centrifugation
• Ultracentrifugation
• Determination of the number of exosomes in a sample
• Characteristics of exosome-specific antigens
• Evaluation of the extracellular vesicles size distribution
At the end of the internship, the student prepares a report on the measurements taken.
Main research tool
.
Additional requirements to the candidate
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr. Aleksander Gajos, Dr. Szymon Niedźwiecki, Dr. Magdalena Skurzok
aleksander.gajos@uj.edu.pl, szymon.niedzwiecki@uj.edu.pl,
magdalena.skurzok@uj.edu.pl
Experimental Particle Physics and Applications
J-PET
http://koza.if.uj.edu.pl/

Determination of positronium lifetime in samples of heart tumors
Short description (< 1000 characters)
The aim of the research is to determine the lifetime of the positronium, an atom consisting of an
electron and a positron (electron antiparticle, which is formed as a result of the decay of β + in a
pharmaceutical), in samples of heart tumors (cardiac myxoma). The positronium decays into gamma
quanta as a result of the annihilation of the positron with the bound electron, or with another
electron from the environment. The lifetime of a positronium is influenced by the number of
electrons available around it. It is possible to use this relationship for non-invasive examination of
the density of neoplastic tissue. The described, modern method has been developed in the J-PET
group.
During the internship, the student will have the opportunity to acquire knowledge about the
conducted research (theoretical basis, statistics), learn about the J-PET detection system unique in
the world (Fig. 1) (learning how to use the device, conduct measurements), and then perform the
experiment prepared by him. in which the pharmaceutical will be placed in several tumor samples
(immersed in formalin). The collected data will then be analyzed for the measurement of
positronium lifetime in tumor samples.

Fig. 1 J-PET detector used to perform
measurements, with a small annihilation
chamber inside.

The level of research will be adapted to the
degree of study. Each step of the
experimental work and data analysis will
be explained on an ongoing basis and
according to individual needs.
Main research tool
J-PET detector, oscilloscope, C++/python, ROOT library
Additional requirements to the candidate
Students of physics, medical physics and biophysics are preferred. Nice to have: willingness to
learn, research enthusiasm, diligence and punctuality.
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

x

PhD study

x
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Name
E-mail
Department
Laboratory
Group webpage

Scientific supervisor
Prof. dr hab. Ewa Stępień
e.stepien@uj.edu.pl
Department of Medical Physics
Laboratory of cytometry and spectroscopy of nano-objects
http://www.zfm.if.uj.edu.pl/en_GB/grupy-badawcze/laboratoriumcytometrii-i-spektroskopii-nanoobiektow

Proposed research topic

Flow cytometry of egzosomes and extracellular vesicles
The laboratory measures exosome and extracellular vesicle (EV) samples from cell cultures and body
fluids by fluorescence flow cytometry and tunable pulse conductometry.
The laboratory is equipped with the following devices:
• ImageStream Luminex flow cytometer
• Sorvall ultracentrifuge with angular rotor; Micro-Ultracentrifuge Sorvall mX150 +; Thermo
Scientific
• Izon particle size analyzer (qNano)
• Izon cell size analyzer (qMikro)
The internship plan provides for:
1. Getting to know the theoretical basics of performing cytometric and flow resistance
measurements,
2. Getting to know the rules of working with biological and clinical material
3. Getting to know the techniques of exosome preparation by filtration and ultracentrifugation
methods
4. Performing experiments and measurements depending on the project being carried out:
• Concentration of urine samples or culture medium by filtration
• Differential centrifugation
• Ultracentrifugation
• Determination of the number of exosomes in a sample
• Characteristics of exosome-specific antigens
• Evaluation of the extracellular vesicles size distribution
At the end of the internship, the student prepares a report on the measurements taken.
Main research tool
.
Additional requirements to the candidate
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr Michał Silarski
michal.silarski@uj.edu.pl
Department of Experimental Particle Physics and Applications
2nd Physics Laboratory
http://koza.if.uj.edu.pl/sabat/

Modeling of neutron transport in the human body for the Boron Neutron
Capture Therapy (BNCT)
Short description (< 1000 characters)
Practices include modeling of a neutron beam forming for the development of BNCT therapies for a
deuter-deuterium neutron generator. In addition, the obtained energy distribution of neutons and
gamma quanta will be used to model the therapeutic neutron beam interaction with the patient's
tissues (mainly the head). The purpose of this part of the practice is to determine the dose
distribution in the body and the intensity of the secondary gamma quanta that can be used to
monitor the distribution of boron during therapy. This will allow for a preliminary determination
whether it is possible to use the imaging technology developed in the J-PET group for this purpose.

Main research tool
1. PC with MCNP lub GEANT4 packages installed
Additional requirements to the candidate
1. Basic skills in programing in any language (preferred: C++ or Python).
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X

31

Scientific supervisor
Dr. Aleksander Gajos, Dr. Szymon Niedźwiecki, Dr. Magdalena Skurzok

Name
E-mail
Department

aleksander.gajos@uj.edu.pl, szymon.niedzwiecki@uj.edu.pl,
magdalena.skurzok@uj.edu.pl
Experimental Particle Physics and Applications

Laboratory

J-PET

Group webpage

http://koza.if.uj.edu.pl/

Proposed research topic

Phantom studies with the use of pharmaceuticals in a J-PET detector
Short description (< 1000 characters)
The aim of the research is the measurement and preliminary analysis of the image measured with
the unique J-PET detector (Fig. 1) with the use of medical phantoms using pharmaceuticals. The
image of the pharmaceutical will be based on the determination of the places of photon emission
inside the detector. As part of the analysis, it will be necessary to determine the precision of the
reconstruction of the emission point.
During the internship, the student will have the opportunity to acquire knowledge about the
conducted research (theoretical basis, statistics), get acquainted with the world's unique J-PET
detection system (Fig. 1) (learning how to use the device, taking measurements), in which the
pharmaceutical will be placed in several several medical phantoms. The collected data will then be
analyzed for image reconstruction.
Fig. 1 J-PET detector used to perform
measurements, with a small annihilation
chamber inside.

The level of research will be adapted to the
degree of study. Each step of the
experimental work and data analysis will be
explained on an ongoing basis and according
to individual needs.
Main research tool
J-PET detector, oscilloscope, C++/python, ROOT library
Additional requirements to the candidate
Students of physics, experimental physics and particle physics. Nice to have: willingness to learn,
research enthusiasm, diligence and punctuality.
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

x

PhD study

x
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Bartosz Leszczyński
bartosz.leszczynski@uj.edu.pl
Medical Physics Department
Laboratory of Microcomputed Tomography
www.zfm.if.uj.edu.pl/en_GB/grupy-badawcze/mikrotomografia

Soft tissue study - micro-CT workflow
The internship will allow the candidate to familiarize with the technique of microcomputed
tomography, in particular with the preparation of biological samples, including soft tissues.
The trainee will learn the sample fixation and contrast between individual tissues enhancing
techniques. He/she will get acquainted with the methods of minimizing artecafts during the image
reconstruction procedure.
Practices will focus on the optimization of the experiment with animal tissues - from fixation to
analysis of results. The aim of the optimization will be to develop a list of subsequent actions for an
efficient and error-free measurement procedure.
The result of the internship will be the student's familiarity with work in the pre-clinical imaging
laboratory and a measurement protocol that can be used in laboratory classes with students.

Main research tool
Micro-CT scanner Bruker SkyScan 1172
Additional requirements to the candidate
- a complete course in physics or equivalent
- at least intermediate knowledge of English
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)
PhD study

33

X

Name
E-mail
Department
Laboratory
Group webpage

Scientific supervisor
Katarzyna Dziedzic-Kocurek
k.dziedziec-kocurek@uj.edu.pl
Medical Physics Department
Laboratory of Mössbauer Spectroscopy
http://www.zfm.if.uj.edu.pl/grupy-badawcze/pracowniaspektoskopii-mossbauerowskiej

Proposed research topic

Study of properties organic materials and biological systems with a use of
Mössbauer spectroscopy
Mössbauer spectroscopy is a method based on the phenomenon of resonant absorption of gamma
rays. It may provide unique information that describe local electronic states and dynamic
properties at the atomic level, mainly iron isotope 57Fe. In many cases such information results to
be decisive for a final judge of a phase transition or electron transport within molecules,
constituting whole organic material.
Recently we have developed Mössbauer systems in our laboratory, providing measurements in a
very broad temperature range (4.2 – 1000 K) and additionally in the environment of external
magnetic field up to 9T.
In July this year we are scheduling further test of those unique experimental stations. We plan to
study human and bird erythrocytes and also food supplements and medicine that contain iron.
Over the summer training, the students will have an opportunity not only to become acquainted
with that exceptional and very precise experimental method itself that joins nuclear physics with
condensed matter and biophysics but also to learn how to cope and work with nuclear sources,
cryogenic equipment as well as superconducting magnets.

Main research tool
Mössbauer spectrometer. Liquid helium/nitrogen cryostat. Superconducting magnet
Additional requirements to the candidate
- basic knowledge of physics at the level of advanced laboratory in Physics
- broad interest in different of physics and its application
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)
PhD study
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X

Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr hab. Zenon Rajfur
zenon.rajfur@uj.edu.pl
Molecular and Interfacial Biophysics
Mechanobiology
http://www.biophysics.fais.uj.edu.pl/

The role of the cytoskeleton in cellular mechanotransduction processes.
Short description (< 1000 characters)
Mechanical parameters of cellular microenvironment influence many fundamental biological
phenomena such as embryonal development or wound healing. One of the main tasks of
mechanobiology is to study the cellular mechanotransduction that is molecular processes which
convert mechanical environmental stimuli into intracellular biochemical signals. Results of recent
studies indicate, that cytoskeleton plays an important role in this process. In the course of the
fellowship, student will participate in experiments which visualize the architecture of main
cytoskeletal components – actin, microtubules and intermediate filaments – in cells grown on
substrates of different elasticities. Student will have an opportunity to become acquainted with
advanced methods of optical microscopy such as confocal microscopy, widefield fluorescence
microscopy and mammal cell culture methods. Because of the wide subject matter, more students
can participate in this research.

Fig.1. Cytoskeleton of migrating MEF 3T3 cell in model wound
healing assay.
Actin – green color, Vimentin – red color, Nucleus –blue color.
Main research tool
Advanced widefield and confocal microscopy, cell culture, biosensors, microinjection.
Additional requirements to the candidate
-interest in biophysics.
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr. Adam Wojciechowski
a.wojciechowski@uj.edu.pl
Photonics Division
Laboratory for Optical Research of New Materials
zf.if.uj.edu.pl

Photonic applications of color centers in diamond
Short description (< 1000 characters)
Color centers in diamonds are a new photonic material with unique properties (strong, narrow and
stable spectral lines, the possibility of convenient targeting with lasers and microwave fields, no
toxicity enabling biological applications, etc.). Due to the crystallographic and electronic structure
of the diamond, the color centers are not very sensitive to disturbances and have interesting optical
and spin properties, e.g. paramagnetism. In particular, microwave spectroscopy of nitrogen-vacancy
(NV-) centers allows for precise metrological applications, e.g. measurement of magnetic fields or
temperature with micro- and nanometer spatial resolution and high accuracy at the same time.
As part of the internship, it will be possible to test, among others, photonic optical fibers with
nanodiamonds, or monocrystalline diamond samples with nitrogen-vacancy color centers. During
this research, it will be possible to learn about various optical techniques including fluorescence
microscopy, laser and microwave technologies, and magnetic resonance.

Main research tool
1. lasers
2. wide-field and confocal fluorescence microscopy
3. magnetic resoanance
Additional requirements to the candidate
- interest in optics
- interest in experimental work
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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Name
E-mail
Department
Laboratory
Group webpage
Proposed research topic

Scientific supervisor
Dr hab. Tomasz Kawalec
tomasz.kawalec@uj.edu.pl
Photonics Division
Laboratory of Cold Atoms near Surfaces
www.coldatoms.com (currently under reconstruction)

Plasmonics – a tool for atomic physics and sesnors
Short description (< 1000 characters)
Depending on the student’s interests and the state of the research in our laboratory, the
student will participate in research based on plasmonics, and related to either cold atoms or ultrasensitive sensors.
Plasmonics is a field related to specific collective electron oscillations in metals, associated (in
our case) with surface electromagnetic waves with interesting properties. The so-called cold atoms
are groups of atoms slowed down by optical methods to very low velocities, well below 1 m/s, which
corresponds to temperatures of several hundred microkelvins and less. The sensors in our
laboratory are optical systems that allow one to study changes in a refractive index of a medium
(like gas) in the range of 10-6 and less.
The student will have an opportunity to work in the laboratory in the field of atomic physics
and optics. In particular, he/she will gain experience in working with a high or ultra high vacuum
(UHV) system and a range of optical and optoelectronic devices, including lasers, acusto-optic and
electro-optic modulators, etc. In addition, he/she will perform measurements with an optical nearfield microscope (NSOM) or an atomic force microscope (AFM). The interested student will perform
symbolic and numerical calculations in the Wolfram Mathematica software.

Main research tool
Magnetooptical trap (MOT), near field microscope (NSOM)
Additional requirements to the candidate
- interest in optics
- interest in an experimental work
Possibility to continue student internship in the form of:
Diploma thesis (master's or bachelor's degree)

X

PhD study

X
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