
1
4/17/09

TeV-Scale BLACK HOLES @ the LHC

T. Rizzo



2

Cartoons and Tom Hanks aside, I will not talk about 

LHC Death-by-BH scenarios ! These are excluded by 

astrophysics & the general arguments by Giddings & 

Mangano given in arXiv:0806.3381 & 0808.4087. 

After all we re still here!!
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TeV-scale BH are usually discussed within the context of ED 

models involving gravity with D=n+4, e.g., ADD and/or RS. 

For all practical purposes the BH in RS=ADD(n=1) provided 
the BH horizon radius, rh and the RS AdS curvature, k, satisfy  

(krh )2 << 1

which we can check a posteriori, if the SM fields are restricted 

to the TeV brane. Bulk SM fields are more complicated..

In all cases it is assumed that the BH does not globally modify 

the model s setup/metric and that the  ADD/RS compactification 

radius is large compared to rhso that the BH does not see  the 

spatial curvature in the higher dimensions:   (rh / Rc)
2 << 1 

which can also be checked a posteriori.
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Notational Issues

Graviton-SM matter 

interaction 

For toroidal

compactifications

WARNING!!!
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BH Formation in High Energy Collisions 

Thorne s Hoop Conjecture: A D-dimensional horizon, i.e., a BH, 

forms when M (or E) is compressed into a region whose area in 

all directions  satisfies AD-3 < GDM. This has not been proven in 

all generality but seems to be verified in numerical analyses & 

simulations.

Simplest Case: Head on collision, no angular momentum, no 

gravitational energy loss, no  The cross section is then  

Banks & Fischler

Giddings & Thomas

Dimopoulos & Landsberg

s= pR
s
2 (n, MBH=Õs) q(Õs M*)

D=n+4 Schwarzschild radius

A threshold at the Planck

scale where gravity becomes 

strong is assumed

Full collision energy forms BH

^ ^ ^
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MBH / M
*
= c (M

*
RS)n+1

R
S

= ??

so at a collider .
All possible 

parton pairs

MBH
min = xmin M*              Q (pdf s) = MBH, 1/RS  ??? 

One may argue that the threshold region is quantum dominated 

so GR should not apply there & so xmin= several  (???)
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Warning (Again!)

Rs (MD = 1 TeV)

Rs (MGT = 1 TeV)

Rs (M* = 1 TeV)

Rs (MDL = 1 TeV)

These are all 

different !!!
when all other

parameters are 

fixed

which can be easily seen on the cross section plot.. 

Even the n-dependence of the cross section can be 

different ! 

Be careful when reading & using the literature .
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But no matter what these are HUGE cross sections

MGT/DL= 1 TeV

solid = GT

dash = DL

Q = M

hundreds of events even at very low luminosity !!!

This got people interested in this subject back in 2001  

hep-ph/0201228
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v.2  Myers-Perry D-dimensional Rotating BH 

We need to correct for finite impact parameters and for finite 

(single component) angular momentum of the BH :  bmax = 2 rh

s= F pR
s
2 (n, M =Õs) q(Õs M*)

J is the angular momentum

rh is the inner horizon radius

^



10

Yoshino & Rychkov

hep-th/0503171

F = ??     It s slightly larger than unity !

Obtained from the numerical study of the collision of 2 boosted 

Myers-Perry (Kerr) solutions. The cross section is enhanced at 

the v.2 level
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v.3

Not all of the center of mass energy in the partonic collision goes 

into BH formation due to lost gravitational radiation   

M = e(n, J, b) Õs^

The efficiency ,e(n, J, b), must be obtained from numerical cal-

culations but Yoshino & Rychkov only provide lower limits on e: 

(n=2)

OK OK OK

e(n, J, b)
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OKOKOK

(n=5)

Gingrich

J=0 

en=0

Similarly
n=1

n=7
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Most of the energy is

trapped in BHs.. but it s

just a model though it 

agrees with many other 

estimates when b=0 

But what do we do in general?  Construct a model

..here a linear  turn-on

at the boundary is 

assumed. See Webber 

etal. for model details..

These effects, though significant, still lead to large rates for 

BH production at the LHC
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Webber etal.

Large

Charybdis2.0 (0904.0979,  just released on the market) 
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Updated Total Cross Section

Õs = 10 TeV

M* = 1 TeV

YR FF included

CTEQ6.6

e= 0.75 

n=2 

n=7

~50 evts @ 0.2 fb -1 

with MBH
min = 4 TeV 
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Õs = 14 TeV

M* = 1 TeV

YR FF included

CTEQ6.6

e= 0.75 

but the rates are much larger at 14 TeV

~2000 evts @ 0.2 fb -1 

with MBH
min = 4 TeV ! 

n=7

n=2
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Õs = 14 TeV

M* = 1 TeV

YR FF included

CTEQ6.6

e= 0.60

~200 evts @ 0.2 fb -1 

with MBH
min = 4 TeV ! 

n=7

n=2

but knowing the efficiency is critical
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v.4    Charge Effects ? Yoshino & Mann

Gingrich 

At the LHC, most of the colliding partons carry EM charges and 

all carry non-abelian color charges is this important in the 

formation process?  Can a Coulomb barrierprevent BH from 

forming? Even the EM case has not yet been explored in any 

model-independent way.  

For EM, authors use boosted collisions of  D-dimensional 

Reissner-Nordstrom BH (without angular momentum) & have 

the EM fields extending throughout a thick brane assuming the 

horizon radius is smaller than the brane thickness so that the 

D-dimensional solution is applicable.  Mass & charge are 

treated the same  way.  This is certainly a very  questionable 

assumption.

Solutions with only 4-d EM fields are not yet known & further 

exploration is more than warranted.
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boost

Brane thickness

Gingrich
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Some experts believe that this approach is not applicable as 

the EM fields extend into the extra dimensions although the SM 

is supposed to be 4-D. Putting in a thick brane allows extension 

of the EM field to D-dimensions but the geometry is not really 

multi-D spherically symmetric in any physically realizable limit 

since it requires the horizon radii to be much smaller than the 

brane thickness. Until the proper background metric can be 

employed where the EM fields are properly treated only in 4-D 

& explored, the jury is still out as to whether or not these EM

effects are important.  

Comments : 
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v.5  Bulk SM Fields ????

In modern RS models the SM fields are in the bulk so the over-

lap of their 5-d wavefunctions is important in determining the 

BH cross section. ADD (n=1) + (kRS)2 <<1 + simple scaling 

leads to  

E.g.,

etc. 

!!
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M* = 2 TeV

SM brane

localized 

Bulk SM

fields

Different fermion localizations

 Substantial cross section reduction

hep-ph/0611224
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v.6

The threshold region is certainly NOT a step function but we can

only speculate what goes on there w/o quantum gravity. Many 

models do predict a mass threshold due new QG-like effects :

Higher curvature terms     hep-ph/0503163

Non-commutative gravity    hep-ph/0606051

Gravitation fixed-points    hep-th/0511260

Resummed/RGE-improved gravity    hep-ph/0607198

Loop QG inspired    gr-qc/0503041

Minimum length    hep-ph/0305223 

Or things may be completely different and String Balls are 

produced ! hep-ph/0108060

These assumptions also influence the final stages of BH decay.
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standard  step-function

threshold for BH production

Thresholds induced by 

various higher curvature 

terms. These cross 

sections asymptote to 

the usual  results at 

large BH masses where 

the higher curvature 

terms become small.

n=3

n=5

For example: 

hep/ph0503163
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v.7

We need to include the effect of the spins of the colliding 

particles this is still only at the beginning stages..

Yoshino, Zelnikov 

& Frolov 

We also may worry about the BH modifying brane physics,  at 

least locally, so that the metric is not, e.g., pure Schwarzschild 

Dai, Kaloper, Starkman

& Stojkovic
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BH Decay 

Balding  Phase: loses hair  and multipole

moments via gravitational radiation

Spin-down Phase: loses angular momentum

and mass via Hawking radiation; becomes 

spherical

Schwarzschild Phase: loses mass by 

spherical emission of Hawking radiation 

while temperature increases (in GR)

After BH formation the BH will decay 

emitting gravitons (bulk) and various SM 

particles (brane). Loosely

Planck Phase: final decay or stable 

remnant determined by quantum gravity
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Black hole decay is controlled by the Hawking temperature

which is not very sensitive to rotation when n  > 1 :

(n+1)+(n-1)a*
2

4prh (1+a*
2)

TH = with

n=0 

n=2

n=1

n=7 
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Hawking radiation will consist of both the emission of SM fields 

on the brane (in ADD) as well as KK gravitons into the bulk.

For the simplest possible, non-rotating case (ignoring all details) 

one expects the mass loss by spherical emission of black-body 

SM radiation to be given by: 

where si = 1(-1) for fermions (bosons). This leads to very short 

BH lifetimes :

t~  M*
-1 (MBH / M* )

(n+3)/(n+1)  ~ 10-26 sec ~ (100 GeV)-1

Of course, there are MANY corrections to this naïve estimate. 
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We have to correct this for lots of things including: 

(i) non-spherical emission from a rotating BH 

(ii) grey-body  factors that arise due to the equations of motion 

& associated BH barrier  boundary conditions for the emitted 

particles of various spins in the BH background  

(iii) the cooling of the BH as particles are emitted (canonical vs. 

microcanonical ensemble) 

(iv) account for graviton emission into the bulk 

(v) account for BH recoil during the emission process

(vi) the possibility that a remnant may exist

Nobody has accounted for all of these possibilities simultaneously



30

The Grey-Body Factor is supposed to correct 

~

MBH

and contains both energy-dependent & angular emission info 

for a particular BH angular momentum and particle spin final 

state 

These are not easily obtained
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GBF, e.g.,  for a scalar field in the case of 4-d brane emission

f(t,r,q,j) = exp(-iwt)  exp(imj)  R(r)  T
lm

(q, J)

Spheroidal

harmonics

Satisfies radial KG equation in the

Myers-Perry background 

R(horizon) must be in-falling plane waves in the rotating frame 

whereas R(¤) is a sum of in-going & out-going spherical waves: 

R(¤) = [Alm exp(iwr) +Blm exp(-iwr)] r -1 

The GB factors are then defined as the transmission coefficients 

1 - K |A/B| 2  for all (l,m) where K corrects for the particle spin 

(K=1 for scalars)

Needless to say, the GBF can only be obtained numerically 

especially for higher spins & decay into the bulk!
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As of now, GBF have been calculated for spin=0, ½ & 1 for

brane emission from a rotating BH as well as for bulk scalars. 

GBF for bulk graviton emission are, so far, known only in the 

Schwarzschild case.
Kanti etal 

spin-0 brane 

emission

Emission peaks

on the collision 

plane as J is 

increased  
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Kanti etal.

Spin-0 

Spin comparisons

Kanti etal. 


