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Ab Initio Modelling of Materials: What we do

� Many-body or e�ective Hamiltonian

� Density Functional Theory (DFT)

� Hartree-Fock Theory (HF)

� DFT+HF → Hybrid Functionals

� GW (quasiparticles)

� Bethe-Salpeter equation (BSE, electron-hole)

� Quantum Mechanical Molecular Dynamics (MD)

� Diagrammatic Monte Carlo (Thomas)

� Multipolar expansions (Dario)
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Many-Body Hamiltonian

Hamiltonian of a system of N electrons and M nuclei
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Many-Body Hamiltonian: ĤΨ = EΨ

Hamiltonian of a system of N electrons and M nuclei
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Topological Materials

New Journal of Physics, 19 (2017)
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Topological Materials: Dirac semimetal in a material (K3Bi)

Z. Wang et al., PRB2012 (> 1000 citations)
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Other links? E�ective Hamiltonians and their numerial solutions

First principles (Ab initio)

Solution of the many body
Schrödinger/Dirac equation

ĤΨ = EΨ

No empirical assumptions

No �tting parameters

Full electronic structure

Di�erent level of accuracy

Atomistic interpretation

Model (e�ective) Hamiltonian

Solution of simpli�ed lattice fermion models
(typically the Hubbard model)

H = −t
∑
〈i,j〉,σ

(c†i,σcj,σ + c†j,σci,σ) + U

N∑
i=1

ni↑ni↓

Restricted Hilbert space (few particles)

Short-ranged electron interactions

Adjustable parameters

Accurate solution, transparent physical
interpretation
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Other links? E�ective Hamiltonians and their numerial solutions

Polaron (electorn-phonon) Hamiltonians
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∑
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kĉk + ~ω0

∑
q
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⇒ Diagrammatic Quantum Monte Carlo
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Other links? E�ective Hamiltonians and their numerial solutions

Multipolar (spin) Hamiltonians
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⇒ Ab initio, Calssical/Quantum Monte Carlo, Exact Diagonalization
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