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Figure 13.1 A compilation of the cosmic-ray all-particle spectrum observed over the whole
range of energies accessible by the various experimental techniques now in use (see text). The
distribution is roughly a power law over a wide range of energies, though comparison of the
datato asingle power law (the thin solid curve) reveals significant breaks at the “knee” (around
4 x 105 V) and, to a lesser extent, at the “ankle” (at ~5 x 10" eV). Cosmic-ray particles
with energies > 10%° €V have also been detected, but the sources and the physical mecha-
nism(s) responsible for producing such enormous energies are unknown. Current theories of
cosmic-ray production generally fall into two main camps: “bottom-up” acceleration, in which
charged particles ate accelerated to high energies in supetnova shocks, active galactic nuclei,
powerful radio galaxies, or the strong electric fields generated by magnetized, rotating neutron
stars; and “top-down” scenarios, in which energetic particles are created from the decay of
more massive particles originating in the early universe. (From Bhattacharjee and Sigl 2000)
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