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Primordial Black Holes are relics of the early Universe

‣ 𝜌pbh (universe) - density inhomogeneities

‣ 𝜌pbh (local) - how much did these cluster in galaxies?  Estimate 106

‣ N(m) - reflects original mass distribution - no accretion growth
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How might we detect them?     Hawking (1974)

‣ Hawking radiation:    quantum fluctuations near BH horizon

‣ BH temperature TH = hc3 / 8𝛑MGkB.     

‣ A 1015g BH has T = 100 MeV.

‣ A 1015g BH has a lifetime ~ the age of the universe.

‣ Combination of general relativity and quantum gravity
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PBHs:  The final stages

From Jane MacGibbbon
This time-scale can vary
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The end of their life is brief and energetic - they explode!
Two extremes regarding the physics of the final explosion:

Standard elementary particle model Hagedorn model (Hagedorn, 1976x

Halzen+ 1981 N ≈ m-5/2exp(m/Λ)

Exp. growth of hadronic resonances.

Gamma-ray emission during explosion:

𝚫t = 0.1 s

E𝛄 1030 ergs
Ē ~ 5 TeV

𝚫t = 10-7 s

E𝛄 1034 ergs
Ē ~ 100s MeV
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Does this actually happen?

‣ Initial density perturbation function limited by smoothness of 
CMB

‣ 𝜌pbh (universe) - PBH of 1015g limited by cosmic 𝛄-ray diffuse (Page 
& Hawking 76) to be ~104 PBH pc -3 or 10-8 of mass needed to 
close universe

‣  𝜌pbh (local) - we can look for explosions of 1015g PBH nearby - 
expect 0.14 PBH pc -3 yr -1 if clustering in galaxies as expected 
(PH76)
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Neil Porter and Trevor Weekes: pioneers in PBH observations
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Porter & Weekes 1977 and 1978

‣ limits from P&W 1978 constrain clustering factor for PBH in 
galaxies to 104 vs 106 as predicted by PH76
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A couple of interesting events:
probably CRs of high-energy 
or unusual arrival geometry.

No interesting events

Imaging!
Look for even light distribution
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The Whipple limits in context
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Continuing the search with IACT... 

ICRC 1991 Dublin

ICRC 1989 Adelaide
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Looking for PBHs exploding via the standard model

1. Apply Shape cuts -- gamma-ray rate < 1 Hz
2. Find 3+ fold coincidence in 1-s
3. Look for common origin - reject others
4. Calculate expectation rate by scrambling uncut 
events in time and then applying cuts & then 2-3
5. Calculate fluence threshold & compare to PBH 
explosion energy --> sensitive distance/volume.
6. Calculate how efficiently you detect 3+ fold bursts
7.  Get upper limit to PBH density very locally
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Progression of PBH limits from Whipple over time (standard model)

N_pbh
pc-3yr-1

PW
Nature 1977

PW
MNRAS

1978

PW
Nature
1979

PW
Nature
1979

Nolan+
ICRC
1990

VC+
ICRC
1991

VC+
APh
1998

Linton+
JCAP
2006

Tesic+
(VERITAS)

TBP!!!

Year of Result

Saturday, October 26, 13



And even building dedicated hardware for the Hagedorn model

arXiv:0501.199

arXiv:0812.0546

You need to exploit 
thelateral distribution and

temporal spread of the
Cherenkov light from
multi-photon initiated

showers.
(Krennrich+ 1999)
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What is the status of PBH limits?

From Jane MacGibbbon

o

With EGRET and now Fermi LAT Constraints from gamma-ray 
diffuse now more stringent.

Connection to BATSE GRBs? 
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Trends in PBH popularity

Carr+ (2010)
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A brief moment in A Brief History

Only in 1st edition
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Are PBHs still important?

‣ PBHs provided a scientific focus at a difficult time for Whipple

‣ They are important to cosmology, high-energy extreme particle 
physics, thermodynamics, GR, quantum gravity, dark matter

‣ Jane MacGibbon: “we should also all try to think 'outside the box' 
about ways in which we may be able to detect (and hence prove) 
the 'gravitational thermal' nature of black holes predicted by 
Hawking and Bekenstein; even stellar mass black holes are 
thermal beast (even if they have a cool temperature)”
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