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Fractional quantum Hall:

Robustness against local perturbations

Majorana nanowires (@ QDEV):
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…

…

Time

Condensed matter physics



Topological phases of matter

Fractional quantum Hall:

Robustness against local perturbations

Majorana nanowires (@ QDEV):

Topologically protected quasiparticles

2 3
9 F

2 3
9 F

2 3
9 F

2 3
A0

2 3
9 E

2 3
9 C

2 3
9 C

2 3
9 C

2 3
9 D

2 3
9 B
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…

…

Time

Quasiparticles with fractional charges

and anyonic statistics

Condensed matter physics



Methods and techniques

Analytical methods:

Advanced quantum mechanics

Quantum field theories

Feynman path integral

Gauge theories

...

Numerical methods:

Exact diagonalization

DMRG and tensor networks

Machine learning

...

Condensed matter physics



Condensed matter courses
IV year

Block 2:

Condensed matter physics 2 (Course, 7.5 ECTS)
Karsten Flensberg
Condensed matter theory 1 (Course, 7.5 ECTS)
Brian Andersen

Block 3:
Condensed matter theory 2 (Course, 7.5 ECTS)
Jens Paaske

Block 4:

Advanced condensed matter theory (PUK: Study Project, 7.5 ECTS)
Michele Burrello
Visit: https://absalon.instructure.com/courses/56023
Enroll: https://absalon.instructure.com/enroll/BLA9W8

Condensed matter physics

https://absalon.instructure.com/courses/56023
https://absalon.instructure.com/enroll/BLA9W8


CMT @ NBIA
see also cmt.nbi.ku.dk

Michele Burrello
michele.burrello@nbi.ku.dk

Evert van Nieuwenburg
evert.vn@nbi.ku.dk

Condensed matter physics



CMT @ NBIA
see also cmt.nbi.ku.dk

Michele Burrello
michele.burrello@nbi.ku.dk

Evert van Nieuwenburg
evert.vn@nbi.ku.dk

Other CMT professors:

Jens Paaske
Karsten Flensberg

Brian Andersen
Per Hedegård

Constantin Schrade

Condensed matter physics



Machine Learning is everywhere

Natural Language Processing

https://talktotransformer.com/ https://thispersondoesnotexist.com/

Generative Modelling Speech Synthesis 

“Deep-Fakes” 

…

https://talktotransformer.com/
https://thispersondoesnotexist.com/


There are roughly three types of ML

Supervised Learning
Learning from examples

Material -> superconductor?

Unsupervised Learning
Learning about examples

Optimised quantum readout

Optimise quantum experiments

Reinforcement Learning
Learning from feedback

Correct quantum errors

Control and optimise experiments

Each of these types has a use in physics

Is there a phase transition  
in this dataset?

Which quantum error occurred? Design quantum circuits/experiments



Current
Optimize

Optimizing Quantum Experiments



Optimizing Quantum Experiments



Optimizing Quantum Experiments



Quantum Information Processing

Quantum Error Correction Quantum Circuit Design

Using Reinforcement Learning

The “Cartpole”


