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. Topological Insulators in RD : The Su - Schrieffer - Keegan Chain

1-4.1
. Preliminaries : Sublultice Symmetry
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⑦ Next lecture
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Note :

{Hill } --0 ⇒ [1-1,62]--0 ⇒ u2=ei%
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a) ¢ SP Hamiltonian It : UTHU = - H

→ Spectrum • (A) = o(- It)
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e) Example : Graphene
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1.4.2 . The Su- Schrieffer - Keefer deceit

1. ¢ ID lattice with L unit cells with 22 fermionic sites :
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→ SSH Hamiltonian :
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2. Symmetries :

* Particle - number symmetry (PNS)

* Translation symmetry (TS )



* Time - reverent symmetry ¢12s) :

T it - ^ := - i
,
Tai T

- '
= di and TsiT→:=Si

→ [ Ñss* it ] -0-0

* Particle - hole symmetry (PHS ) :
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^
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- >
=
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→ [Home ] -0-0

* Sublaltice symmetry (SLS ) :
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= clit and Ssi 5-1=-5;t

→ [tissa .S ] -30
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3. ¢
"

Generic
"
SSH chain :
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t
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# Gifts;)
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°→ Symmetries left : PN + SLS

→ The
"

natural
"

symmetry of the SSH chain is SLS

1.4.3
. Diagonal iratio-

1. ¢ tissa Leith PBC and Fourier transform →°
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2
.

Block Hamiltonian :

C- (a) = ( t + u cos 4) ox + w since I OY = %) .@

1- to cos 4

Bloch vector : Ñ4) = ( co since )0

3. Band structure :

E-± (4) = ± lotion I = ± Vt2+w2t2twcosÉ

4. Phase diagram :

Band gap
: GE ± 141-1611



Let t.co so → Gap / cess point W=t , g upped insulator for 62T

^
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A 4 B

I > I
7 t

→ Uuifue ground state in A and B (→ no symmetry breaking )

can we use SLS to define a topological invariant

to diih-yci.in the two phases ?



1.1.4
.

A new topological invariant

1. Observation : PNS does not constrain H (4)

2. $ SLS :

[Ñssa
,
53=0 ⇒ UTHU = - H ⇐ 02-1+4107 - -1Mt

3. (ourtoaiueud Bloch vector :

dz (4) 0 Kuei> 2-

→ it @ I cannot leave to ✗ - y - plane

4. ¢ Guppad phones → Normalisation possible :
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ñd=-Ñ
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. Winding number :
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6. Two phases :
for t > u (please A)
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7. Mathematical side note

Homotopy group ,,-pµJ
"*'8"" space

if : SP → ✗
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8. Note : Face please ! ¢ lower land 144,7

Paan = JgnLd)d4 Berry phone collected

over 113 BZ

Berry correction

top
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) mad 21T = IT

⑤ Problem at 6

1. 4.5
. Breaking the Symmetry

1. Connect phase , A and B without dowry the
gap but with breaking SLS ?

2. Add staggered chemical potential :

Ñ 'sso = His
.a

+

µ I. Iata: - bits;) → [1%5]--10iE



3. Ploch vector : + to cos 6

in - ( wa.su)u
→ Spectrum : I. E- ± 4) = (Ñ¢y I = 42+82+62+6001=2 µ /

→ Gappad too all wit ( in particular W=t) if µ -40



4. Connect pleuie , without doing the gap :
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1. 4.6
. Edge modes

•
$ Open chain of length L :

E-
^

* Trivial phase : t > 0 and 0--0
=

t w Bulls gap
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* Topologicalphone : 4--0 and w > O
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,
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2. Edge modes per sit for
t > 0 as long as

t< 6 :

L i-1
2 i - i

ñ
,
- v2:(⇒ ai and Iran ?⇒tÉ) be - in

i=n

→ exponentially localised on edges

Show :(⑤ Problemat 6)
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→ Finite - six scaling of Sp spectrum :

n +to E-
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3. Degeneracy of edge model is ooluit against

SLS- preserving disorder :

a) Clean system :

t.no

robustb) SLS - preserving disorder :

) edge mode,
-

1- → fi
,
O → Ui

Lt ;) = t Wi )=W
, Variance 20% of

the mean

c) SLS - breaking diverter : >

Mia.iq .
+µ? Sis;

F) =D, Variance (µi× > = 0.1


