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Canprove, to all ordersthat � function coe�cients haveno
explicit dependenceon Ŝ
Hints at a more direct framework, whereŜ operatesentirely in
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The questionseemsmoot!

Canprove, to all ordersthat � function coe�cients haveno
explicit dependenceon Ŝ
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the background



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

A UniversalCalculus

Universalquantitiescannotdepend on non-universaldetails

We specify the bare minimum about the
seedaction
cuto� functions

o w equation

Cancellationof non-universalquantitiesis so constrained, it
can be donediagrammatically
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GaugeTheory

U(1) GaugeTheory

Simply replace' with A�

� � @� S =
1
2

� S
� A�

� _� �
� � 1

� A�
�

1
2

�
� A�

� _� �
� � 1

� A�

� =� A� is gaugeinvariant
Flow equationis manifestlygaugeinvariant

SU(N) Yang-Mills

� =�A� transforms homogeneouslyunderadjoint representation

Choose	 =
1
2

f _� g
� � g

� A�

f _� g is a covariantisationof the kernel, _�
g is scaledout of the covariant derivative: � g = g2S � 2Ŝ.

Regularisation fails at one loop
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Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

SU(NjN) Regularisation

Covariantisation + Pauli-Villars = Regularisation

Embed physicalSU(N) in spontaneouslybroken SU(NjN)

Heavy�elds act as Pauli-Villars!

De�ning rep.: A � =
�

A1
� B�

�B� A2
�

�
+ A 0

� 1l

a supergauge�eld valuedin SU(NjN)
Hermitian
supertraceless:strA � = tr A1

� � tr A2
�

r � = @� � iA �

the physicalgauge�eld
an unphysicalcopy (with wrong signaction)

has coupling, g2, which renormalisesseparately from g.

PV �elds, which acquirea mass� �
central term



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

Symmetries

local invariance

� A � = [r � ; 
( x)] + � � (x)1l

local SU(NjN) invariance

`no-A 0 symmetry'

SymmetryBreaking: SU(NjN) ! SU(N) � SU(N) � U(1)

Superscalar C=
�

C1 D
�D C2

�

Massof B tracks � if
C dimensionless
E�ective Potential of Ŝ hasmin. at

< C > = � :=
�

1l 0
0 � 1l

�

S hasmin. at �
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< C > = � :=
�

1l 0
0 � 1l

�

S hasmin. at �



Introduction GeneralisedERGs Regularisation for SU(N) GaugeTheory SU(N) GaugeTheory

Symmetries

local invariance

� A � = [r � ; 
( x)] + � � (x)1l

local SU(NjN) invariance

`no-A 0 symmetry'

SymmetryBreaking: SU(NjN) ! SU(N) � SU(N) � U(1)

Superscalar C=
�

C1 D
�D C2

�

Massof B tracks � if
C dimensionless
E�ective Potential of Ŝ hasmin. at
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Particle Content

MassiveHiggs�elds C1 and C2

Composite �eld FR = (B� ; D)
�ve index
B and D gaugetransform into eachother
B eatsD in unitarity gauge

Massless�elds A1 and A2

Ignore A 0 ) convenientdiagrammaticprescription

Decouplingin the limit � ! 1

A1 and A2 communicatevia massive�elds

Theory renormalisablein D � 4

Lowest dimensione�ective interaction is irrelevant

A2 Decouples(Appelquist-Carazonnetheorem)
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A ManifestlyGaugeInvariant, RegularisedFlow Equation
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SU(NjN) Invarianceat high energies

No-A 0 Invariance
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The e�ective propagator relation works in all sectors

0 = �

Two-point, classicalvertex
E�ective Propagator (always an internal line)
Arbitrary Structure
Kronecker � part
GaugeRemainder(null in C sector)

ERGsu�ciently generalfor � 11(p) 6= � 22(p)
S 11

0�� (p) 6= S 22
0�� (p)
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Universality

All Universalquantitiesdependonly on
The O(p2) part of S 11

0�� (p)
The O(p� 2) part of � 11(p)
The A1 gaugeremainders

All non-universalcontributionscancel,diagrammatically!
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Isolateand processany diagramswhich can be manipulated
usingthe 
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Employ the e�ective propagator relation

Processthe gaugeremaindersdiagrammatically

Iterate

Cancellationsto all orders

All explicit instancesof Ŝ

All explicit detailsof the covariantisation
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A Universal� Function?

What does� n dependon?

Wilsoniane�ective action vertices

e�ective propagators

gaugeremainders

Cancellationof Remainingnon-Universality

Trivial, at one loop

Iterative, diagrammaticprocedureat two loops

Iterative, diagrammaticprocedureat n loops??

Strong suggestionthat all � n can be arrangedto dependonly
on the universaldetailsof this ERG
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