We study phases of matter where interactions between the degrees of freedom lead to novel orders, often of topological character. We
tackle these complex systems using analytical methods, such as second quantisation and field theory, as well as state-of-the-art

numerical techniques, such as exact diagonalisation, tensor networks, variational methods, and neural networks.

Fractional quantum Hall effect is a
phenomenon in which electrons subjected
to strong magnetic fields form novel
phases of matter.

The effect is characterised by a

fractionalisation of the electron’s

charge, spin, exchange statistics (and
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possibly other quantum numbers), leading to i l
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anyonic low-energy excitations.

The discovery and understanding of this 1 2

effect resulted in the 1998 Nobel prize in 5 agnatio 6
physics being awarded to Robert Laughlin, % Ol @
Horst Stormer and Daniel Tsui. L _ I L
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Flux attachment

The effect was understood in part by the picture

of composite fermions, in which electrons
bind magnetic flux quanta to them due to
) repulsive interactions. The composite fermions
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thus experience a reduced magnetic field and can

form an integer quantum Hall state.

(Quantum) spin liquids are a phase of .

matter of interacting spins where interactions 107!
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prevent the formation of conventional e
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magnetic order. They are characterised by _
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numbers (e.g. spinous with no charge but -

spin-1/2), long-range entanglement, and
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and highly degenerate ground states.

Frustrated magnets arise when competing
magnetic interactions in a material impose
constraints on the spin arrangement of the
electrons which cannot be satisfied
simultaneously. This prevents long-range

magnetic order from forming, with the spins
preferring to form a spin liquid instead.
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Convolutional neural networks combined with variational Monte-
Carlo methods provide a powertul approach to tackle the quantum

many-body problem. Instead of manually enforcing symmetry constraints
on wave function ansatzes, one can instead use CNNs to approximate

quantum states, forming neural quantum states, and then perform the
symmetrisation more efficiently using a plethora of machine-learning based
protocols.



