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� What is a Brane World, what kind of Brane Worlds are suitable 
to generate mini black holes ( BH) and what to make them of?

� If the suitable Worlds are higher-dimensional then
what type of BH geometry one can expect to detect?

� Bulk BH vs Brane BH .

� Black stars induced by matter on a brane : exact
solutions.

Based on arXiv:1008.2705, PRD in print
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• Extra dimensions may be small, compact to stay invi sible  and with gravity
background ���� curvature of extra-dim space to be not essential (~  Kaluza-Klein program)

• On a torus: Fourier expansion ���� tower of massive KK states of gravitons. 
Massless gravity and matter is uniformly distribute d on cylinder = “ bulk ”,

• Alternatively, gravity on the bulk but matter on a brane = a hypersuface
at a point in extra dimensions filled by matter, co smological constant = brane tension
and  gravity induced from the brane
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Table-top experiments!

Gravity  - in 4 dim and    reduced from (4+n) dim

Planck scale transmutation due to large volume of e xtra dimensions

Size of extra dimensions

Modified Newton law n = 1

Black Hole metric? U(r) = 1+ 2 V(r) =
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Phys.Rev.Lett.101:011601,2008 D0 Collaboration

Search for Large Extra Dimensions via Single Photon  
plus Missing Energy Final States at sqrt(s) = 1.96 TeV KK scenario



Matter on the brane + gravity in the bulk:  large extra dim L.Randall and R.Sundrum (II)

Modified Newton law

“Finite volume of extra dimensions”
Brane tension vs Bulk cosmological constant
= flat brane but AdS bulk

1/k

Exp. 

Graviton is localized
around the brane!

Black Hole metric? U(r) = 1+ 2 V(r) =

bulkbulk

k > 0.004 eV



Synthesis of brane KK and RS

Vacuum of low energy supergravity

or torus

if

Nuclear size!

A large dimension L  <<  1/k

Sphere 

k > 0.004 eV



Static Black Holes in our 3+1 world

It gives the exact Newton law for gravitational pot ential

Schwarzschild (1916)

Black Hole when its mass 
inside its horizon (no-return surface)

Area gauge



Reissner-N”ordstrom (1916)

For particles/partons in collider experiments

No horizon in 3+1 !    No BH description for SM had rons
But  a large tidal charge may enlarge the horizon r adius

Tidal charge Q^2 < 0?   The signature of fifth dim.



Higher-dimensional Black Holes

Schwarzschild-Tangherlini

Only the objects with

can be considered as true classical black holes: M > 3-5 TeV?

Static BH

Evidently for any particles with masses

their horizon is less than the Plank scale

Therefore SM particles by no means can be considere d as classical BH, 
their apparent horizons can be only  treated in Qua ntum Gravity approach



Let’s introduce cylindrical coordinates

Does it exist a matter distribution which provides the interpolation 
of a section of S-T geometry at  z = 0 at intermedi ate distances to
asymptotical Reisner-N”ordstrom geometry? 

This conjecture has not yet been verified and prove d !

From bulk to brane

If the matter is located on a brane then the Sch.-Tan. metric is generated  by a 
point-like particle at r = 0 whereas we want to deal  with matter distribution on 
the brane to proceed to 3+1 dim world

Anyways the last “tidal” term will certainly dominat e over R-N one

even for n= 1 and for                                           it could trigger black hole formation



Bulk BH   vs.   Brane BH

Einstein 5 ���� SMS 4

Energy-momentum tensor

Einstein 5



Orbifold R-S II

Gaussian normal coordinates

Conformal Weyl tensor

brane

metric
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Israel-… matching conditions

traceless



SMS (Shiromizu-Maeda-Sasaki) equation

Brane is flat 

Gravity 
from the bulk



Solution ??

Where from is Q?   From 5 th dimension!

But this solution is accompanied by penetrating the  matter to the bulk!

A lack of exact solutions with matter localized on t he brane!?

< 0

Weyl component,
controls communication
to extra dimension !



• Thus BH creation may be a consequence of strong at short di stances
attainable in high energy experiments  if our space  is a three- brane
in an extra-dimensional space.

• Exact description of BH geometry is needed when matter is located 
on a brane but gravity propagates into extra space dimensions.

• What kind of solutions with horizons we seek for? Black stars!
Indeed the matter (quarks and gluons in LHC experim ents) must be
smoothly distributed without any strong singulariti es hidden under
horizon.

• Therefore one expects that in high energy collisions rather black stars are
formed with matter both inside and outside an event  horizon stuck to
our three-dim space. 



Orbifold = 









Critical    a !

singularity
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Conclusions
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Black hole generation: numerical simulation


