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Motivation

Anomalies are a fundamental property of a quantum
/theory .

(Part of a quantum theory's BNA

- Many different types : 't Hooff
,

ABS ,
blend

,
LSM

.
. - .

- Exist in both quantum lattice systems and GFT.

Anomalies ofofAnomaliesO xe Deativisticaftslattice systems

not anomaly matching

Many
,
many interesting questions !

Which anomalies are intrinsic to lattice systems ? (Kernel of may
Large class are :

LSM anomalies : = Obstructions to Sets With crystalline symmetries

- Best understood for non-gen Sym with group

G = Gint f Gor
internal Sym group& ↳ crystalline sym grou

- More generally , group extention

1- > Gint- > 6 -> Gor+ I



by homomorphism

gar 1 Pyar
- When p is nontrivial

, called a Gint Modulated Sym

Modulated syms are interesting :

- SSB : goldstones inIt10

- Kramers-Wannier Sym : Non-inv Spatial reflections

-

Garge theory : Fractions and UV/IR mixing

…

勤:also :
Slow thermalization

,
tilted optical lattices of cold atoms

This talk : LSM anomalies of modulated sym

- Restrict to Josonic systems in 110 With finite Gint
and Ger Sym is lattice transl.

Set up

Spatial lattice of L sites on a wing



Ug=Macts
on i a

(ge Gint

Tu In E >>>

with ugo poor ucart = 2. Lgh) E · 21ส

TUgol tt = Upilg,
t」

ㄻ

- from(21
· satisfy ↑UgT = Up

, (g)

LSM anomalies arice from [Vj1EF (Wint-Uci)

- conjugate (1) by T : Ujlgih) =

Vi- . (pisq), p, (n)/

=>(Vy1 = P
*

(U)
.

(translation covariance)

when does [V) lead to an LSM anomaly ?

Adding anomaly- free ancillas

2
,

1- HjNow

lUg- vrvw
T -- To in ↑

ω

- ISM anomaly - free : proj rogs [Vj] of V and [M;



of W Satisfy

VIN + &Mi 7 = ·

- GintX1, Sym : Triw acts on ancillas as (2)

MOD =PEIM/=>> VIDE PLU

translation {preserving
Now deform each 1915H/

g g

- causes [Vi)1 [Vi] + [Vin] + [Mi)

= [u) 1 201 + (97-2) dus

If [v] -Im(p,* -1)
.

E GintXT is LSM anomaly - free

↳
Sym ops can be made manifestly anomaly free

using ancillas .

Claim : LSM anomaly free iff [v] E Im (p, -1)

consider real-space construction for a +D GintXT SPT :

-> Each link (j-1 / j) decorated by (1 + /1 SPT

PES E H"(Gint
, Use

. . . . Powerよい

( Remark : Ignoring weak SPT contributions



-> To produce an SPT
, cannot have anomalies & Sites J :

Craft Pผล = P

=> set ifF (v) = 19* - -[W)

LSM anomalies classified by

Cuse[u) + (97-2/20) =) H(Ent-Uar)/ Im(p,

*

-1)

- For infinite lattice
,

G = GintXK and P :-Aut (Gint) :

HCo. = H' (
E

H
(

G-UCCOON CH
'

CGR , uE」)
Im (β.

* - 1 O
nontrivial -module

=> agrees with crystalline equivalence frince , expectations

->>Consequences :

β

-
mom

nontrivial =Ʃ / No

=

nontrivial F 0 Maybe

Example 1 : In dipole Sym

koxEv modulated Sym with Pn(1gIn)) = (g+ ngn ,2)



-> Finite lattice requires s L = 0 mod N

->>can show PtCUS = [u] * [r]eM
*
(*u2Usl

=
any

[VTO leads to an LSM anomaly.

Example 2 : Exponential Sym

4xw modulated sym with Pn((g1r]n)) = (ang .. 82gz)

-> Integers a 6 coprime to N

-> finite lattice requires at = b" = 1 mod N

->> can snow P ,* [v] = ab [u)

let [v] = k[9] with & a generator of H2(U11)/

with h I- cocycle algrh) = exp /gihe

-> LSM anom-free coud [us e Im(p * - 1) Satisfied

iff gcd (ab-1 .N) / K
.

case#anomaly for (v) #O (KF0 Mod NI ?

ab = 1 mod N Always

ged(ab-1
,N) = 1 / Neuer

gcd(k, v) = 1 ift ged(ab- 1
,N) + 1



Outlook

LSM anomalies of modulated Sym w lattice trance in 11

-> LSM anomaly existence depends on onsite frop ref

and homomorphism .

What else is in artiv : 2602 . XXXXX

| ส Examples of IHD Stabilize code models

- SPT-LSM theorems

2) LSM anomalies of Gint X fm

3) Beyond Its

- stratified anomalies : generalization of onsite proj regs

4) Exameles in 240
.


