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@ Motivation



Scalar-tensor gravity:

e Rich phenomenology

e Inflation and early Universe

e Black holes with scalar hairs
Quantum gravity:

e Non-minimal interactions

e Effective action and effective potential

e Quantum corrections to black holes



Horndeski Gravity
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https://doi.org/10.1007/BF01807638
https://doi.org/10.1143/PTP.126.511

Wide phenomenology
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Late time accelerated expansion

Cosmological constant screening
Stability in the future
Instability in the past

Starobinsky et al (2016)


https://doi.org/10.1088/1475-7516/2016/06/007

Black holes with scalar hair
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e No-hair theorem is evaded
e Numerical solutions
e Regularity condition

Kanti et al (1995); Papageorgiou et al (2022)


https://doi.org/10.1103/PhysRevD.54.5049
https://doi.org/10.1103/PhysRevD.106.084024

Perturbative Quantum Gravity

Perturbative quantum gravity is
quantum theory of small metric perturbations
8w =8B+ K hw
K? = 321Gy

e Background dependence
e Mass scale k™1 = Mp /327

e “metric perturbations’ = “gravitons”



Perturbative Quantum Gravity
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Perturbative theory with infinite number of terms

Latosh (2022), (2023)


https://doi.org/10.1088/1361-6382/ac7e15
https://arxiv.org/abs/2302.14310

Why perturbative quantum gravity?

e Scattering amplitudes
T Infrared limit
T New operators

e Effective action

T Effective potential
T Non-minimal coupling



Infrared Limit
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https://doi.org/10.1103/PhysRevD.50.3874

Effective Action

Functional Z < Green function G
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Effective Action
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e [ is a series of one-loop connected
one-particle irreducible diagrams
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© Non-minimal interactions



One-loop Scalar-Tensor Gravity

Minimal model
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https://doi.org/10.1140/epjc/s10052-020-8371-2

New operators

Non-minimal kinetic coupling
% L RGOV,

Anomalous magnetic moment
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New operators

Non-minimal model
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New operators

e Non-minimal kinetic coupling G*'V ,0V ¢
is generated universally

e Non-minimal Brans-Dicke-like coupling R ¢?
is generated is a wide class of models

e New interactions appears to be
consistent with the observations
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Effective potential

Minimal model
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Arbuzov, Latosh (2021)


https://doi.org/10.1088/1361-6382/abc572

Effective potential

Non-minimal model
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Effective potential

Generalization of Coleman-Weinberg model
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https://doi.org/10.1088/1361-6382/ac4827

Effective potential

Minimal model

e New global maximum

e Controllable UV behavior

e Applicable below the local maximum point
Non-minimal model

e No new minima

e Poorly controllable UV behavior

e No explicit applicability constraints
¢»* model

e New global maximum

e Weakly controllable UV behavior

e Applicable below the local maximum point



@ Black holes and quantum corrections



Non-relativistic potential
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Latosh, Park, to appear on arXiv



Metric corrections
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Conclusions

Non-minimal kinetic coupling is generated
at the one-loop level universally
Brans-Dicke-like coupling is generated
at the one-loop level

Non-trivial one-loop effective potential
may serve as a source of inflation
Non-relativistic potential and metric
receive quantum corrections

Small angle scattering receives
quantum corrections relevant for
black hole shadow formation
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Brans-Dicke-like coupling is generated
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Non-relativistic potential and metric
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Thank you for attention!
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