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Outline

e Can real-space topological response be used to scan and predict bulk
topology of realistic models of quantum materials?

e Magnetic flux tube: spin-charge separation for 2D quantum spin Hall states
with and without gapless edge states

e Flux tube-based screening of 2D materials database: large band gap
topological insulators which are not predicted by symmetry indicators

e Summary
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Altland-Zirnbauer classification scheme
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Altland-Zirnbauer classification
scheme

Consideration of spatial discrete
symmetries: new classes of
topological crystalline insulators

Effects of space inversion symmetry:

(Lu and Lee, arXiv:1403.5558)

Non-trivial systems may not support
gapless surface states
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High throughput screening of band topology

e realistic models of materials: symmetry-based indicators + Wilson loop spectrum

A A majority of materials are topological at E; C (0001)-surface states of Bi,Mg; _ _ _
0 Fig. from: Vergniory et. al, Science,
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Spin-charge separation for QSH state

H(k) =t,sink,I"y +t,sink,I's +t5(A — cos ky — cosky,)I's

BHZ model: two copies of quantum Hall; cross-correlated charge and spin response

Magnetic pi-flux tube leads to spin-charge separation (Qi & Zhang, PRL 101, 086802 (2008);
Ran et al, PRL 101, 086801 (2008) )
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Spin-charge separation for even integer QSH state
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gapped edge states (Tyner & Goswami, arXiv:2304.05424)



E/t

Spin-charge separation for even integer QSH state

4 mid-gap modes for pi flux tube: splitting of two doublets for BHZ
type model with U(1) spin-rotation symmetry
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First-principles integration

« Flux tube calculation for DFT derived models of bilayer bismuth (S-bismuthene)

. - . Phys. Rev. Lett. 97, 236805, (2006)
Classified as QSH insulator o 0" o2l 883 121310(R), (2011)
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First-principles integration

» Developed software to perform vortex insertion for DFT derived models
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First-principles integration

(Tyner & Goswami, arXiv:2304.05424)
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First-principles integration

+ Monolayer IHTMDs ~ SAIILYL,  "sS<— = =
prs s sy I—
o ; M5t ———— N
« Z,-trivial, large band L. Cetetetetetets N = %
. sl /\
gap, insulator —
z r M K r
(a) (b)
AFEpFrT
MoTes 1.1 eV
. . MoS2 1.6 eV
(Tyner & Goswami, arXiv:2304.05424) MoSes 15 oV
WSSes 1.6 eV
WSQ 1.8 eV
WTes 1.1 eV

(c)



First-principles integration

Probing with flux tube  (Tyner & Goswami, arXiv:2304.05424)
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Formula

Spacegroup

Band gap (eV)

Z2 Index

|Cs,G]|

Au2Br2 Cmme B 0 5
Bi12 P-3ml 06 1 1
CdI2 P-3ml 24 0 5
Cu2l2 P-3ml b 0 5
FeCl2 P-3ml 09 0 >
Gel2 P-3ml 21 0 5
Gel2 P-6m2 > 0 5
MoS2 P-6m2 16 0 5
MoSe2 P-6m2 15 0 5
MoTe2 P-6m2 1.1 0 5
N102 P-3ml 13 0 5
PtO2 P-3ml 1.7 0 5
PtS2 P-3ml 18 0 >
PtSe2 P-3ml 13 0 5
Sn202 P4/nmm 3 0 5
TI2S P-3ml 1.4 0 5
WS2 P-6m2 18 0 5
WSe2 P-6m?2 16 0 5
WTe2 P-6m2 1.1 0 5
ZnCI2 P-3ml 4.5 0 5
ZnCI2 P-4m2 43 0 5
Z1CI2 P-6m?2 1 0 5

higher-order, quantum spin
Hall insulators with even integer
spin Chern number

(Tyner & Goswami, arXiv:2304.05424)



Calculation of spin Hall conductivity (WannierBeri)
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Edge spectrum (not fully connected)

MOSQ Max
N 7

MOTGQ Max

e

(Tyner & Goswami,
arXiv:2304.05424)




Summary

« Magnetic-flux tube: non-perturbative probe to predict spin Chern number
regardless of the presence of additional symmetries or gapless edge
states

« Real-space probes are ideally suited for quasi-crystals, disordered, and
correlated systems

 New experiments on 1H TMDs and closely related large band gap
materials?

Thank you!



