Is there a local
source of magnetic monopoles?
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Cabrera’ has reported the possible detection of a magnetic
monopole in flight with magnetic charge g given by the Dirac
condition® 2eg = he. Here, we accept the Cabrera candidate as
a t’Hooft-Polyakov™* monopole of mass M~ 10 GeV as
expected® in SU(5) or other grand unified theories. The
monopole flux on Earth, on the basis of the single candidate,
is f~(0.1) em yr™* 2msr), presumably consisting of roughly
equal numbers of north and south monopoles. Galactic or
intergalactic monopoles will have typical velocities of
~300 km s™*. The Cabrera flux would correspond to a mass
density f Mjv~1 GeV em ™. Because the mean mass density of
the Universe cannot exceed 10~ GeV cm >, the mean flux of
monopoles in the Universe must be at least five orders of
magnitude smaller than f (refs 6,7). This would notbe a problem
if the monopoles were concentrated in the Galaxy. However,
Parker has shown® that the existence of galactic magnetic fields
is inconsistent with a mean galactic monopole flux of
1077 em™* yr™, It follows that f must be a local flux resulting
from the special pature of the observation site. Three
possibilities come to mind: the local monopole flux may be
associated with the Farth, the Sun, or with the Solar System
as a whole. o T s

If the monopoles observed at the Earth’s surface originate
from the core, as does the local magnetic field, and if the flux
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is not time dependent, the Earth has emitted more than 10%
monopoles since ifs birth, implying an initial {or present
monopole density 5 ~1cm™, However, the density ot
monopoles in the Earth’s core is bounded by®

I : n<B/8mgvr- )

where 7 = 10* yr is the characteristic growth time of the geomag-
netic field, v is. the monopole velocity within the core, and E
is the magnetic field within the core., With a core field ~100 G,
we expect v ~3 km s™ on the basis of either magnetic or gravi-
tational force arguments. This gives a limit n < 10-° cm™>, Thus,
the Cabrera flux cannot originate from the Earth.

Can the monopolé flux seen on Earth originate from the Sun,
in the fashion of radiant energy or solar wind? If so, the Sun
has emitted (and presumably still contains) some 10°¢
monopoles. This implies a mean solar monopole density n ~ 10°
monopoles cm™?, with 10™° of the solar mass made up of
monopoles. If the monopoles are gravitationally bound to the
Sun, they must have velocities ~400 km s~ and kinetic energies
~10'° GeV. They will lose energy in nuclear collisions, and by
inducing currents in the highly conductive solar medium. The '
energy they dissipate by these losses must be compensated by
magnetic acceleration. Thus, there must be a mean interior
magnetic field in the Sun of ~10* G so that

g(B)~dE/dx ~ 10 MeV em~! @)

. The characteristic time of the solar interior field is assumed to

be ~20yr, the period of the sunspot cycle. With these values
of B and 7, equation (1) yields an upper bound on the density
of monopoles in the Sun, n <1077 ¢cm™3, Moreover, the ohmic
loss due to 10% orbiting monopoles is ~10° L. For both these
reasons, it is difficult to explain the observed monopole flux in 1
terms of a direct solar flux. Of course, it could be that most of §
the solar monopoles are concentrated in the centre of the Sun,
and are only rarely extricated by transient magnetic fields. .
Escape velocity for these monopoles is ~1,400 km s™*, which £
would require magnetic fields ~10° G over distances ~Ro. 8

Can the local monopole flux result from a diffuse cloud y
monopoles which are in newtonian orbits about the Sun, rather
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