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Outline

nd background information
er dimensional black hole analogues

rties of higher dimensional gravity-wave
analogues of black holes

= Greybody factors , Absorption cross section &
Power spectrum

= Summary & Open problem
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oNn: motivations for extra-
dimensions

em:
GUT scale << Planck scale E

2127 212: |
“ Why IS SO weak ?

® Existing Tev scale gravity models classified by:

- Space-time geometry: factorized (flat) (hep-
th/9803315) or warped (hep-ph/9905221)
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1.2 Framework of Brane-world theory (flat)

3+n spacelike dimensions and one for time

Electroweak and Strong forces confined to our
usual 3 spatial dimensions “3-brane”

Gravity propagates 1n all dimensions

Extra n dimensions submillimeter sized, but still
Cﬁlarge??
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lanck scale, N, Is only an effective energy
m the fundamental higher-dimensional
, through the following relation: N, N3 °ge
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A (4+n)-dimensional World

n M: (TeV) R (cm)
0 10"16

1 ~1

2 >1.6 <1

>3 Interesting <<l (undetectable)
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Observing a black hole

perature

...... R | _
Tou=in+1)/4mR 3 %’i T AR

= Black holes decay via Hawking radiation

= Those produced by particle accelerators: mini black holes
will decay into roughly 25 particles, mostly hadrons and
some leptons with energies of order 50~100GeV

= Large Hadron Collider (LHC): a black hole factory?
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ustic (sonic) black holes

Of acoustic black holes was first proposed by
WRes B (Phys. Rev. Lett. 46, 1351(1981))
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= Recent methods to simulate black holes have been
extended to :
, one-dimensional (1D) transonic flows,
dielectric, gravity waves, waveguide and
etc.
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ue"--a fluid
nstream
gravitational
chis governed by

black-hole-like equations.
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Phys. Rev. Focus, Oct.18 2006



http://focus.aps.org/stories/v18/st12/big-1.jpg
http://2008.sohu.com/20060807/n244651626.shtml

Questions

vior of black hole analogues if
do exist ?

= Can we probe extra dimensions by using black
hole analogues ?
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e following steps

xtend the metric of 4-dimensional
alogues to higher dimensions

= \We then find a real system of higher dimensional
black hole analogues can be realized by using
gravity waves, since only gravity can live in higher
dimensional space-time.
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3:2 Higher dimensional black hole analogues

= Since the of effective black hole analogues metric are

not described by the (i.e. Einstein equations) in
general, to extend the four dimensional effective metric we should
start with the equations of fluid dynamics in 4+n flat dimensions,

Aip + V - (p¥) = 0,

dv

oD = ployi+ (@ V)7 = F,
dt

where
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be linearized in the vicinity of some
ith

an equation describing the perturbative

Which is identified with a massless scalar field (Klein-Gordon )
equation in the curved space-time background.
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where i, |=1,2...n

In canonical coordinates

e S, ¢ S4leg | P

3
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ot’ > :
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nd time independent, the continuity
Indicates We can rewrite

6 _'
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3:3 Higher dimensional gravity wave black
holes: properties

1).The metric:

The propagation of the perturbation gravity waves yields the following equation [10],

1

00¢) = —
0 \/_—g

0u(v=99""0,0%9) =0,

with the effective metric
(11)

where vy is the background flow velocity of the liquid, ®q is the zeroth-order of the perturbation potential, § the
gravitational acceleration, and hy the height of the background fluid. We can easily extend the effective metric (11)
to higher dimensions by using the same methods used in section II, which goes as,

2 v 2 v . 2, .2
ds”* = —ggynho |1 - dre+|1- dr® + r*dQ, 1, (12)

914nhg Ga4nll

note: for “Gravity wave analogues of black holes ” see R. Schutzhold,
1/12007 W.G.Unruh, Phys. Rev.D,66 044019 (2002)




ravitational acceleration In
h

al fluids, the continuity , Indicates
, Where IS a normalization constant.

we may set

Thus, the metric can be rewritten as |,
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iIgher dimensional gravity-wave
holes with the 4-dimensional

of 4-dimensional gravity-wave black hole
anonical coordinates reads,

According to Ann. Phys.172, 304 (1986) P. C. Myers and M.
J. Perry, the horizon radius: : and the mass M that
generates the gravitation acceleration . and  should have
the following relations,
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>an be colder than its 4-dimensional
es

= Horizon radius: can be bigger than its 4-dimensional
correspondences
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S:4\Why gravity wave black holes?

= Since the Standard Model particles must to be located to

ordinary 4-dimensional spacetime, and extra dimensions
can only be probed through the gravitational force. The
continuity equation In higher dimensions should
only apply to gravity waves. e

So, a real system of higher
dimensional black hole
analogues can be realized by
using gravity

Waves.
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reybody factors ...

ctrum for boson fields

>

| )"* . eo,41

eu m MO fyq)rsU; *e2 )30l

where )" * is the greybody factor. To calculate the
greybody factor,

one should first obtain the absorption cross section, kB )" *k
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the decay modes which are not
ric, , by rewriting the metric of
lack hole analogues,

In the following form,

Where and we have set
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cross section formy 1in the bulk

g the Klein-Gordon equation approximately
. hear-horizon regions, and

, and match the solution across the
oundaries of the regions, one can then obtain the cross
section. The scalar equation is given by,
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4.2 Analytical results

B 12 If we fix the
0.02- angular

0018 momentum
] number

o.ma-f
] and vary only

the number of
extra dimensions,
the absorption
probability
decreases as n
Increases, since
the expansions

of kB ¥ isin
powers of "s / 2
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y 001
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Figurel, Analytical results for the absorption probability
for a (4+n)-dimensional bulk scalar field



Figure 2. Analytical results for the energy rates
for scalars from a (4+n)-dimensional black hole
in the bulk for
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The emission rate of
scalar fields in the
bulk is enhanced as
the number of extra
dimensions increases.
This is caused by the
Increase of the
temperature of black
hole analogues, which
finally overcome the
decreases In the value
of the greybody factor
and causes the
enhancement of the
emission rate with

at high energies.



alized scalar emission formu 1

detecting signals via the black hole

oration to brane-localized modes, one can
e determine the exact dimensions of spacetime.

= The radial equation,

3 \ \ 3 3 |
10 h 14ES 50,8 | e s I, 2
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Figure 3 Is to compare the results of the absorption probability
derived in the case of a scalar field with a
scalar field. For higher partial waves
( ), the value of the absorption probability in the case of a
scalar field is larger than the one for a

field, while for I=0 they are the same.
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Figure 4 demonstrates that if we keep fixed and
varying , the absorption probability decreases as
Increases.
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Figure 5 depicts the
behavior of the energy
emission rates for particles
with the angular number

in the low and
Intermediate energy
regime. The figure shows
that the energy and the
number of particles,
emitted per unit time and
energy interval is strongly
enhanced, as increases
since the temperature of
the black hole is given by
the relation



l'Open Problems

dimensional black hole analogues

s of higher dimensional gravity-wave black holes:
bigger, cooler..., if the gravitational acceleration is strong
enough.

--Greybody factors

® Scalar emission in the 4+n-dimensional bulk for mp 1

® Brane-localized emission for mp 1 , important in
experiments
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tion of higher dimensional black hole
more difficult than finding mini black
¢ , because the temperature is
he velocity of gravity-waves in fluids c is

U> 4o, 3% u 20°°L \d4lln>tfdA2nn >’
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