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Abstract:

We tackle the question of whether regular black holes or other alternatives to the Schwarzschild solution can arise from an action principle in
guantum gravity. Focusing on an asymptotic expansion of such solutions and inspecting the corresponding field equations, we demonstrate that their
realization within a principle of stationary action would require either fine-tuning, or strong infrared non-localities in the gravitational effective

action. We will also show that the black hole entropy of theories displaying such infrared non-localities diverge. The principle of least action and the
consistency of Wald entropy thus yield non-trivial asymptotic constraints on the metric of quantum black holes.
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Driving philosophy
cross-fertilization of ideas and approaches may be key to

make progress in quantum gravity
Different directions:

e Across different theories (e.g., string theory and asymptotic safety)
[Basile, AP '21+°21+°21 + work in progress with |. Basile, ...]

e Across different fields (e.g., quantum gravity and effective field theory)
[work in progress with L. Heisenberg, B. Knorr, ...]

¢ Combining top-down and bottom-up approaches
[this talk: application to black holes]
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How do quantum black holes look like?
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Event Horizon Telescope (EHT) Images

supermassive black hole at the core of M87*

LIGO & Virgo data
Gravitational waves
from binary black hole
mergers

Consistent to date with black
holes in General Relativity...
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How do quantum black holes look like?

LIGO Livingston Data

Black hole

Event Horizon Telescope (EHT) Images
supermassive black hole at the core of M87*

Consistent to date with black

LIGO & Virgo data holes in General Relativity...

(Gravitational waves

e 0.35 b from binary black hole ...but black holes in General

Time (sec)

mergers Relativity are inconsistent...
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e Singularity resolution requires some sort of new physics
¢ Quantum gravity

e Exotic matter

e Alternatives to classical black holes:
° (fuzzballs, gravastars, boson stars, etc)
e Depend on the specific theory or model

New Physics / New Principles

A
. Horava Gravity
(‘\I‘\\\\\. -
y \\\\_\\\\ ) -
Yo Non-commutative
\‘\\ % o :
O DA oe >
M \\\\\-““. GR+QII'1 BEDINCILY
5% o
EFT Symmetries
L
Asymptotically Sple Gravity
Dynamical Triarjgulations
Non-Perturbativity 5
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e Singularity resolution requires some sort of new physics
¢ Quantum gravity

e Exotic matter

e Alternatives to classical black holes:
° (fuzzballs, gravastars, boson stars, etc)
e Depend on the specific theory or model

New Physics / New Principles

A

Horava Gravity

o
G\ .
{2
\\\\\\kt .
A I
e Non-commutative
Y o
\p\‘\ o : geomelry
N GR+QI'1 :
SOUSE

Y

EFT Symmetries

Asymptotically Sple Gravity

Dynamical Triarjgulations

Connections between approaches?
[de Alwis et al ‘“19; Basile, AP '21+'21+'21] 6

Non-Perturbativity
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A step back: general strategies in quantum gravity

String theory

Top-down approach
(the “ideal path”, but a long one!):
Predictions from scratch

Ultraviolet = short-distances < quantum gravity

Asymptotically safe gravity

l Energy

v /\

Bottom-up approach:

(advantage: model-independent)
Model building, parameterizations
Theoretical constraints
Observational constraints

Asviuptotic Safety Landscape

7
Consistent theories ¢ Ol ral Ihle Wit observations ‘

Infrared = large-distances < space of all gravitational effective theories

Pirsa: 24020091 Page 8/40



Quantum Black Holes: model building

G(r)
1.0 Y -
Model building based on consistency or quantum gravity hallmarks: - /// ]
: — . 0.6 //
g = diag (—fﬁ(’r), (), r%,r? sin 9) /
( ) 0.4 /
2mG(r
ftt(T) ~ f?”?'(r) =18 T 0.2 /
.. , . .
0 1 2 3 4 5

1) Violate hypothesis of Penrose’s singularity theorems [Bardeen; Dymnikova; Hayward; ... ]:

_ 2M Gy r3 - 2MGy iy 4G3; M?

~ Hayward BH
r r3 + Q.UFG‘)Q r i Lywarc

f!.!.(f') = f,.,,,[,r') =1

~

frr(") = fr’r‘(?') = \/ﬁ . 5 r3

2M Gy | — 2MGy 4Gy Ma?

Simpson-Visser Spacetime

2) Loop Quantum Gravity inspired: Bounce inside black holes and Planck stars [Rovelli, Vidotto ‘14; ...]

3) Asymptotic safety inspired: gravitational anti-screening and renormalization group improvement [Bonanno,
Reuter ‘00; ...]

4) The fuzzball paradigm: the region around the horizon is not in the vacuum state [Lunin, Mathur ‘01; .. ]
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A step back: general strategies in quantum gravity

String theory

Top-down approach
(the “ideal path”, but a long one!):
Predictions from scratch

Ultraviolet = short-distances < quantum gravity

Asymptotically safe gravity

This talk:

exploit them together and

Two examples on how to l
Energy
constrain quantum black holes

v /\

Bottom-up approach:
(advantage: model-independent)

]
Asvinptotic Safety Landscape '
. . 3 L ('onsistent I]\l"']"l""'(lbl\l|l:l1||l|l' WiItll ODhservations ‘
Model building, parameterizations
Theoretical constraints

Observational constraints Infrared = large-distances < space of all gravitational effective theories
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Quantum Black Holes: fundamental aspects

e Goal: predictions, contrast different theories, put constraints.
Interim goal (regardless of the method):
Re-sum all quantum-gravity fluctuations (non-perturbative!)

e 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 In discrete theories more difficult
but same concepts applicable

L = / Dy 51 >

12
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Quantum Black Holes: fundamental aspects

e Goal: predictions, contrast different theories, put constraints.
Interim goal (regardless of the method):
Re-sum all quantum-gravity fluctuations (non-perturbative!)

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

g / Dg#veis[g””}

Different theories (or approx.) are characterized by different form factors:

cﬁ—fdl\/ (ﬁJrﬁHD)

1

Lip = 7= (RA(QR + RuFoD)R™ + Ruype P DR + O(RY)

13
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Quantum Black Holes: fundamental aspects

e Goal: predictions, contrast different theories, put constraints.
Interim goal (regardless of the method):
Re-sum all quantum-gravity fluctuations (non-perturbative!)

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

g / Dg#veis[g””}

e Quantum solutions from effective field equations:

5Feﬁ"

=0 = guantum dynamics
0y

14
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Quantum Black Holes: fundamental aspects

e Goal: predictions, contrast different theories, put constraints.
Interim goal (regardless of the method):
Re-sum all quantum-gravity fluctuations (non-perturbative!)

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

g / Dguveis[g”y}

e Quantum solutions from effective field equations:

6Feﬁ"
0y

=0 = guantum dynamics

State-of-the-art: effective action not known yet, alternative methods are currently employed 15
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Quantum Black Holes: fundamental aspects

e Goal: predictions, contrast different theories, put cq If QG is to be the key to singularity
Interim goal (regardless of the method):
Re-sum all quantum-gravity fluctuations (non-perturbative

resolution

= regular black holes or compact
objects ought to arise as effective
solutions to the fully-quantum
dynamics dictated by a quantum
effective action

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

ch‘f @ /Dg#y etS[gHV}
(at least in approaches to quantum

gravity are supposed to reconcile with
® Quantum solutions from effective field equations: | QFT/EFT of gravity in the infrared)

e .
-0 = guantum dynamics
0Guw
State-of-the-art: effective action not known yet, alternative methods are currently employed 16
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Top-down+bottom-up 1: models under the test of action principle

Reversing the logic: If QG is to be the key to singularity
resolution
® Given a modified solution to GR, can |
find an effective action which produces = regular black holes or compact
it? objects ought to arise as effective
: S ) solutions to the fully-quantum
® |Idea: us.e the Prn.mp e of least action as dynamics dictated by a quantum
a selection principle: . .
- ) effective action
which proposed alternatives to
classical black holes can potentially | ) h
come from Quantum Gravity? (at gast I8 PRIOSCE e quan.tum .
gravity are supposed to reconcile with
a QFT/EFT of gravity in the infrared)
State-of-the-art: effective action not known yet, alternative methods are currently employed 17
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Top-down+bottom-up 1: models under the test of action principle

Reversing the logic: If QG is to be the key to singularity
resolution
® Given a modified solution to GR, can |
find an effective action which produces = regular black holes or compact
it? objects ought to arise as effective

solutions to the fully-quantum
dynamics dictated by a quantum
effective action

® |dea: use the principle of least action as
a selection principle:
which proposed alternatives to
classical black holes can potentially
come from Quantum Gravity?

Focus on the asymptotic limit:

- Results/constraints apply to many proposed
alternatives to classical black holes

- Universal QFT lanquage, for any theory of
guantum gravity (also discrete ones).

State-of-the-art: effective action not known yet, 18
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Modified black holes from gravitational effective actions?

[Knorr, AP 22]
Consider modified (static, spherically symmetric) black-hole spacetime:
. -1 .
gy = diag (= fut (r), for' (r),7%,7° sin )

with lapse functions admitting an asymptotic expansion:

QG M C QGI-'M
N n t’ frr(T)Nl— N +Cf‘

T Tni T .rn,.

fie(r) ~ 1 —

Task: understand whether it can be generated by a quantum effective action

1
167Gy |

/ d'x \/—_(][ . . éRfR(D)R + R, fri )R, + O(R?)

19
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Modified black holes from gravitational effective actions?

[Knorr, AP 22]
Consider modified (static, spherically symmetric) black-hole spacetime:
. -1 .
gy = diag (= fut (r), for' (r),7%,7° sin )

with lapse functions admitting an asymptotic expansion:

2GN M 2GN M
ftt(T) c = - T cri ) frT(T) ~1— - + C::
| ro | rm \ r } 7T

Task: understand whether it can be generated by a quantum effective action

1 . 1 ,
Lot =t [ 4075 B GRIMOOR + R, el DR, + O(RY
1()7TG;\; . 6 'L

20
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Modified black holes from gravitational eﬁectiveLactions?

[Knorr, AP “22]

Consider modified (static, spherically symmetric) black-hole spacetime:
= diag (—fu(7), frr' (r),r*, 7% sin @
guv = diag (= fue (r), frr (7), 7%, 7% sin

with lapse functions admitting an asymptotic expansion:

2Gn M 2Gn M
ftt(T) el GA o frr('r) ~1— GA + s

— +
l r_J ] \ A

Task: understand whether it can be generated by a quantum effective action

Feﬂ" d Ty — T _R)(h’ R 5 Ruufﬁ’,icf([l)RH; 1 O(,R’j)
1()er, '

Are quantum effective corrections to the classical
action compatible with modifications to

Schwarzschild? 5
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Modified black holes from gravitational eﬁectiveLactions?

[Knorr, AP 22]
Lapse functions admitting an asymptotic expansion:

ftt(T)Nl—zGNM-I-C; fTT(T)Nl—ZG'NM-I-C:‘
\ I al \ T

Ansatz:
1 ) 1 .
Lo = /d*;z: vV —g —RfR(D) R+ R"M)"M(D)R”I + O(’R'j)
IGWGN . l 6 /

Field equations from the action principle:

oTar _ 0Tcw , 0w  0Tws
D W8y OOy Oy

(procedure: compute each contribution to field
equations, replace the modified metric above, and
check conditions for it to be a solution)

22
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Modified black holes from gravitational eﬁectiveLactions?

[Knorr, AP 22]
Lapse functions admitting an asymptotic expansion:
2GNM C ZG_NM Cp
fa(r) ~1— Ly frr(r) ~1— i
\ r ] \r J | r |\ r | oTg oTcr Olm  OTps
=—+ +——+---=0
O 3G O O
Ansatz:
1 , 1 .
g = /d*;z: V=9 —Rfr(CDR+ R, fri-(C)R", + O(’R'j)
IGWGN . l 6 .

23
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Modified black holes from gravitational effective actions?

[Knorr, AP 22]
Lapse functions admitting an asymptotic expansion:
2GNM Cy ZG_NM Cp — =
ftt ('{') ~ 1 — - nt f'r"r (T) ~ 1 — £t — n ny ny
\ el | N ST OTen  6Tke  9Tm
O - 3G b O s O =il
Ansatz:
1 , 1 .
Fer = / d' /=g “Rfr(O)R+ R, fri ) R", + O(R?)
IGWGN . l 6 :

24
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Modified black holes from gravitational effective actions?

[Knorr, AP “22]

Lapse functions admitting an asymptotic expansion:

2GNM ¢ 2G N M _
fur(r) m1— =2 — 4 = PO o RO e n=n,=mn
l P } \’rm] r T - :
l } \ } ol eff ol GR ol R2 ol R3
=B R R =0
5.(1';!:/ 5_(}“,,, 5.(1';1:/ h.qu.u

Ansatz:

1 , 1 .
re o 1.-1:7_ _ _} R R;i RV O R'S
" lrmGN,/( ?”[@H a L T j

or c o p
GH (n—1)r ) 0T s

0g, ~ 167Gy 5 ~br 8
Gpv

It can possibly work if:
- n=6, specific coefficients;
OT stelte e - Higher-order contributions
dGuw cancel Stelle terms;
- Also sub-leading cancel out
It cannot cancel EH terms
25
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Modified black holes from gravitational effective actions?

[Knorr, AP “22]

Lapse functions admitting an asymptotic expansion:

2GNM C ZG_NM Cp n=n.—n
fu(r) ~1— i frr(r) ~1— e ’ ¢
\ r | r J | r |\ r | oTg oTcr Olm  OTps
(S.(l'm/ B 5_(}“,,, * 5.(1';1:/ " 6.%”1 N NG
Ansatz:
r o= l /\df’l;??- r‘_(] i}?‘ Q R = R}i ﬁ RV = O(RS)
¢ 167Gy . ' l 6 ’ &
Local terms only = fine
0l ar c P tuning of operators, works
~ (n—1)r . o BT
6g,, 167Gy for specific powers n only R o bp-t
dgu
Constraint on n: It can possibly work if:
n26 & n#7 - n=6, specific coefficients;
OT stelte e - Higher-order contributions
dGuw cancel Stelle terms;
- Also sub-leading cancel out
It cannot cancel EH terms
26
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Modified black holes from gravitational effective actions?

[Knorr, AP 22]
Lapse functions admitting an asymptotic expansion:
2GNM C ZG_\TM Cy = =
ftt (7') ~ 1 — " }-|—l -y J f'rr (T) ~ 1 — ;, £t - n ny ng
\ | J ") T _olan e  Olw

8w OGw  OGw  OGuw

Ansatz:

1 ) 1 _
re — 1"1: c A — o R RH RY O R,S
"= o | m[@ gila it L2 i, o j

Local terms only = fine

ol ar c, ( 1) P tuning of operators, works ;
~ n—Ll)r - I'ps
g, 167Gy for specific powers n only LSRR S
— Gy
poN
(4 . .
e L0 |t can possibly work if:
o e - n=6, specific coefficients;
Stelle . —n—4 d - Higher-order contributions
59#!/ Example Simpson-Visser wormhole cancel Stelle terms;
It cannot cancel EH terms e j:{i; e Mi_GN N 4(,',.:-‘31f,- - Also sub-leading cancel out
27
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Modified black holes from gravitational eﬁectiveLactions?

[Knorr, AP “22]

Lapse functions admitting an asymptotic expansion:

2(;ALAJ Cy ZC;AEAI Cp — =
ftt ('{') ~ 1 — - nt f'r"r (T) ~ 1 — £t — n ny ny
\ el | N ST | OTan ) 6Tk L 0w
Ansatz: P T T P
1 ) 1 - » -
Mt = g | 42V [@ GFICDR+ B, fno DR - OF)
TGN .
5T Non-local ansatz that can cancel GR terms:
e~ Toray MU g
v ™ . .
I N RO)=5%F, fre() =75
or
fr —~ C_r—2—n
09
5?}0,'{ = derfn
i 29
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Modified black holes from gravitational effective actions?

[Knorr, AP “22]

Lapse functions admitting an asymptotic expansion:

ftt(T)N1—2GNM+C; fTT(T)Nl—ZG'NMq-C; n="n, ="
\ r | ] | ™)

Ansatz: Important implication:
1 4 1 . i o 3
Ieg = T / d*zv/—g [@ ERJ[R(D) R+ R*, fri.(O)R Lk O(R") Aside from specific

’ values of n, modified
black holes with metrics
admitting the

Non-local ansatz that can cancel GR terms: asymptotic expansion

dlgr Cr (n—1)r 2" above (case

e frRO) =&, fre(l) = % igiﬁffiiiﬂﬂﬂi large
distance non-localities.

Examples: Hayward and
Bardeen;
ol fp,. i Exception: Dymnikova;

30
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Modified black holes from gravitational effective actions?

[Knorr, AP “22]

Lapse functions admitting an asymptotic expansion:

ftt(T)N1—2GNM+C; fTT(T)Nl—ZG'NMq-C; n="n, ="
\ r | ] | ™)

Ansatz: Important implication:
1 4 1 . i o 3
Ieg = T / d*zv/—g [@ ERJ[R(D) R+ R*, fri.(O)R Lk O(R") Aside from specific

’ values of n, modified

black holes with metrics

admitting the

Non-local ansatz that can cancel GR terms: asymptotic expansion

N (n—1)r 2" above (case

6g,,  16mGn fR(D) — % : fRz'c(D) — % asymp.totically ﬂat
spacetime) require laIge

distance non-localities.

5FGR Cp

Examples: Hayward and
Are such infrared non-localities Bardeen;

Iy i consistent? Exception: Dymnikova;
OGyu 31
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Top-down+bottom-up 2: non-localities in the QG effective actions

Remember: higher-derivative part

Different QG theories will yield different form factors. Examples: of effective action

"\‘
CH(-0) _ q Lup o RF(O)R + R, F»(0Q)R*
Non-local gravity [Buoninfante, Koshelev, Mazumdar, Modesto, Tokareva, ...]: ]:1 oxX T +Ryvpe F3(O) R 4 O(h’y’)
1
Spin foams [Borissova, Dittrich]: f‘; X ———
a + bl] 00
> E(D) e E Ci,nD_“
Asymptotic-safety models [Draper, knor, Ripken, Saueressig]: F: x ta.l'lh(()JD) e — o0
Causal dynamical triangulations [Knorr, Saueressig]: F, x D_2
Polyakov-type operators in some string models [Polyakov]: .7:,‘ X |:|—1
1 -

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 Can make popular regular black-hole models compatible with a principle of least action

[Knorr, AP 22] 39
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Top-down+bottom-up 2: non-localities in the QG effective actions

Different QG theories will yield different form factors. Examples:

. (&
Non-local gravity [Buoninfante, Koshelev, Mazumdar, Modesto, Tokareva, ..]. ]:1 ¢

Remember: higher-derivative part
of effective action

H(-1) _ 1 Lyp x RF(O)R + R, F>(0)R™

t ll};uf(m’ﬁi( D ) l"””“.w + CJ( [!’3)

[
1
Spin foams [Borissova, Dittrich]: f‘; X ———
a + b
Asymptotic-safety models [Draper, knor, Ripken, Saueressig]: F: ta.l'lh(()JD)
Causal dynamical triangulations [Knorr, Saueressig]: F, x D_2
Polyakov-type operators in some string models [Polyakov]: ]:,j o |:|—1

Are infrared non-localities
consistent?

A non-trivial test: BH entropy

Pheno models: focus on IR non-localities

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

with observations

e Can make popular regular black-hole models compatible with a principle of least action

[Knorr, AP 22]

Pirsa: 24020091
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BIaCk hOIe entl‘Opy from IR non-localltles[AP Redondo-Yuste, ‘23]

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

. 0L 2 Lyp x RFA(O)R + R, F(O)R™
;= —9 - /.2 HD C 1 sl 2 ‘
SH (s /E ((SRNVPU E;n‘/fprfd‘/z “'11),”,,,‘-..F_-g(u}HIW’M + O ],‘{)

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

e Analytic part of form factor within the annulus of convergence:

o0

FO)= > .0

n=—0oQ

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

"4 —2n
S — E(l + Z(I” Ty )

n=>0

e 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

34
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BIaCk hOIe entropy from IR non-localltles[AP Redondo-Yuste, ‘23]

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

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

.}(H('r) b 1——%—7? f,.r(r) ~ 1___1_4_.i

Focus on IR non-localities:
)\r

— - ] s NI ») A il
F(O) =Y 07" il el o)
1 _'_hm/pnf-f%(u)h —I—(-/J(-h )

n=

= Corresponding dimensionless Wald entropy contributions:

Ri(fus frr)

-

~(n) . 1 1 frr 1 )
SW = Thg}{ (2C1,n ﬁfﬁ + CZ,nﬁR2 - 4Cs,nE ﬁR3) R;

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

Ry prR 2
RV —y°9(y)
O o(r) = [ /: dx dng T Tu(@) 0

with R,, R,

boundary

conditions
35
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[AP, Redondo-Yuste, ‘23]

Lapse function, simple case: Remember:
N
Ts A ]:;(D == & HD_H
fa‘t:f-rrzl__+7 ) ZI ’
1 T "

The event horizon, when it exists, is located at:

a —ev
Ty o (1 + m) Ts a = (Of + 1)’('5 *A

= study entropy dependence on a, o, form-factor coefficients

36
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_ S [AP, Redondo-Yuste, 23]
300| S — _ _
[ €11 = €21 = €311 L @ =10 Lapse function, simple case: Remember:
; L :.\."
250 o
; s A F:(O) = cipd ™"
| | ftt — f-rr ~]——+4 i ! ; e
200 r | or -
?Uﬁ 150} The event horizon, when it exists, is located at:
100, e (l+—————)r, a=(a+1)r;%A
i (a—1)a-—1 s
20|
o = study entropy dependence on a, o, form-factor coefficients
() L :\. L L 1 L 1 L L
0.6 0.8 1.0 1.2 14 1.6 1.8 _ _
300 ' '
f'/'!',. L _ e _ a=06]]
“ | 1 =¢1=c31=1
25071 1
200} ]
?C'lf 150 1
F a=001 |
100+ ]
\ — a=0.001 |
501 ]
0t : .
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o L S S B e e B T [AP, Redondo-Yuste, ‘23]
300 U —
[ Cl1 = €21 =¢C31 = L @ =10 Lapse function, simple case: Remember:
; L :."\."
250 :
| s A FO =3 c,O0
;  fa=fem1-24 L ®=>,
200 r ~
@

150 The event horizon, when it exists, is located at:

a —ev
T (1 + m) Ts a= (Of + ].)T'S *A

= study entropy dependence on a, o, form-factor coefficients

100!

50|

() L 1 L L 1 L 1 A A
0.6 0.8 1.0 12 1.4 1.6 1.8 _ _
300 ' ' L | ' -
-y sy
/7 j cii=cy1=c31 =1 1129
2501
The first contribution to the entropy diverges I’
anytime an event horizon exists. 200!
Ty rab b
Note: UI) 120
- Divergence of the first contribution = - ¢=001 3
divergence of all of the others [ o
— a=\0.
The result is independent of: 50 p
- The parameters one puts in iF
- Whether the lapse functions coincide e S 95
- Initial conditions r/r 38
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[AP, Redondo-Yuste, ‘23]

Possible cancellations of divergences is non-trivial.

Case of charged black holes (0=2, analytical formulas computed)

fr 1 sign(ca 1) X 00, 2.1 > Cait(Q/2M) 31,
)

~(n) . 1 1 (1) =
Sw = lim (201,,1—nR1 + Cz‘n—nRQ — 403,,1——nR3) s — )
TTH O O fu U X 00, 21 < Cerit(@/2M) 31,

1.80}
1.78

1.76

Cerit

1.74} :
1.72

1.70}

168;l 1 L 1 1 1 1 L 1 1 1 L 1L VI 1 1 L Il 1 L 1 L L L :
0.0 0.1 0.2 0.3 0.4 0.5

Q/2M
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[AP, Redondo-Yuste, ‘23]

Possible cancellations of divergences is non-trivial.

Case of charged black holes (0=2, analytical formulas computed)

= 1 1 | ~ sign(co1) X 00, 21 > Corit (@ /2M ) 31,
5 = lim (ch,n—an + can— Ry —4c3,nf——n;:gg) g _ Jsie (e21) , 1> Cait(@/2M) ez,
el - L fu O —sign(eg ) X 00, 21 < Cait(Q/2M) c31,
— - T - 1)  Consistency of black hole entropy
1.80} : . | o
- disfavors infrared non-localities
1.78 C
2) Black hole models requiring infrared
1 76 non-localities are likely ruled out
5 174f '
172
1.70}
1 68 ; L 1 L (i FE— 1 L 1 1 1 L L FI— | I 1 I 1 L 1 L i :
0.0 0.1 0.2 0.3 04 0.5

Q/2M
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Summary and Conclusions

e QG community (top-down):

New Physics / New Principles

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

Symmetries

e Pheno community (bottom-up):

Non-Perturbalivity

Spacetime solutions: model building
e Top-down + bottom-up:

Fundamental tests for pheno models
Non-trivial constraints for fundamental theories

e Focus of the talk: black holes. Results: - \; -
o Stationary-action principle = rule out models o N\ ;

Model consistency = quantum gravity constraints ST
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