
Thesis topics 2024
Vikas Remesh, 17.01.2024

Photonics Group 
Prof. Gregor Weihs



Develop quantum photonic architectures for 
fundamental and technological applications



multipath

quantum dots

waveguides

MSc thesis topics BSc thesis topics

https://www.uibk.ac.at/exphys/photonik/research/



Develop on-chip quantum light sources for quantum technology applications

Nanofabrication +
Optics laboratory

waveguides

Stefan Frick



Thesis topic/ waveguides team

Simulating secure key rates in a satellite based QKD
• Ground station: Hafelekar
• Satellite: QEYSSat (Canada) 

Task: Numerically simulate the accessible key rate 
throughout the year 

Stefan Frick



Testing foundations of quantum mechanics via interference effects

Optics laboratory +
 theoretical analysis

multipath

Robert Keil



Topic/ multipath team
Dr. Robert Keil



Controlled generation of quantum light states from quantum dots

Optics laboratory +
 theoretical analysis

Vikas Remesh

quantum dots



Thesis topic/ quantum dots team
Chirped pulse excitation of quantum dots

Task: Characterization of chirped pulses via time-of-arrival method

• What is the sensitivity limit of this method? 
• What is the highest precision we can achieve?
• How does this method perform in comparison to 

other methods?

Vikas Remesh



multipath

quantum dots

waveguides

MSc thesis topics BSc thesis topics

https://www.uibk.ac.at/exphys/photonik/research/









Christian Roos
Institute for Experimental Physics, University of Innsbruck, Austria

Quantum simulation and spectroscopy with 
trapped-ion crystals

Goal: Investigating quantum-many body physics 
using tool from quantum information processing 
methods
Approach: Creation of an engineered quantum 
system with with up to 100 qubits and single-
particle coherent control

Dominik
Kiesenhofer

Helene
Hainzer

Artem
Zhdanov

Matthias
Bock



Volume law

Area law

Experimental results: entropy

For the ground state:

P. Calabrese, J.Cardy , J. Stat. Mech. P06002 (2004) 

with

Potential bacherlor or master thesis topics

• Spectroscopic characterization of the trapping potential of  monolithic 
microfabricated ion trap

• Setup of a laser for inducing entangling interactions by far-detuned laser 
fields
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Vorstellungder AG Northup & Abschlussarbeitsthemen2024
Tracy Northup, Institute for Experimental Physics



Quantum Interfaces Group
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�‡ �š�Á�}���‰�}�•�š���}���•�U���v�]�v�����W�Z�����•�š�µ�����v�š�•�U���š�Á�}���u���•�š���Œ�[�•���•�š�µ�����v�š�•
�‡quantum interfaces: 

how can we transfer quantum states between atoms (ions), photons, & phonons?
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trapped ions coupled to optical cavities 
for quantum networks

levitated nanoparticles: towards 
quantum states of motion

How can we distribute quantum 
entanglement over long distances?

Can we prepare macroscopic 
quantum superpositions?



�Z�������v�š���������Z���o�}�Œ�[�•���š�Z���•�]�•���š�}�‰�]���•
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�‡ �^�d�Z�������š�š�}�•�����}�v�����}�‰�š�]�����o�����o�}���l���v���š�Á�}�Œ�l�U�_��Matthias Dallio
�‡ �^�Y�µ���v�š�µ�u�����‰�‰�Œ�}�Æ�]�u���š�����}�‰�š�]�u�]�Ì���š�]�}�v�����o�P�}�Œ�]�š�Z�u���Á�]�š�Z�������š�Œ���‰�‰�������]�}�v��

�‹�µ���v�š�µ�u���•�]�u�µ�o���š�}�Œ�U�_��Pavel Filippov
�‡ � Q̂uantenlogik-Spektroskopievon hochgeladenenIonen�U�_��

Hannah Beckmann
�‡ �^���Æ�‰���v���]�v�P���š�Z�����}���•���Œ�À�����o�����À�}�o�µ�u�����}�(���š�Z�����µ�v�]�À���Œ�•���W�����‰�‰�o�]�����š�]�}�v���}�(��

�•�‹�µ�����Ì�������o�]�P�Z�š���]�v���š�Z�����>�/�'�K�������š�����š�}�Œ�U�_��Regina Wieser
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�‡ �^�Y�µ���v�š�µ�u���v���š�Á�}�Œ�l�•���Á�]�š�Z���v���µ�š�Œ���o�����š�}�u���‰�Œ�}�����•�•�]�v�P���v�}�����•�_
Arrays of individually controlled neutral atoms are a promising platform for future quantum networks. 
How will such networks operate? What are the latest developments in this research field?

�‡ �^�D�����Z���v�]�����o���‹�µ���v�š�µ�u���•���v�•�]�v�P���]�v���š�Z�����•�����Œ���Z���(�}�Œ�������Œ�l���u���š�š���Œ�_
How can mechanical systems (such as levitated nanoparticles) be used to search for dark matter? 
Is this a realistic approach? What are the strengths of such systems for these searches?



�Z�������v�š���u���•�š���Œ�[�•���š�Z���•�]�•���š�}�‰�]���•
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�‡ � �̂����v���Á�����}�v�š�Œ�}�o���•�Ç�•�š���u���(�}�Œ�������‹�µ���v�š�µ�u���v���š�Á�}�Œ�l���v�}�����U�_��Riccardo Conzatti
�‡ �^�d�}�Á���Œ���•�������•�}�Œ�‰�š�]�}�v���}�(���•�]�v�P�o�����‰�Z�}�š�}�v�•���(�}�Œ�����v���]�}�v-�����À�]�š�Ç���]�v�š���Œ�(�������U�_��

Luca Mastrangelo
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�‡ � �̂����v���Á�����}�v�š�Œ�}�o���•�Ç�•�š���u���(�}�Œ�������‹�µ���v�š�µ�u���v���š�Á�}�Œ�l���v�}�����U�_��Riccardo Conzatti
�‡ �^�d�}�Á���Œ���•�������•�}�Œ�‰�š�]�}�v���}�(���•�]�v�P�o�����‰�Z�}�š�}�v�•���(�}�Œ�����v���]�}�v-�����À�]�š�Ç���]�v�š���Œ�(�������U�_��

Luca Mastrangelo
�‡ �^�^���o�(-�Z�}�u�}���Ç�v�����‰�}�•�]�š�]�}�v�������š�����š�]�}�v���}�(�������o���À�]�š���š�������•�]�o�]�������v���v�}�‰���Œ�š�]���o���U�_��

Katharina Heidegger
ÖPG Student Prize 2023!

Link



Dipolar Quantum Gases
WWW.ERBIUM.AT

Institute for Experimental Physics and IQOQI

3 LABS and a 
THEORY TEAM

Theory Experiments

TheoryERBIUM T-REQSER-DY

Quantum Vortices 
with high 

connectivity

Single atomic magnet in 
an array of tweezers for 

quantum info
The discover of 

Supersolidityand 
Bloch Oscillations

Simulation of the 
behavior of dipolar 

quantum gases



Dipolar Quantum Gases
WWW.ERBIUM.AT

Institute for Experimental Physics and IQOQI

3 LABS and a 
THEORY TEAM

Theory Experiments

Group Leader: 
Univ. Prof. Francesca Ferlaino



1. Quantum computing with neutral 
atoms in optical tweezers

BachelorProject

Quantumcomputingaimsat solvingcomputationalproblemsthat are intractable
for classicalprocessors,exploiting the quantum nature of atoms and of artificial
systemswith a similar internal energystructure. Thisproject focuseson a specific
platform, neutral atoms trapped in optical tweezers, and explores the
implementation of qubits up to the state of the art achieved by recent
experiments.

Youwill learn:

�‡ What the building blocksof a quantum computer are, such as qubits, qubit
gates,entanglinggatesandreadoutprotocols.

�‡ Howsetsof atomscanbe trappedandcontrolledin single-atom trapsarranged
in arbitrarygeometries.

�‡ How the performance of a quantum computer can be quantified and
benchmarked.



Bachelor Project

2. Observation methods in quantum gas experiments: from 
absorption to ultra-fast fluorescence

Keystone of progress in quantum gas experiments, observation methods
extensivelyrely on the variousatom-light interactionproperties: a coherentsource
of light propagating through an atomic gas accumulatesintensity and phase
variations,and atoms scatter photons as being excited. Cutting-edge techniques
are now developed to satisfy requirements of most advanced experiments,
exceedingresolution limits and detectingsinglephotons. TheBachelorarbeitwill
work out the basicprinciplesof imagingtechniquesin quantumgasexperiments:
absorption,fluorescence,andphasecontrastimaging. TheBachelorarbeitwill also
set-up andtest the productionof µs light pulsesfor the implementationof a novel
ultra-fast imagingtechnique.

Youwill learn:

�‡ Howatom-light interactionsareusedfor imagingpurposes.

�‡ Howto imagesingleatomsandwhat arethe limits of resolution

�‡ How to set up electronicsin the laboratory for fast generationand control of
opticalpulses



3. Glitches: from neutron stars to 
ultracolddipolar gases

BachelorProject

A particular flavor of neutron starsrapidly rotate in sucha way that we
canobservea pulsatingflashof light eachtime the magneticfield poles
point directly at Earth. Knownas�^�‰�µ�o�•���Œ�•�_�Uthe frequencyof this flashis
almostperfectlyperiodic,slowingdown due to radiationemission. Once
every few years,however,the star speedsup, in a processknown as a
glitch.

The reasonfor a glitch is unknown, but expectedto be related to the
partly superfluidnatureof neutron stars. Theproject aimsto explorethe
linksbetweenpulsarglitchesandglitchesin dipolarsupersolidstates.

Youwill learn:

�‡ Howneutron starsform andwhy we believetheir interiors are partly
superfluidandsupersolid.

�‡ How using ultracold dipolar atoms we can create the supersolid
phasehereon Earth.

�‡ How to numericallysimulate the glitch mechanismusing ultracold
dipolarsupersolids.



Bachelor Project

4. Sub-wavelength optical potentials for ultracoldatom quantum 
simulators

Quantumsimulationin ultracold systemsaimsto addressproblemsthat surpassthe
capabilitiesof classicalcomputers by flexibly tuning the Hamiltonian of particles.
Theseopportunitiesare further enhancedwhen atomsare confinedwithin periodic
potential configurationscreatedby laserfields, known asoptical lattices. Oneof the
main challengesin suchsetupsis to reducethe spacingbetweenlattice sitesrelative
to the laserwavelength, in order to enhanceinteractionsbetweenthe atoms, thereby
expandingthe scopeof quantumsimulationapplications. Thisproject is dedicatedto
exploring the feasibility of implementingoptical lattice potentials smaller than the
wavelengthwithin our erbium platform, building upon the state-of-the-art progress
achievedin recentexperiments.

Youwill learnhow to:

�‡ Trapandcoolatomsusinglaserbeams

�‡ Designoptical lattice geometriesfor buildingquantumsimulators

�‡ Utilize tools from the atomic physics and optics fields to implement non-
conventionalsub-wavelengthoptical lattices



Contact Us
francesca.ferlaino@uibk.ac.at

manfred.mark@uibk.ac.at

1. Quantum computing with neutral atoms in 
optical tweezers

2. Observation methods in quantum gas 
experiments: from absorption to ultra-fast 
fluorescence

3. Glitches: from neutron stars to ultracold
dipolar gases

4. Sub-wavelength optical potentials for 
ultracoldatom quantum simulators

Bachelor Projects Master Projects
1. Algorithms and software development for 

optical tweezers manipulation

2. Design of protocols for the implementation of 
qudits in neutral atoms in optical tweezers

3. Glitches: from neutron stars to ultracold
dipolar gases

4. Spin manipulationin optical lattices

5. Quantum gas microscope for strongly dipolar 
atoms



1. Algorithms and software development 
for optical tweezers manipulation

Master Project

Tightly focusedbeamsof light, known as optical tweezers,
havefast becomea leadingmethod for trappingandmoving
single atoms, with broad applicationsin particular in the
fieldsof quantumcomputingandsimulation. In this project,
you will develop a control software to automatically re-
arrange the positions of a set of optical traps to achieve
arbitrarygeometriesof orderedarraysof atoms.

Youwill:

�‡ Programmatically interface with advanced
instrumentation.

�‡ Designand implement efficient algorithms for tweezer
fastmanipulation.

�‡ Develop high-performance code in a low-level
programminglanguage



Master Project

2. Design of protocols for the implementation of 
quditsin neutral atoms in optical tweezers

Quantum computing is a quickly developing technology exploiting the
properties of quantum states to solve computationalproblems that are
intractable for classicalprocessors. This project aims at designingand
implementing experimentalprotocols for the initialization, manipulation
and entanglementof quantum bits of information in a high-dimensional
space(qudits), usingthe vaststatespaceoffered by erbiumatomstrapped
in opticaltweezers.

Youwill learn:

�‡ How atomscanbe manipulatedwith laserlight to encodeand process
quantuminformation.

�‡ How to design protocols for the initialization of qudits and
implementationof singleandmulti-quditsgates.

�‡ How to set up electronicsin the laboratory for fast generation and
controlof opticalpulses



Master Project

3. Glitches: from neutron stars to 
ultracolddipolar gases

A particular flavor of neutron stars rapidly rotate in sucha way
that we can observe a pulsating flash of light each time the
magneticfield poles point directly at Earth. Knownas �^�‰�µ�o�•���Œ�•�_�U
the frequencyof this flash is almost perfectly periodic, slowing
down due to radiation emission. Onceeveryfew years,however,
the starspeedsup, in a processknownasa glitch.

Thereasonfor a glitch is unknown,but expectedto be related to
the partly superfluidnature of neutron stars. Thisproject aimsto
tie our understandingof pulsar glitches and glitches in dipolar
supersolidstates.

Youwill learn:

�‡ How to perform numerical simulations with the extended
Gross-Pitaevskiiequation,emulatingneutronstardynamics.

�‡ Physicsof quantumvorticesin a dipolarsupersolid.

�‡ Howto useHighPerformanceComputers(supercomputers)



Master Project

4. Spin manipulationin opticallattices

Ultracold atoms offer an exceptionalplatform for quantum simulation,
enablingflexible control over many-body interactions. In this regard, the
optical manipulation of spin states and their interactions in erbium
experimentspavesthe way for the simulation of many exotic phasesof
condensedmatter. Thisproject focuseson manipulatingand imagingthe
spinsof atoms at the single-site level within optical lattice systems. This
achievementwill representa major step towards realizingunconventional
statesof matter within our ultracoldatom platform.

Youwill learnhowto:

�‡ Manipulateatomsusinglight

�‡ Engineerlaserbeamsusinglight modulationtools

�‡ Builda stableopticalsetupfor atomiclatticesapplications

.



Master Project

5. Quantum gas microscope for strongly 
dipolar atoms

With the recent technological progress in observation and
detection methods, the next generation of quantum gas
experiments opens a new venue for the study of interacting
quantum systems in unexplored regimes with acquired sub-
wavelengthspatial resolution and singlephoton sensitivity. The
student will participate to the implementation of the various
systemsrequired for the realizationof an ensembleof strongly
dipolar atoms in optical lattices in a quantum gas microscope
experiment.

Youwill learn:

�‡ Latticephysicswith dipolaratoms

�‡ How to build and implementvariousoptical traps, from opto-
mechanicsto electronicsandcomputercontrol

�‡ Fluorescenceimagingwith a quantumgasmicroscope



AGNägerl
www.quantummatter.at 17th January 2024, Innsbruck

Strongly Correlated Quantum Matter 
Group



Ultracoldatoms

www.quantummatter.at AGN��agerl



ResearchHighlights

�‡ Quantum simulation

�‡ Many-body quantum 

dynamics

�‡ Novel quantum phases 

of matter

www.quantummatter.at AGN��agerl

�‡ Dipolarquantumgases

�‡ Quantum gas microscopy

�‡ High-precisionlaserspectroscopy

Observation of many-body dynamical localization, Y. Gou et al. 
arxiv 2312.13880 (2023).

Bose-Einstein condensation of non-ground-state caesium atoms, 
M. Horvat et al. arxiv 2310.12025 (2023).

Cooling bosons by dimensional reduction, Y. Guo, H. Yao et al. 
arxiv 2308.04144 (2023) accepted in Nature physics.

Experimental Observation of the 2D-1D Dimensional Crossover in 
Strongly Interacting Ultracold Bosons Y. Guo, H. Yao et al. arxiv
2308.00411 (2023) accepted in Science Advances.

An association sequence suitable for producing ground-state RbCs
molecules in optical lattices, A. Das et al. SciPost Phys. (2023).

Observation of confinement-induced resonances in a 3D lattice, D. 
Capecchi et al. Phys. Rev. Lett. (2023).



Group structure

4 labs

www.quantummatter.at AGN��agerl

CsIII

Investigation of quantum
dynamicsin highlyinteracting
quantumwires

RbCs

Creation/manipulationof dipolar
moleculesin opticallattices

KCs

Creationof dipolarmolecules
underquantummicroscope

Cavyt(underconstruction)

Ybatomsin tweezerarrays,
coupledviaphotonexchange

LevT-Rev
Studentsetup



Bachelorprojects

�‡ Realizationof lasersystemfor molecule

association

�‡ Realizationof magneticcoilssetup

�‡ Characterizationof electrodessetup

�‡ Upgrades for the LevT-Revsetupand 

demenstrationsetup

�‡ Novelimagingsetupfor the CsIII 

experiment

Example 
Set-up for atom numberstabilization

Test of photodiode for atom fluorescence detection  Preparation of the 

reading and triggering electronics  Calibration of the photodiode signal on 

the atoms

www.quantummatter.at AGN��agerl
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