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Outline

o Motivation
o Black holes in Asymptotic Safety
o Cosmic Censorship in Asymptotic Safety

e Conclusion

[¥]Based on: A. Bonanno, B.K,, A. Platania, e-Print: arXiv:1610.05299

Q

Benjamin Koch (PUC, Chile) Leiden, February 2017 2 /38



Motivation

FRGE solutions:
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[¥]M. Reuter, F. Saueressig, Phys.Rev. D65 (2002) 065016; probably also all people present here...

- What does this mean for physical systems?
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- What does this mean for physical systems?
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Black Holes
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Black Holes

Singularitiy

Black Holes
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Black Holes

Black holes in Asymptotic Safety:
Two approaches borrowed from QFT

@ Improving solutions (Uehling potential textbook QED)

@ Improving action and eom (gap equations in QFT)

Q
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Black Holes

Improving solutions:
Classical eom's

Guv + g\ =81Gk Tyy

Classical solution for ds? = f(r)dt? + f~1dr? + dQ (with Ay = 0)

_26kM
r

firy=1
Quantum improvement Gy with k # cte.

k= kir) = -

(r)
where d(r) physical cut-off like proper distance -

[¥] A. Bonanno, M. Reuter, Phys. Rev. D62, 043008 (2000)
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Black Holes

Improving solutions:-

1.0

05

fir)

0.0

e No Singularity
@ Stable remnant
o Similar for different scale setting,

extra dimensions, charge, or angular momentum but
[*] A. Bonanno, M. Reuter Phys.Rev. D62 (2000) 043008; figure from B.K,, F. Saueressig, Int.].Mod.Rhys. A29 (2014)-n0.8, 1430011
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Black Holes

Improving solutions:-
but if one considers

Ailuv = limyook®A* (4)
= the neglected term ~ Ay in lapse function
2GcM
fr) =1— """ 4 P (5)

can become divergent for r — 0-

)
1.0¢
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-1.0

[+] B.K,, F. Saueressig, Class.Quant.Grav. 31 (2014) 015006
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Black Holes

Gap equations:-
Effective Einstein-Hilbert action

ol = [ dnvE (Togt) ©)
eom 0gjy:
Guv = —8u/\k — Aty + 871Gk Ty (7)
with
Aty = Gk (gD — YV, Vo) le . (8)

scale setting 0k:px

[*¥] B.K,, P. Rioseco, C. Contreras Phys.Rev. D91 (2015) no.2, 025009
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Black Holes

Gap equations:
Complicated equations = no analytic BH solution
Trick: Impose Null Energy Condtion

VA" =0 (10)
Trick implies Schwarzschild ansatz gog = 1/g11 = f(r)

= generalized de Sitter solution, also Reissner Nordstrom, and BTZ:

G
Gl - er-tl an

2Go M,

2
flr) = 1+3GoMoe— —2"0 _ (14 6eGoMo)er — A"T’ +r2e2(6eGoMo + 1) In (M) 12
r r

Constants of integration: Go, Mg, N, €, ca
[¥] B.K,, P. Rioseco, Class.Quant.Grav. 33 (2016) 035002,

B.K. I. Reyes, A. Rincon, Class.Quant.Grav. 33 (2016) no.22, 225010.
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Black Holes

Gap equations:

1(r)
1.0

0.8
0.6
04

0.2

e Has sinqularity ...
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Black Holes

Fair to say:

Question of singularity is still open!
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Black Holes

Fair to say:
Question of singularity is still open!

What is the problem with such singularities?
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Black Hole Formation

Black Hole Formation
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Black Hole Formation

Remember classical BH

Black Holes
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Black Hole Formation

Remember classical BH

Singularitiy
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Black Hole Formation

Remember classical BH

Singularities C hip hypothesi
ensorship hypothests Black Holes

dressed singularity might not be the problem
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Black Hole Formation

Remember classical BH

Singularities C hip hypothesi
ensorship hypothests Black Holes

dressed singularity might not be the problem
=

study naked singularities (e.g. BH formation) @
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Black Hole Formation

Classical Kuroda-Papapetrou model

Black Hole formati
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Black Hole Formation

Classical Kuroda-Papapetrou model

Singularity

Benjamin Koch (PUC, Chile)

Black Hole formatiol

Leiden, February 2017

21 /38



Black Hole Formation

Classical Kuroda-Papapetrou model

| Censorship hypothesis
comes “late”

Singularity

Black Hole formatiof
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Black Hole Formation

Classical Kuroda-Papapetrou model

~0.1 00

Singularity Censorship “late”, AS

can help? Black Hole formatio
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Black Hole Formation

Classical Kuroda-Papapetrou model

Classical Vaidya metric

ds? = —f(r,v) - dv® + 2dvdr + r?dQ)?

with advanced ingoing null coordinate v.
Null geodesics:

dr 1 1 2Gom(v)
dv 2 '

r
flrv)=1— 7260:”(")
Mass inflow modeled by:
0 v<oO

mv)=49Av 0<v<v.

Benjamin Koch (PUC, Chile)
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Black Hole Formation

Classical Kuroda-Papapetrou model

Horizons:
@ High mass inflow

1

= Sinqularity at r = 0 always covered by an horizon

@ Low mass inflow )

16Go
= Singularity at r = 0 can be naked

A< A=

Can be seen in phase diagram:
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Black Hole Formation

Classical Kuroda-Papapetrou model

Phase diagram:

A> A A< A
0.0 / 0.0
Sinqularity covered Singularity naked @

blue apparent horizon, purple event horizon
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Black Hole Formation
AS improved Kuroda-Papapetrou model

Improved Vaidya metric

ds? = —fi(r, v) - dv? + 2dvdr + r’dQ? (19)
with 26, m(v)
fu(r,v)=1-— — (20)
Identify IR cut-off scale with scale imposed by infalling radiation
ko T~ pllt (21)
& : proportionality constant, p given from classical field equations (G, )
2
Thus,
fulrv) = 1— 220 with o = 5.0

r+ava \/4JTg*,
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Black Hole Formation
AS improved Kuroda-Papapetrou model

Note:f
o Improved lapse function f(r, v) is well defined in the limit r — 0

V167A , (24)

/imrﬂo fk(r, V) =1- Tp

e However singular curvatures in r — 0 e.q.
A
R=—%Yv L O(1/r3), K =% 1 o(1/3).
@ One might invent cut-off identification without singularity, but don't
want to do reverse engineering

o Like in all improving solutions schemes (24) does not solve eoms

[*] B. Bonanno, B.K., A. Platania, arXiv:1610.05299. @
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Black Hole Formation
AS improved Kuroda-Papapetrou model

From (24) apparent horizon shifted by the constant a v/A

2
an(v) =2m(v) Go — a VA = 2m(v) Gy — Gogj \/E, (25)

from rap > 0 and matching to improved Schwarzschild — minimum “time”
v of irradiation, necessary to actually form a black hole

& 1

r5=2)\\7G0—a\f)t20 = Vzvmin()t)EQg* Py
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Black Hole Formation
AS improved Kuroda-Papapetrou model

Null geodesics from

1 1 2Av Go

Fv)==z1———=] . 27
(v) =7 )+ avi (27)
Integrating (e.g. for A < ﬁ) gives implicit equation
— b
r(v) +aVA—pv| _ - 28)
|r(v) + a VA — ppv|#

with two linear solutions

re(v)=—aVi+pyv,
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Black Hole Formation
AS improved Kuroda-Papapetrou model

Phase diagram:

A> A 7 A< A
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Black Hole Formation
AS improved Kuroda-Papapetrou model

Phase diagram:
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blue apparent ho;izon, purple event horizon
Singularity always naked but how bad is it?
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Black Hole Formation
AS improved Kuroda-Papapetrou model

Nature of the sinqularity (how bad is it?)
Study geodesics as dynamical systemp

d
= N(r,v)
d
W = D(r, v)

, (30)

where t is a parameter and the functions N(r, v) and D(r, v) are defined
as

N(r,v)=2r D(r,v)=r—2M(r,v). (31)

Singularities are fixed points (e.g. r = 0 and M(0, v) = 0)
Expand near the singularity

d(rj(tt) = Drp (v — vFp) + Dip (r — rep)

{d‘é(tt) = Nep (v — vep) + Nip (r — rep)

[¥] M. D. Mkenyeleye, R. Goswami, and S. D. Maharaj, Phys. Rev. D 90, 064034 (2014).
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Black Hole Formation
AS improved Kuroda-Papapetrou model

Nature of the sinqularity classified by eigenvalues of the stability matrix
J of the system (32)

1
Xe =35 (TrJ /(T2 = 4detJ) , (33)

where
TrJ = Nep + Dfp = 1 — 2 Mpp (34)
det) = NepDfp — DppNip = 4 Mep. (35)

)
Q
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Black Hole Formation
AS improved Kuroda-Papapetrou model

Strength of the sinqularity is

= 7MFP XEP =

> 2

0. (36)

where XFP = /im(rlv)_)Fp@.
= singularity is integrable “harmless”.

Interesting:

@ S — 0 does not depend on cut-off identification as long as

lim,_>o Gk(r) = Iimk_,oo Gk =0

Benjamin Koch (PUC, Chile) Leiden, February 2017 34 /38



Summary

Summary
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Summary

e Quantum gravity and Asymptotic Safety
@ Black holes in AS: singularity unsure
@ Naked singularities e.g. Kuroda-Papapetrou model

@ AS improved Kuroda-Papapetrou model
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Summary

Take home messages:

@ Important test QG candidate

:ﬁ .Cf. Leatned VGVléh problematic solutions of
‘R fom..
‘, o In different attempts, the
sinqularity might go away or
persist

e Even if naked singularities
don’t go away in AS, at least

they become integrable
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Thank you

Thank you !
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