A GeneralisedylanifestlyGaugelnvaiant Exact
RenaomalisationGroupfor SU(N) Yang-Mills

Oliver J. Rosten

School of Physics & Astronomy
University of Southampton

Septemizr 2005



@ Introduction



@ Introduction

© GeneraliseERGs
o Scala Field Theay
o GaugeTheay



@ Introduction

© GeneraliseERGs
o Scala Field Theay
o GaugeTheay

© Regulaisation for SU(N) GaugeTheay



@ Introduction

© GeneraliseERGs
o Scala Field Theay
o GaugeTheay

© Regulaisation for SU(N) GaugeTheay

© SU(N) GaugeTheay
@ Regulaised Flow Equation
o Diagrammatics
o Perturbative Diagrammatics
@ Future Directions



Intro duction
Motivation

Why the ERG?




Intro duction
Motivation

Why the ERG?

o Renomalisationis built in




Intro duction
Motivation

Why the ERG?

@ Renomalisationis built in
@ Hugefreedomin the construction




Intro duction

Motivation

Why the ERG?

o Renomalisationis built in

@ Hugefreedomin the construction
@ Mmanifestgaugeinvariance




Intro duction

Motivation

Why the ERG?

@ Renamalisationis built in
@ Hugefreedomin the construction
@ Mmanifestgaugeinvariance
@ the gauge eld neednot renamalise




Intro duction

Motivation

Why the ERG?

o Renomalisationis built in

@ Hugefreedomin the construction
@ Mmanifestgaugeinvariance

@ the gauge eld neednot renamalise
@ simple, strong constraints on vertices




Intro duction

Motivation

Why the ERG?

o Renomalisationis built in

@ Hugefreedomin the construction
@ Mmanifestgaugeinvariance

@ the gauge eld neednot renamalise
@ simple, strong constraints on vertices
@ Gribov copiesentirely avoided




Intro duction

Motivation

Why the ERG?

o Renomalisationis built in

@ Hugefreedomin the construction
@ Mmanifestgaugeinvariance

@ the gauge eld neednot renamalise
@ simple, strong constraints on vertices
@ Gribov copiesentirely avoided

s universal,diagrammaticcomputation




Intro duction

Motivation

Why the ERG?

o Renomalisationis built in

@ Hugefreedomin the construction
@ Mmanifestgaugeinvariance
@ the gauge eld neednot renamalise
@ simple, strong constraints on vertices
@ Gribov copiesentirely avoided
s universal,diagrammaticcomputation
s straightforward renamalisationto all loops




Intro duction

Motivation

Why the ERG?

@ Renomalisationis built in
@ Hugefreedomin the construction
@ Mmanifestgaugeinvariance
@ the gauge eld neednot renamalise
@ simple, strong constraints on vertices
@ Gribov copiesentirely avoided
s universal,diagrammaticcomputation
s straightforward renamalisationto all loops

Status of the Manifestly Gaugelnvaiant ERG |

N




Intro duction

Motivation

Why the ERG?

@ Renomalisationis built in
@ Hugefreedomin the construction
@ Mmanifestgaugeinvariance
@ the gauge eld neednot renamalise
@ simple, strong constraints on vertices
@ Gribov copiesentirely avoided
s universal,diagrammaticcomputation
s straightforward renamalisationto all loops

Status of the Manifestly Gaugelnvaiant ERG |

2 Computed(OJR, 2004)

N




Intro duction

Motivation

Why the ERG?

@ Renomalisationis built in
@ Hugefreedomin the construction
@ Mmanifestgaugeinvariance

@ the gauge eld neednot renamalise
@ simple, strong constraints on vertices
@ Gribov copiesentirely avoided

s universal,diagrammaticcomputation
s straightforward renamalisationto all loops

Status of the Manifestly Gaugelnvaiant ERG |

2 Computed(OJR, 2004)
@ consistencycon rmed

A\



Intro duction

Motivation

Why the ERG?

@ Renomalisationis built in
@ Hugefreedomin the construction
@ Mmanifestgaugeinvariance

@ the gauge eld neednot renamalise
@ simple, strong constraints on vertices
@ Gribov copiesentirely avoided

s universal,diagrammaticcomputation
s straightforward renamalisationto all loops

Status of the Manifestly Gaugelnvaiant ERG

2 Computed(OJR, 2004)
@ consistencycon rmed
o readyfor (non)-perturbative computation
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@ A non-universainput which controlsthe ow
@ Samestructure and symmetriesas S

o § hasjust regulaisedkinetic term, % N
@ 0w equationis Polchinski‘'sequation(up to discaded
vacuumenergy)

\

Why take General§?
@ necessy for Yang-Mills

o guidedus towards universal,diagrammaticcalculus
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A UniversalCalculus

Universalquantities cannot depend on non-universabetails

@ We specify the bare minimum about the
@ seedaction
e cuto functions
s 0w equation
e Cancellationof non-universaljuantitiesis so constrained it
can be donediagrammatically

-

Isn't a General§ just Sca olding?

e Havingdiscovereddiagrammaticswhy not usesimplest§?

o The questionseemsamoot!
e Canprove,to all ordersthat function coe cients haveno

explicit dependenceon §
» Hints at a more direct framevork, where$ operatesentirelyin

the background
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h = 2f g—2
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s f _g is a covaiantisation of the kernel, —
o g is scaledout of the covaiant derivative: 4 = g?S 2S.

o Regulaisation fails at oneloop
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Covaiantisation + Pauli-Villars = Regulaisation
@ Embed physicalSU(N) in spontaneouslybroken SU(NjN)
@ Heavy elds act as Pauli-Villars!
Al B

e Dening rep.;: A = + A%
€ ning rep B A2
s asupergaugeeld valuedin SU(NjN)
@ Hermitian
o supertraceless:strA = trAl  trA?
eor =@ iA

<

the physicalgauge eld
an unphysicalcopy (with wrong sign action)
o hascoupling, g2, which renamalisessepaately from g.

PV elds, which acquirea mass
centralterm

©

® ©
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UniversalComputation

Renamalisation Conditionfor g:
1 2
— Al 1= D 1
o S[A=A"C= ]-@str d"x F +
° (P =2  (p)+ O(pH)

Universaliy

@ All Universalquantitiesdepend only on
o The O(p?) part of S, (p)
o The O(p ?) pat of (p)
s The A! gaugeremainders

o All non-universakontributions cancel,diagrammatically!
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The DiagrammaticProcedure

@ Isolateand processany diagramswhich can be manipulated
usingthe ow equation

e Employ the e ective propagata relation
@ Processthe gaugeremaindersdiagrammatically
o lterate

Cancellationdo all orders

o All explicitinstancesof §

o All explicit details of the covaiantisation
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A Universal Function?

What does ,, dependon?

@ Wilsoniane ective action vertices
@ e ective propagatas
@ gaugeremainders

Cancellationof Remainingnon-Universalig

o Trivial, at oneloop
o lterative, diagrammaticprocedureat two loops
o lterative, diagrammaticprocedureat n loops??

@ Strongsuggestiorthat all , canbe arrangedto dependonly
on the universaldetails of this ERG )
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Evaluatingthe -Derivative Terms

Strategy <« Return

1 (P = ) [Da(K; p)]p2

e D; is a set of oneloop diagrams
¢ externalmomentum,p
s loop momentum,k
. R
o Interchange @j and
Z

1 (P = le(k;p)

¢ 1= @j (Dimensionlesfuantity)
s Diagramscan pick up IR divergence
s Integralsonly havesupport in IR
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