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A brief history...

N. Dadhich, R. Maartens, P. Papadopoulos and V. Rezania, Phys. Lett. B 487, 1 (2000 ).
RS effective 4D Einstein equations admit tidal-charged black hole solutions

R. Casadio and B. Harms, Int. J. Mod. Phys.A 17,4635 (2002 ).

tidal charged micro-black holes may be longdived >>1 sec)

S. Giddings and M. Mangano, Phys. Rev.D 78, 035009 (2008 )

micro-black holes at LHC are no threat

J.R. Ellis, G. Giudice, M.L. Mangano, |. Tkachev, U. Wiedemann, J. Phys. G 78, 115004 (2008 )
LHC is safe |

R. Plaga, arXiv:0808.1415:
micro-black holes from 12 (ot considered in 34 )can cause catastrophe at LHC !

R.Casadio, S. Fabi, B. Harms, and O. Micu, JHEP 1002:079, 2010:

micro-black holes from 12 at the LHC are not bad
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Brane-world black hole basics: Existence

Four dimensions:

M
Horizon radius: Rg ~ 172 N = Black Hole mass
tVip
Mp = Planck mass
1
Compton length: B ~

“Classicality” condition: RS > RC — A > ﬂfp ~ 1{]1” GeV

Extra dimensions:

..?‘l _fr s —~ J_ T-{_‘K-’T

Black Holes can exist with mass: A/ > 1 TeV
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Brane-world black holes production

E1 = M + K,

Eo = M3 + Ko
Black hole forms if:

Ev+E, M

b < — 2 a2
M(S} M(S)

~ Ry

4D Cross section: )
O'(El. Eg) ~ TFRE{

Numerically supported: H. Yoshino et al., Phys. Rev. D 71 (2005) 104028

Numerical coefficients are model dependent!

Octavian Micu (TU Dortmund)



Brane-world black holes. Evaporation

« Hawking evaporation d N

ar =A@ Z / D(py 7Dy @™t dew

> Grey body factors wmp T (W)

(D)
1-T W
x_ x> Horizon area == A p
A 27 (
T > # of available particles == 7 (w)
0)

 Areain 4 or D dimensions?
* Grey body factors?
« Canonical occupation # of particles?

1 3 1 P
efw £ 1 STy At

o (8) ()
n.(D)(w} =
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Brane-world black holes. Evaporation

e (Canonical ensemble:

1
n (w) = M,
eMZ T 41
Peak production at:
( (astrophysical BH)
N M? <
T M
~ M (micro BH)

\

b Almost instantaneous decay by emision of a
small number of particles!

n(w > M) >0 » Cutoff the integral at w=M/2, or use the
microcanonical # of particles!
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Brane-world black holes. Evaporation

* Microcanonical # of particles.
R. Casadio and B. Harms, Phys. Rev. D 58, 044014 (1998).

[[M/w]]
nlw) =B exp { _
@) nz::l bo My to My

> SE=Euclidean BH action

> B — deviations from area law
M?

M >> TH ™ —p 0.008

M L Microcanonical
\

Canonical

0.006 |

dM  ge My
dr 9607 £, M?

> Hawking law oo

0.002}

> B- determined using the large M limit!
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Brane-world black holes. Accretion

e Subatomic accretion  Bondi accretion
IM > Black hole at rest absorbs nuclei with
@l - , RQ thermal velocity smaller than escape
1t — TUpP Legr velocity
at acc
> Effective if
> U =Black hole velocity R ~1A
> 2 =Medium average density
> Reﬁ=Rffective radius gravitaty > Much more efficient!

overcomes EM force
Please not on Earth!

> Black hole sweeps through matter and
absorbs nuclei within capture radius
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Brane-world black holes. Accretion

 Newtonian capture radius

N 1+ A

[ N

F, Q= — G e

T:_/)F‘ r—b—d T TT—

Maximise Frvm = Fo in d at fixed b

|

R = EM capture radius (> Rpy)
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Brane-world black holes. Time evolution

« Time evolution: subatomic accretion + evaporation

(dM  dM dM
{

dp  p dM
. dt M di ovap

« Check that we are not within Bondi accretion regime!
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Brane world basics

L. Randall and R. Sundrum, Phys. Rev. Lett. 83, 4690 (1999)
N. Dadhich, R. Maartens, P. Papadopoulos and V. Rezania, Phys. Lett. B 487, 1 (2000)

e RS Metric:

2 —|yl/€

ds® = e G dxt dz” + dy?

Vary fundamental gravity scale! M} (5) ~ H_j\_..jg

M (5) ~ M ew == 1TeV

Newton law modifications in the range

5D Einstein equations roject on the brane 4D effective metric
g = proj =

Tidal-charged black holes J other @trics

ds? = —Adt* + A~ dr* + (dé’z + sin(#)? d@'ﬁz)

20, M fugﬁgé

—d5m 3
ﬂ[? ﬂ[()TE

R RN RN RN
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Brane-world black hole metrics
R. Casadio, S. Fabi, B. Harms, O. Micu, JHEP 1002:097, 2010. arXiv: 0911.1884.
R. Casadio, B. Harms, O. Micu, arXiv: 1003.2572.

20, M Mg 02

My r 4 ﬂ.[éa) 72

Tidal black holes: | 4 — 1 —

tidal charge parametrization

J\ [p > (8 ( J\ [ ) 5
4= ( . _ G >0

Restrictions on the parameters:

> correct limiting cases,
> tidal term >> ysual GR term

> black holes are 5 dimensional (the horizon radius is smaller than the length
scale at which corrections to Newton's law have not been detected)

> condition of classicality.
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Tidal charged black holes time evolution

FIG. 3: Mass (in TeV/c?) and momentum (in TeV /c) for
L=1pm, =05 a=—1.5 M(0) = 10TeV/c® and p(0) =

=)

Rapidly decaying solutions:
0<B<1 & 1.25<B
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FIG. 4: Mass (in TeV/c?) and momentum (in TeV/c) for
L =4M#Mpm, =125 a=-18 M(0) = 10TeV/c® and
p(0) = 5TeV /e.
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Tidal charged black holes time evolution

TABLE V: Time evolution of black hole mass with critical mass M. near upper bound for time equal to approximative age of

Timevolution for black holes which are trapped within the Earth.

L(um) | o [M (TEVI”ICE) dM/dt|s=o| M (ke) | Rey (m)| Ry (m)
14 -L44) 2-10% | 28-1072 (4010781310790 1077
50 -L50) 410 | 11-107{19-107"|65-107|20- 107

LO-107H 150 1107 | 13-107% |53 107" 1710718 107%

10-107%)-167) “1-10* [45-107*|24-107% |81 10727 1077

the Universe and § = 1.1. Initial conditions are; M(0) = 11 TeV/c* and p(0) = 0.0001 TeV/c.

v

v

Momentum is kept small enough so that the velocity is smaller than the escape velocity.

Maximum atainable mass is obtained when parameters have such values that M _is near
its maximum allowed value M{}.

The mass evolution is evaluated for 10'® s (a time equal to the present age of the
universe from BH creation into the future).

Maximum mass after that time is ~10™"° kg and horizon radius ~10*°m.
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Conclusions

Artistic view of a BH in the LHC detector, from
Discovery news article ,Man made (but very
tiny) black holes possible!” based on:

R. Casadio, S. Fabi, B. Harms, O. Micu;
JHEP 1002:097, 2010.

Tidal charged BHs @ the LHC are
possible in the RS scenario.

BHs can decay instantly or be long
lived and can escape from the
detectors as missing energy.

a) BHs with large initial momentum,
escape the Earth and accretion turns
off!

b) BHs with small enough momentum
be trapped in the Earth, mass still
insignificant within 10 years.

a) & b) => Doomsday will not happen
because of BHs created @ LHC!

One should take missing energy due
to BHs production into account when
analysing the LHC datal
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