Gauge (in)dependence
of Essential Quantum Einstein Gravity

Oleg Melichev

(SISSA, Trieste)

Based on an ongoing project with Kevin Falls

Berlin, 27 July 2022.



Essentials of the Essential Renormalisation Group

Consider the diffeomorphism invariant action in the derivative expansion
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One can identify equivalence classes of the theory space with each member of a class
describing the same physics.

Two equivalence classes are of interest:
» Einstein Gravity
» Higher Derivative (Quadratic) Gravity

We can use the field redefinitions to fix the flow of inessential couplings. In Essential
RG we fix their value in order to simplify calculations.



Essentials of the Essential Renormalisation Group
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We choose the RG kernel for the metric to be given by

Wﬁl/ [g] = Yg8uv + YR Rg;w + YRicci R;w + 0(84) >

while WH =0 = \Ilz. Here the 's are functions which, along with the beta functions,
will be determined as functions of the couplings that appear in I'k[g].

Each gamma function allows us to impose a renormalisation condition which fixes the
flow of an inessential coupling. They allow us to impose three renormalisation
conditions which are constraints on the form of I'k[g] that we impose along the RG
flow.



Essential FRG equation
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Minimal Essential Scheme
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Minimal Essential scheme consists of identifying the inessential couplings at the
GauBian fixed point: Gy = ax = by = 0 and py is determined from 0;p = 0.
Their values are fixed in order to simplify the computations.

Additional advantage of Minimal Essential scheme when applied to gravity is that it
maintains the simple form of the propagator and does not introduce any additional
poles usually associated with a breakdown of unitarity.

Reuter fixed point has only one relevant direction.

Studies with matter
B. Knorr '22: Safe essential scalar-tensor theories.



Gauge-fixing contribution

the background covariant gauge fixing and ghost terms. In particular, we shall take
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where, to simplify calculations, we adopt background covariant harmonic gauge
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The ghosts operator is then given by
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Schwinger-DeWitt (Heat Kernel) technique
[Schwinger '51, DeWitt '65]

A formal way to treat functional traces and determinants of local pseudo-differential
operators (including but not necessarily Laplace-type). We define
H(s) = e s2.

for A = -0+ E. It gives, for example, definitions of the propagator and 1-loop
effective action as
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an(x) are local functions of the curvature invariants and their covariant derivatives.

What happens in the nonminimal case?
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Generalised Schwinger-DeWitt (Off-diagonal Heat Kernel) technique

FG=1 [Barvinsky, Vilkovisky '85]
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A digression: 1-loop.
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Taking functional traces
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Computation is long, but the method is very general
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Results

2.7
2.40F 1 261
(O]
io 2.350 2 29T
5 g
I 24,
2.30+
231
0.0 02 04 06 08 10 1.2 200 ‘ ‘ ‘ ‘ ‘
a 0.0 0.2 0.4 0.6 0.8 1.0
a
0.6FT
» Extrema:
" ] a=0.367, —008c/0G = 2.40194,
L 00 a=0.602, —08s/0G = 2.40587.
-0.2
-0.4
-0.6
0.0 0.2 0.4 0‘.5 0.8 1.0 1.2




Conclusions

» Essential Quantum Einstein Gravity is a scheme in which quantum corrections do
not spoil unitarity and the simple form of the propagator is maintained.

> We identified a parameter space where gauge dependence of the critical exponent
is small, which can be seen as a justification of our approximations.

» It is of interest to consider different regulators such as type Il cutoff to try and
cure the singularity at a — 0.



