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Tenfold way topology

QSHE QHE 3D TlIs
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Tenfold way topology

QSHE QHE 3D TlIs
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Tenfold way topology

QSHE QHE 3D TIs
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|A. P. Schnyder et al., Phys. Rev. B 78, 195125|
Can we classily topological phases with tully localized bulk?

Can we find new fully localized phases?
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Cherninsulators

2D Topological insulators in class A b s OH

H(k) = h(k)-& E,
m W»
Er

Brillouin zone Chern number Bloch Sphere

Lp DoS Er

—“Pair annihilation”

Chern insulator

W

Topology without localization

44— Localization without topology

Trivial insulator
|E. Prodan, J. Phys. A: Math. Theor. 44, 113001 (2011)]
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Topological Insulators
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(TIs) (TLIs)
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Topologically Localized Insulators

OBC in =direction Quantized Hall conductivity
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Topologically Localized Insulators

OBC in z=direction Quantized Hall conductivity

62

Oz :nﬁ for any W

on boundary

b TN

“Halt” Chern insulator

P=auyeB ouE quantized to integer value

Three properties of TLIs:

) Bulk fully localized

IT) Quantized magnetoelectric pol. tensor

IIT) Anomalous boundary with non-zero Chern number

Bastien Lapierre 6 University of Ziirich



A concrete TLI model

Hilbert space
of Chern insulator

Pz_l_ Projector onto

Pz_ Projector onto
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A concrete TLI model

Hilbert space
of Chern insulator

. H =) (P, + P} )Hw(P; + P},

Wﬁa = [—W, W]

Z

z—1 7—2 7=3

Pz_l_ Projector onto

Pz_ Projector onto

Exponentially decaying hoppings
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Bulk and surface topology
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Bulk and surface topology

Eigenstate |¥7,) localized around lattice vector \ﬁa)

4 U such that o 060 ——> © 0 0O [7 is unique!

. Third winding number of the unitary V[U ] = QME

VT 1 . L . . = . s =
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Bulk and surface topology

Eigenstate |¥7,) localized around lattice vector \ﬁa)

4 U such that o 060 ——> © 0 0O [7 is unique!

. Third winding number of the unitary V[U ] = QME

VT 1 - L . . L . s =
8g— 3 NNV, ik (U gD e D i D U]) c Z if (Rd/|U|Ra) ~ e VIR-1
: Chern number of the projector onto d.o.f of the surface
271 A A ,
Ch|P| = NN, Tr (P HX 1, P] : [Xg, 77] ]) Bulk fully localized surfaces well decoupled
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TLI to metal transition

Nearest neighbour hopping perturbation H V()\) = H+\V 3D Anderson transition
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TLI to metal transition

Nearest neighbour hopping perturbation H V()\) = H+\V 3D Anderson transition

Level spacing statistics

Sp = Fpy1— by Level spacing ratio 'n = min{s,, Spa1}/ max{sn, Sni1}

Averaged r = <<Tn>n>W
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TLI to metal transition

Nearest neighbour hopping Hy(A\) = H + AV

3D Anderson transition: if A < A, phase
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3D Anderson transition: if A < A, localized phase

Surface Chern number nrpy1 = (Ch[Pﬂ}rfDW
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TLI to metal transition

Nearest neighbour hopping Hy(A\) = H + AV

3D Anderson transition: if A < A, localized phase
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Classification of TLIsin class A

f 0 U
Idea: associate a chiral Hamiltonian to the local unitary U H = (UT O) Class AlII

Up to (local) permutations P of the eigenvectors and phase matrix D  (Not affecting TLI invariant)

B.L, T. Neupert, P. Brouwer, L. Trifunovic, To appear
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Classification of TLIsin class A

f 0 U
Idea: associate a chiral Hamiltonian to the local unitary U H = (UT O) Class AlII

Up to (local) permutations P of the eigenvectors and phase matrix D  (Not affecting TLI invariant)

DP
TLI classitying group 1is KXLI(CZ) — KAIII(d)/KfAL%AIII(d) ¥ )

=

(Dimer Hamiltonian)

0 it @ = 0 @t vl = 1l
KTLI(d) = { : . ’ Non-trivial TLIsin d = 3, 5, 7, 9, etc.

A KAIH(CZ) it >
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Classification of topologically localized phases

Topologically localized insulators and superconductors (

captured by the tenfold way):
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B.L, T. Neupert, P. Brouwer, L. Trifunovic, To appear
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