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Since the Sym generators are CONSERVED Commute with Hamiltonia

Ug E is topological as we will see

Infieldtheory it S is invariant under syn group G then
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We can now integrate the WI o and obtain
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Rewriting ordinary sym trans
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Change Q on a time slice is gennalind Euclideansignature

to a change Q E on a 34 CLOSED subspace E
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The commutation relations to link of E and y
How do we derive this relation
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under a contin deform E Σ E 220 yer
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Inside to thereis NO INSERTIONof
local operators

pare
and amico

E E fyj E dij QLE

By exponentiating infinitesimal generators
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charged operator 0 dim us Oformsym
TOPOLOGICAL unitary operator depending on gEG Σ
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The insertionofthetopop V E canbe removed at thecostoftransforming all thelocaloperators inside Σ Equivalenty we can say that if wedeform thesupportpassing
through one locopposition we acton itbyg

Discrete symmetries

gEG discrete
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related to a TOPOL OPERATOR UglE sit
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Summary ORDINARY SYMMETRIES

gEG TOPOLOP UgLE G contdisa

with

Ug E Iily Rij g CIG it linked

topological notnecessary topol
ms 0 form

Σ is d 1 obj I 9 is dm symmetry

We have reduced the problem of finding symmetries
to the problem of finding TOPOLOGICAL OPERATORS

This can be generalited to topological d 1 p op
i e p form symmetries we are now goingto illustrate

an example with pel

Observation one can interpret pictorielly
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1 form symmetries in Maxwell theory

STA FA F d FMF A

Fa 2nA 2Ap An COMPACT UCI gaugefield
EELECTRIC CHARGES are QUANTIZED

Gauge transformations

A A 7 with 7 a globallydefined closed 1 form

locally 7 da

α x is a UCI parameter meaning that the well defined

local transf one ai α α 2K

Let's take an 52 and integrate F over it
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gaugegroup x

IF E LEI 2171
Σ Σ V8



If 0 D dL e α è bendef no ghe
tranform

For UCI gauge group Wilsonlines have integercharge MEI
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S duality
Let's rewrite the action as
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Integrating ove À STA Fa F with F da

Integrety ore F SIA In F with F da
and è

Exampleof DUALITY the same theory
has two equivalent presentations



1 form symmetries

The com of A are

Iaafl 0 and GAF 0 IF Guest

Inf 0 F O

F and F an tuo forms that are closed

they define two 1 form symmetries with

currents Ja IF and Jm F

The corresponding CONSERVED CHARGES are

Electric flux
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Magnetic flux
Qua III 55.05 vasi

Under S duality Jets Jm

Qazi Qm



Both Qe 54 Qm 5 are TOPOLOGICAL under
contin deformations of E

there should be corresponding symmetries
whose related conserved quantities are thetopolop's
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Sym operators
Ue te E akele E

Umlam E aim Qu E

with Lew de 21T and 2mn dm 21T

IIIivation shifting A At
with 5 a NONQUANTIZED closed 1 form
still keeps the action invariant FIAF

However the Wilson lives are not invariant

Walt e Walt with β 15 EPEI

this is not a redundancy but a global symmetry

of the type just described i e a 1 form symmetry

We want the associated Wil



In order to derive the Wil we use the usual trick
we change variable in Pil applying a symmetry

transformation with non const parameter For 1 form

Sym this corresponds to being NON CLOSED
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Consider a topologically trivial submanif Ed 2
It is the boundary of a Day
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Let's integrate t ove Dai remembering Je LF
Q Ed 2 Wn 8 n Link Ed2,8 Wala
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This shows what is the topop Ue Ea
and that the Wilson lines are

charged under this symmetry



Symmetry transformation gelelectr.chageofwils.in
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Summary
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ELECTRIC 1 form SYMMETRY



EHOOFT LOOP Tu Y
Tobemngpart monopoli

Closed line gauge invariane of dual photon

9m NEI

Obtain same formal expression as before when

we dualise electric magnetic

MAGNETIC 1 form SYMMETRY

Alternatively inserting Tn Pds in a correlato

modifies P1 domain specifying b c
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eikmss.FI nowSE s
fixedto aspecific

number itgoes
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Generalisations
G p form symmetry in d dim

Sym op Ug Ed pa
Changed objects Wig Xp

Sym trans Ug Edpa WlaOp S Rg Wigop
if linked

Take home message Existenceof sym Existenceof topologiaOPERATORS



Adding matter
Let's remember how 1 form gym work

ciao
I

If we now add changed fields dix with charge q
therewill be gageinvariant limes that can and

on the location x of the charged operator in fact
the gauge transfer the extremism x of the we is
compensated by the gauge trout of dla

Now

a È iI
4

To beconsistenti

ciao 1E i e A 2

un 74
This is called screening by lowerdim operators
New line is uncharged



NON ABELIAN GAUGE THEORIES

Gangegroup GS 1g Tr FA F

Pil integrates over all G budls their connections

modulogauge transformations

G budl
cover Mi
transitionfucts gij Winky G sit GijGjugki I

Connection A
local 1 forms Ai 52 Ui G glued as

Aj g Ai 91 igiidgi
This should not be confused withgauge trasf these
ok defined as Ui Un G that acts as

Ai vi Ai Vittividui gg Vigili
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Trasformazioni di gange sono consistenti con funi trans

Ai Ai
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Wilson lines
Let us consider the Wilson lines

WRCO traPaisà
To define the pathand exp on an arbitrarycome8
we cut 0 in smell arcs Ti C Ui and

use Ai to compute holgi Ai Paititi
Under gang transf holy Vi sein hola Vi segni

Petto IItolgi Ain girini Mia Finta
and it transforms to YEN Pe Vi int

1 form symmetries

Let us consider abelian case first
1 form sym A A 1 A closed 1form

On patch Ui Dini Ali
We can make a local gauge transform Vi è
that corresponds to modifying the transition facts as

gij e igij ehi gijti t èMi41

keeping A invarient
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In abelian theory the action of 1 form sym is A

This can be easily generalised to nonabelian gaugetheories

1 form sym gig gijtij
To preserve the cocycle condition tij must commute
with any possible gi tij E Z G

Moreover it must happen that tijtjutai 1
Z G ZEG agi g gEG is

the CENTER of thegroup G It is ABELIAN

Consider the Wilson line Wr 8 traPet
with R on inep Then trEICG is

a matrix proportional to the identity with

pop factor being the phase Orit TRII
The Wilson line then transforms as

Wrld Orig Urlo

with g IT tij Z G

u tuo
Wr 8 are line op.is changed
under the 1 form sym ZIG



For G SULN Z G IN and

Wr 8 Ethan WR18
with a 0 1 N t labels IN groupclan and

9 0 IN 1 is the Nality ofthe rep
There exist a SURFACE OPERATOR

U Er that will be thegenerator of a
In one form symmetry in fact

LUI E Walt and Wald turnout to

differ by a factor akinLinkler

Why In insteadof a continuous sym like in
abelian gaugetheories

Let's remember how 1 form gym works

ci901I
If we now add charged fields 011 with charge q

lines that can end

te intontetIngenoma intact
the gauge transf on the extremen of the WL is
compensated by the gauge trout of 011



Now

i X
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To beconsistent

e 1

i e 2

UN 7104

Wilson lines corresponding to probes with charges 97
cannot and on x and have in feet a non

trivial transformation under 79

In Maxwell theory there is no changedfield then
WL for all probes have non trivial U 1 transformation

However in YM there are ADJOINT FIELDS
i e the gluons gauge bosons

Probes in the adjoint rep produces Wh that
can and on the locationof an adjoint field i
then one con un link the E from the line and
the corresponding WL must have zero charge

Onlyweights in that an not in ArootG give WL transforming
non trivially In sym



Matter

let us add matter in rep R of G

Now WR can end on locationsof matter fields

E
In genere gez G acts on Wr as gets a R

while there is no top linking between charge changedops
no top op related to this g

The only top op remaining are those associated
with elements of the subgroup

Ma gez G 0,19 1 C Z G

Let us see this from a different perspective

A matter field I is given by e family of locally
defined Ii on each Ui valued in R and

glued in
UindjasIjSr

ijJ.diA1formsym.trausf.gij gijtij affects I by
modifyingthe gluing conditions unless ti E


