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Yang Mills theories offight selfining spin i particles

study the menlesslimitfirst

From 12 we recall thatspin i masslessparticles have non vanishing overlap
with fields An only if it is a lorentz vector up to gouge transf
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The way
Lorentz invariance is recovered is by demanding gouge invariance

that is that the action is invariant under

An D Ant 2nd Gauge transform 1 massless spin I

andphysical observable such as s matrix invariant under



4814
4 EMP D Endel Pr Gougeredundancy poloritations

More precisely two plantations that differ by a gaze transformations should
consider

equivalent choices e.g Et I and if are equivalentplantations

Classical Yang Mills

We have do seen that Ev Into 1,00191 is automatically gaze invariant

so that
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In this
lecture I

Mink always in
Minkowski

signis the correct choice for the free kinetic term

The gemenditation to several species or flavors of different spin i massless

particles of the fire term is just
sum over a

understood
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For later convenience it's actually useful although by no means essential to
use the so celled 1storder formalism where Eni and Ai are

treated as independent variables
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This is totally equivalent to because the path integral
on Fri has no derivatives it's Gaussian by completing the square
we recover Eg 6

term
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Vow we know that in QED the photon intersects rejecting gauge invariance to

a conserved current 3h associated a global v12 symmetry upon
which charged matter fields are dazed The Ju is the Noether

current associated to y o e y

We see now that with severalspecies of massless spin i particles we have global
symmetries even without introducing external matter fields just rotate

among the fields
Global Symmetry
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This means there is a natural candidate conserved current given by
Noether theorem promote E to Écx dependent on spacetime

such that the action is no longer necessarily invariantfine now JEM to

NoetherTheorem
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Noethercurrentd om by definition of e o m
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In the case of sym 9 by promoting e aces the Fin that
contains no derivatives gives the same transformation whereas all
contribution to 8s comes from the IAF port of
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With the conservedNoether currents in our hand we can

make the obvious guess for the interactions Ai Ji This wouldbe
consistentwith

gouge innerience if adding Amagi the Tri remains conserved
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And the Ji remains the conserved current since we are adding no

derivative of fieldswith this int term as long as Arif respects the

global symmetry This is so if fate not only fully antisymmetric but
actually satisfy the Jacobi identity
This is trivial for the 8014 rotation if a 12,3 since Ant rotates so

does Ji But it's a generalfact
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So demanding that f are not only antisymmet z but also structureconstants

we see that LA F hes still the global sym 9 It still
conserved
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Idc compensate

by menso that 88 0 gives the e o m
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Notice that Fai is antisym Is Jafri 0 Bianchi identity

is perfectly consistent with Isi o being conserved via Noether T

Exercise deck that indeed 2JI.tn

The action A F is still quednetic in F that can be integrated

explicitly like before This corresponds to just play back the

F's e o m indeed from a solemetic legregnen
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so that changing int variable in the path integral F F ri's thefirst
term

gives just an irrelevant normettation to 2 while thesecond tent

just corresponds to insert the e am solution KFes o

CD LCF ti't D Tri EI's II's JI's

Doing so to eliminate Fri we getfrom Eg.eselsa
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YangMills

ti gait gfebcambay action

let's recap what we havedone starting from free collections of spin 1
Kinetic terms we observed that a generalisation of flavor rotation among

the Art provides a conserved current that can be used to build a
3 linear vertex ftp.tgafebe but since the Fri was just auxiliary
field non propyeting it correspond to Syn CA with both

trilinear quantic vertices
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It FEE on shell

YongMills on shell 3pt function

fleck gauge invariance
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Non linen Gauge transformations

The fact that f satisfies Jacobi identity calls for a lie algebra
structure namely introduce some generator T with

RD T T if'T D Jacobi id oft tot to Tht It
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With these memes justified by the introduction of a
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LUPIso that acting on D on some o form 4
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but acting twice Dy of iga dy iga4 gdA4 AdyAdyAnt
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In armature I form

7This is completely analogous to genend Relativity Car
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connection matrixt

Tfrienemanneturevalued i form

and like in GR B4 is comment so it's Dry w.it gougegnopfI
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this is what
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µ
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3 or infinitesimally A
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which is the non abelian generalisation of the unnel gauge transf
Notice that the field strength transforms covariantly instead

D igf and D4 D4 TDY F't 4 0 F4

FE OF O Covariant inadjoint
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The Yang Mills action Syn ft Fifi can be rewritten as

Tretetbageb

6 Sen f Trl Fm Fm TED Sym invariant

and it's clearly manifestly invariant under gaze transf 32 ie 4

by cidyiaty of trace
The e am 685 can be put in a manifestly gauge

commentform
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Quantum Yang Mills

The fact that Sym is invariant under gauge transformations

D Ai D Ai t game yet ant igaggingfair
that is for any function stacx means that the kinetic term

is certainly non invertible since to any solution e o m An another

solution is given by its gaze transformation even with some initialcondito

This is manifest already in the quadratic partof the action in aed

CD folk 4 Au I folx AWWD 28 Au
photon

c sjing Titjatnogame

to DMIn the abelian case this is all there is
and one can have a covariantpropagator by fixing a gauge vie

the

path integral

Fedder Popov Trick

we can add to the path integral an explicitintegration over the

gauge dependentpart of An since Imis indep this
may only change the

irrelevantnormalisation of 2
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and we can equally write sext way as the solution of G Ar 0 er
gougefixingand

KD za fayfay SCG Ar at Eff expli ELA
Amtyke

for some Glan where Ae is the gaze transf field AE tyke
To be specife let's pick one particular family of gauge

choose Gouge

GCA JAM was Elan to stay
as det const

justchanges
nonnettation
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ApartJag ad by assumption of gaze invariance A explistas
changeofvariables is invariant

Moreover everything here is true for any wax so that we
could equally integrate over some weight FEW

441 22 f A II Cdw FEW 862A WH exp iSCAT
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no longermelter we dump it

into the irrelevantnormettation



LRPLchoosing finally a Gaussian FEW
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Path intend
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This now corresponds to the abelian gauge theory with propagator
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3 1 Feymmen gauge go London Gauge

Faddeev Popov non Abelian

Now the non abelian case is completely analogous but the determinan
in Eq 44 is Am dependent andthis brings the appliance ofghosts
From 41 repeating previoussteps

gedmigating
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Et Igasub gfabAi fixy tabla
where now out SEL out tybalt is a A functional
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Taking the F Gaussian as before we here then difference

fu
rt QE

ED Zx felt exp iSg1 Egandet tabla
Now the determinant can do be written as a load term in
the loymengion in

terms of anticommuting C E rambles known as

ghost fields
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LEn that the propagators are
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I see y Ifb Ghostpropagator

and in addition to the vertices of YM there are couplings to the Ghosts

1541 pit gpmfake ghost vertex with An
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