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Outline

 Introduction
Classical Production of Black-Holes
Extra Dimension and Strong Gravity
Black-Holes at the LHC
Black-Hole evolution

 Black-Hole Event Generators
BlackMax
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Bring mass closer than its 
Schwarzschild Radius, RS

 

,

and a black hole will form!

Production of Black Holes
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Strength of Gravity in Extra Dimension Models
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Production of Black Holes at the LHC
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Time Evolution of Black Holes
2. Balding phase

Class. emission of 
gravitational waves

3. Evaporation phase
Hawking radiation
Superradiance

4. Planck phase ?????

Pick what you like

1. Horizon formation

Kerr BH

??

??

??
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Effect of energy loss in formation and balding phase 

semi classical 

trapped surface cross section

n=7

n=2

hep-ph/0609055

single t ~ 250 pb

M*

 

=1 TeV
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Black Hole Generators 


 
TRUENOIR

 
(Dimopoulos

 
& Landsberg, hep-ph/0106295)



 

J=0 only; no energy loss; fixed T; no g.b.f.



 
CHARYBDIS

 
(Harris, Richardson & BW, hep-ph/0307305)



 

J=0 only; no energy loss; variable T; g.b.f. included



 
CATFISH

 
(Cavaglia

 
et al., hep-ph/0609001)



 

J=0 only; energy loss option; variable T; g.b.f. included

State of the art BH generators:


 
BlackMax

 
(Dai et al., arXiv:0711.3012)



 

J≠0; energy loss option; variable T; split & tension branes; g.b.f.



 
CHARYBDIS2

 
(Casals et al., in preparation)



 

J≠0; energy loss model; variable T; remnant options; g.b.f.

Slide from B. Webber
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Goals of BlackMax

Up-to-date theoretical calculations

All grey-body factors known to date

Rotating
 

black-holes

Graviton emission More in J. Frost’s talk
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

 
Evaluate systematics

 
associated with models

 key parameters can be changed:
BH formation 
BH evaporation
BH final burst

 Three extra dimension scenarios 
Flat branes

 
(ADD)

Branes
 

with tension
Split fermion

 
branes

Quantum black-holes
 P. Meade & L. Randall 
 arXiv:0708.3017 [hep-ph]

Goals of BlackMax
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leptons

mini bulk

quarks

extra dimension

leptons

mini bulk

quarks

extra dimension
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quantum black-holequantum black-hole
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How to steer BlackMax



 
parameter.txt

 
defines settings for BlackMax

Number of events
Type collision: pp

Planck mass: 1000 GeV

ED model: branes

 

w tension
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How to steer BlackMax

Parameters to steer formation/balding phase

Evaporation phase

Conservation of baryon,lepton
and Flavor

 

numbers
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Output of BlackMax


 
LHEF standard conform: arXiv:hep-ph/0609017v1

BlackMaxLHArecord.lhe
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Detailed User Manual available

arXiv:0902.3577arXiv:0902.3577
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Summary

 Introduction into black-holes at the LHC
 Versatile Generator: BlackMax
Evaluation of systematics
Rotating black holes
Different ED scenarios
Quantum Black Holes
And many more features



 
Sign up for our email list at 
http://www.hepforge.org/lists/listinfo/blackmax

http://www.hepforge.org/lists/listinfo/blackmax
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Backup Slides
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Comparison with Charybids
 

1.003



 
Charybdis:


 

Non-rotating BHs


 

Branes

 

have no width



 
BlackMax:


 

Rotating BHs


 

Brane

 

have finite width of M-1
pl
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Comparison with Charybdis
 

1.003

CH

2
σ = πrs

2
dBM = b

2
σ πrs 1d

2 d-2

2
b =

d-1(1+( ) )
2

3 % difference

d number of space dimensions
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Trapped Energy Discussion



 
Formation of BH is very non-linear and complicated





 
Fractions of E, p and J are lost before settling to a BH!



 
Yoshino & Rychkov

 
calculated energy loss

ˆBHM < s

hep-ph/0609055
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Production Cross Section for flat tensionless Brane
 0711.3012

 

[hep-ph]

250 pb
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Production Cross Sections for flat, tensionless Brane

single t ~ 250 pb

~30 smaller

~150 smaller

d=10

0711.3012

 

[hep-ph]
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Split Fermion
 

Brane
 

Extra Dimensions
 hep-ph/0605085, 0505112, 0606321, 0612018;gr-qc/0604072

BH don’t conserve B or L or flavour


 
induced proton decay! 



 
n –

 
nbar

 
oscillations! 



 
Flavour changing neutron currents or large neutrino 
mixing

Introduce new symmetries

OR
leptons

mini bulk

quarks

extra dimensionSPLIT
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Split Fermion
 

Brane
 

Extra Dimensions

BH at the LHC will decay mainly into quarks and gluons!

0.002 fm
0711.3012

 

[hep-ph]

quark branelepton brane
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Production Cross Section for Split Fermion
 

EDs

250 pb

0711.3012

 

[hep-ph]
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Branes
 

with positive Tension

φ 1B




deficit-angle parameter
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Production Cross Section on Brane
 

with Tension

250 pb



C. Issever 29

scenario q + g leptons W, Z ν G H photons

d=4, 
J=0 79% 9.5% 5.7% 3.9% 0.2% 0.9% 0.8%

d=10, 
J=0 74% 7.7% 6.8% 3.2% 6.5% 0.7% 1.5%

d=10, 
J=0,
ns

 

=7
84% 1.8% 5.4% 0.5% 6.7% 0.3% 1.6%

d=5,
J=0, 
ns

 

=2, 
B=0.4

96% 1.6% 1.7% 0.15% 0.4% 0.2% 0.3%

d=10,
J>0

78% 6.5% 9.6% 2.5%
No grey 

body 
factors 

0.7% 2.6%

0711.3012

 

[hep-ph]
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