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Basics

\ counter-example Cosmic Censorship

» The cosmic censorship conjecture states that spacetime singularities
are hidden behind event horizons, making them invisible to all
observers in the external universe.

» |f a black hole were destroyed, then the singularity would no longer be
protected.

» Recently, Hubeny (Hubeny, 1999) proposed a black hole destruction
mechanism in which a test charge was dropped onto a near extremal
BH to create conditions where M < ().

» Hubeny's analysis was inconclusive due to neglect of the
electromagnetic self-force.

» We aim to examine how the inclusion of the full electromagnetic
self-force influences the outcome.
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Basics

5 neglecting the self-force justified?

» At first glance, the scalings

f - qu[ i f'jj_\[ N (1)2
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which imply .fBH V7

might lead one to conclude that the self-force effects are irrelevant.

» However, the second- order form of Hubeny's EOM reveal that at the
event horizon un ~ €2. Hence the self-force corrections, which are

ge 4/14

"'3186 of order €2, can not be neglected in a self-consistent anal{/&i%.




Overcharging within the test-particle approximation Motion

nfalling test-charges in Reissner-Nordstrom

» A particle of mass m and charge ¢ > m follows a radial path towards
a RN black hole having mass A and charge Q = M — 2¢* for small
positive €.

» The RN spacetime admits a timelike Killing vector t* = % that gives

rise to a conserved quantity Eg = —t“(mu, + qA,). Using this

quantity, we express the equations of motion ma® = qF“u” in first
order form
1 o
mit = ?(E[} —qQ/r).
mi = —v/ (Eg — qQ/r)2 — m2f.
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Overcharging within the test-particle appraximation Motion

nfalling test-charges in Reissner-Nordstrom

» A particle of mass m and charge ¢ > m follows a radial path towards
a RN black hole having mass M and charge Q = M — 2¢? for small
positive €.

» The RN spacetime admits a timelike Killing vector ¢ = % that gives

rise to a conserved quantity Eg = —t“(mu, + qA, ). Using this

quantity, we express the equations of motion ma® = ¢F%u” in first
order form
e ,
e ?(Eg —qQ/r).

mr = —\/(ED —qQ/r)2 —m?f.
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Overcharging within the test-particle approximation Hubeny's Scenario for Overcharging

)vercharging Conditions
» The overcharging conditions are
1. 2 >0, Yr>ry
2. Q+q> M+ E,

» By setting M =1, Q = 1 — 2¢?, Hubeny showed that the parameter
space for overcharging is the three-parameter family characterized by

g = ae a>1,
g )
Eo = ae — 2be” 1 <b<a,
m = ce€ c< va2 —b?,
004
o ™M
19002
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"he Field Equations

» The multipole decomposition of the electromagnetic field tensor takes

the form
fm
Frr _ Z (_ (I:_I.J )}*{i’ﬂ ‘
£m
Ft-_i _ Z (_ ([Jf;.m )}_im '
fm ’ '

» The scalar functions, ®; and ®2 evolve according to

€€+ 1)

9 29 4 ; 1 i
— )y ©o + 07Dy — f®o2 = —4Anfp,

r=
O Py = —dnr’jr + (0 + 1)Pa,

where

. . 2{ I. r."'l L ) - o
Ir = Z(q\ 4‘: ”R; 5(r — R[f]})} (m'
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Self-Force Analysis Field Equations

.omputing the Retarded Field

» We solve the scalar wave equation for ®5 using the fourth-order
numerical code developed by R. Haas (Haas, 2007).

» The field ®; is computed by integrating 9.®; = —47r2j, + ((f + 1)®>
using the method of lines, i.e.,

{
$; = ((f+1) / O (t': r*) dt’
J 0

EVENT HORIZON
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.omputing the Self-Field

» The regular self-field is calculated using mode-sum regularization:

RO D
F,r._;((ﬂ,.){_(f +1)A-B- ) *))

» The self-field contains contributions from the BH and the particle

(S]]

() g M
BH R % {
Fer = Fy; "‘Frr:_r_'z_ 3

i .

r

where i is a world line dependent, dimensionless quantity that must
be computed numerically.

» A generalized energy, E'(r), is computed from K (r) via

/
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Self-Force Analysis Self-Force

‘urning point due to the self-force

» Under the influence of the self-field, the particle evolves according to
the generalized radial equation

5 u—\/('E( r) — ij,;"f')2 - ”?Qf

horizon

horizon

urning point

he existence of a turning point at > . would prevent the particle from
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’rogress/ Checklist

1. Express the perturbed Maxwell Equations in a suitable form

2. Compute regularization parameters

3. Numerically solve the wave equation for ®-

4. Numerically solve for the self-field &, x F;, and compute A (r)

5. Compute E(r) by integrating /A (r) and investigate the existence of a
turning point.

6. Analyze results
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