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Master of Science in de Fysica 

Specialisatie Fysica op femtometerschaal: kernfysica 

 

Master of Science in Physics 
Specialisation Physics at the femtometer scale: nuclear physics 

 
 

 
 Thesis subjects 

 
 
The following list contains general themes for master thesis subjects for students 

starting in 2013-2014. 

 

For students who want to develop a more international profile, there are many 

opportunities to be involved in international collaborations or to do (part of) the thesis 

research abroad in the framework of the Erasmus programme. All research groups 

have strong international collaborations so when you are interested in the Erasmus 

programme and you have decided on your specialization, contact the trajectory 

responsible for additional information". 

 

Students in the Dutch masters program, following the ‘onderwijs optie’ can also choose 

to make a thesis related to education research. This topic is described at the end of the 

document, and it can be chosen as a thesis subject in each of the four specializations. 
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Specialisation: Physics at the femtometer scale: Nuclear 

Physics 
 

Are you fascinated by the world of subatomic particles? Do you want to explore the 

boundaries of the existence by studying the properties of exotic nuclei? Or do you rather 

wonder about the truth of the assumptions stipulated in the Standard Model? Are you 

practically oriented and do you like to participate in new technical developments to 

improve our experiments? Or do you prefer the assimilation and interpretation of data? 

Would you like to be part of research performed in an international environment, where 

you would experiment at international accelerator facilities in a team of scientists, but 

with a visible proper contribution? 

 

Then, the specialization ‘Physics at the Femtometer scale: Nuclear physics’, is 

undoubtedly your thing. We offer you a broad, theoretical as well as experimental, 

training on the different contemporary large themes of nuclear physics.  At the same 

time you get acquainted with advanced experimental techniques developed by our own 

research groups or in collaboration with international groups and applied to perform 

experiments all over the world (from CERN-Genève, over GANIL-Caen and GSI-

Darmstadt, to North-America). You will take part in at least one such experiment (that 

typically lasts for 1 week), you will analyze and interpret the data or assist in developing 

and finalizing a part of the experimental set-up.  

 

Who will be your coach? 

The ‘Instituut voor Kern- en Stralingsfysica’ consists of 4 research groups conducting 

research on nuclear structure and fundamental interaction physics as well as on nuclear 

solid state physics.  This research is supervised by 7 professors, about 25 doctoral 

students and 10 post-doctoral researchers, as well as 6 technical persons, who are all 

prepared to assist you during your daily research tasks. 

 

What can you expect? 

Your research theme will be closely linked to the current research of one of the doctoral 

students, ensuring an optimal guidance of your research without it losing its identity. 

Although you will be involved in their research, a specific research question will be 

entrusted to you, allowing you to execute your research task in an independent way. 

Research on nuclear physics is almost always conducted within international 

collaborations. You will thus get the opportunity to get in touch with other students, to 

exchange information on an international level and to perform experiments at 

international radioactive beam facilities like ISOLDE – CERN (Switzerland), GANIL 

(France), PSI (Switzerland) or GSI (Germany).  

 

Below we give some general research themes.  Within each theme, more detailed 

descriptions of many possible research subjects will be formulated when you start your 

‘master preparation work’. 

 

More information can be found on: http://fys.kuleuven.be/iks/   

Or contact the trajectory responsible: Riccardo Raabe (Riccardo.raabe@fys.kuleuven.be)  

http://fys.kuleuven.be/iks/
mailto:Riccardo.raabe@fys.kuleuven.be
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Theme 1: Structure of exotic nuclei as a test for current 

nuclear models. 
Next to the approximately 300 stable and long-lived atomic nuclei that exist on our 

planet, there are a few thousand short-lived radioactive nuclei (that play a part in the 

nuclear reactions in stars). One of the most important questions in nuclear physics is 

how many neutrons and protons are needed to make one bound atomic nucleus. In 

other words: where can one find the boundaries of the existence on the nuclear chart? 

The answer to this question cannot yet be predicted via nuclear models, since these 

have until now been primarily determined in an empiric way, and are thus often only 

valid in the nuclear environment for which we could collect sufficient experimental 

data. Even more difficult is the prediction of the structure of these nuclei, although 

this plays a role e.g. in the evolution of stars.  

The purpose of many of our research projects is to study the structure of exotic nuclei, 

that exist for only a fraction of a second after their production with an accelerator. 

Therefore, we use different experimental methods and tools: production of pure 

beams of exotic nuclei with laser light, reactions with radioactive nuclei, detection of 

radioactive decay with different types of detectors (for α, β and γ radiation), 

perturbation of radioactive decay emission patterns with radiofrequency fields and 

static magnetic fields, visualization of the hyperfine structure of exotic nuclei by 

means of laser light, preparation of beams of exotic nuclei with ion traps, and others. 

 

Promotors:  M. Huyse, G. Neyens, R. Raabe, P. Van Duppen 

 

 

Theme 2: Tests of the Standard Model through research of 

the weak interaction in nuclear ß-decay and with ultracold 

neutrons. 
New physics beyond the present Standard Model can be explored not only through 

experiments with powerful accelerators, but also at low energies as e.g. in nuclear 

beta decay and with neutrons. Precision measurements with nuclei of which the 

structure is well known and with ultracold neutrons are then performed to search for 

new exotic properties of the weak interaction that are not incorporated in the 

Standard Model, or test the weak interaction symmetries (parity, time reversal, 

Lorentz invariance, … ).  

A first method uses Penning ion traps that allow storing nuclei in a volume of several 

millimeter diameter using electric and magnetic fields. After beta decay of these 

trapped ions, they recoil out of the ion trap and their energy is measured with a 

dedicated spectrometer and a position sensitive micro-channel plate detector. The 

shape of this energy spectrum reveals new information on the properties of the weak 

interaction.  

A second method uses a new type of beta spectrometer to measure the shape of the 

beta particle energy spectrum free of scattering, by combining a very thin source with 

energy sensitive detectors and a multi-wire drift chamber to track the beta particles. 

The shape of this spectrum provides information on the properties of the weak 

interaction as well as on small effects of the strong interaction in nuclear beta decay.  

Finally, we search for a permanent electric dipole moment of the neutron by using 

ultracold neutrons and radiofrequency techniques. These measurements test the time 

reversal symmetry for the weak interaction thus providing information on the large 

imbalance between the amount of matter and antimatter in our universe.  

All these projects require precision measurements where the behavior and properties 

of the experimental setups are to be known in detail. This is achieved by performing 

both calibration measurements and Monte Carlo simulations. 

 

Promotor: N. Severijns 
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Theme 3: Development of radiation detectors and data 

processing techniques  
The exotic atomic nuclei reveal their secrets by the radiation they emit. In order to 

detect this radiation new detector set-ups are constantly being developed. This 

concerns semiconductor, scintillation as well as gas detectors. Whereas a few years 

ago one used to employ about three detectors for an experiment, nowadays ten to 

hundred detectors are often used. 

This requires not only an ingenious ensemble of these detectors but also a new way of 

data acquisition and processing. All these aspects constitute challenging research 

themes. During these projects expertise from Leuven is combined with expertise from 

foreign research institutes and universities.  

A large range of subjects can be treated, from extensive simulations of the detector 

feedback and the optimization of the set-up, the testing of new detectors and 

electronics (on-line and off-line) and the development of active and passive radiation 

screening to the implementation of new analysis algorithms.  

At the same time verification strategies are developed to test the accuracy of the new 

methods of analysis.  

 

Promotors: M. Huyse, G. Neyens, R. Raabe, N. Severijns, P. Van Duppen 

 

 

Theme 4: Laser ionization of radioactive atomic nuclei for 
production and nuclear structure research 
Resonant laser ionization is a very powerful tool that is used for producing pure beams 

of radioactive isotopes (or isomers) as well as to study in detail the properties of 

rarely-produced exotic nuclei. 

Most nuclear reactions used to produce radioactive nuclei are not very selective.  

Often the desired radioactive isotope is produced as a tiny fraction among the millions 

of other isotopes. By means of a mass separator an important fraction of this 

undesired nuclei can be removed, but even then the most intense isobars (isotopes 

with the same mass number) remain present. By means of resonant laser ionization, 

pure beams of exotic nuclei can be produced in an element selective way.  This 

principle is used in the laser ion sources at the Leuven Isotope Separator On Line 

(LISOL) separator in Louvain-la-Neuve and in the laser ion source at ISOLDE-CERN 

(Switzerland).  It is also used in the Collinear Resonance Ionization Spectroscopy 

(CRIS) beam line at ISOLDE.  Our groups are involved in new developments related to 

laser ionization in each of these facilities, aiming at the production of very pure beams 

of resonantly ionized exotic nuclei for nuclear structure studies. 

The method of resonant laser ionization spectroscopy furthermore allows not only to 

produce very pure beams of exotic isotopes.  By scanning the laser frequency across 

the different hyperfine levels in atoms, nuclear ground and isomeric state properties 

such as moments, radii, and spins, can be determined in a nuclear model-independent 

way for beams as rare as a few ions/s.  Our groups are involved in the development 

and further improving of these techniques, e.g. at the CRIS beam line at ISOLDE or 

within the framework of the Heavy Element Laser Ionization Spectroscopy (HELIOS) 

ERC-project. For the latter a new laser laboratory is under construction at IKS for off-

line commissioning, final measurements will be performed at GANIL (France). 

 

Promotors: M. Huyse, P. Van Duppen, G. Neyens 
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Theme 5: Radiation and life sciences  
The radiation of short-lived atomic nuclei is also of great importance in life sciences. 

Within the domain of nuclear physics this clearly reveals in the contacts and 

collaboration with the departments of radiotherapy and nuclear medicine at the UZ 

university hospital (in the framework of the minor in Physics and the Ma-na-Ma 

training in medical radiation physics) and with the radioprotection service of the 

university. 

For radiotherapy-related subjects, you can participate in the modeling of a real 

situation for a radiotherapeutic radiation, its implementation in a simulation code and 

the research by means of this code of the total dose endured by the patient during the 

radiation. This will help to minimize the radioactive dose in the healthy tissue.  

In nuclear medicine, you can contribute to algorithm development in image 

reconstruction. In medical imaging, gamma rays emitted by radioactively labeled 

tracer molecules are used in emission tomography (PET and SPECT), and X-rays are 

used in transmission tomography (CT). Three dimensional images are reconstructed 

from the detected radiation. This reconstruction must essentially invert the acquisition 

process, and therefore requires appropriate forward models of the acquisition physics, 

and the development of fast optimization algorithms. 

In radioprotection, the measurement of samples with very low activity and the 

determination of the presence of small amounts of radioisotopes is crucial. This 

requires a specific measurement set-up with a very good shield against background 

radiation. Thereafter, the measured data are combined with the simulation results for 

the response of the considered radiation detectors. 

Finally, we are involved in the MYRRHA-project of the SCK-CEN at Mol that wants to 

verify the possibility to convert long-lived (up to a few million years) radioactive 

residual products from nuclear power stations into much shorter living isotopes (a few 

hundred years) by radiation with high-energetic protons. 

 

Promotors: F. Van den Heuvel (UZ), J. Nuyts (UZ), M. Huyse, G. Neyens, R. Raabe, N. 

Severijns, P. Van Duppen 

 

 

Theme 6: Nuclear Solid state physics   
The techniques which have been developed in nuclear physics, have shown to be 

extremely suitable in condensed matter research. Nuclear solid state physics is an 

interdisciplinary research field which makes use of advanced nuclear approaches, 

based on either hyperfine interactions and/or energetic particle beams, to (i) 

synthesize new materials, to (ii) modify their properties and to (iii) characterize the 

properties of these systems at the atomic scale. 

This can be realized in several ways: one example is inserting (radioactive) probe 

atoms in the crystal lattice. These probe atoms will act as ‘spies’ to reveal the 

structural, electronic, magnetic etc. features of its immediate vicinity (specific 

examples are Mössbauer spectroscopy and emission channeling). Another example is 

to analyse the nuclear interaction between an energetic particle beam and a solid to 

deduce the physical properties of the solid (examples are Rutherford backscattering of 

ion beams, nuclear scattering of x-rays and neutrons).  Our research focuses on the 

structural (e.g. crystallography, phase formation) and functional properties (e.g. 

electronic structure, magnetism, superconductivity) of thin films and nanoscale solids, 

where our aim is to exploit the unique complementarity of specific nuclear (local-

probing) techniques and more conventional ‘integrating’ techniques.   

To this end, we make intensive use of the three accelerators within the Ion and 

Molecular Beam Laboratory, complemented with campaigns at large-scale facilities 

such as radioactive ion beams at CERN-ISOLDE, high-flux photon beams at the ESRF 

synchrotron, and neutron beams at the HZB Berlin or the ILL Grenoble.  

 

Promotors: A. Vantomme, K. Temst, W. Vandervorst 
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MASTER OF SCIENCE IN DE FYSICA 

 

Optie Onderwijs 

Specialisatie: naar eigen keuze 
 
 

Thesis subject related to Physics Education Research (PER) 

Experienced teachers and instructors recognize that, in spite of their best efforts, many 
students leave the physics course with serious gaps in their understanding of important 
topics. 
In the last decades, physicists have begun to approach this problem form a scientific 
perspective by conducting detailed and systematic studies on the learning and teaching of 
physics. 
However, the main goal of PER goes beyond documenting shortcomings in student learning 
and traditional instruction.  On the one hand PER tries to understand how students learn 
physics and which are the difficulties, and, on the other hand, these results are used to 
develop learning environments that make this learning process more effective. 
 

Theme: Representational flexibility in solving physics problems 

In literature on physics and mathematics education,  it is often claimed that the ability to use 
external representations (drawing, free-body diagram, graph, formula, …) facilitates problem 
solving. 

However, in order to benefit from using external representations, students should possess 
several skills: 

- operate fluently within the different representations of the same concept and switch 
fluently between these representations; 

- choose flexibly or adaptively between available representations (which 
representation is most appropriate to solve a problem, both in terms of task, student 
and context variables). 

Recent studies show that student success in solving physics problems is related to the 
representational format of the problem.  It was also found that students studying physics in 
an environment where the use of multiple representations is emphasized, do use these 
representations themselves when solving problems.  However, the use of multiple 
representations in itself, is not a guarantee for success. 

With respect to representational adaptivity, the available empirical research evidence is 
rather poor.  Some possible questions that arise are: do students who are good at solving 
problems demonstrate more adaptivity in their use of representations than weak problem 
solvers, are the representational choice and the performance correlated, is this relation 
causal, is there a difference between subjects (kinematics, mechanics, electromagnetism, 
…),  can representational adaptivity be effectively enhanced through instruction, but also, do 
students use other strategies when solving math or parallel physics problems, are they more 
successful in one of both contexts and why, … ?   

Promotor: M. De Cock 


