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Experimentella test av den allmanna
relativitetsteorin

Handledare: Tommy Ohlsson (tohlsson@kth.se)

Ar 1915 publicerade Albert Einstein sina banbrytande arbeten om den s.k. Relativistiska
teorin for gravitation numera kdnd under namnet "den allmanna relativitetsteorin" (GR).
Medan Einsteins teori har en matematisk skdnhet och naturlighet, har den ocksa kunnat
forklara fakta om naturen som till viss del redan var kdnda pa den tiden och delvis har
bekraftats av experiment senare. Uppgift ar att studera experimentella fakta och
teoretiska argument som dvertygade fysiker om att GR ar korrekt.

Fragor som bor besvaras ar: Nar kan GR approximeras val med Newtons klassiska teori
for gravitation? Ge exempel dar avvikelser ar vantade. Teoretiska forutsagelser av
sadana avvikelser och bekraftelser av sadana forutsagelser med hjalp av experiment.
Klassiska test av GR, som bor diskuteras, inkluderar: Merkurius perihelium-precession,
deflektion av ljuset p.g.a. solen, och gravitationell rodforskjutning av ljuset. Teoretiska
fragor som bor studeras ar: Principer for GR, det relativistiska Kepler-problemet och
dess l6sning, newtonska gransen for GR och korrektioner till den.

Referenser: T.-P. Cheng, Relativity, Gravitation, and Cosmology. A Basic Introduction,
2nd ed., Oxford (2010), M. Guidry, Modern General Relativity, Cambridge (2019), R.M.
Wald, General Relativity, Chicago (1984).
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10¢ ganger effektivare medicinsk avbildning
med en riktningskanslig kiseldetektor

Handledare: Mats Danielsson, md@mi.physics.kth.se

En viktig metod inom sjukvarden idag, bade for behandling och diagnos, dr att man
marker biologiska molekyler med en nuklid som emitterar strdlning i form av en foton
som man madter i ett sensorsystem. Detta system bygger idag pa en mekanisk 16sning
med djupa hal i metall som ger begridnsad upplosning och mycket dalig effektivitet. Vi

arbetar pd en ny typ av detektor som kan ersdtta denna teknik genom att uppméta Gamma-
riktningen pé fotonen. Varje foton kommer att interagera flera ginger 1 kislet innan den foton

absorberas eller lamnar detektorn och med hjdlp av de uppmitta energierna och

interaktionspositionerna kan man méta varifrin fotonen kommer. En sddan detektor Méjliga

kan i teorin forbittra doseffektiviteten i en gammakamera med en faktor 10°-10°, men
det dr utmanande att analysera data fran sddana detektorer, eftersom man maste rikna

infallsvinklar

ut vilka interaktioner som hor till vilken infallande foton, och vilken ordning
interaktionerna har skett.

Det hér projektet gér ut pa att analysera data fran en simulering av en sddan detektor
och ta fram praktiskt anvindbara algoritmer for att gruppera interaktioner som hor till
samma foton, identifiera spridd strdlning och uppmaéta den infallande strdlens riktning.
Arbetet kommer att ge viktig information om hur man béast skall designa den nya
detektorn och anvidnda den for att fa battre tekniker for medicinsk diagnos och

behandling. Kisel




Simulering av medicinsk rontgenavbildning
med faskontrast

Handledare: Mats Persson, mats.persson@mi.physics.kth.se

Medicinsk avbildning med rontgenstrdlar anvinds idag for att diagnostisera en 14ng rad olika sjukdomstillstdnd,
men den teknik som anvinds idag anvénder bara en del av den information som finns i1 rontgenstralningen. Om
man inte bara maéter intensiteten pd rontgenstralningen utan ocksd hur véagornas fas forskjuts, sd kallad
faskontrastavbildning, kan man f4 en mycket bittre visualisering av strukturerna kroppen. Vid KTH utvecklar vi
en ny teknik for faskontrastavbildning som bygger en detektor med extremt hog upplosning, ca 1 pm. En viktig
friga ndr vi utvecklar detektorn hur olika designparametrar, sdsom pixelstorlek och brusnivd, paverkar den
resulterande bilden. Er uppgift blir att simulera realistiska rontgenbilder av en cancertumér och utvirdera hur
bildkvalitén dndras ndr man varierar detektorns egenskaper.

Det héar projektet, ligger vid forskningsfronten inom medicinsk fysik och ger er en chans att bidra till att en helt ny
teknik for medicinsk avbildning tas fram!
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Bild fran C. L. Walsh et al. Nature Methods 18, 1532-1541 (2021)
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1 Scission: the nucleus breaks

A machine-learning emulator for
nuclear fission

Lise Meitner and Otto Frisch explained nuclear fission in 1939: the nucleus behaves
like a charged liquid drop that stretches and breaks in two. More than 85 years later,
there is still no complete theory of fission. Simulations rely on statistical codes that
follow how each hot fragment cools by emitting neutrons and y rays.

Your task. Build a fast emulator for this complex process. Generate fission events with a

provided statistical code and experimental data. Train a neural network that predicts, from the
mass, charge, excitation energy and spin of a fragment, the probability of emitting 0, 1, 2, ... 2 Fragments cool: n and y emission
neutrons. Test it on 252Cf and on reactions it has never seen. Measure the speed-up.

You will learn statistical nuclear decay, Monte Carlo simulation and probabilistic
neural networks in Python. Prerequisites: quantum physics and basic Python.

Supervisor: Chong Qi chongg@kth.se
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Supervisors: Ayse Ata¢ Nyberg and Torbjorn Bdck

Forecasting of earthquakes is an unresolved scientific problem which requires cross-disciplinary research. The ultimate goal is
to develop a reliable, effective warning system with respect to location and magnitude with a time window of 2-3 days. One of
the precursor signals which has a potential of giving early warning signals, is also very interesting from the nuclear physics
point of view. It has been repeatedly reported that there is an enhancement of radon gas in groundwater and soil prior to an
earthquake. Radon (Rn-222) is a naturally occurring radioactive gas which is part of the uranium decay series. The radon gas
can migrate upwards from the deep layers of the crust and its concentration could be affected by large scale seismic
movements. In this work, you will be able to join a multidisciplinary collaboration of scientists working on different aspects of a
project called artEmis, coordinated from KTH.

Within the artEmis project, a large number of gamma-ray detectors are being produced and used in order to measure
radioactivity from radon and its daughter products, in the groundwater. Between 2022 and 2026 we have developed, built,
and tested detector prototypes installed in the field (underwater). Sensor units have been installed in wells, springs and
tunnels in ltaly, Greece and in Switzerland. A dedicated data network and database has been implemented to acquire the
data. We have recently redesigned the sensor units and the new systems are now being installed (2025+2026). The sensor
units contain gamma-ray detectors as well as PHT sensors (pressure, humidity, temperature, humidity), accelerometers and
microphones.

We offer bachelor (KEX) projects for up to two student groups this year, focusing on
some of the following data-related tasks (the precise project tasks will be decided after
discussion, and will depend on both students interest and of the status of the artEmis
project in the Spring of 2027). Possible project task/focus:

* Monitoring and analysis of the data measured by the artEmis sensor units.
Correlation of the data measured by different sensors in each unit. Data organisation
and correlation with available seismic data and other data such as weather Bt NP
information. ' ) Sensor installations in

» Code development for automatic and dynamic data handling in the database and : . Gran Sasso Region in
visualisation of data. Italy, Feb 2024.

* Development of machine-leaming models and tools for data analysis.

For this project, it is a requirement to have experience (e.g. from a KTH course in
programming) in Python programming.




A Nordic nuclear power plant with
thorium fuel cycle

Supervisor: Jan Dufek (jandufek@kth.se)

The Radkowsky thorium fuel concept keeps the existing PWR reactor design
and replaces only the fuel assembly internals: a central seed of highly
enriched uranium, heavily moderated and replaced on a short cycle,
surrounded by a blanket of thorium that stays in the core for many years,
breeds #**U and burns most of it in place. The concept was developed for the
VVER-1000 in the 1990s, but it has not been well simulated on a Nordic
plant. The question for the thesis is whether that geometry can be fitted into
a Nordic plant, such as Ringhals 3 or 4 — without changing the vessel, the
assembly envelope, the control rod locations or the thermal-hydraulic limits,
and what the retrofit would cost in cycle length. You will build the Monte Carlo
model of the reactor with the thorium fuel cycle, and simulate it using the
Serpent or OpenMC code on an HPC cluster.
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Supersymmetric Quantum Mechanics for Open Systems

Supervisor: Yunxiang Liao (liao2@kth.se)

Supersymmetric quantum mechanics This framework extends to open quantum systems
connects two partner Hamiltonians described by Lindblad equation
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H,and H, have different potentials but
share the same positive-energy spectrum

This project:

Construct supersymmetric partener Lindblad systems and study their relaxation and steady state.
Explore open quantum systems with dissipation and continuously monitoring.

Reference:

A A Andrianov et al, 2019 J. Phys. A: Math. Theor. 52 425301

A Khare, AIP Conf. Proc. 744, 133—165 (2004)




#xrn: Numerical and experimental study of liquid metal natural

VETENSKAP

weorr  circulation

RO e

* Supervisor: Giuseppe Francesco Nallo, nallo@kth.se

* Natural circulation of primary coolant is an important physical
phenomenon for the safety of nuclear reactors, including advanced
liquid metal-cooled concepts. This project investigates natural
circulation in the TALL experimental facility located at KTH, where liquid
lead-bismuth eutectic is used, through a combination of analytical
models and established 1D system codes.

Primary loog Secondary locp

* Objectives:

* To develop a physical understanding of single-phase natural circulation through
simplified momentum and energy balance equations. This allows a formal derivation
of influential physical parameters (heating power, system geometry, ...) affecting
natural circulation behaviour

* To use an existing model implemented in the established 1D system thermal-
hydraulic code APROS to reproduce selected natural circulation cases (possibly
including the transition from forced to natural circulation), comparing predictions
with experimental measurements

* To investigate the impact of the identified influential parameters on the natural
circulation behaviour

* To explain observed trends and to discuss assumptions and limitations of the
numerical model

* The project is suitable for students interested in thermodynamics, fluid
mechanics and computational physics. Basic programming experience is
useful; previous experience with nuclear reactor analysis or the
simulation software APROS is not required.

* Reference: [W. Ma, E. Bubelis, A. Karbojian, B.R Sehgal and P
Coddington, Transient experiments from the thermal-hydraulic ADS
lead-bismuth loop (TALL) and comparative TRAC/AAA analysis, Nuclear
Engineering and Design 236: 1422-1444, 2006].
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Aktiv Brownsk rorelse: Run-and-tumble-dynamik
Handledare: Jack Lidmar <jlidmar@kth.se>

Run-and-Tumble Particle
Levande system verkar langt ifran termisk jamvikt, och deras
bestandsdelar — fran simmande bakterier till krypande celler — uppvisat
ett statistiskt beteende som skiljer sig fundamentalt fran passiva
Brownska partiklar. Run-and-tumble-rorelse, dar partiklar vaxlar mellan
ballistisk rorelse och slumpmassig omorientering, ar en av de enklaste
och viktigaste modellerna for aktiv materia, direkt inspirerad av
bakteriell kemotaxi. Detta projekt undersoker hur aktiv rorelse
fundamentalt férandrar diffusionsbeteende, rumslig férdelning och
kollektiva fenomen. Genom numeriska simuleringar och analytisk
modellering kommer du att utforska hur aktivitet modifierar
partikelfordelningar i begransade geometrier, hur interaktioner mellan
aktiva partiklar kan leda till spontan monsterbildning och hur riktad
rorelse uppstar i externa falt. Denna forskning kopplar samman icke-
jamviktsstatistisk mekanik med biologisk fysik och har implikationer for
forstaelsen av allt fran bakteriellt beteende till design av syntetiska

MikrosiMae ser-
A
mmw doi 10.1119/5.0125111
https://doi.org/10.1103/RevModPhys.88.045006

Self-propulsion with
random reorientations



https://doi.org/10.1119/1.4870398
https://doi.org/10.1119/5.0125111
https://doi.org/10.1103/RevModPhys.88.045006

Overvakad maskininlarning for fysikproblem
Handledare Mats Wallin (wallin@kth.se)

Studera en enkel overvakad maskininlarningsalgoritm som anvander
logistisk regression for att I0sa fysikproblem. Problem som
analyseras ar klassificering av faser i Ising-modellen for
magnetisering och en partikels banor i ett kraftfalt.

Referens:

Introduction to supervised machine learning for physics students
Jan Tobochnik and Harvey Gould

Am. J. Phys. 94, 224-229 (2026)
https://doi.org/10.1119/5.0285290
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Losning av fysikproblem med fixpunktsiteration
Handledare: Mats Wallin (wallin@kth.se)

Studera problemet att hitta djupet pa en ravin utifran den tid det tar innan ljudet hors av en nedslappt sten som
traffar botten. Standardlésningen bygger pa ett system med tva ekvationer och tva obekanta. | detta projekt
undersoks en alternativ rekursiv metod baserad pa itererade avbildningar.

Villkor fér konvergens undersoks.

Referenser:

Solving introductory physics problems recursively using iterated maps

L. Q. English; D. P. Jackson; D. Richeson; W. A. Morgan; K. Sigmon; G. Vollmer; E. Dunkel; J. Zavrel; J. Wiseman
Am. J. Phys. 93, 336-343 (2025)

https://doi.org/10.1119/5.0220986

Fixed-point iteration for numerical solutions to equations in physics: Comment on “Solving introductory physics problems
recursively using iterated maps”

J. J. Bissell
Am. J. Phys. 94, 253-254 (2026)

https://doi.org/10.1119/5.02742
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Tunnling genom dubbelbarriar
Handledare: Mats Wallin (walling@kth.se)

Studera tunnling genom en dubbelbarriar analytiskt och numeriskt. Jamfor
resultat fran exakt I16sning med approximationer och simulering.

Referens:

Griffiths,

Introduction to quantum mechanics




Kvant-kommunikation

Supervisor: Katia Gallo

Mer info kommer



Matematisk fysik

Handledare: Edwin Langmann (langmann@kth.se)

Projekt inom matematisk fysik kommer att finnas har



Fler projekt kommer
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