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Conceptual: Wilsonian renormalization group (RG) 
provides a deep understanding of what it means to form 
the continuum limit of a quantum field theory.


Practical: Wilsonian Exact RG (ERG) equations allow for 
very general approximations of continuum solutions.


However, need to combine with non-Abelian gauge 
invariance (gravity, Yang-Mills).


Quantum gravity has power law UV divergences. ERG makes these 
manifest. They could be crucial in defining a continuum limit. Also 
Euclidean signature Einstein-Hilbert action is unbounded from below 
(conformal factor instability): no partition function. ERG well defined 
but profoundly altered. This could also be crucial to defining 
continuum limit.


Motivation:
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QME follows straightforwardly from:

Regularises measure operator whilst preserving important 

identities, and compatible with ERG.
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t = ln(µ/⇤) field reparametrisation (blocking functional)



<latexit sha1_base64="gCE/iCmDFt5caX7ReAT+Sl5x2DE="></latexit>

@t e
�S =

@r
@�A

⇣
 ̂A e�S

⌘ <latexit sha1_base64="M4EqLPzzzMv4pchmgVs6PvPYtcY="></latexit>

=) @t

Z
D� e�S = 0

<latexit sha1_base64="WjH26GwILPbshNjjqAZlIqnxHuw="></latexit>

t = ln(µ/⇤) field reparametrisation (blocking functional)
<latexit sha1_base64="a0YZNSyD0OY0bFkENQ4/FbYj/FQ="></latexit>

 ̂A = �1

2
˙̄4AB @r

@�B
(S � 2S0)

IR cutoff propagator K̄ = 1�K
<latexit sha1_base64="qdfkWrxAkkaTm99vmP89tTCr2/A="></latexit>

<latexit sha1_base64="AZ1J7186rUemwFWel0pSO23Kesw="></latexit>

S = S0 + SI
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*Critical surface (UV)

Example: perturbative continuum limit

Gaussian fixed point S0 

S0[�,�
⇤] = 1

2�
AK�14�1

AB �B + �⇤
AK

�1RA
B�

B
<latexit sha1_base64="jFLQlDjId0Y3IZjBAsZ6XTZAL+c="></latexit>

Free BRST transformations: Q0 �
A = RA

B �B
<latexit sha1_base64="ysy8XBd7sWxOkLAv/0GSvJJ+Rvk="></latexit>

<latexit sha1_base64="AZ1J7186rUemwFWel0pSO23Kesw="></latexit>

S = S0 + SI

<latexit sha1_base64="7kPzaeKyzy3bORxpDusWuFV45W0="></latexit>
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Eigenoperators
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(e.g. Gaussian FP)



Eigenoperators
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Renormalized trajectory close to FP 
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Renormalized trajectory … 

S = S0 + gS1 + g2S2 + · · ·
<latexit sha1_base64="JyAqsdkA/dPYrAOTdFcE2jHPV1c="></latexit>

⌃ = ⌃0 + g⌃1 + g2⌃2 + · · ·
<latexit sha1_base64="v19je0y+SS5R5Y50lAnviGaVS70="></latexit>

Ṡn =
1

2

n�1X

m=1

a0[Sn�m, Sm] � a1[Sn]
<latexit sha1_base64="FMjlzYGHqVTWRK8zdUxqCokIQew="></latexit>

⌃̇n =
n�1X

m=1

a0[Sn�m,⌃m]� a1[⌃n]
<latexit sha1_base64="Ddh80tt5M+uq7TpOBdLGV3tFJ6k="></latexit>

 can only be violated by a =) ⌃n
<latexit sha1_base64="jXppW4e3glkAnZeujXo/W+rvkjE=">AAAIU3icjVVdb9MwFM3GYKUw2OCRl0A1qUNiajvE2NuAl03r1EFZN6npItdxGqtxYhJn02b5p/AKv4gHfgsv3KRfiTMmIjVx7znX9/r4+nrIfRqLRuP30vK9lfsPVisPq48erz15ur7xrBeHSYTJKQ79MDofopj4NCCnggqfnPOIIDb0ydlw/CnFzy5JFNMw+CquORkwNAqoSzESYLLXNyzKIA6JrS4dMWQHVXu91tje2323t9 </latexit>

linear combination of eigenoperators
⌃n = ŝ0 Sn +
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Renormalized trajectory 

Soln of flow eqn (body of the physical amplitudes)

guaranteed correct up to this


linear combination of eigenoperators

Only freedom is to change coeffs in linear sum over 
eigenoperators

Fix remaining freedom with renormalization 

conditions

Causes coupling constants to run.



Loop expansion
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Z

x

{· · · }
<latexit sha1_base64="gWp13f8cSgTRfqNS4AvQ7Gy0d18=">AAAI4XicjVVLb9w2EFYebbbbR5z02IucRYA10BrS2oiTWx6XGHawbl1vAqzWApeiJGJJiaUoJw7Be3ILcs0PyK3X9q/033S0T4lygwpYiTvfN5zhx+FwKhgtlOf9c+36jZtffX2r80332+++/+H21p27oyIvJSZnOGe5fDVFBWE0I2eKKkZeCUkQnzLycjp7VuEvL4gsaJ79ri4FmXCUZDSmGCkwhVv3BsHPbqDIG6WVNG5AMx </latexit>

=)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

Ghost numbers

0 1

-1
+1 +1

-2

Dimension

+1

2

+1
2

Anti-field number:

treats pieces differently!

0
+0

0
-1 1

2

<latexit sha1_base64="Ag4TgdFzyi411NJ3jJuYOUUeE3I="></latexit>

Q0 aµ = @µc , Q�
0 a

⇤
µ = ⇤ aµ � @µ@ ·a , Q�

0 c
⇤ = �@ ·a⇤

<latexit sha1_base64="bOMq2S8gEz3JLicKrZh3c3FYL0U="></latexit>

S0 = 1
2@µa⌫K

�1@µa⌫ � 1
2@ ·aK

�1@ ·a+ a⇤µK
�1@µc



Example: Yang-Mills2 tr

Z

x

{· · · }
<latexit sha1_base64="gWp13f8cSgTRfqNS4AvQ7Gy0d18=">AAAI4XicjVVLb9w2EFYebbbbR5z02IucRYA10BrS2oiTWx6XGHawbl1vAqzWApeiJGJJiaUoJw7Be3ILcs0PyK3X9q/033S0T4lygwpYiTvfN5zhx+FwKhgtlOf9c+36jZtffX2r80332+++/+H21p27oyIvJSZnOGe5fDVFBWE0I2eKKkZeCUkQnzLycjp7VuEvL4gsaJ79ri4FmXCUZDSmGCkwhVv3BsHPbqDIG6WVNG5AMx </latexit>

=)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

Want a solution up to 

Ghost numbers

0 1

-1
+1 +1

-2

Dimension

+1

2

+1
2

Anti-field number:

treats pieces differently!

0
+0

0
-1 1

2

<latexit sha1_base64="Ag4TgdFzyi411NJ3jJuYOUUeE3I="></latexit>

Q0 aµ = @µc , Q�
0 a

⇤
µ = ⇤ aµ � @µ@ ·a , Q�

0 c
⇤ = �@ ·a⇤

<latexit sha1_base64="wQk31Cnvvvgf1ZutdpXL6DFtlg4="></latexit>

ŝ0 S1 = 0
<latexit sha1_base64="t50UbmIgR3pwY06DJikpMjEOJBo="></latexit>

S1 7! S1 + ŝ0K

<latexit sha1_base64="bOMq2S8gEz3JLicKrZh3c3FYL0U="></latexit>

S0 = 1
2@µa⌫K

�1@µa⌫ � 1
2@ ·aK

�1@ ·a+ a⇤µK
�1@µc



Example: Yang-Mills2 tr

Z

x

{· · · }
<latexit sha1_base64="gWp13f8cSgTRfqNS4AvQ7Gy0d18=">AAAI4XicjVVLb9w2EFYebbbbR5z02IucRYA10BrS2oiTWx6XGHawbl1vAqzWApeiJGJJiaUoJw7Be3ILcs0PyK3X9q/033S0T4lygwpYiTvfN5zhx+FwKhgtlOf9c+36jZtffX2r80332+++/+H21p27oyIvJSZnOGe5fDVFBWE0I2eKKkZeCUkQnzLycjp7VuEvL4gsaJ79ri4FmXCUZDSmGCkwhVv3BsHPbqDIG6WVNG5AMx </latexit>

=)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

Want a solution up to 

Ghost numbers

0 1

-1
+1 +1

-2

Dimension

+1

2

+1
2

Anti-field number:

treats pieces differently!

0
+0

0
-1 1

2

But K
<latexit sha1_base64="q2LxbdukldqEaTcZ4fMuCi065hg="></latexit>

must be L independent, max dimension 3, 

ghost number -1, and have 3 fields!

<latexit sha1_base64="Ag4TgdFzyi411NJ3jJuYOUUeE3I="></latexit>

Q0 aµ = @µc , Q�
0 a

⇤
µ = ⇤ aµ � @µ@ ·a , Q�

0 c
⇤ = �@ ·a⇤

<latexit sha1_base64="wQk31Cnvvvgf1ZutdpXL6DFtlg4="></latexit>

ŝ0 S1 = 0
<latexit sha1_base64="t50UbmIgR3pwY06DJikpMjEOJBo="></latexit>

S1 7! S1 + ŝ0K

<latexit sha1_base64="bOMq2S8gEz3JLicKrZh3c3FYL0U="></latexit>

S0 = 1
2@µa⌫K

�1@µa⌫ � 1
2@ ·aK

�1@ ·a+ a⇤µK
�1@µc



2 tr

Z

x

{· · · }
<latexit sha1_base64="gWp13f8cSgTRfqNS4AvQ7Gy0d18="></latexit>

=)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

Ghost numbers

0 1

-1
+1 +1

-2

Dimension

+1

2

+1
2

0
+0

0
-1 1

2

<latexit sha1_base64="B1A34GeWh+xQtj2Kus1Mxsolvjw="></latexit>

S0 = 1
2 (@µa⌫)

2 � 1
2 (@ ·a)

2 + a⇤µ@µc

<latexit sha1_base64="Ag4TgdFzyi411NJ3jJuYOUUeE3I="></latexit>

Q0 aµ = @µc , Q�
0 a

⇤
µ = ⇤ aµ � @µ@ ·a , Q�

0 c
⇤ = �@ ·a⇤

<latexit sha1_base64="wQk31Cnvvvgf1ZutdpXL6DFtlg4="></latexit>

ŝ0 S1 = 0

For same reasons, has maximum anti-field number 2

where it is unique:

Thus: 
is the unique extension of Maxwell theory

<latexit sha1_base64="mbQ076RGor4lo6+NVbAtUr8nFes="></latexit>

S1
<latexit sha1_base64="Bqwbwh/urTUIR5e2HE6FfysX1Fs="></latexit>

S2
1 = �ic⇤c2

<latexit sha1_base64="Sjj0Wig2rNs2wdwYlAjjJemJBXQ="></latexit>

S1 = S2
1 + S1

1 + S0
1

Example: Yang-Mills

Anti-field number:

not conserved by


action!

[M Henneaux et al]



=)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

Descendents:
/

=)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

unique `deformation’ to

unique cubic interaction

<latexit sha1_base64="Ag4TgdFzyi411NJ3jJuYOUUeE3I="></latexit>

Q0 aµ = @µc , Q�
0 a

⇤
µ = ⇤ aµ � @µ@ ·a , Q�

0 c
⇤ = �@ ·a⇤

<latexit sha1_base64="fXhsv/UaxMrkZi7Q0pmfbWQHl/k=">AAAI53icjVXNjts2EFbSpHHcn2zaYy7aGgFstFlITtHmEiBNLlnsBt6ts04AyxZoipIIkxJLURtsCL5Ceyt6zakv0GvzHnmbjvy3ErUJKsASPd83nOHH4XAhGC2U5324dv2zGzc/v9W53f3iy6++vrN395tJkZcSkzOcs1y+XqCCMJqRM0UVI6+FJIgvGHm1WD6r8FfnRBY0z16qC0FmHCUZjSlGCkzhXj9IkdKFCb3gB3cc+u5jt38aet+fzh+E3mBn87rhXs8/8FaP+/FBz9k8J+HdW38HUY5LTjKFGSqKqe8JNdNIKooZMd2gLIhAeIkSMoVhhjgpZnq1JOPeB0vkxrmEX6bclbXuoREvigu+ACZHKi1srDJehU1LFT+aaZqJUpEMrwPFJXNV7lb6uBGVBCt2AQOEJYVcXZwiibACFRtRSpFIQpam2+0GGXmDc85RFukAHxsdVIExYvrYm </latexit>

ŝ0 S1 = (Q0 +Q�
0 )S1 = 0

<latexit sha1_base64="Bqwbwh/urTUIR5e2HE6FfysX1Fs="></latexit>

S2
1 = �ic⇤c2

<latexit sha1_base64="YTbQ6x5tkZl4LNtYBT6XG4XCOno="></latexit>

Q0S
2
1 = 0

<latexit sha1_base64="YNLyykzl+sNSWxrTNl/28KPamH0="></latexit>

Q0S
1
1 = �Q�

0 S
2
1

<latexit sha1_base64="/zgWt7898TTWpVuujYFDqkZq8Qg="></latexit>

S1
1 = �ia⇤µ[aµ, c]

<latexit sha1_base64="2k0TlYewViL1WnBMs/6Pn+Y/u+w="></latexit>

a⇤µDµc
<latexit sha1_base64="INL24Cc6gwlg0vWPiLej1wLNWFc="></latexit>

Q0S
0
1 = �Q�

0 S
1
1

<latexit sha1_base64="q5pIHGeCJS/9W8uvdUDM9ehf9tc="></latexit>

S0
1 = �i@µa⌫ [aµ, a⌫ ]

<latexit sha1_base64="1xm06Z0gJeJtmBHqHTBOXsKmwxY="></latexit>

i@ ·a⇤c2 = �ia⇤µ{@µc, c} = �ia⇤µ{Q0aµ, c} = iQ0

�
a⇤µ[aµ, c]

�

is the unique deformation of Maxwell theory



Classical solution at O(g2)
<latexit sha1_base64="xmWrEiuEbqZQ1ItNn7brhblz3CA="></latexit>

s0 S2,cl = � 1
2 (S1, S1)

<latexit sha1_base64="pRhVmjvAeqLes4oeBpC60cLbJAI="></latexit>

s0 S2,cl =
�
[c⇤, c] + [a⇤µ, aµ]

�
K(c2) � {a⇤µ, c}K[aµ, c] � ⇥µK[aµ, c]

<latexit sha1_base64="hJmCYBBI8Rryor5mj3HHapB07rA="></latexit>

@⇢[a⇢, aµ] + [@µa⇢ � @⇢aµ, a⇢]
<latexit sha1_base64="NSxovsxZhNrxKgjSQhW8g/4Oklo="></latexit>

Q0 S
2
2 = [c⇤, c]K(c2)

<latexit sha1_base64="1tmetfQaLXC16xSZwWeTG+09Yrs="></latexit>

K(�@2/⇤2) = 1 +
1X

n=1

Kn(�@2/⇤2)n

No canonical choice 

(infinitely many solutions differing by s0-exact piece)



Gauge fixed basis
Extended (non-minimal) gauge invariant basis:

<latexit sha1_base64="hhCnye3orFpVlogI5aDR3WPsVcM="></latexit>

S0|gi = 1
2@µa⌫K

�1@µa⌫ � 1
2@ ·aK

�1@ ·a+ a⇤µK
�1@µc+

⇠

2
bK�1b+ c̄⇤K�1b

Canonical transformation:
<latexit sha1_base64="tjv1xZEipU9XMjVCKHjNcLdSVL8="></latexit>

�⇤
A|gf = �⇤

A|gi + @r
A e.g.

<latexit sha1_base64="6Z2IdOVhSu2n9FpUOjn2JiInEng="></latexit>

 = �ic̄ @ ·a =)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

<latexit sha1_base64="fzN5p3vfYD0Yzoa692Jr6Szmxbo="></latexit>

c̄⇤|gi = c̄⇤|gf + i@ ·a ,
a⇤µ|gi = a⇤µ|gf � i@µc̄

<latexit sha1_base64="5sJSSivLuxUNdOw/QKsufEwsqaQ="></latexit>

hca(p) c̄b(�p)i = i�ab4(p) , where 4(p) := 1/p2 ,

haaµ(p) ab⌫(�p)i = �ab4µ⌫(p) , where 4µ⌫(p) :=
1

p2

✓
�µ⌫ + (⇠ � 1)

pµp⌫
p2

◆
,

hba(p) abµ(�p)i = �haaµ(p) bb(�p)i = �abpµ4(p) ,

hba(p) bb(�p)i = 0



Classical solution at O(g2)
<latexit sha1_base64="wa460k+N63iBaxBAZEDX6I+XZuo=">AAAIy3icjVVbb9s2FFa7S113W9PtsS/sjAIOkAaWW7TNQ4EmfUkQB07rxS1g2QJNURJhUeIkKm3C8nE/bz9gv2OvG9Aj+SZRWTEBsmh+37nwO4fkXEQsk73eX7duf/Ptd9/fad1t3/vhx5/u7zz4eZwleUroBUmiJP0wxxmNWEwvJJMR/SBSivk8ou/nizcF/v6SphlL4t/klaBTjoOY+YxgCVPuTuB4iVQj7ar+niPpJ6lIpD </latexit>

Ṡ2,cl =
1
2a0[S1, S1] = � 1

2 @
r
AS1

˙̄4AB@l
BS1

<latexit sha1_base64="8ivphyUEvgHQWKhYD6KXTmRjKtU=">AAAIuXicjVVdb9s2FFW7j7pqt6br417YGQUcrA0sd9gKFAOa7CVBXDitZ7eAZQs0RVmcRYmlqHQpwV+2X9LHvm5/Yley40hUVkyARfmec3kvDy8vlyJhuer3P964+cWXX319q3PbvXP3m2/v7d3/bppnhSR0QrIkk2+XOKcJS+lEMZXQt0JSzJcJfbNc/1bib86pzFmW/q4uBJ1zvEpZxAhWYAr2JnpsAj147Cv6p9IkMQahXx </latexit>

S2,cl = � 1
2 @

r
AS14̄AB@l

BS1 +O2

Unique solution with 

derivative expansion


up to 

L independent piece



Classical solution at O(g2)

<latexit sha1_base64="xmWrEiuEbqZQ1ItNn7brhblz3CA="></latexit>

s0 S2,cl = � 1
2 (S1, S1)

<latexit sha1_base64="wa460k+N63iBaxBAZEDX6I+XZuo=">AAAIy3icjVVbb9s2FFa7S113W9PtsS/sjAIOkAaWW7TNQ4EmfUkQB07rxS1g2QJNURJhUeIkKm3C8nE/bz9gv2OvG9Aj+SZRWTEBsmh+37nwO4fkXEQsk73eX7duf/Ptd9/fad1t3/vhx5/u7zz4eZwleUroBUmiJP0wxxmNWEwvJJMR/SBSivk8ou/nizcF/v6SphlL4t/klaBTjoOY+YxgCVPuTuB4iVQj7ar+niPpJ6lIpD </latexit>

Ṡ2,cl =
1
2a0[S1, S1] = � 1

2 @
r
AS1

˙̄4AB@l
BS1

<latexit sha1_base64="8ivphyUEvgHQWKhYD6KXTmRjKtU=">AAAIuXicjVVdb9s2FFW7j7pqt6br417YGQUcrA0sd9gKFAOa7CVBXDitZ7eAZQs0RVmcRYmlqHQpwV+2X9LHvm5/Yley40hUVkyARfmec3kvDy8vlyJhuer3P964+cWXX319q3PbvXP3m2/v7d3/bppnhSR0QrIkk2+XOKcJS+lEMZXQt0JSzJcJfbNc/1bib86pzFmW/q4uBJ1zvEpZxAhWYAr2JnpsAj147Cv6p9IkMQahXx </latexit>

S2,cl = � 1
2 @

r
AS14̄AB@l

BS1 +O2

=)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

<latexit sha1_base64="xp8z8qRPOwYHK8JVt1WqYafekQU="></latexit>

O2 = � 1
4 [aµ, a⌫ ]

2

<latexit sha1_base64="A/BRNmmbXVYf5pQVRkihMqpwqWM="></latexit>

1
2

�
{a⇤µ, c}+⇥µ

�
4̄µ⌫ ({a⇤⌫ , c}+⇥⌫) �

�
[c⇤, c] + [a⇤µ, aµ]

�
4̄ @⌫ [a⌫ , c]

Unique solution with 

derivative expansion


up to 

L independent piece



Classical solution at O(g2)

<latexit sha1_base64="xmWrEiuEbqZQ1ItNn7brhblz3CA="></latexit>

s0 S2,cl = � 1
2 (S1, S1)

<latexit sha1_base64="wa460k+N63iBaxBAZEDX6I+XZuo=">AAAIy3icjVVbb9s2FFa7S113W9PtsS/sjAIOkAaWW7TNQ4EmfUkQB07rxS1g2QJNURJhUeIkKm3C8nE/bz9gv2OvG9Aj+SZRWTEBsmh+37nwO4fkXEQsk73eX7duf/Ptd9/fad1t3/vhx5/u7zz4eZwleUroBUmiJP0wxxmNWEwvJJMR/SBSivk8ou/nizcF/v6SphlL4t/klaBTjoOY+YxgCVPuTuB4iVQj7ar+niPpJ6lIpD </latexit>

Ṡ2,cl =
1
2a0[S1, S1] = � 1

2 @
r
AS1

˙̄4AB@l
BS1

<latexit sha1_base64="8ivphyUEvgHQWKhYD6KXTmRjKtU=">AAAIuXicjVVdb9s2FFW7j7pqt6br417YGQUcrA0sd9gKFAOa7CVBXDitZ7eAZQs0RVmcRYmlqHQpwV+2X9LHvm5/Yley40hUVkyARfmec3kvDy8vlyJhuer3P964+cWXX319q3PbvXP3m2/v7d3/bppnhSR0QrIkk2+XOKcJS+lEMZXQt0JSzJcJfbNc/1bib86pzFmW/q4uBJ1zvEpZxAhWYAr2JnpsAj147Cv6p9IkMQahXx </latexit>

S2,cl = � 1
2 @

r
AS14̄AB@l

BS1 +O2

=)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

<latexit sha1_base64="xp8z8qRPOwYHK8JVt1WqYafekQU="></latexit>

O2 = � 1
4 [aµ, a⌫ ]

2

<latexit sha1_base64="A/BRNmmbXVYf5pQVRkihMqpwqWM="></latexit>

1
2

�
{a⇤µ, c}+⇥µ

�
4̄µ⌫ ({a⇤⌫ , c}+⇥⌫) �

�
[c⇤, c] + [a⇤µ, aµ]

�
4̄ @⌫ [a⌫ , c]

One-loop at O(g2)
<latexit sha1_base64="8mS1XwhXXJj/IdtJDvTERfP+72M="></latexit>

Ṡ2,q = �a1[S2,cl] =)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

<latexit sha1_base64="/5Tcjlfg8U684oquHVTaOy6XnZk="></latexit>

pµ Aµ⌫(p) = F(p2) p⌫
L dependent mass term + …

Unique solution with 

derivative expansion


up to 

L independent piece

<latexit sha1_base64="oPrKOsaBKEzEVeJHMJbZa0910nk="></latexit>

S2,q = 1
2 aµ Aµ⌫(@) a⌫ + a⇤µ B(�@2) @µc

<latexit sha1_base64="O/rbgR1OgC9zXw24cw6BGQaCpBo="></latexit>

s0S2,q = �S2,cl = aµ F(�@2) @µc
<latexit sha1_base64="QV/0fIHZMR0ATPl4sHo4A+MGtmU="></latexit>

CA

Z

q
4̄(q)K(p+q)

⇢
4
p·q
p2

+ 2 + ⇠ + (1� ⇠)
(p·q)2

p2q2

�



Why?

disjoint support

Formally, BRST-invariant operators that are exact have 
vanishing correlators:

<latexit sha1_base64="X/76eASBZQlTXMrRi6HwxJSC/lk="></latexit>

hŝKO1 · · · Oni = hŝ (KO1 · · · On)i = � 1

Z
Z
D��

�KO1 · · · On e
�S

�
= 0

<latexit sha1_base64="c1TWVvel0C1MWk7H3pQxKQFsO4Q="></latexit>

ŝO = 0
<latexit sha1_base64="0nNr0udQXa85koa+ECd2QbVMVCU="></latexit>

ŝO = (O, S)��O = (Q+Q���)O

=)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

decoupling of longitudinal modes,

gauge parameter independence …



Why?

disjoint support

Formally, BRST-invariant operators that are exact have 
vanishing correlators:

<latexit sha1_base64="X/76eASBZQlTXMrRi6HwxJSC/lk="></latexit>

hŝKO1 · · · Oni = hŝ (KO1 · · · On)i = � 1

Z
Z
D��

�KO1 · · · On e
�S

�
= 0

<latexit sha1_base64="c1TWVvel0C1MWk7H3pQxKQFsO4Q="></latexit>

ŝO = 0
<latexit sha1_base64="0nNr0udQXa85koa+ECd2QbVMVCU="></latexit>

ŝO = (O, S)��O = (Q+Q���)O

=)
<latexit sha1_base64="LbubdYg5DRN5SsQ87+IgmBBZ5p8="></latexit>

decoupling of longitudinal modes,

gauge parameter independence …

But now this holds only in the limit 
<latexit sha1_base64="J/YazqX8uSbNz3KnJg7MovfHS/s="></latexit>

�(O1O2) = O1�O2 + (�)O2(�O1)O2 + (�)O2(O1,O2)

<latexit sha1_base64="Z96uuIjgNdWLeaIMefJoSnOemVY="></latexit>

⇤ ! 1
<latexit sha1_base64="PL9RZmM/hmjtsYUXE3cmmxeDaSU="></latexit>

⇤ ! 0or

<latexit sha1_base64="37wL6aM9vY91SC6sF6Mjs7I5KgQ="></latexit>

(O1,O2) =
@rO1

@�A
K

@lO2

@�⇤
A

� @rO1

@�⇤
A

K
@lO2

@�A
! 0

<latexit sha1_base64="rrAfk0g1WRaaQkL5+sYyuo2xLrE="></latexit>
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Legendre transformation:

with IR cutoff L
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Legendre effective action:

Gives direct access to physics in limit Lg0

Is one-particle irreducible

But BRST invariance obscured at L>0: 
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But don’t need a bare action. 

Can solve these equations directly for the 

renormalized trajectory to all orders in


derivative expansion.
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Classical solution at O(g2)



Define coupling to be coefficient of unique s0-closed: 
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One-loop at O(g2)
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Despite breaking by cutoff BRST invariance 
still very much present in flow equation.


Regularisation of D plus existence of 
derivative expansion, allows to define 
quantum BRST cohomology.


Together yields a formalism that is still 
elegant and not much harder than Dim Reg.

Conclusions.




