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What if we could compute to all orders and resum?

?
UV behaviour could be very different….
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Talk will motivate (proofs in paper):


many relations due to BRST and RG


but not enough to bootstrap to higher orders


A recent proposal for generalised b functions 
would have made it so, but proposal is wrong



Leading logs

in exact RG:

in dim reg:
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RG flow
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RG flow
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RG flow

Two loop flow depends also on one-loop couplings 

counterterm diagrams
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Two loop flow depends also on one-loop couplings 

counterterm diagrams
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Two loop flow depends also on one-loop couplings 

counterterm diagrams

For the double logs (double poles):
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BRST invariance
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BRST invariance

It is not BRST invariance that is preserved
but the CME (ZJ ids)
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General s0-closed solution

Curved space: <latexit sha1_base64="IzLF2Mft9zeIsTQRsTZQHErQUrU="></latexit>
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No separate background metric divergence!
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One-loop 2-point vertices
<latexit sha1_base64="Nygo+SKOMAQDBONiZW0mIKn005w="></latexit>

gµ⌫ = �µ⌫ + h̄µ⌫ + hµ⌫

<latexit sha1_base64="5oiVd+0M1wCrR4usI5rNGctvXIE="></latexit>

S1 =
2µ�2"

(4⇡)2"

Z

x

n61

60
(R(1)

µ⌫ )
2 � 19

120
(R(1))2 +

7

20
(R̄(1)

µ⌫ )
2 +

1

120
(R̄(1))2

+
41

30
R(1)

µ⌫ R̄
(1)µ⌫ � 3

20
R(1)R̄(1)

o

<latexit sha1_base64="FCJaNj+dXd9Qt5Cpxi860XaHrOI="></latexit>

R(1)
µ⌫ = �@2

µ⌫'+ @(µ@
↵h⌫)↵ � 1

2
⇤hµ⌫ , R(1) = @2

↵�h↵� � 2⇤'

’t Hooft & Veltman (1974)

Capper (1980) 

Kellett, Mitchell & TRM (2021)



One-loop 2-point vertices
<latexit sha1_base64="Nygo+SKOMAQDBONiZW0mIKn005w="></latexit>

gµ⌫ = �µ⌫ + h̄µ⌫ + hµ⌫

<latexit sha1_base64="5oiVd+0M1wCrR4usI5rNGctvXIE="></latexit>

S1 =
2µ�2"

(4⇡)2"

Z

x

n61

60
(R(1)

µ⌫ )
2 � 19

120
(R(1))2 +

7

20
(R̄(1)

µ⌫ )
2 +

1

120
(R̄(1))2

+
41

30
R(1)

µ⌫ R̄
(1)µ⌫ � 3

20
R(1)R̄(1)

o

<latexit sha1_base64="FCJaNj+dXd9Qt5Cpxi860XaHrOI="></latexit>

R(1)
µ⌫ = �@2

µ⌫'+ @(µ@
↵h⌫)↵ � 1

2
⇤hµ⌫ , R(1) = @2

↵�h↵� � 2⇤'

<latexit sha1_base64="YnxnVnlPDPoH5R3JddnQa4V1j50="></latexit>

S1 = s0K1

<latexit sha1_base64="WMcyRYKAJV8ad9D2Z7D4e3WQoM4="></latexit>

K1 =
2µ�2"

(4⇡)2"

Z

x

n
�h⇤µ⌫R(1)

µ⌫ + �'⇤R(1) + �̄h⇤µ⌫R̄(1)
µ⌫ + �̄'⇤R̄(1)

o

<latexit sha1_base64="/jYZtWN8eTwCd2LMZEjVnoLUfWw="></latexit>

'⇤ =
1

2
h⇤µ

µ

’t Hooft & Veltman (1974)

Capper (1980) 

Kellett, Mitchell & TRM (2021)



One-loop 2-point vertices
<latexit sha1_base64="Nygo+SKOMAQDBONiZW0mIKn005w="></latexit>

gµ⌫ = �µ⌫ + h̄µ⌫ + hµ⌫

<latexit sha1_base64="5oiVd+0M1wCrR4usI5rNGctvXIE="></latexit>

S1 =
2µ�2"

(4⇡)2"

Z

x

n61

60
(R(1)

µ⌫ )
2 � 19

120
(R(1))2 +

7

20
(R̄(1)

µ⌫ )
2 +

1

120
(R̄(1))2

+
41

30
R(1)

µ⌫ R̄
(1)µ⌫ � 3

20
R(1)R̄(1)

o

<latexit sha1_base64="FCJaNj+dXd9Qt5Cpxi860XaHrOI="></latexit>

R(1)
µ⌫ = �@2

µ⌫'+ @(µ@
↵h⌫)↵ � 1

2
⇤hµ⌫ , R(1) = @2

↵�h↵� � 2⇤'

<latexit sha1_base64="ZZwYYpuIu3h1BPTJa89O7INESvI="></latexit>

K1 =
2µ�2"

(4⇡)2"

Z

x

⇢
61

120
h⇤µ⌫R(1)

µ⌫ � 7

20
'⇤R(1) +

7

40
h⇤µ⌫R̄(1)

µ⌫ � 11

60
'⇤R̄(1)

�

<latexit sha1_base64="YnxnVnlPDPoH5R3JddnQa4V1j50="></latexit>

S1 = s0K1
<latexit sha1_base64="/jYZtWN8eTwCd2LMZEjVnoLUfWw="></latexit>

'⇤ =
1

2
h⇤µ

µ

’t Hooft & Veltman (1974)

Capper (1980) 

Kellett, Mitchell & TRM (2021)



One-loop 3-point vertices
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Leading two-loop 2-point vertices
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Leading two-loop 2-point vertices
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Generalised b functions
Solodhukin (2021) <- Kazakov (1988)
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ḡ0µ⌫(x) = ḡµ⌫(x) +
X

k=1
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ḡkµ⌫(x)
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2µ�2"

(4⇡)2"
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ḡ1µ⌫ , where ḡ1µ⌫ =
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Generalised b functions
Solodhukin (2021) <- Kazakov (1988)

<latexit sha1_base64="/PMDGvIKZ5LO1Wym9nZZKREhz40="></latexit>
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Summary

Leading divergences important even if vanish on EoM?


RG required for BRST invariance to be consistent.


Divergences: diff inv fnl of total metric + canon transf


No separate background metric divergence.


Computed off-shell divergences up to 3pt & two loops


Generalised b functions are not finite








