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I ordered and defect free disordered phases

Generalized Sym in ordered phases

II Classification of Defect free Disordered phases

Ordered phases

Internal G Sym is spontaneously broken

G HCG

order parameter UCX E G H gH gEG

Ising Ferromagnet 2 I G H I

superfluid UCI 1 G He s

AFM SUE UCI GIH S

Transitions out of ordered phases

Standard Story Landau Ginzburg Paradigm



stiritedordered
phase phaseI 7 9
G H G sym

Sym restored by condensing topological defects eg Domain walls
Hedgehogs Dislocations etc
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H ZjZj 9 Xj

In symmetry generated by U Xj
Phase diagram
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1 1 1 22 Sym

I es FE6fQficG1Heaa 12
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1 excited by Xj 99 f
2 gapped excitations in ordered phase
3 condensed in disordered phase

III X 0C for li k 1

ge
la ordered chase disordered phase
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G symcharges condensed G sym charges gapped

top defects gapped top defects condensed



what if topologicaldefects are static

Do not move under time evolution eg Ising model
with 9 0

Moregen
just highly toe defects can no longer condense

Suppresed Q can disordered phases be realized

A Yes

Kamal Murthy 93Example 2 1 D 063 model
Motronich Vishwanath 04

2 for exp igscoñ with ñes

top defects Tz S I Skyrmions

JM Emp a duñxdpñ

1 Regularize path integral while allowing dynamical Skyrmions

Standard ordered Disordered

story 9 0 A to 5 0 9 8
exponentially decaying correlations

2 Regularize path integral without dynamical Skyrmions

dnJM 0 constraint

Convenient to use GP presentation of 0C model

Ñ Zᵗ Z Z transform under spinor rep of Socs



with Ze and 2 2 1 0 107,07 Uli
gauge field

An iZtdnZ JM EmuPdAp

duh o means no Usi Magnetic instantons

Effective theory
not

theory w matter z

Higgs Coulomb superfluid

9 0 ordered c Nontrivial Paramagnet 9 8

A 0 57 0 algebraic decaying correlation

A symmetry perspective on the nontrivial disordered phase

Static topological defects

their topological charge is conserved

New global symmetry St
2 10 023 revisited

only static Skyrmions 2J

N Jd'T J E E is conserved

S UCI and Sym operator is e

So St SSB phase is Skyrmion SF

SSB patterns of St classify the nontrivial disordered
phases



Goal classify defect free disordered phases using STI

2 Ordered Nontrivial Disordered
gl

G H Tc G not SSB
St not SSB SI SSB

Top defects are very rich

Extended objects eg 06 model in higher dimensions

Defects of different dimensions can have nontrivial interplay
e.g Nematic liquid crystals
Defects fusion rules exotic eg nonabelian Vortices

Need generalizedsymmetri.es

Generalized Symmetries

Ordinary Symmetries in QM

1 described by a group G
2 represented by anti Unitary operators Ug LEG

UgxUn Ugh

3 act uniformly on all degrees of freedom in Space

Two generalizations There are More

i n form symmetry ordinary symmetry n o

Instead of acting on all of d dim space acts
on a closed d n dim manifold in space

Conserved quantities are n dim objects



e.g 2 10 toric code

H It It
commutes with U 8 Ig Ze 22 1form Symmetry

UCS W 8 UTS C1 int 818 W j

Iz topological order arises from this
Symmetry spontaneously breaking

2 Noninvertible Symmetry

Eimmetry operators have a non trivial kernel

No longer described by groups of
Sa So NioSc

eg 1 10 critical Ising model H ZjZjt Xj
commutes with operator D obeying

DZjZj Xj D D Xj ZjZjti D

latticetranslations

xD T TIX
Generalized Symmetries can

1 Constrain correlation functions

2 spontaneously break



3 Emerge at long distances low energy
and at critical points

Pass Heit4 characterize SPT phases

What is St

Consider 013 model now in 3 10

IT 5 2 defects are Hedgehogs strings in spacetime

Hedgehog string current Jmu Em poi opñxooñ

No dynamical Hedgehogs InJmu O

N E S J hids E 2 is conserved

sysm.net defecteian Σ

1 detects Hedgehog strings
2 generates a UCI 3 2 1 form sym

S 44

Phase diagram follows from GP presentation

Hedgehogs Magnetic monopoles

Higgs Coulomb

9 0 ordered to UCI QSL g
5 to ñ 0

SOCS 5012 5013 not SSB
UCI not ssBg

UCI SSB
Monopoles confined monopoles

deconfined



Two lessons
1 SSBing higherform symmetry deconfinement

2 Nontrivial paramagnetic phases classified by
4110 If In SPT

labeled by net and ME In

Consider 50137 7 12 22 in 2 10

IT 50137 22 22 Qg defects are nonabelian vortices
classified by conjugacy classes of Q8

Qs is quaternion group I 0 4.2

Cl Qs 1 1 io ioY ioZ

No dynamical vortices conserved ClQs Strings

what is Sy 1 Sx is a noninvertible 1form sym
Spoilers 2 Se SSB phases are abelian and

nonabelian SETS

Let's show this within a toy 2 1D Hamiltonian model

1 degrees of freedom of squirt lattice
SUC2 rotors on sites
Transform under the 5013 Symmetry

Qg gauge fields on links

why

Qg gauge redundancy compactifies

sucz sU 2 Q8 506 22 22



sula rotors is socs Lexa order parameter

IT soc 22 22 I Q8

non abelian vortices are Qg magnetic fluxes

2 Hamiltonian schematically

H Ha 7 HHiggs

Minimal coupling sucz reeiiotors

Q pure gauge theory it stingtperator'sie quantum double model

Symmetry of H WR 8 Q Wilson loop
operator

8 is closed path Detects magnetic
fluxes

five f
of Qg

Signs P P2 P3
2d E

obeys Wejo Wpg8 1

We8 WE 8 I Wpj 8

Non invertible Rep Qs 1form Symmetry

Phase diagram



Higgs oraneafifi.it ni
8socso textz ily Reelas SSB 8

classification ReplQs has five SSB patterns

five nontrivial paramagnet phases

Sit and defect free disordering

Each nontrivial Tk G H d K form
symmetry

Sit is not SSB'd in the ordered phase

why Top defects are confined

Spontaneously breaking SIT drives a transition out
of the ordered phase

causes top defects to deconfine

Since ordered ground States confine top defectsRelated to
ssbing s should restore Gan t Hooft

anomaly

General aspects in 2 1 D Skip if short on time

For a G H Phase w G H path connected
top defects are classified by

1 IT GH Vortex strings

2 Tz G H Instanton events



3 Action of IT on T2

Braiding IT defect around IT can change
topological charge of T2

4 3 cocycle IT IT IT T2

IT defects can be deformed into
a T2 defect

IT defects carry Tz topological charge

Data packaged into Math object G

can show that with all top defects static

St 2 Rep Go

called a monoidal 2 category

Nontrivial disordered phases classified by
1 St SSB patterns

2 Residual sym SPTs

Summary

only
d Th can Emery geuir.TTderd ehaslf

Scratched

the
2 They can be used to classify predictsurface

exotic neighboring disordered phases


