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Symmetries are very important in our modern

understanding of physics

Two Cases

Global Symmetries Symmetry transformation
is independent of coordinates

local gauge symmetries Symmetry transformation
man is coordinate dependent

Is This Talk



The usual Co form gauge symmetries are

described mathematically by Vector bundles
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trivially in a non trivial

I representation of E
Field is charged



Abelian bundles Charges representations
are numbers

Non Abelian non trivial vector matrix

representations

Example 6 50 h Also referred to as

the structure group of the bundle

Field in n dimensional fundamental 9 EM Cy

Compare parallel transport need connection

An E N Aggadjoint representation



This is the gauge field photon gluons

To compare differentiate fields We need

covariant derivative

Pnd Entititia
For 9 E NCI we have
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where ti t are the generators of the
lie algebra Ad as a matrix representation



Symmetry parameter L E M Ad
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two form
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spacetime indecias

Supersymmetry d has fermionic components
spinor indecies

What if a is a one form an E r

Field Strength in Electromagnetism Fur Jav



This is invariant non Abelian covariant under

gauge transformations
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What is the Gauge Field transforming

under a one form symmetry In

Answer A two form By Er
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Field Strength Harp Jem Brp

Note that SHmp JensBrp Septrap 0

This is an Abelian one form gauge symmetry

Note O form symmetries have O dimensional

charged objects particles

I form symmetries have l dimensional

charged objects strings

h form symmetries have n dimensional

charged objects h branes



If O form symmetries are mathematically
described by vector handles what about

higher form symmetries

Spacetime manifold
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coordinate charts pig hit Air

Yip Transition functions gluing charts



Vector bundles are patched glued together using

local gauge transformations
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Ex Ahavonov Bohan effect corresponds to
a non trivial fat flat bundle on 4221122
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If the handle is trivial then Am Sad
for 2 Globally defined
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If the bundle is non trivial then

Ain 2mL only locally on Ui

Storey
Bat foam Star

since 4 is single valued Fur is quantised

Geometry Given a bundle E over a manifold X

SF is quantised Ci E Ha CX
Ci

Divac quantisation



If the gauge field is a two form BE r

then the field strength is a 3 fam H dB e r

Quantisation Salt quantised where ji E HIX

The corresponding Mathematical object is

a Gente

Gluing
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BUT

Given a gauge transf Spun Sends

Changing a hat dye does not change Spur

Jcp Lattre Landry Argo yr

E E ro is a gauge of gauge

transformation

QFT gauge transf as ghosts
gauge of gauge fur ghost of ghosts



Where do we see gauge of gauge transformations
when we patch a genre together

Consider Field strength flax H Er

H is Global Locally

on Ui H d 13 Bierica

on overlap U'nut Hi Hot H
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Poincaré lemma B 137 dy iz

Here y't e d Cain at ait is the

local gauge transformation
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cite are local gauge of garage transformations

Finally on ainarnuanae aired
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ditch ar constant and quantised related to

flax quantisation
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