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Interesting possibilities based on the interplay
between gravity and matter

But... practical calculations lead to conflicting results




Perturbative quantum gravity perspective

e The gravitational contribution to the flow of gauge couplings
was intensively explored in perturbative quantum gravity
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spurious scheme-dependencies Nororm ond Aniohatty, 115040 hegrth) e

“We can set j,|,.., = 0 by a choice of scheme”
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Asymptotic safety perspective

Flow of Abelian-gauge (hypercharge) coupling
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* Supported by various Functional RG calculations
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Non-universalities from FRG calculations

Functional RG is a stepwise realization of a path-integral
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FRG with vanishing regulators
R

4 Limit of vanishing regulator in the functional renormalization group

Alessio Baldazzi ,1’* Roberto Percacci,l’T and Luca Zambelli®**
The nonperturbative functional renormalization group equation depends on the choice of a regulator See also:
function, whose main properties are a “coarse-graining scale” k and an overall dimensionless amplitude a. In Baldazzi, Percacci and Zambelli
hi hall di i b % fixed. This limit is closelv rel b lator th 200903255 [hep-th]
this paper we shall discuss the limit a —>_0 with & fixed. This limit is closely related to the pseudoregulator that for a more general class of
reproduces the beta functions of the MS scheme that we studied in a previous paper. It is not suitable for regulators including MS-bar

precision calculations but it appears to be useful to eliminate the spurious breaking of symmetries by the
regulator, both for nonlinear models and within the background field method.

DOI: 10.1103/PhysRevD.104.076026 /
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Gravity-Matter systems with vanishing regulators

Setup: Gravity + SM-like interactions
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Gravity contribution to the flow of matter couplings

59 grav _«fg(a’)g

- See, e.Q.
/B)‘ grav f>‘ (a) A Eichhorn and Held, 1705.02342 [gr-qgc]

GPB, Eichhorn and Pereira, 190711173 [hep-th]
GPB and Eichhorn, 2201.11402 [hep-th]

/B — f (a) y For discussion on the physical consequences of non-vanishing gravitational
Yy grav Yy contribution to the flow of the quartic scalar and Yukawa couplings
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Setup: Gravity + SM-like interactions

grav.
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Gravity contribution to the flow of matter couplings
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B and “universal** results” obtained with a — 0
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Gravity-Matter systems with vanishing regulators

Vanishing-regulator limit: “naive” limit
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Vanishing-regulator limit: “naive” limit
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Gravity-Matter systems with vanishing regulators

Vanishing-regulator limit: “naive” limit
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Gravity-Matter systems with vanishing regulators

e The flow of the Newton coupling depends on a
/BG’ =2G — B(a) G2

e We should take into account the a-dependence

of G when computing f,l, .,



Gravity-Matter systems with vanishing regulators

e The flow of the Newton coupling depends on a
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e We should take into account the a-dependence
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Focusing on the fixed-point regime:

Interacting fixed-point: G, (a) = 2/B(a) )
Gola)m ——" L. as a-—0
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Gravity-Matter systems with vanishing regulators

Non-trivial “vanishing-regulator " limit for f,
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Non-trivial “vanishing-regulator " limit for f,
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Gravity-Matter systems with vanishing regulators

Scalar quartic coupling and Yukawa coupling
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What is the effect of quantum gravity
on the flow of matter couplings?

Lessons from vanishing requlators - a fresh perspective

Vanishing results from a “naive" vanishing-regulator limit
> Resonates with part of the perturbative studies

Non-vanishing results at the fixed-point regime, even at a — 0
> Non-trivial indication for gravity-induced UV completion of matter couplings
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Lessons from vanishing requlators - a fresh perspective

Vanishing results from a “naive" vanishing-regulator limit
> Resonates with part of the perturbative studies

Focuses on non-universal quantities - beta function contributions

Non-vanishing results at the fixed-point regime, even at a — 0
> Non-trivial indication for gravity-induced UV completion of matter couplings

Focuses on universal quantities - critical exponents
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Thank you for your attention!



