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Black holes from cosmic rays:
Certainties and uncertainties

Results from several papers with:
E.-J. Ahn, M. Ave, A. Olinto (Chicago), S. Das (Lethbridge), R. Maartens (Portsmouth)

Marco Cavaglià
University of Mississippi
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A Quantum Gravity Fairy TaleA Quantum Gravity Fairy Tale 

Prince Cosmic Ray

Princess Gravity

The castle of multi-dimensions
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Nonperturbative effects @ Energy > MD  

Scattering of two particles with CM energy larger
than MD and impact parameter less than the

Schwarzschild radius

A black hole forms!A black hole forms!

~
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Prince Cosmic RayPrince Cosmic Ray

Primary energy  >  1020  eV

⇒ CM energy ~ 400 TeV

~~

(Courtesy of Agasa)

(Courtesy of Auger project)
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A Quantum Gravity Fairy TaleA Quantum Gravity Fairy Tale 

Prince Cosmic Ray

Princess Gravity

The castle of multi-dimensions

The Uncertainty Villain
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The Uncertainty VillainThe Uncertainty Villain

Parameter Uncertainties

Physics Uncertainties

Observational Uncertainties
           (see next talk)
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Cross section estimateCross section estimate
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♦ Cross section = black disk  (classical regime)

♦ Uncharged, non-rotating, spherically symmetric BH

♦ Form factor = 1

DD sM =

(Landsberg & Dimopoulos 2001; Giddings & Thomas 2002)

Black disk
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♦ LHC (proton-proton to BH):

♦ UHECR (neutrino-proton to BH):
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If M ~ TeV ⇒ rs ~ TeV-1
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(Ahn, Ave, Cavaglia` & Olinto 2003)

Not so large?

Parameter uncertaintiesParameter uncertainties
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Physics uncertaintiesPhysics uncertainties

♦ Angular momentum corrections

♦ Quantum gravity effects, thermal fluctuations

♦ Collisional energy loss/inelasticity

(Cavaglia`, Das & Maartens 2003; Cavaglia` & Das, 2004)

(Yoshino & Nambu 2003)

♦ Charge effects
(Casadio & Harms 2002)

(Yoshino & Nambu,  2003)

♦ Hawking phase, greybody factors
(Cavaglia` 2003, Kanti 2004; Harris and Kanti 2004)

♦ Minimal BH formation mass
(Cavaglia`, Das & Maartens 2003; Cavaglia` & Das, 2004)
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InelasticityInelasticity
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(Ahn, Cavaglia` & Olinto, 2004)

with inelasticity

without inelasticity



M. Cavaglià             University of Mississippi                        15

MD=1 TeV

MD=0.72 TeV *

(Ahn, Cavaglia` & Olinto, 2004)

F=1±2/3

* Collider limit for n=5
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Is this BH really classical?

Quantum gravity effectsQuantum gravity effects
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Quantum coarseness of Quantum coarseness of spacetimespacetime
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BHs are hotter, shorter-lived & w/ smaller entropy

BH minimal mass:

strings, non-commutativity
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n=3
n=6

Forbidden region
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Corrections to BH parametersCorrections to BH parameters

MBH=12 TeV
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ConclusionConclusion
♦ Maybe quantum gravity effects at E ~ TeV

♦ Creation of nonperturbative gravitational objects  in
        high-energy particle collisions

♦ Possible observation of strong gravitational
        effects at:
 • Particle colliders

• Cosmic ray observatories

♦ Still too many uncertainties:
• Black holes may not form
• We may miss them

♦ Don’t be too negative, don’t be over optimistic!


