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Halzen et al. Nature 353, 807 (1991)



Evaporation of primordial black holes

Hawking radiation (1974): black holes of 
masses >5x1014g would be evaporating now!
Signature: extremely short bursts of gamma-
rays of duration
Depends on particle physics: 
dM/dt = -α(M)/M2

α(M): degrees of freedom
Hagedorn picture: 10-7s, 250MeV, 1034erg
Standard model: up to 1s, 10TeV

Halzen et al. Nature 353, 807 (1991)



Degrees of freedom

Halzen et al. Nature 353, 807 (1991)



Particle fluxes by a black hole

Halzen et al. Nature 353, 807 (1991)



Diffuse photon flux by a distribution of 
black holes

Halzen et al. Nature 353, 807 (1991)



PBH scales vs distance

Halzen et al. Nature 353, 807 (1991)



EGRET upper limit

PBH signal: Multiple 
gamma-ray events from 
a given direction (within 
0.6μs delay for spark 
chamber trigger)
70 multiple events in 
2.5yr data were not
from the same direction.

Fichtel et al. ApJ 434, 557 (1994)



Evidence from BASTE data (1)

Cline et al. ApJ 486, 169 (1997)



Evidence from BASTE data (2)

Class of short 
GRBs: increasing 
hardness with 
decreasing time 
duration below a 
few 100ms.
“This is an 
interesting 
possibility…”

Cline et al. ApJ 486, 169 (1997)



Possible detection with atmospheric 
Cherenkov telescopes (1)

Krennrich et al. ApJ 529, 506 (2000)

Multi-Particle Initiated Shower 



Possible detection with atmospheric 
Cherenkov telescopes (2)

Krennrich et al. ApJ 529, 506 (2000)



Possible detection with atmospheric 
Cherenkov telescopes (3)

Krennrich et al. ApJ 529, 506 (2000)



Possible detection with atmospheric 
Cherenkov telescopes (4)

Krennrich et al. ApJ 529, 506 (2000)



Possible detection with atmospheric 
Cherenkov telescopes (5)

Krennrich et al. ApJ 529, 506 (2000)



Short GAmma Ray Front Air Cherenkov 
Experiment

Krennrich et al. ICRC2001 (2001)

50MHz digitization

Bursts >50ns

Cherenkov <30ns
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