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Dc—ncorming black holes and ultracoml:)act

objects from the outside and from the

inside

Carlos Barcelo
Instituto de Astrofisica de Andalucia

, Class. Quant. Grav. 42 (2025) 7, 075020
PhD Thesis Gerardo Garcia-Moreno; Coll. with Raul Carballo-Rubio and Luis JU. Garay

Black holes and their symmetries, Tours, June 2-4, 2025
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+ Some basics on black hole uniqueness

* Demcorming black holes from the outside and from the inside: the

axisgmmetric case

o (U ltracompact objects vs black holes
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ome basicson black hle uiquene
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Black holes are highlg sgmmetric

» There can be isolated stars and Planets with different shapes. In fact,
that is the case.

o Intuition tell us that to generate a Montaigne of a Va”eg 's more difficult

for objects with ,’:)igger surface gravities: x = GM/R?

2GM

* In General Relativitg a special limit occurs when compactness -
c*R

— ]

o All theoretical evidence Points to a non-hair result for black holes
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' Black holes are highlg special

« Isolated black holes are characterised 393 on|9 2 numbers (Mass and

angular momentum; 3 it theg were chargecb

* As oPPosecl to their Progenitors) Black holes comes in on|9 one shape.

o Chandrasekhar: “The black holes of nature are the most Pemcect

macroscolz)ic objects there are in the universe: the onlg elements in their

construction are our concepts of space and time.”
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Why is that so?

o The simplcst situation in which one can start unclerstanding what is going

on is the static case.

» There we have the first uniqueness result due to Werner Israel 1 967.

< Looselg speaking: the on|9 static geometrg rePresentinga black hole

(1.e. with a regular horizon) N an asgmptotica”g flat sl:)acetime s the

Schwarzschild geometry.
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IS rael t’h CO rem W. Israel, Phys. Rev. 164, 1776 (1967)
L~
The set of geometries that are: §

* a) Static

ds? = — V*(x)dt* + gl-j(x)dxidxj

* b) Vacuum

*C) Asgmptotica”g flat I\\

« d) With spheroiclal equipotential surfaces, labelled ]:)9 e € (07,1)

vc) With a regular horizon (non~clivergent Kretschmarm)

oD The area of the equipotential surfaces taldnga finite limit as e — 0F
contains a single member: the Schwarzschild geometrg
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| Why is that 507

* By lookingjus‘c at its enunciation, one would not know what is the reason
for what

o There is a mixture of global and local issues at stake. E.g. regularitg of
the horizon (); vacuum (g)

« In addition it is not clear the role P!agecl f:)ﬂ assumptions like (d) or (P
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sracl theorem as a shooting

o One can devise ditferent forms for the local geometry of a regular horizon
o In fact, it would be Possible even to have black holes with ar]bitrarg topologies

o The Problem comes when integrating Einstein cquations outwards assuming vacuum

cquations. Oﬂ|9 the Purelg 5P|1€rica| horizon case matches with a well defined

asgmptotica”y flat regjon.

o If the integration where made with arbitrarg matter contents, then e\/erything would

be Possiblc
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Detormin g from the outsi

and from the inside: the

/ /

axisymmetric case
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| Axisymmetry
Analgsing the simpler situation of axisymmetry Provicles much claritg
| ds* = — e*Vdt* + e72Y [ezv (dr2 - dzz) +- rzdgoz]

with Ulr.z), Vir.z) satis@ing

B g e

s S CE

ViU =0 Associated Laplace Problem

0,V =r|0,U)* - (0,U)]

Bach,Wegl,

| l
Mathematische Zeitschrift SOl\/aJDIC ‘39 C]UaClratU 'c
13 (1922) 134; Gen Relativ an — ZF@I,UaZU

Gravit 44 (2012) 817
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i Single objects with a Putative horizon
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A Putati\/e horizon appears when Ulr,z) > — o© somewhere

Given the Laplacian equation, we know that this can onlg happen for:

» For a delta Point source

o For a delta ring source

 lora dclta rod source

Geroch & Hartle, J. Math. Phgs. 23, 680 (1982)
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’ Deicorminga BH from inside

The onlg real black hole is the rod one, e the Schwarzschild black hole.

i Ll e

Now, the onlg Possible deformation of a Schwarzschild black hole is:

U= f(r)logr+o (log r) with J(2) = 24(2)

bl o 3 g PPN AR L b ANt i

% 12(fz) = D flin)” 8f(z)” [3f(z)210g2(r) — 3f(2)log?(r) + log*(r) + 2 log(r) + 2]

= > + : + finite terms
r &

g Il T P I ANIEINS il - <L S

It Is divergent unless g7y =] Thus) one cannot deform from inside!
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Deformin ga bH from outside
« Realistic black holes would not be isolated. tneg will be surrounded bﬂ matter

* GUFleCCl( Sl"lOWCCl d non~nair f’CSUlt ]COT' J[fl"'llﬁ CadC [PRDI0 2210+ O FRE st 502 (20ls

* Result: to the asgmptotic multipolar structure of a space’time containing black

r’1o|6:5, the black holes contribute as if the were isolated Schwarzschild black

hol
1OICS.

o Inthis way, even tnougn tneg are distorted bg surrouncling matter tneg do

not acquire proper hair

o We have given a ditterent version of this result




an— IR M s TS gy,

Deformin ga bH from outside
The presence of external sources add a new analgtic Piece to the

Potential. This Piece 1S alwags finite at the horizon.

U(ra Z) = Usch(ra Z) S UDist(ra Z)

Theorem: Given a rcgular gravitational environment, there exists onlg one

static, axisymmetric and asymptotica”g flat geometry containing a black

hole which is non~singu|ar. Moreover, the horizon of the black hole will

del:)art from splﬂcrical sgmmetrg (the shapc when the environment is

trivial) it o unique and SPeciﬁc manner that is completely dictated by the

environment.
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Regular gravitational environment

ggya) = dezdr r &ZUVZU = ()

Ulst

Ring out-plane
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lackholes vs ultracom pact o
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Ultracompact O!Z)JCCJCS

Definition: Oojects whose innermost eqwl:)otentlal surface ,

(outsicle thc—: objec’c ltselﬁ has a very sma” value e <1

» Point-like source

< Ring~|i|<<—: source

* Rod-like source




e R |
? i

§ Ultracompact objects with sub-Planckian curvatures

i

| mPosing that an ultracompact obiect does not exhibit Planckian curvatures
i,

; results in constraints on the amount of hair thcg can have

H < Hs

bl o 3 g PPN AR L b ANt i

5ub~P|anc|<ian~curvature ultracoml:)act objects need to be massive (with respect

SR s aiinite ey,

Planck mass) cand in the case of Schwarzschild d@cormations) very close to spherical.
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| Curzon-like co”apse and UC Objeds
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Conclusions and final remarks

+ We ha\/e clearecl up the clhqerence between clc—ncorming a black

hole from inside vs clemcorming from outside

+ Black holes react to external deformations but cannot be

deformed from inside without creating non~regu|ar horizons

> Ultracoml:)act objects ha\/e to be also quite lﬁairless. Flere there

1S NO sharp distinction between deformations from the outside

or from the inside.
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Thanks for your attention
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