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e Jool for the quantitative description of
quasiparticle band structures
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» GW+DMEFT (S. Biermann et al.)

experimental gap (eV)
Schilfgaarde et al. (2006)



Flow-chart of GoW,

Self-consistent DFT calculation
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GW approximation including
spin-orbit coupling




Motivation

Intrinsic spin-Hall effect: J-insulator: Sr,IrO,
(Murakami et al., Science 2003) (Kim et al., PRL 2009)
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Spin-dependent GW

Spin-dependent many-body Hamiltonian
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Spin-dependent GW

Special case: (one-particle) spin-orbit coupling + Coulomb interaction
hgﬁ (r)=h’ (r)0,5 + vigc (r)
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® The self-energy and Green’s function now have
off-diagonal matrix elements.

® The polarization P is calculated from
the band dispersion including SO splitting




Hg Chalcogenides
HgX, X=S, Se, Te
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Motivation

Quantum Spin Hall Effect and
Topological Phase Transition in
HgTe Quantum Wells

B. Andrei Bernevig,'* Taylor L. Hughes,* Shou-Cheng Zhang**

Science 2006

Quantum Spin Hall Insulator State
in HgTe Quantum Wells

Markus Konig,* Steffen Wiedmann,® Christoph Briine,* Andreas Roth,* Hartmut Buhmann,
Laurens W. Molenkamp,** Xiao-Liang Qi,” Shou-Cheng Zhang®

1

Science 2007
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INnverted band structure
(without SOC)
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Inverted band structure
(with SOC)




L DA results

HgS HgSe HgTe
LDA -0.66 -1.27 -1.20
Expt. -0.15, -0.11 -0.274 -0.29, -0.30
LDA -0.12 +0.23 +0.78
Expt. +0.39,+0.38 +0.91




GW results

HgS HgSe HgTe
LDA -0.66 -1.27 -1.20
Expt. -0.15, -0.11 -0.274 -0.29, -0.30
GW -0.02 -0.58 -0.60
LDA -0.12 +0.23 +0.78
Expt. +0.39,+0.38 +0.91
GW -0.19 +0.32 +0.91




Self-energy correction

=(y, IZ(E)-V_ 1y, )

‘conduction” bands

Energy [eV]

SO-splitted bands



Possible application:
Searching new topological insulators

Lattice constant (A)

S. Chadov et al., Nature (2010)




summary

e SOC-included GW approximation is proposed

enides shows:
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* Application to Hg chalcog
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