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Band theory (&opatogj)

Mokl => real space ‘Ph-js => momentum space
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Band theory (&opotogj)
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The gapless bouv\darv state is the hallmark of topological phase

Ref: Rev. Mod. Phys. $2, 304§ (2010)
Ref: Rev. Mod. Phis, ¥3, 1057 (2011)



‘prcatogwai non-trivial stake
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‘prcato—gwat non-trivial stake

1 we consider ....

2D Z, topological imsulator
(Quantum spin Hall insulator)
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Is this system topologically trivial?

® RBand skructure (svmmeﬁrv): Erivial

® Fealure Spac&rum To[ociogtj: non-trivial



Cutline

® Topological nontrivial state (with) symmetry protection

2D Z, topological insulator (Quantum spin Hall insulator)

The central question of this talk: If the boundary stote no
longer connects the valence band and the conduction band,
is this system topologically trivial?

® Feature Spectrum Topology
Kane-Mele model

Feature-enerqy dualiby

® Material realizakion

Multilayer Bi Br,



Kane-Mele model w/o Rashba SOC

Ref: PRLYS, 226%01 (2008) - PRLYS, 146502 (2008)

Kane-Mele model (2D honeycomb Lattice) — Makrix form .
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Kane-Mele model w/o Rashba SOC
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Kane-Mele model (T-broken)

Kane-mele model (2D honeycomb Lattice)
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Kane-Mele model (T-broken)

Makrix form

o ) ) Basis Edge bands
H =<H5AH+M —H )m
5 Hy  Hoaw—MJ|1)

% \

Rashba SOC / Leemoan
Hoan Haldane Hamiltonian

Energy

k-vector

Band structure Spin-up (H San)

ciecmmpose

-

k-vector k-vector k-vector

How ko deal wikh %c:pcaicgwat pkase i Ehis model?



Feakure Spe&%rum Tapatogfj

Ref: £. Prodan PRB %0, 128327 (R009), H. Lin arXiv:r310,14%32v1 (2023)
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Feature Spectrum Topology
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Feakure Spe&%rum Tapatogv

PRB1O9Y, 185143 (2024)
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Feature Spectrum Topology
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Edge Feature Spe&rum
PRBLOY, 165143 (R024)
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Edge Feature Spectrum
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Bulk CB

Feature
—p
edge state

\/4— gap

Energy

Feature
51 bulk state

L e

Bulk VB
k-vector

Edge bands (w/ 7)

Bulk CB

Energy

><gapless

k-vector




PRB109, 185143 (2024)

Feature-energy dualiby

Band # of gapless " # of gapless
(w/o 7) edge 5':&{’25 2 ol ;g ej" edge s!:a!l’:e.s

Spin Chern
? 0 1 vgzmb«zr
LLl 3 C S ==

k-vector

or (w/ 7

Energy

k-vector
Feature—enerqy duality: Total number of gapless edge states on
the band structure, combined with the nown-trivial edqge states
in the feature spectrum, equals the spin Cherin number of QSHI.



Mu.LEE;i.aj@.r Kane-Mele wmodel

PRBLOY, 1565143 (024)

Mulki.taver Kane-Mele model
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Material realization Bi Br,

PRB1OY, 165143 (R024-)
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Material realization Bi Br,

PRB109, 165143 (2024)
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Conclusion
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, To see aworld in a grain of sand ...  —witiam Biake
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