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Quantum gravity has power law UV divergences, which 
are discarded in dimensional regularisation but which 
are crucial in defining a perturbative continuum limit.


Need to make these visible by UV regularisation L. This 
breaks diffeomorphism (BRST) invariance. Then: 


Need to distinguish between breaking by the 
regularisation and breaking which is inherent to the 
quantisation. 


Need to develop streamlined procedures for solving for 
physical amplitudes when BRST invariance is (only) 
broken by the cutoff.


Motivation:

TRM JHEP 1808 (2018) 024 [1802.04281], Int J Mod Phys D [1804.03834], SciPost Phys. 5 
(2018) no.4, 040 [1806.02206]; TRM & MP Kellett, Class.Quant.Grav. 35 (2018) no.17, 175002  

[1803.00859]; TRM, MP Kellett & A Mitchell-Lister, to appear.



L flows to the UV:



L flows to the UV:

S = 0 



Wilsonian effective action:
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Measure operator:

UV cutoff function
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Wilsonian effective action:

Quantum Master Equation: ⌃ = 0
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Polchinski Equation:

IR cutoff propagator 

Compatibility: ⌃̇ = a0[SI ,⌃]� a1[⌃]
<latexit sha1_base64="vrZy8ihOegZqmFkXc8jfzuJhCCE="></latexit>

The gauge invariant surface is an invariant subspace: 

once you’re in you never leave…

K̄ = 1�K
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Polchinski Equation:

IR cutoff propagator 

Compatibility: ⌃̇ = a0[SI ,⌃]� a1[⌃]
<latexit sha1_base64="vrZy8ihOegZqmFkXc8jfzuJhCCE="></latexit>

 

The gauge invariant surface is an invariant subspace: 

once you’re in you never leave…

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



Flows to the UV:

S = 0 

once you’re in you never leave…



Legendre effective action:
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Legendre transformation:

with IR cutoff L
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These give modified Slavnov-Taylor identities 
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Effective average action:

Legendre effective action:
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U Ellwanger, Phys Lett B335 (1994) 364
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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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Wilsonian effective action:

Is entirely equivalent

Unbroken quantum BRST invariance: ⌃ = 1
2 (S, S)��S = 0
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UV regularisation makes D well defined

But �S 6= 0
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leads to L-dependent mass terms etc.. 



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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In interacting case neither equation has local solutions:

so no local bare action that satisfies regularised QME or mST

UV cutoff function K(p2/⇤2)
<latexit sha1_base64="AmYkvKU0i2ZtzfzL3/XwCODSiDU="></latexit>



Many explicit examples at tree-level & 1 loop in:
Y Igarashi, K Itoh & TRM, 1904.08231, to be publ in Prog. Theor. Exp. Phys.

Here concentrate on general framework…

 



Wilsonian effective action: operators
Koszul-Tate charge:

If S + "O
<latexit sha1_base64="T3qsU7GrcXxF2OT923Oe4Z+6c0I="></latexit>
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.

Therefore want: ŝO = 0
<latexit sha1_base64="UkUX1nE5Tt++1i1VXqTaU+w7kBQ="></latexit>

such that O 6= ŝK
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Quantum BRST cohomology
D regularised

derivative expansion



Renormalized trajectory inside 

⌃̇ = a0[SI ,⌃]� a1[⌃]
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Fixed point inside is not enough 

*Critical surface (UV)

⌃ = 0
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E.g.  Gaussian fixed point…
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Renormalized trajectory inside 

⌃̇ = a0[SI ,⌃]� a1[⌃]
<latexit sha1_base64="vrZy8ihOegZqmFkXc8jfzuJhCCE="></latexit>

Eigenoperators inside (are not enough) 
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S = S0 + gS1
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Eigenoperator eqn: 
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General soln is 

expansion over

eigenoperators

with constant

coefficients.

(close to fixed point)



Renormalized trajectory inside 
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Renormalized trajectory inside 

⌃̇ = a0[SI ,⌃]� a1[⌃]
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Renormalized trajectory inside 
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Renormalized trajectory inside ⌃ = 0
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(close to fixed point)
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ŝ0 �1 = 0
<latexit sha1_base64="1IV00DBOgTz7Z51zSa9uurnjvYM="></latexit>

Want a solution up to �1 7! �1 + ŝ0K
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unique quartic interaction



Define coupling to be coefficient of unique: 

Only other possibility are s0-closed two-point vertices.

Uniquely two options:
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Thus RG flow generates flow in the freely variable parts:
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Slavnov-Taylor identities!



Despite breaking by cutoff BRST invariance 
still very much present in flow equation.


Regularisation of D plus existence of 
derivative expansion, defines quantum BRST 
cohomology.


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

Conclusions.


