

























































































Action on extended operators

Considera DIMp that is irreducible i e

equivalently

it cannot be expressed as a sum of tuo other

p operators

then an no topol local op that con be
inserted at a pt EEp except multiplesof id

Now deforming UglEd pi across Olmp leaves

behind a top local op 041 at the intas.pt ERM

UIEdp.IO Mp OIxIOIMrlU Edy

tl it
E M M

Since Ole e degl 1 then

UglZan O Mn 01g Olmo kg Edp

Because of fusion rules

Ugl Ug E Ugg Z

d g d gi d ggi




























































































Iie A furnishes a one din rep of the

p form symmetry group G'h

d G'M È CHARACTER
UH if we require UNITARY REP's

If we at via linking the E is contractible

UN OMI OM

fase Oggi di

Ug E 61M dig OCM

The characters of an abelian group form themselves

an abelian group with product being

da g deg d g Agegirl

È Characters of G PONTRYAGIN Dual
GROUP

The charge carried by a irreducible p dim op
under G is an element of È

he given get all possible phasesd'g are givenby È




























































































ES G'D V11 È 71
Maxwell theory

g è XEIORHI
and 1 formSym

19 g aina
Dimm e cio with 0 2 217 a 2kt

pit pita gi bidetbada bbc.cz

gia brhtbaxa

I
gibialdleibattal Olbia beh bi041 brock

mod2IT

121 is a linear function QQ ha mod2it

10 e
McInnescay for dm to be

will defined

ES G'P I V4

à
n È LE 012

Dir n gioca

mitna giocmtur

giant ialma lin dtm e LETOIA
for tobewelldefined




























































































ES G In G IN

Yakhn
0111 N 1 g

2514pm

β 0111 N 1

Dimmi edition 1041

0121 lin of d
14 IEFP α

β 0111 _IN 1 for to bewelldef

ES G Ipeitean Giri

I These are productsof In's

Ohe has GIN GCP

In fact gEG defines hy È 011

19



PURE SU 2 YM

Wilson line operators parametrized by IRREP of5012

Wj Trp Pe je is the spin

We have charged operators on which these lines con end
but this can happen only
for integer spun

II
The unscreened Wilson lines an

the trivial one
the one in fundom rep

theygenerata72 group
11

The one form sym of SULL is

G È 72ª electric 1 form symmetry

t Hooft operators For pure su C2 there seem to be

solitonic field configurations that have charges
to screen all tHooft operators

6 11



Aside OBSTRUCTION CLASSES

Consider a principal bude for G GIA ACZCE

It can be described in terms of transition functions
valued in G on codim 1 loci f
These codin 1 loa come together and form
codim 2 junctions

Consider the lift of these G valued transitionfunctions
to È valued transition functions Before the lift
the product of transition function around acallJunction
is 1

Il XI
fiff 1 E G fiff e ACG

After the lift the product will be the lift of 1
that is any element of A

By Poincaré duality this defines a A valued 2 cochain

Nz The cohomology class of we is knows as the
obstruction class for lifting G bundle to È biade



It is indep of the choiceof lift
For G 5013 È Su 2 1 72
the clan we is Known as the 2ⁿᵈStiefel Whitney class



PURE SO 3 YM

Goff G
SO 3 SU 2 no matterfields

Wilson hnes parametrized by irrep of 5013 that
are fewer than in 5012 je 7 j isthe stripd

Since all these WL can be screened Ge 1

how not all TL con be screened we

with È Gm 72

The topological surfaceoperator generating the magnetic1form

symmetry can be expressed as

U E ai Se



Spontaneous breaking of high form symmetries

Let us consider gauge theories with
Wilson linesop

These are changed extended op onde 1 form sym
If their VEV is to then the 1 formsym is SB

WTC typically depends on geometric propertiesofC

WTC e
Amate

or Cutey e
Perimetate

a b
differentphases

As we have seen for laye C
a WTC 0

b WTC o thishappensalsofor Ur 1

Interpret the problem of CONFINEMENT in termsof
SPONTANEOUS SYMMETRY BREAKING of a 1 form Sym

What is the associated GOLDSTONE Boson

For ordinary 0 form Sym one starts from the WI

an JM dly id y Cody

and do Fourier transform



Self e an 3 x dly ifddxet.PE x y cddly 7

ifd pneiPxCJMxd1y 7 ieiP daly

P Jlp dly e dolly

FT ing

Pac 5 p di9 CIÀ pag
Set g p

Order param for SSB

Pm Imp Il p 8 o cost.inp

25Mp è P MUST HAVE A POLE

in p o is cotcolato
i e in broken phase

This signals5 p Il p Pj the presence of
MASSLESS PHYSICA

EXCITATIONS
in the spectrum
see QTFI

let's repeat it for 1 form sym We start from WI
Too

2m39 x WTC 9 dy d g WTC
e
low igew



Taking Fourier transform effdy'e'Pa

ipnc 5 p WTC gef p C WTO

Flo c o

Puf pic fdy.petake limit Pio fady due TI is dosed

fig PETYP WTC g filo C WTO
otrder

param forSSB

In broken phase WTC 0 there is a pole

CJMCpiwtos I PE.cl

There are MASSLESS EXCITATIONS and one

con check that they have spin 1

For continuous 1 form sym like in Maxwell

with WTC e È loca in Maxwell

we expect spin 1 massless fields This

actually happens in Maxwell they PHOTON

is the GOLDSTONE BOSON of SSB of 1 formsyn



One can actually cheek that the photons

ARE the Goldstone excitations

conserved current JM creates Goldston excitations

from the vacuum in the broken phase
I Gold 3 107 like in QFTII

recall that 1 FM

using Canonical quanta oh can show that this
actually creates one photon


