
1.7 . Topologically protected edge states in classical systems

1.7.1
.
Review : Effects of topological bands

Quantized Hall response :
SP properties
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→ Requires filled bands

→ Many - Lady phenomenon (Fermi statistic,)

→ Genuine quantum effect



* Robust edge states :

Top . System ID COBC ) → Zero - energy boundary inode,

Top . system ^D @ act → Gap less edge ueode,

→ Bu/4- boundary correspondence

→ Single -particle phenomena

→ Not a quantum effect ?

Topological features of the band structure (= single -particle feature)
are not quantum effects ?

Question : Can we translate edge modes to claciiaef systems ?



1.7.5
. Example : Topological mechanics and helical edge mode,

1. Goal ' Realisation of the helical edge model of the QSITE in

a classical mechanic , setup governed by Newton 's equation .

2. Quantum system (QS) : ¢ SP Schrodinger equation

it 4°F = H;%%✗ iij : site indices
-

✗ is : spin indicesQuantum dynamics

It : SP- Hamiltonian

pendula coupled3. Classical systems (CS) :
y

s
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Hermitian matrix

¢ Newton 's equation for N coupled oscillators
0 0

✗i
= - DX . Xi : states of oscillators

ewenler:
_ ij J

mi = -DX D: Dynamical coupling
matrix

Clavin/ dynamics
( real , symmetric , positivev2 =D/ur semidefinite )



4. Observation ;

* QS characterised by eigenstate , of H

* CS characterized by eigeumodel of D

But : Edge inode, are simply special eigenstate , of It

Idea : Use H Leith edge nodes to construct D withe edge modes
.

5
. Model construction :

a) ¢ Two independent copies of the Hofstadter model with

spin - dependent flux ✗ To = I ¥ -_ ± 13
→
Landau gauge
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b) of
=3 → Three gypped , spin - degenerate bands
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C) Tiuite sample with open lowdan.es
:

→ Two helical edge model in each gap



c) Symmetries :

Time - reversal symmetry : 1- = ioYV with 1-2=-1

THT -1--1-1

since It,
- H*
,

→ ALI with 712 Pfaffiau index

* Spin conservation ;

02-1-107=4 d- =
head 2

d) Problem : His complex H=Hp

Solution : \
REH link

⇒ D:-_U+HU=(1mHT Re H )a- ¥4 - i:) ☒ 11.*
,

→ ReH=ReHp=Re He ,1mHt=lmH¥=luHI=lwHT



→ D real and symmetric ( and can le cuade positive semidefinite
by a couchant shift D is D. + const)

e) Transformed basis :

¥4TXxx
=

(✗xy, Yxy) : Position of 2D harmonic oscillator on site 4. yj

C) Spin -up made on site (xox ) : is
,

¥××p 4) = 4. e-
ihet (f)← Spin law,
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Spin UP 2-3 Left circular polarization

spin DOWN ← Right circular polarization

f) Requirements on the setup :

* Hofstadter model with g.
=3 → 3 site / per magnetic unit cell

* Two-fold spin /polarisation degeneracy per site

→ 2 harmonic oscillators
per site

→ 6 ✗ ID pendula per unit cell coupled by springs

according to to D:

* REH → ✗✗ - and YY - couplings

* 1m It → XY - couplings



6. Experiment E- Results :

a) Cauitructiou :



b) Edge model :



c) Application : Beam splitter



d) Robustness



Symmetry protection : IOY

1-1=-1 THT" = U,-H* # = U
,
/UUtHuut7*U,-t

⇒ D= UTHU =

!

(Utu ,_U*)D(U*tUFu ) = STDS

she
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"
= DYY→ with D= ( pyx Dyy

Dxy - Dyx
Satisfied by D××=Dyy= REH

D×y= 1mA

D×× =/ in HT = 1m It# = - link = - Dxy



→ Perturbation

D
' =D + µ 0

does not destroy 86 edge wades to
0 8D)

→ Local symmetry constraint
G
C- to

(1.7.3 . More classical systems

>
* Topological cuecleauies

z
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* Topological acoustics

* Topological photonics (→ Topological insulator levers )

* Topo electrical circuits

* Topological fluid dynamics


