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,/Nonlinear topological insulators

- Natural in photonics
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In literature:
\/‘ \/ * Assume nonlinear effect as linear potential
%3, %%, * Assume periodicity of system
k k

=>» significant approximation

“Topological invariant 1” | “Topological invariant 2”7 ,
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Nonlinearity are local

=>» Nonlinear topological insulator fall outside
scope of topological band theory

System 1 System 2

=>» Need local approach to topology

=» Topological edge state robust against disorders
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//Local approach to topology

Topological non-trivial insulators S, I
7 < the system (Hamiltonian) cannot be continued to the atomic limit
([)?, f-f] = 0, [Y, H] = 0) without breaking symmetry class

Kitaev, AIP Conference Proceedings, 2009

o) \/
* “Is the Chern number non-trivial” ? S
M. Z. Hasan and C. L. Kane, Rev. Mod. Phys., 2010
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» “Does the system have a complete localized Wannier basis” ?
B. Bradlyn, A. Bernevig et al., Nature, 2017

o "

+* “Does the position X, Y and Hamiltonian H matrices can be modified to be commuting” ?
T. A. Loring, Ann. Phys., 2015

< spectral localizer L,




//Local approach to topology

System, H

/ Topological non-trivial insulators
< the system (Hamiltonian) cannot be continued to the atomic limit

rd

([X’ H] =0, [Y’ H] o 0) without breakmg symmetry class Kitaev, AIP Conference Proceedings, 2009

*** “Does the position X, Y and Hamiltonian H matrices can be modified to be commuting” ?
0%¢%¢%0%0%% % %% . ’
0%%%%0%%%%"°« X = Xn ’ Y= Yn ’ H =

| 0%°0%0%¢%0%0%e%e %% \
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0%¢%0%0%% %% %" I YV H) = H-—FE K(X —x)—ik(Y —y)
Ne®e®0%0%e%e®e%e%® 3-=(x:}’15)( ' ) - k(X —x)+ik(Y —vy) —(H —E)
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fsig(Ly(X,Y,H)) # 0 =» X, Y, H cannot be modified to X, Y, H such that [X, H]

0,[YV,H] =0
G J
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& atomic limit

sig = #(positive eigenvalues) - #(negative eigenvalues)

T. A. Loring, Ann. Phys., 2015



//Local approach to topology

System, H

/ Topological non-trivial insulators
< the system (Hamiltonian) cannot be continued to the atomic limit

rd

/ ) =~ . .
([X’ H] = 0‘ [Y’ H] = 0) without breakmg symmetry class Kitaev, AIP Conference Proceedings, 2009
*** “Does the position X, Y and Hamiltonian H matrices can be modified to be commuting” ?
o B H—-E K(X—x)—ik(Y —y)
() Spectral localizer: Li=(xy,p)(X,Y,H) = (K(X —x) + ir(Y — y) —(H —E)
O Local Chern number: 1.0
1.
> C(x,y,E) = 3sig (Liz(x_y_g)(X, Y,H)) = 0.5
- System with same C;, can be connected g '
—~ 0.0
3
O Localizer gap: T 0
-2 ﬂ() (x,¥,E) = Opin [L/'1=(,x.y.E) (X.Y, H)] -1.0

(smallest eigenvalue of L;) Position

- “same as band gap”: spectral value to change local invariant

T. A. Loring, Ann. Phys., 2015



,/Example — Haldane lattice
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“Schematic picture” = /Q g >< ] /Q

System 1
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System 2
(topological trivial)

Real-space picture

Position x




2. Topological nhonlinear mode
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_,/Nonlinear topological insulators — Topological profile

/ U Position operators: X = Xn ) Y = Yn :
D Hamiltonian: H(q") = HL -+ HNL("P)J H(lp)q'NL = ir:-.--,,'-L‘PNL
o _ HW)—-E K(X —x)—ix(Y —y)
-l Localizer: bamGuy.y (K1, H(®)) = (K(x —) +i(Y =) —(H(¥)—E)

O Local Chern number: C.(x,y,E) = %sig (L,lz(x,y_k-) (XY, H(‘P)))
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_,/Topological non-trivial nonlinear mode
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Trivial

// Topological nonlinear modes Non-trivial
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/ Protection against disorders W

/ Change in matrix Hamiltonian: AH(W) = Hpept (W) — Hpere (0)

/
» Linear regime: topological protection until gap closes < ||AH(W)|| ~ u°©
» Nonlinear regime: topological protection until gap closes < [|AH(W)|| ~ ufy
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3. Topological dynamics
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/Nonlmeartopologlcal insulators — Topological dynamics

U Position operators: X = ( Xn ) Y= ( Yn )

Q Hamiltonian: H(W) = H,+ Hy (%), i % =H(¥)WP
H(W) —E X —x) — ix(Y —
Q Localizer: La=(xy,p) (X, Y, H(®)) = (x(x B x() JB{K(Y _y) K( _(z)(lp)uc_(E) y))

Q Local Chern number: C.(x,y,E) = %sig (L,lz(x'y_;;) (XY, H(‘P)))
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// Topological dynamics — Different dynamical regime
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// Conclusions
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