Cosmic censorship In
overcharging a charged black
hole with a charged particle

Yukawa Institute for

- . Y TP Theoretical Physics

THEORETICAL (Kyoto University)

Soichiro Isoyama

works with Norichika Sago and Takahiro Tanaka



‘A singularity (kills predictability of -
‘GR) cannot be seen from a distant
observer |

¥
. :
:
',/
/
' |

Todays toplc .- ._
[Cosmic censorshlpj

Today's problem and solution:
[Challenge a “counter example”




Overcharging a charged black hole

( V.Hubeny Phys. Rev. D66 024016 (2002))

Q. Can a radially falling charged particle “saturate”

the charge of a (4-dim) Reisner-Nordstrom (RN)
black hole and turn it to be a naked singularity ?

The RN black hole : M > ‘Q‘ ZA e
@ Absorption condition :

particle
Charge {
_ ‘ Rest mass U
Pass the horizon of the black hole
@) Ove-rcharglng Cor.1d|t|on : _‘ - y
The final RN spacetime says... black hole
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If all back reaction effects are negligible, the
near-exremal RN black hole can be
overcharged via charged particle absorption.

With a small parameter: | e < 1

Charged particle:| E := O(e), u := O(e), g := O(e)

A near extremal

= 2\ ).
RN black hole: M:=1+0(), Q:=1,

The excess of the extremality:
(QBr. +q) — (Mpn. + E) = O(€?)
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However:--:

Back reaction effects are negligible
with O(e?) ?
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Back reaction effects

Ignoring the back reaction effects on both the
particle’s motion and the system’s energy due to
the particle existence is not valid;

[e.g. the electromagnetic self-field : f,, ~ O(e) ]

@ Absorption @ Overcharging
condition : condition
(Particle’s motion): . (System’s total energy):

Fim:qVf~0@) i Efy:O(f) ~ O€)

The same scaling as the proposed process !



Back reaction effects

Back reaction effects on fuv ~ O(e)
system’s total energy .

= Particle’s self-field
energy (static)

@ Overcharging
condition
(System’s total energy):

= Energy loss via : ad ” ,
radiation (dynamical)) : Exyv - O(f7) ~ O(e”)




Questlon

With the precision of O((—: , the back reaction
effects make the total energy of the final RN

spacetime be always greater than its total charge ?
(The RN black hole can be saved from overcharged ?)

) ¢ (Q+g)—(M+E)=0(") >0

? (Q+q) — (M + E+Epack) <0
x O(r—:z)
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Assumption: Particle’s motion

There always exists a (radial) marginal orbit:
A separatrix between plunge and bounce orbits

Enjoys the (unstable) equilibrium configuration

Evaluate back reaction o
effects on the system’s TE C‘DEQUIIIbrIum

total energy - ?
@ Particle’s self-field Y

energy (static) @ Falling

Test particle :

2
u (g) = F(IE - VO]

@ Energy loss via
radiation (dynamical) or rr 1o r
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D

Equilibrium

Need to know the particle’s self-energy
but not need to single it out ...

= M + E+E..f



The double Reisner-Nordstrom solution

(V.S.Manko Phys. Rev. D76 124032 (2007) ) ( G.A.Alekseev and V.A. Belinski Phys. Rev. D76 021501 (2007) )

An axisymmetric static exact solution of Einstein-
Maxwell system : the equilibrium configuration
between a charged particle and a RN black hole

RN Black Hole: Charged particle: Separation:

(ma, ) (my, e1) /

P 2
H(p, z) 1

ds* = H(p, z)dt* — f(p, z)(dp* + dz*) —
Ar=D(p, z), Ay = A, = Ay =0,

= the total mass ; M1 + My
= the total charge : €1 + €>
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RN Black Hole: Charged patrticle: Separation:
(m2, e2) (my, e1) [

These five parameters must satisfy the following
balance condition to be an exact solution.

(“Electromagnetic repulsive force™ = “Gravitational attractive force”

e1ey = (my — y)(ma + )

y = y(e1, ez, my, my, I)

Constraint

©«q .
EtDtal =M1 +MmMH > €1+ 6

Always Total mass > Total charge
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Conclusion: ()

Thanks to the back reaction effects, the total
energy of the system is always greater than the
total charge at the equilibrium configuration

X M+E<Q+g
Mapping with accuracy of O(e?)
' €1 + € = Q +q

ttl_M+E+E591f

O Etotal > Q+q
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)

Radiation

Energy loss from the equilibrium
configuration to the horizon .

Y _E.sQ+g 7

total




Linear perturbation of the RN black hole

(e.g. Kodama and Ishibashi Prog. Theor. Phys 29 021501(2004) )

The emitted energy by electromagnetic 7
and gravitational radiation from the $
charged particle is well handled by
linear perturbation theory.

After decomposing perturbations
and together with

XoxKg ) [ LT
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Radiated energy to the infinity

Near-extremality of the RN black hole assures
the slow motion of the charged particle |¢ « 1

(%) = ?{E VO(r)] < Oe?)

Using the identity and integration by parts

el T(r)
X+ o O(€) X I (T.)etaT(r) iwT(r) — _S S)(a — )
l ~ 0(1) ~ O(e)

Radiation :
suppressed
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Conclusion: 2

The total energy of the final state can
never be reduced below the extremal
bound with precision of O(e?)

The final spacetime is still the RN black hole!


http://maru.bonyari.jp/texclip/texclip.php?s=%5Cbegin%7Balign*%7D%0AO%28%5Cepsilon%5E2%29%0A%5Cend%7Balign*%7D

Summary

Neglecting the back reaction effects, there exist the
particle’s orbits that make the RN black hole be
overcharged, which might be a “counter example” of

the cosmic censorship conjecture.

Back reaction effects on
system’s total energy

@ self-field’s energy
@ Radiation

@ Overcharging

condition :
The total energy of the

final spacetime

The total energy of the final spacetime Is
always greater than its total charge.



Q. Is the RN black hole
overcharged via charged
particle absorption ?

M, Q; M > 1|QJ)

A. No. The back reaction effects do
prevent the Reisner-Nordstrom

black hole from being overcharged,
and save the cosmic censorship.
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Thank You !

Soichiro Isoyama,
Norichika Sago and Takahiro Tanaka






Coordinate transformation
with limit p = +o90, Z = +o0

0?

Ay = D(p, z), ds* =H(p, z)dt* = f(p, 2)(dp* + dz*) — oo Z)d(pz

Polar
coordinate

Same as the metric and
the vector potential of
the RN geometry with
total mass: mq + m»

total charge: €1 + €»
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(M, Q)

Charged
particle

Coordinate (E, q)
singularity

Key point: Covariant quantities (Proper distance)
Double RN geometry

2 —o2
ds? = H(p, z)dt2 - f(p, z)(dp2 + dzz) _ H(f) 2 d¢2 —)p Ol = f ‘\/f(Z)dZ
’ —/

Particle + RN geometry

ds® = —g(r)dt* + g(r)~'dr* + dQy,, = 5L = f B ( q(r) )_1 dr

To
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Back reaction effects

Conditions: M > p ~ O(e), Q > g ~ O(e))

Self flelds can be treated as the small
perturbations on the background geometry.

gpv — €h pv[gRN €h] — GT‘Eirticle

yv — F + I€ fyv VP yv + efyv) — ¢ Partlcle

Back ground: Self fields of a

RN black hole charged particle e X1
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Violation of cosmic censorship

Q. Can the spin / charge of a (4-dim)

black hole be “saturated” by throwing
a particle into the black hole ?

No for an extremal Kerr-Newman black hole
’ [e.g. Wald (1974) ]

Yes? ° Overspinning / overcharging a near-
* extremal black hole (Today’s topic)

[ Hod (2002); Jacobson and Sotiriou (2009); Saa and Santarelli (2011) ]



The double RN solution is uniquely mapped to
the charged particle + the RN black hole system
in equilibrium with precision up to O((_;z)

Black Hole:

(12, €2) |Mapping |
Charged

Charged
particle

particle:
(my, e1) #

Separation:]

I (E, 9)

The double The charged particle +
RN solution the RN black hole
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