
Intro to Lieb-Schultz-Mattis (LSM) and SPT-LSM theorems.

Main talk : An SPT-LSM theorem for weak SPTs with non-inv . Sym.
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ThisPre-talk
-

- all background for main talk

- all via examples

outline :

1) Basics of SPTS and symmetry defects .

2) LSM anomalies

3) SPT-LSM theorems

S101

SPT Phase : gagged quantum those protected by symmetrya

with a unique gaffer ground State

Con all spatial manifolds)

- Interesting physics& boundaries / Interfaces
- characterized by response to staticprobes

e.g.) Background garge fields

3+10 ordinary insulator : ([A] = * (E"- B2

3+10 topological insulator
: 2[AS = (E2-32)+ Es.

2. g. ) Symmetry defects : localized modification to theory

H 2) = H + SH([)!Q 2) = G + GQ(5)

"



-> Moved via unitaries (are topological defects

H (52) = Un H(5) Uzt

-> Implement Sym across space

↳
-> Twisted boundary conditions

(51)) = Sym of

Example :Ex72 SPTs

- Id closed chain wh 2 qubits per site

-

First

I
Second Commutea

=-I
lgs) = 1 + + .. - + 7 1gs) = ) (1gs] = ) / 1957

- There is a EXCE Sym

u= =
- Both models have

unique sym. gapped Is

He and He are in Exe SPT chases



- He and He are different SPTs
-> check by inserting U Sym defect : gives rise to

twisted boundary conditions

Zi+
= - Zj

1) He unaffected :

YIgs) = Igs)ulgs) = 195)

2) He becomes He + 2 z
, YZ ,

Ulgs) = 1gs] ulgs) = - lgs]

1) Different responses => different SPTs

Zc[A] = )JAuZpLA = 1

LSM anomalies
-

A sym has an anomaly if it does not admit an

SPT phase.

- related to obstruction to
garging

- called an it Houft anomaly for internal symmetrics

- called an LSM anomaly for internal + Spatial Syms.

Example
-

- Id closed chain w/I qubit per site



XY model : H= (5X + TyYY(Y = :zx)

-> Has lattice translations T : OjOjt

-> Has **** symmetry

U= =
UX and My furnish a local projective ref

UxUy = (1) "Mulx.

-> Manifestation of an LSM anomaly between translations and Lexi

1) changing L-L+ 1 is like inserting a translation defect

int
,
Th = THeuristic T = 1E = &* xT projectively represented in translation defectIt .

Like a type III anomaly.

2) Insert UX Sym . defect

N

H -> H = H + 2 YY ,

T - F = XT

-> Now have projective algebra

Fur = - HyF



-> all states are doubly -degenerate

-> ImpliesH cannot have a unique gapped g . S.

&roof (See Ogata & Tasaki 119 for rigorous proof

· Suppose H has unique gapped gs · 1gs]
es

· In L+0
, Ux(90)= Vy acts on 19s y

↑ localized near j=a .

Ux(a) 1gs) = Kalgs]

-> Follows from selit property

· Applies to area law States
,
which includes

all IHO gagged gs.

·

says2 factorizes as 140

· Kalgs) is gs w/ single Up defect inserted

-> Is the would be gs of E
.

N
-> contradiction sinceH has gsd = z .

: UX
. My ,

and translations have an LSM anomaly

->Consequences apply to any Symmetric Hamiltonian

T-LSMtheorems

Bosonic SPTs in Cdt)0 protected by anomaly - free G



Symmetry classified by

Hd+ (BE, UC)) -Forsor

-> There is no canonical trivial SPT

-> Often times
, for H = 0

; Hj · Product State is an SPT and

Serves as a non-canonical trivial SPT-

-> SPT-LSM : Obstruction to this trivial SPT # all SPT States

are entangled

Emele [Jiang , Chang , Gi . Lu 121]

IHO system ofx* gudits on LE27) sites : .

-> De quait islevel system wi clock and shift ops.

zi = Xi = 1 zX = ixz

-> Consider Kexo Symmetry operators

n= T5 V= (2) it
-> Local projective algebra

UjVj = - Vilj (nv = un)

LSM anomaly?

-> Insert a le symmetry defect

↑ - Frit Ver



-> Now

T to V = WVT+ wh w =
- πz?]
j

No
- Not a projective algebra , instead a non-abelian groeSanomaly: -> Compatible w/ unique gapped gs if WIgs) = 1gs).

ProjectivityStill has consequences=> SPT-LSM theorem

-> Assume SPT ground State It) = @ 14)
U(4) = 14) V(r) = 14)

-> be U and V are onsite :

uj(4) = 14) V
; (4)

= 14)

-> But Uj and Vj anticommute => contradiction to

SPT State reg.

· Oj) cannot be an set state.

Outlook
-

- Introduced : SPTS
,
LSM anomalies

-
and SPT-LSM theorems

- In Main talk : Add Non-invertible symmetries !


