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Appetizer: outline & spoiler

Different approaches to quantum gravity

Effective actions from different approaches
= different effective non-localities

IR non-localities in effective actions:
o Phenomenologically appealing
o Occur in various QG models

Modified black hole entropy?

Result: generally divergent for large black holes,
modulo fine tuning

= non-trivial test for pheno and QG models
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Effective Actions in Quantum Gravity

Goal: predictions, contrast different theories, put
constraints.

Interim goal (regardless of the method):

Re-sum all quantum-gravity fluctuations (non-perturbative!)
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Re-sum all quantum-gravity fluctuations (non-perturbative!)

e Effective action from path integral over metrics
[ = sum over all 1Pl vacuum diagrams]
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Effective Actions in Quantum Gravity

Goal: predictions, contrast different theories, put

constraints.
Interim goal (regardless of the method):

Re-sum all quantum-gravity fluctuations (non-perturbative!)

Effective action from path integral over metrics
[ = sum over all 1Pl vacuum diagrams]

Note:

e Can use different fundamental dof
& symmetries;

e Expected to have/recover
description in terms of effective
actions (AS gravity, CDT, non-local
gravity, string theory, etc).

e |n discrete theories more difficult
but same concepts applicable




Effective Actions in Quantum Gravity

Goal: predictions, contrast different theories, put
constraints

Interim goal (regardless of the method):

Re-sum all quantum-gravity fluctuations (non-perturbative!)

Effective action from path integral over metrics
[ = sum over all 1Pl vacuum diagrams]
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Predictions:

5Feff . .

5 -0 = fully-quantum dynamics, fully-quantum solutions
Guv

Higher-order variations & contractions = dressed scattering amplitudes



Effective Actions in Quantum Gravity

Parametrize effective action in terms of form factors:

Lo = /d4$\/— <— + EHD)
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(RFI(O)R + Ry Fo(O)R™ + Ry F3(O)RMP + O(RP))



Effective Actions in Quantum Gravity

Parametrize effective action in terms of form factors:

4 —,eHK
eff—/d&?\/ (16 G+£HD>

1

Lup = 7 167G

(RFI(D)R + R Fo(O)R™ + Rype Fo(O)R™P + O(R))

Different QG theories will yield different form factors.
Two-way approach:

e Top-down:
- compute form factors from fundamental theories (path integral, renormalization group, etc.)

e Bottom-up:
- Model building;
- Constrain form factors using consistency constraints (positivity bounds, stability, black hole
considerations, effective field theory arguments, etc.) and observations;




Non-localities in the QG effective actions

Different QG theories will yield different form factors. Examples:

N
eH(-t) _ 1
Non-local gravity [Buoninfante, Koshlev, Mazumdar, Modesto, Tokareva, ...]. E X [:]
_ 1
Spin foams [Borissova, Dittrich]: Fi ox P 00
a
| A= > 0"
Asymptotic-safety models [Draper, Knorr, Ripken, Saueressig]: E x tanh(aD) Nn=—00
Causal dynamical triangulations [knorr, Saueressig]: Fi: o ]2
Polyakov-type operators in some string models [Polyakov]: F; D—l )
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Pheno models: focus on IR non-localities

e IR deviation from GR and dynamical dark energy, seemingly compatible with observations
[Amendola, Akrami, et al; Capozziello e al; Deser, Woodard; Maggiore et al; Wetterich; ...]

e Make popular regular black-hole models compatible with a principle of least action
[Knorr, Platania]
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Black hole entropy from IR non-localities

IR non-localities = large-scale deviations from GR (controlled for not too non-local operators?)

Black hole entropy depends on higher-derivative/curvature corrections via Wald formula

oL
Sw = —27T/ (—) €,1/€ oo AV
5 5R/M//JU HY=p 2

One-loop corrections [Xavier, Kuipers] = Log corrections to area law

General form factor within the annulus of convergence:

.FAD) = i CnDn

n=—oo

Positive-degree operators = sub-leading corrections to Bekenstein-Hawking area law [Mazumdar et al; Myung]:

"4 —2n
Sw =151 +Y anr™)

n>0

Negative-degree terms, aka, IR non-localities?

- Expectation: dominant contribution over Bekenstein-Hawking term; how dominant?

- Computational caveat: localization procedure, recursion formulas, large black holes
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Black hole entropy from IR non-localities

Computational setup: large, static, spherically-symmetric asymptotically flat black holes.

Modified field equations will admit the asymptotic solutions [knorr, Platania, 22]:

Guv = diag (_ftt( ) frr ( ) r? y T Slne) ftt(T) o 1—E+é frr( )_ 1—E+E

r o re’ r b
Focus on the principle part of the form factors:

_ E ( — —n
- Fz',n ) Fz',n = Ci,nD

Intermediate step: localization procedure (the Wald formula cannot be directly applied otherwise)
= Corresponding dimensionless entropy contributions (after ):

n 1 1
I</V) = Tli)f}:lH (zcl’nﬁRl + CQ’nﬁRQ 4C3 H?D_RS)

To be computed recursively. For n=1 [knorr, Platania, ‘22]:

_ /R /Ry iz dy——2L20) [ fuly)
rJx r2\/ frr fre() Srr(y) '




3001 — — . .
: €11 = €21 = €3, Lapse function, simple case:

250 7
. ] T A
] Juo=fr=21l——4+—
] r o r
a=25 The event horizon, when it exists, is located at:
— a=50 a
; rg~ |1+ re a=(a+1)r %A
] (a—1)a-—1 ° ( s
O‘\“‘:\“‘\“‘\“‘\“‘\“‘\‘
0.6 0.8 1.0 1.2 1.4 1.6 1.8 O T e T R
r/ry : ci1=0eC =c31=1 E
2501 .
The first contribution to the entropy diverges | :
anytime an event horizon exists. 2007 ]
o
9 150; 1
Note: ‘ . o [ a=0.2 a=0.01
- Divergence of the first contribution = 100 .
divergence of all of the others : a=01 — a=0.001
50 ]
The result is independent of: [ .
- The parameters one puts in o i
- Whether the lapse functions coincide 1.0 1.5 2.0 25
- Initial conditions BTy 4



Independence of initial conditions

O-lg(r) = /R"T/Ry dz dy —y°o(y) fu(y)

R=R,=R,
r Jz xz\/m frr(y)
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Possible cancellations of divergences is non-trivial.

Case of charged black holes (analytical formulas computed)

Sétl/) = lim (1 PRy, 7, Ry, Ry|—4c31 PR3, v, Ry, Ry))

r—=ry

&) _ sign(ca1) x o0, Co1 > Cait(Q/2M) 31,
v _Sign<02,1) X o0, Co1 < Ccrit<Q/2M) c31

1.80

1.78
176 ]

1.74F ]

Cerit

1.72F ]

1.70F ]
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Summary and Conclusions

Different approaches to quantum gravity

Effective actions from different approaches
= different effective non-localities

IR non-localities in effective actions:
o Phenomenologically appealing
o Occur in various QG models

Modified black hole entropy?

Result: generally divergent for large black holes,
modulo fine tuning

= non-trivial test for pheno and QG models
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Thank you!

e Different approaches to quantum gravity

e Effective actions from different approaches
= different effective non-localities

® IR non-localities in effective actions:
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e Modified black hole entropy?
Result: generally divergent for large black holes,
modulo fine tuning
= non-trivial test for pheno and QG models

Summary and Conclusions

New Physics

o
o
Koy

\po\‘ :\‘,»\\$
S .

Asymptotically §
Dynamical Triar

/ New Principles
Causal Sets
Horava Gravity ®
.
. . . String Theory
Non-commutative 2
T geomelry
EFT Symmetries

ile Gravity
gulations

Non-Perturbativity

— R=10 — R =100C

— R =100 R =100C

18



