
 

FADDEV POPOV QUANTISATION

Deal w redundancy in Gauge theories Recallfor UK what'sthat

Abe InAbelian
Both have sameprocedure to bequantized but Abelian MUCH EASIER

Wewill soonish seewhy

Start Quantizationfor UG gaugeboson
Euclideanspace Go from M REE by a Wickrotation

Essentially ac

n xo t ing ish do if ida

In Quantizing 44 gaugeboson we willdeal w Ain whichtransforms

like km So we also rotate Ao like no t Ao iAa
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ian Aj
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E space in E

E Foi JoA 2Ao id Ai di iaa Similarly FOI if

Espace massless un action EffiftpnIE tg'itHoit e
LEM FurF Foi IFijfin f Faif f FiFit

EE FEW

Rohan Kulkarni
* I really need to recall the source of these notes. I had either followed some book or lectures!



This is justthe L we need to see the action

ifdseLET FmfF'E EE t BED
8K

Bi EiOnly di idk
Wewill dropthe E index now butwill be working in E Till I saywechange

theActions fa.tl x1natohiaiantegral Integrating byparts

SEM A da Am Sur8 Juden Av Thigh theEuclidean
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Recallthe idea of Pathf
i_You are integrating overallthepossib

A All
Inferring

configuration And I
Thesumof all thesegivesyouthe

A'm Ai In
Éi probabilityamplitude

Classically theoneminimizingtheact
istheonlyonecontributing

4 there are two types of contributions to Amla Thefunction over
which we aretakingthepaths
i This isthe desiredone as we are over all physically inequivalent configs
of Anthat givethequantumbehaviourofthefield

ii This is i t physically equivalent configs of An
Notgood As we have a copy of Amfor EACH choiceof X whichend
upinthe f Gaugefixed

2Try fixing this DAM f É r physically relevantfields GF
Doingthis is a challengingtask evenforAbelian butmuchmoreforNonabelian
ThewholebusinessofGFcanbeboileddownto Avoiddoublecounting



In eq 2 if we accomplish doingthis weremove all dependence of X fromthe
path
The fax justbecomes a multiplicativefactor in Z theinterpretation isthat
This value isthevolumeoftheinternalspacedefinedby611

Weknow choosing dmAm 0 Lorenzgauge removesthe redundancy Ourgoal
is to seewhydoesit dothat

Start w a more general gange JmAm Ge 3

Eitan fi ignoh thesetof

Éh É orca

An GCA

Ai Old
GFI GFL

In the space of all possible GF conditions the good aretheonesthat
only haveonepointof intersection between this space Or A foreach ineqconfig

ForAbeliantheories we can assumethis intersection is unique forperturbativeregime
For NonAbelian there is a problem of Griboucopies Veryhardtoget 1 intersection

perorbitwewill crossthisbridgewhenwe cometo it rightnow
letsfocusonquantizing U 7

GF isfinding these single intersection planes fax is thevolumeyouget
by f of theseplanes
PARAMETRIZEtheorbit
Assumethat we aretravelling through theorbitusing thefollowing transformation

And Amk Auk One ftp.ftnaifzacnPgIsfah's



Taking tank 2xG from Ak

Basicallythis isthevalueof

2x n 2hAM a thatbringsusintoGFcondition

This is thetransformation we need such that eq3 is
satisf

ed

PROVEIDENTITY

Usethe two variables Ambe n to provethefollowing identity

IF dX a 81 2 Anly 9 DIE
Why Because if this is true we will havefound the identity

MIKE iiiÉÉi jfi

If weplacethis identity insideour pathintegral of A through 8 wecan
impose eq Juan Ca

Let us demonstrate the above point It is aconstf
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a.IE fEty i i iiwMake a change of variables X X Insidethe integral

I InKEYES lfgfi.fi
ifgkdG

XAnCy Jen Andy g 2x y

I



SG D 22869 d 4
In HE gating on 9 inside

Thistof is like a Jacobianfor a change of variables

G Am Lets go to thediscreteversion toseethis

1 ax s A fix SLEEI
nea.pe
dm Det A dⁿx
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Thefunctional version
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If I plug this identity insidemy path f I would have GFᵈ it
What isthe effect ofthis Dirac8 that I am putting in interms of a
Lagrangianterm
Can I convert this to a term in the Lagrangian to see physicallytheeffect

Need onemore identity
TheS is a Gaussian

NH Dc e
19k
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Normalization

We havetwo identities 7 Lets multiplythem

NK Dc é fᵈ Dettd DX Statant c 1

Now weusethe 8 to dothe path in c

Spy N a e
thaw petty

Insertthisidentityforthepath in field A

A e fFobservat.ie operator Anythingthat I can calculate inthistheory

héHIx e dwptfn
Few interestingthingsthat I cando 8 doesnot

1ˢᵗ VVIMP Detdoesnotdepend on X or A Seethisfrom depend onA



Thisisthepoint where if wehad nonabeliantheory would bedifferent

In non abeliantheories 8 will depend on A Ng men stepstodeal w this

SDAméSA O A Detta NK DX DA eSEA d s day
Basically I am calculating the observable w thisnew action

Bit nicer A At tux or I
Majorpoint Action is Gauge invariant So we can remove or add X atwi
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Big assumption f measure is also Gaugeinvariant DA DYA
Neitherguaranteed True canbeprovedformost Gange symmetries
nor obvious

Fewwherethesefail yougetAnamols
QEDnotanomalous so it istrue canbeproved

Bring in X indices everywhere where invariant Then removefrom everywhere

especially where its not invariant
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Just a Big Volume

Expectation valuewill bewrittenCF
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Now Left ᵗÑ 21 112 fixingterm Loe



You couldjust add in thisterm by hand saying you are notreally changing the
classicaltheory butmaybe you arechangingthequantumtheory Weshowedthatwe

arent

Assumption was DA DAY There willbe anomalous theories Symmetry ofclassial
butnot Quantum

Photon propagator
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Photonprop in encliden mom
space

Defends

on 2 Relatedto GF in a complicatedway



4 1 Feynman gauge

We did dmAm C then Do e fine'G ft


