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SUMMARY

It is suggested that there may be a large number of gravitationally cellapsed
objects of mass 1078 g upwards which were formed as a result of fluctuations in
the early Universe, They could carry an electric charge of up to + 30 electron
unite. Such abjects would produce distinctive tracks in bubble chambers and
eould form atoms with orbiting electrons or protons. A mass of 10'7 g of such
ohjects could have accumulated at the centre of a star like the Sun. If such a
star later became a neutron star there would be a steady accretion of matter by
a central collapsed object which could eventually swallow up the whole star in
about ten million years.
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Black hole explosions?

QuanTuMm gravitational effects are usually ignored in ealeu-
lations of the formation and evolution of black holes. The
justification for this js that the radits' of curvature of space-
time outside the event horffon is” very large compared to
the Planck length (G4/¢%)1/2 = 1079 em, the length scale on
which quantum fuctuations of the metric are expected to be
of order unity. This means that the energy density of par-
ticles created by the gravitational field is small compared to
the space-time curvature. Even though quantum effects may
be small locally, they may still, however, add up to produce
a significant effeet over the lifetime of the Universe = 1027 5
which is very long compared to the Planck time = 10-%3 5,
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The purpose of this letter is to show that this indeed may
be the case: it seems that any black hole will create and
emit particles such as neutrinos or photons at just the rate
that one would expect if the black hole was a body with a
temperature of (k/2=%) (f/24) = 10 (Mo/M)K where « is
the surface gravity of the black hole *, As a black hole emits
this thermal radiation gne would expect it to lose mass, This
in turn would inerease ‘the surfade gravity and so increase
the rate of emission, The black hole would therefore have a
finite life of the order of 10" (Mg/M ) 5. For a black hole
of solar mass this is much longer than the age of the Universe.
There might, however, be much smaller black holes which
were formed by fuctuations in the early Universe®. Any
such black hole of mass less than 101% g would have evapo-
rated by now. Near the end of its life the rate of emission
would be very high and about 10% erg would be released in
the last 0.1 5. This is & fairly small explosion by astronomical
standards but it is equivalent to about 1 million 1 Mton
hydrogen bombs.
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B0Ei®F2. tachyonic instability (Suyama et al. 2005)
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(Shibata & Sasaki 1999, Musco et al. 2005) for radiation
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Zeldovich & Novikov (1967)

Super-horizon Self-Similar Growth
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Niemeyer & Jedamzik 1999, Shibata & Sasaki 1999, Hawke &
Stewart 2002, Musco et al. 2005
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BREDNRFARDFER — Dark energy
Quintessence (Bean & Magueijo 2002, Custodio & Horvath 2005)

Ghost field (A. Frolov 2004, Mukohyama 2005)
Dark energy, Phantom energy (Babichev et al. 2002, 2005)
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Schwarzschild + Flat Friedmann Event horizon & Trapping horizon

Event horizon
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