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Random-matrix theory: Long-range systems:
- Multifractal phases - Integrability, correlations,

-Mapping to many-body - non-Hermitian/open models

models - Localization and multifractality
Many-body systems: :
- Many-body localization vs

Hilbert-space multifractality, = ¢ -

- Multifractality/entanglement
- Deviations from ETH
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Quantum Structure of Gravitational Radiation

Quasi-normal modes from nonlinear
Gravitational Effects
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Superconducting hybrid structures

Nanowires, Josephson junctions, microwave resonators

— key building blocks of next generation quantum devices —
1.What may You do

1. Model proximity-induced superconductivity in low-dimensional devices
2. Analyse microwave/THz response and kinetic inductance

3. Study Andreev bound states and Josephson physics

4. Work with high-performance numerical codes (Fortran, Python, etc.)

2.What You Will Learn

1. Quasiclassical Green-function methods

2. Superconducting transport and device physics
3. Numerical simulation & data analysis

4. Research-level scientific workflows

E-mail: mikael.fogelstrom @su.se
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Quantum Hall Effect
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Topological?

Topology: classification of manifolds with respect to their global features

Exemple of topological invariant:
the genus g




Quantum Materials Modeling

O—O—0O0—0
O—O—O—0
t( //t’
O—LF—0O0——0
tll
O—O—0O0—0

Localized Wannier functions

Kohn-Sham Hamiltonian
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Quantum Materials Modeling
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Wyckoff positions, sub-lattice sites,
electronic orbitals, spins

Brillouin zone
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Localized Wannier => Finite Fourier series (analytical)




Space of gapped Hamiltonian
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Homotopy classification of gapped Hamiltonian

H(k)
T2 = Gr, vy = U(N)/[U(p) x UN —p)

(Bott periodicity)
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Chern number as the chirality of a Weyl node
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Gapped graphene: Chern insulator
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Zoo of Topological Insulators
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Topological Inverse Problem

First-principles
modeling (DFT)

wannierization
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