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Continuum limit:
genuine QFT

(marginally) relevant (dim <=4)

Gaussian fixed point Renormalized Trajectory

Perturbatively
renormalizable quantum
gravity



Quantum gravity does not have a perturbative
continuum limit
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Lo froe irrelevant operators dimn n+4

only continuum limit



But it also has another problem ...
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Z = /DgW e °PH does not converge

Gibbons, Hawking, Perry '78

(Feynman - De Donder) traceless

.. key to solving the first problem



But it also has another problem ...

SEH:/d437£EH7 £EH:—2\/§R//£2

Z = /DgW e °PH does not converge

Gibbons, Hawking, Perry '78

Problem is in the conformal factor 9. = 9,

@ Although partition function does not make
sense, Wilsonian RG still can make sense

@ Wilsonian RG anyway more meaningful for
defining the continuum limit.



Wilsonian RG with right sign Kinetic term
necessarily has polynomial interactions
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Wilsonian RG with right sign Kinetic term

T? necessarily has polynomial interactions
v
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Wilsonian RG with wrong sign Kinetic term
La ==35(0up)” + eVa(p)
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Wilsonian RG with wrong sign kinetic term
Quantisation condi’rion/ dop eSDQ/QQAVf( ) < OSEREA < A,
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Non-perturbative in Hh: exp( f)
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Wilsonian RG of perturbative quantum gravity

Non-diffd fields must be square-integrable under

1

exp SO (902 - hiy e Eﬂcu)

Interactions are 5(2)(90) polynomials

Operator:  fx(¥) (0, 95, hys, Cey g, D) + -+

Renormalizability: o]

Coefficient fn:  fR(p) =




What is the quantum version of
diffeomorphism invariance?

Can show that obstruction arises from BRST
transformation of coefficient functions:

QofX(p) = 9-c f{'(¢)
Can prove solution if & only if f3(¢) indept of ¥

But that can be done by sending A =«
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N.B. Newtons constant is a “collective’ effect



Second order in K
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such that modified ST identities

0= 5oy + 240y, T1) + Tr@SIS PA LT

are satished at scales much less than A,

Amplitudes equivalent to standard perturbative QG



Construction crucially different from other QFTs, &
other conceptions for QG.




Perturbatively: fX(¥)0(9a,0pp; fiys,Cercc a) + -

non-polynomial polynomial

T? Non-perturbatively in x: non-polynomial in hys
Schematically:

l ? A@AVA(QO, hoéﬁ) ~ QA (3920 o 8}%@5) VA(QO, hag)

Only ¢: parabolic - solutions typically singular towards IR
Only h: parabolic - solutions typically singular fowards UV

Only RHS: hyperbolic - continuous infinity of wave-like FP solutions

Can show that if choose parametrisation so that EH
term has non-singular flow,
then higher derivative ferms will fail.



| Construction establishes quantum gravity as a |
| genuine continuum quantum field theory at O(x2) |
with all the correct properties. ‘

Appears to work at each order in x, but with new

coupling constants needed order by order, just as
in standard perturbative quantum gravity.

However we see hints that these couplings are
fixed at the non-perturbative level in order to
get acceptable RG flows.






